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Forty summers ago 

off the Bahamas, 

two men climbed inside 

a 23-foot white sub-

marine named Alvin 

and drove it to a depth 

of 1,829 meters (6,000 

feet), a dive that certified 

them as the first pilots of 

the world’s deepest-div-

ing research sub.

Bill Rainnie and 

Marvin McCamis nev-

er became household 

names the way astro-

nauts Buzz Aldrin and 

Neil Armstrong would 

four years later when 

they rocketed into space. In 1969, when 

newspaper headlines heralded the moon 

landing, The New York Times called Alvin “a 

curiously shaped midget submarine, [that] 

somewhat resembles a chewed-off cigar with 

a helmet.”

But in the four decades that followed, 

Alvin has safely transported more than 

8,000 researchers on more than 4,100 

dives to some of the blackest, coldest, and 

most remote places on Earth—to depths of  

4,500 meters (14,764 feet). 

While the United States has maintained 

a small f leet of space shuttles since 1981, Al-

vin is the country’s sole research submarine 

capable of diving to such depths. Some 75 

space shuttle pilots have f lown missions, but 

since 1965, the job of driving Alvin has gone 

to just 34 men and one woman. Mechani-

cally minded and adventurous, Alvin pilots 

are the ocean’s equivalent of astronauts.

Their skills have allowed scientists 

worldwide to explore the ocean depths, 

map undersea volcanoes and valleys, exam-

ine previously unknown ocean life, gather 

water, rock, and biological samples, and 

see firsthand the ruined decks of the Ti-

tanic. They view sights that—though still 

on Earth—are nevertheless extraterrestrial, 

and they bear witness to revolutionary sci-

entific discoveries.

Larry Shumaker, now 73 years old, was 

a pilot in 1977, the year scientists fir
st iden-

tified hydrothermal vents on the seafloor 

near the Galápagos Islands. Their finding 

would change ideas about where and how 

life could exist.

“I felt like Alice in Wonderland,” Shu-

maker said. “I remember the shimmering 

water coming from the vents and the un-

usual animals that humans had never seen 

before. Of course, now scientists have iden-

tified many of these animals (including 

tubeworms, white shrimp, and giant clams). 

But at the time it was all so weird and new.”

Former pilot Tom Tengdin was amazed 

by the tall seaf loor rock formations, called 

black smoker chimneys, that were discov-

ered in 1979. Belching black, scalding, min-

eral-rich f luids into the ocean, the smokers 

transformed scientists’ understanding of the 

Earth’s crust and the ocean’s chemistry.

“Video doesn’t capture the black smokers,” 

he said. “When you’re down there among 

them, you can almost hear them roar.”

Pilots are more than deep-sea bus driv-

ers who ferry scientists fro
m surface to 

seafloor. Most have engineering degrees, 

and their certification with the U.S. Navy 

includes drawing—from memory—doz-

ens of the sub’s intricate hydraulic, ballast, 

electrical, and mechanical components and 

systems. They are solid swimmers; every 

launch and recovery requires assistance in 

the water. They are all mechanics as well as 

pilots; if anything breaks during an expedi-

tion, there are no fix-it shops at sea.

Just maintaining the sub’s electronic and 

mechanical components requires at least five 

hours of work daily. Every three months—

or every 25 to 30 dives—Alvin undergoes 

maintenance and inspection. And ev-

ery three to five years, Alvin undergoes a 

six-month overhaul and modernization at 

Woods Hole Oceanographic Institution. 

The pilots help clean, examine, and reas-

semble every component of the sub.

“Not to make it sound too dramatic—be-

cause the sub is very solid—but we’re con-

stantly working hard to make sure that the 

sub comes back up to the surface,” said pilot 

Anthony Tarantino.

At sea, daily chores begin before dawn, 

when the entire group rises to check the 

submersible’s equipment and ensure that the 

batteries are charged. They test electronic 

gear, from radios to temperature gauges and 

depth-readers. They make sure Alvin’s cam-

eras work and video recorders are loaded with 

tape. They add a total of 377 kilograms (832 

pounds) in ballast weights—stacks of steel 

plates—to each side of