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MAGAZINE PLANET OR PLASTIC?

Baby fish have started eating plastic. We
haven't yet seen the consequences

Newborn fish are mistaking tiny bits of trash for food. If they die, there’ll be fewer big fish
—and that could rattle the food chain.

FISH NURSERIES OFF HAWAII ARE NOW A MICROPLASTIC
MESS.
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The naturally oily surface slicks in which many ocean fish come of age are rich in plankton and
other fish food—and now also in plastics, according to researchers at the National Oceanic and
Atmospheric Administration in Honolulu. They've been towing finemesh nets thro... Read More

BY LAURA PARKER
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15 MIN READ

This story is part of Planet or Plastic?—our multiyear effort to raise awareness
about the global plastic waste crisis. Learn what you can do to reduce your

own single-use plastics, and take your pledge.

This story appears in the May 2019 issue of National Geographic magazine.

In this time-lapse video, a 436-cubic-meter surface slick sample yields a profusion of organic
and synthetic debris.

Not long ago I went snorkeling in the Pacific Ocean, a half mile off the
southwest coast of Oahu. The flanks of the Hawaiian island are steep there,
and the bottom quickly disappeared beneath us as we motored out to the
site. Looking back, I could see the green slopes of the Waianae Range
rising to 4,000 feet behind the beach. Normally the mountains shield the
water here from the trade winds. But on that day a breeze created a light
chop that nearly obscured what I had come to see: a thin, oily slick of
surface water, rich in organic particles, in which newborn fish were feeding

and struggling to survive their first precarious weeks.

Plunging my face into the sheen, I found myself looking inside a fish

nursery: The water was dotted with life you would ordinarily never notice.
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Fish eggs drifted like tiny lanterns, their yolk sacs glowing in the sunlight.
Fish larvae small as ladybugs darted about. A sergeant major damselfish
the size of a dime appeared huge by comparison as it fluttered past. Below
us, a school of 12-inch, bigeye scad—like mackerel but with enormous eyes

—fed on everything that had the misfortune of being small.

My guides that day, oceanographer Jamison Gove and fish biologist
Jonathan Whitney of the National Oceanic and Atmospheric
Administration in Honolulu, are nearly three years into a research project
that aims to make sense of this chaotic scene. The larval stage is the “black
box” of fisheries science: Fertilized eggs go in, and young fish come out—
but what happens inside remains sketchy. The larval fish are so small and
fragile they're exceedingly difficult to study. The overwhelming majority
will never become adults. Yet fish populations around the world, and the
animals that eat them, depend on just how many larval fish make it, and in

what condition.

The blue glove hasn't been in the water long enough to suffer the fate of most ocean plastic,
which is to be shredded into small bits, or microplastics, by waves and sunlight. The larval fish
below the thumb is a driftfish; the striped one at the base of the index finger is a mahi-mahi.

ALL PHOTOGRAPHS MADE AT A TEMPORARY FIELD LAB, NOAA PACIFIC
ISLANDS FISHERIES SCIENCE CENTER, KAILUA KONA, HAWAII, EXCEPT
WHERE NOTED.
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What Gove and Whitney have found lately—and what David
Liittschwager’s photographs of their water samples document—is that fish
and wholesome fish food are not the only things collecting in the slicks off
Hawaii. Microplastics, tiny shreds of human trash, are there as well, and in

such abundance that larval fish are eating them in their first days of life.

For newborn fish, to eat is to live another day; if their first meal is plastic,
they’re not consuming the calories they need to sustain them until the
second. “They’ve beaten a lot of odds to get this far,” Gove says. “They
hatched, they found the slick, they're feeding and growing. This is one-
tenth of one percent that made it this far; they’re the lucky ones. And now

plastics are coming in.”

“The most critical moment is that first feeding,” Whitney says. “If they get
a piece of plastic, that could be it. A single thread in the stomach of a larval
fish is potentially a killer.”

ON THE LEFT, FISH FOOD. ON THE RIGHT, PLASTIC.

A dollop of surface water from the English Channel contains a shrimplike krill, about a third
of aninch long; a smaller decapod crustacean; and an orange sea star just emerging from its
filmy floating larval stage. The white chip and the fraying red fiber on the right... Read More

PHOTOGRAPHED AT MARINE BIOLOGICAL ASSOCIATION, PLYMOUTH, U.K.;
PLASTIC IDENTIFICATION PROVIDED BY UNIVERSITY OF PLYMOUTH

Plastic waste, mostly from rivers or careless dumping on land, washes
into the oceans at an average rate of about nine million tons a year,
according to a 2015 study by Jenna Jambeck of the University of Georgia.
The visible trash, along with heartbreaking images of its impact on
everything from turtles to birds to whales, has generated a public outcry.
But sunlight, wind, and waves eventually break down ocean plastic to bits
that are barely visible. One of the biggest unknowns—and concerns—is the
effect that these microplastics, smaller than a fifth of an inch, might be

having on fish.

Fish provide critical protein to nearly three billion people and countless
seabirds and other marine animals. But fish stocks worldwide have fallen
by half since 1970, surveys show. Populations of the largest predatory fish,
such as tuna, have fallen even more. The decline is largely because of
overfishing, but pollution and waters warmed and acidified by climate

change are having a growing impact.

As long ago as the early 1970s, scientists were finding plastic pellets—the
material used to manufacture plastic goods—in the stomachs of fish caught
off New England and Great Britain. More recent studies have documented
the presence of even smaller microplastic particles in a growing array of
adult fish. Larval fish have been studied much less but are likely to be
more vulnerable to microplastics, as they are to everything else. “Any

stressor will likely have more of an impact on early life stages than later

https://web.archive.org/web/20210303214114/https://www.nationalgeographic.com/magazine/article/microplastics-impact-on-fish-shown-in-pictures
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life stages,” says Susanne Brander, a toxicologist at Oregon State

University who is studying how plastics might affect the growth of fish.

A grid painted on a petri dish helps a NOAA technician sort through a sample and identify tiny
organisms, such as the larval sergeant major damselfish on the left, just outside the middle row.
The squares are one centimeter (.39 inch) across.

Most ocean fish are terrible parents. A few species guard their eggs on the
seafloor; others protect them inside their mouths. But most fish release
thousands or even millions of eggs and sperm into the wide ocean and
never see their offspring. When eggs hatch a day or two later, they’re on

their own.

Newly hatched fish look misshapen, heads oversize, tails barely formed.
They have to eat like crazy to grow into their body. Whereas human babies
develop in the shelter of the uterus, fish mainly develop after they emerge

into an unforgiving world.

“They hatch super early,” Whitney says. “They have small brains; some fins
aren’t even formed. Their liver isn’t fully developed. Or their hearing or
seeing. They are only partially developed, but they are actively swimming,

eating, fending for themselves.”

Predators or starvation will get most of them. “That’s why fish spawn so
many eggs,” says Su Sponaugle, an Oregon State University marine
ecologist who specializes in the early life stages of fish. “They have to hedge
their bets.”
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The larval phase is treacherous every step of the way—starting with the
need for the larvae to find food, which they do in a surface slick. Surface
slicks form mostly in coastal regions around the world, wherever currents,
tides, or subsurface waves cause water to converge and concentrate the
organic gunk that floats in it. Slicks can be seen by satellite as long,

squiggly ribbons that run parallel to coasts.

Some larval fish swim to slicks, some drift, as do eggs not yet hatched.
Predators converge on slicks too. If a baby fish manages to avoid being
eaten and to find enough food, it will be about two inches long when it
heads back to its permanent habitat—a reef, say. The right current will

transport it there, the wrong one out to sea.

“If you miss an island, good luck with that. If there’s no reef, you cannot
complete your life cycle,” Sponaugle says. Life for larval fish was a

crapshoot even before they met our plastic trash.

Off Hawaii, a single eight-minute tow of the NOAA
team'’s net yields a plethora of living organisms and
plastic.

Pushed into a surface slick by converging currents, they’re separated in the
lab by a technician with tweezers. A computer program counts the plastic
pieces and measures each one; the technician uses a microscope to identify

the creatures.

LEFT: LIVING ORGANISMS

Most of the organisms the NOAA researchers collect are larvae. 1. Hound needlefish 2.
Sergeant major damselfish 3. Amberjack 4. Chub 5. Triggerfish 6. Sailfin flying fish 7. Flying
fish 8. Man-of-war fish 9. Bigwing halfbeak 10. Mahi-mahi 11. Tropical halfbeak 12... Read More

RIGHT: PLASTIC TRASH

Most of the plastic waste collected in the researchers’ nets is in tiny, degraded fragments
that can be harder to identify than the living organisms. 1. Polypropylene or polyethylene
fragment 2. Preproduction pellet, polypropylene or polyethylene 3. Braided lin... Read More

Whitney and Gove came to ocean science and Hawaii by happenstance.
Whitney, 37, grew up in New Jersey with a kid’s plan to become a
veterinarian. He arrived in Honolulu in 2006 as a volunteer for a census of
humpback whales. In graduate school he worked his way down to the

tiniest organisms of the sea.

Gove, 40, grew up in San Diego and learned to surf before he could read. A
summer job with NOAA convinced him the ocean was more than a
playground. After helping to cut 70 tons of abandoned fishing gear from
Hawaiian coral reefs, Gove enrolled in graduate school to become an
oceanographer. He specialized in how winds, tides, and waves affect ocean

ecosystems and surface slicks in particular.
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Slicks are transient—they break up in rough weather—which makes
studying them a challenge. Gove and Whitney took me to see a slick off
Oahu because it was close to their lab, but their main research site is on
the west side of Hawaii, the Big Island, where two large volcanoes provide
an even better wind shadow than Oahu’s Waianae Range. The steep drop-
off of the seafloor has proved to be a surprise bonus: The slicks attract an
oceanic convention of not only reef fish but also fish from greater depths,

including commercially important mahi-mahi, swordfish, and marlin.

Plastic profusion

From its surface slicks that foster baby fish to its
most remote depths, the ocean is full of plastic.
It's prevalent off coastal cities, say researchers,
but currents also gather it in the middle of the
oceans. Much of it breaks down into micro-
plastics, which, over time, accumulate on the
seafloor. But it's the plastic in surface waters
that likely causes the most harm to wildlife.

Highest number of microplastic
pieces found at selected sites
(per gallon of seawater or sediment™)

5 10 2
1 2
3 9 4
ATLANTIC n
OCEAN INDIAN 6
PACIFIC OCEAN
OCEAN 8
7
SEAWATER
1 North Pacific 018
2 North Atlantic 040
3 Slicks off Hawaii 0.58
4 Hangzhou Bay 375
5 Hope Island 34.75
6 Mariana Trench 5114
SEDIMENT
7 Polar Front 15142
8 Indian Ocean 302.83
9 Mediterranean 2,550
10 Bay of Biscay 3,028
11 Mariana Trench 8,328
12 Fram Strait 13,109

*Collection methods vary.

ALBERTO LUCAS LOPEZ, RYAN T. WILLIAMS, AND CLARE TRAINOR, NGM STAFF.
SEE SOURCE DETAILS HERE

“One of the coolest things we found was the diversity,” Whitney says.
“We’ve got deep-sea fish, mid-ocean fish, and reef fish, all interacting at
the surface for the first few weeks of their lives. It was incredibly unique. I
can’t think of any other place on Earth where babies from different areas

share nursery grounds.”
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He and Gove expected to find plastics in their slicks; the Hawaiian chain is
in the drift pattern of the Great Pacific Garbage Patch. But they never
intended to join the growing hunt for microplastics that has overtaken the
work of so many marine scientists. Their focus was basic research on larval
fish. Their samples contained such loads of plastic, however, that they had

to revise their project.

The preliminary results indicate that slicks concentrate plastics even more
than they do larval fish. In the water outside slicks, Whitney and Gove

found nearly three times more larval fish than microplastics. Inside slicks,
the situation was reversed: Microplastics outnumbered larval fish by more
than seven to one. On average there was almost 130 times as much plastic

inside slicks as outside.

“We didn’t have any idea we would find such concentrations,” Gove says.
One of the first fish they dissected had plastic in its gut.

In this sample, a blue plastic bag has begun to disintegrate. Two gnarled rope ends from a
fishing net are collecting algae and other organisms. A striped mahi-mahi larva (center right),
just under two inches long, turns away from the rope; an inch-long triggerfish (upp... Read More
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What harm such plastic is causing is still unsettled science. But in lab
tests, some clues have emerged. Plastic reduces the appetites and growth
rates of fish that consume it. That could affect reproduction and ultimately
population size. “The larger a female fish is, the more eggs she can carry

and the higher number of offspring she can produce,” Brander says.

In their lab, Whitney and Gove oversaw the dissection of more than 650
larval fish, most of them between one-third of an inch to half an inch in
length. They found plastic in 8.6 percent of the ones caught in slicks. That
doesn’t sound like much, and outside slicks the percentage was less than
half that—but scientists know that small changes in the survival of larval
fish can translate into large changes in fish populations, with cascading

effects up the food chain.

The NOAA researchers found tiny blue strands of polyethylene and
polypropylene, commonly used to make fishing gear, in the stomachs of
larval swordfish, marlins, and five other species. The strands look a lot like
the food that larval fish crave: tiny copepods, bluish crustaceans with long,

skinny antennae.

In larval mahi-mahis, Whitney and Gove found no plastic. They're not sure
why. Was it because eyesight develops earlier in mahi-mahis, making them
better than other species at distinguishing plastic from prey? Or was it

because the mahi-mabhis that ate plastic had died and escaped detection?

Flying fish appear to eat plastic especially frequently. Besides serving as
prey for larger fish, including sharks, flying fish are primary prey for 95
percent of Hawaiian seabirds. Are birds ingesting plastic with their flying
fish, and is that affecting them? For every question the researchers answer,

Gove says, 10 new ones come up.

The smallest fish he and Whitney found with plastic in its stomach was just
a quarter inch long, about six millimeters. But the plastic fibers the fish are

eating are smaller.

“They are less than one millimeter, things you can barely see with the
naked eye,” Whitney says. That is “the shocking part: The pieces we can’t
even see are the problem.”

In 2018 David Liittschwager photographed jellyfish for the October issue; staff

writer Laura Parker wrote the June cover story on plastic trash.

The nonprofit National Geographic Society, working to conserve Earth’s
resources, helped fund this article.

The National Geographic Society and Sky Ocean Ventures have launched the
Ocean Plastic Innovation Challenge, which asks problem solvers around the
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globe to develop novel solutions to tackle the world’s plastic waste crisis. Have
an idea? Submit your solution by June 11 at oceanplastic-challenge.org.

1 sHARE W TWEET N EMAIL

READ THIS NEXT

SCIENCE

The priceless primate fossils found in a garbage dump

As the Can Mata landfill expands in Catalonia, paleontologists are
uncovering the bones of ancient species that are the precursors to apes—
and us.

ENVIRONMENT NEWS
Rivers and lakes are the most degraded ecosystems in the world.
Can we save them?

ANIMALS
The world's oldest known wild bird just turned 70—why she’s so
special

HISTORY MAGAZINE
Buried for 4,000 years, this ancient culture could expand the 'Cradle
of Civilization'

https://web.archive.org/web/20210303214114/https://www.nationalgeographic.com/magazine/article/microplastics-impact-on-fish-shown-in-pictu...  11/15



8/16/24, 1:53 PM

ANIMALS

Tree of heaven is a hellish invasive
species. Could a fungus save the day?

ENVIRONMENT

New way to measure Antarctic snowfall
helps predict the ice sheet’s survival

HISTORY & CULTURE

The forgotten first emancipation
proclamation

Microplastic is leading to big problems for fish in the ocean

GO FURTHER

ANIMALS

ANIMALS CORONAVIRUS COVERAGE

First great apes at U.S. zoo receive
COVID-19 vaccine made for animals

ENVIRONMENT

ENVIRONMENT

Planting trees helps fight climate change
—but we need billions more seedlings

HISTORY & CULTURE

HISTORY MAGAZINE

Buried for 4,000 years, this ancient
culture could expand the 'Cradle of
Civilization'

ANIMALS WILDLIFE WATCH

Many exotic pets suffer or die in transit,
and beyond—and the U.S. government is
failing to act

ENVIRONMENT NEWS

Rivers and lakes are the most degraded
ecosystems in the world. Can we save
them?

HISTORY & CULTURE

The untold story of the world’s fiercest
tank battle

https://web.archive.org/web/20210303214114/https://www.nationalgeographic.com/magazine/article/microplastics-impact-on-fish-shown-in-pict...

12/15



8/16/24, 1:53 PM Microplastic is leading to big problems for fish in the ocean

SCIENCE
SCIENCE CORONAVIRUS COVERAGE SCIENCE SCIENCE CORONAVIRUS COVERAGE
U.S. announces plan to boost Johnson & The priceless primate fossils found in a The U.S. may soon have a third vaccine.
Johnson vaccine supply garbage dump Here's how it works

TRAVEL
TRAVEL TRAVEL TRAVEL
Where to see northern California’s most Invasive grass is overwhelming U.S. Playing it cool: these artists make music
spectacular waterfalls deserts—providing fuel for wildfires with ice

SUBSCRIBER EXCLUSIVE CONTENT

https://web.archive.org/web/20210303214114/https://www.nationalgeographic.com/magazine/article/microplastics-impact-on-fish-shown-in-pict... 13/15



8/16/24, 1:53 PM

Microplastic is leading to big problems for fish in the ocean

—
o

MAGAZINE

Huonir s s sIRaime i
oour ke

READ

|
| —

—

—

THE BEST OF NATIONAL GEOGRAPHIC DELIVERED TO

LEGAL

Terms of Use

Privacy Policy

Your California Privacy Rights
Children's Online Privacy Policy
Interest-Based Ads

About Nielsen Measurement

Do Not Sell My Info

SEE MORE

YOUR INBOX

Sign up for more inspiring photos, stories, and special offers from National Geographic.

OUR SITES

Nat Geo Home
Attend a Live Event
Book a Trip

Buy Maps

Inspire Your Kids
Shop Nat Geo

Visit the D.C. Museum
Watch TV

Learn About Our Impact
Nat Geo Partners
Masthead

Press Room

Advertise With Us

SIGN UP

JOIN US FOLLOW US

Subscribe
Customer Service
United States (Change)
Renew Subscription
Manage Your Subscription
Work at Nat Geo
Sign up for Our Newsletters
Contribute to Protect the Planet

Pitch a Story

https://web.archive.org/web/20210303214114/https://www.nationalgeographic.com/magazine/article/microplastics-impact-on-fish-shown-in-pict...

14/15



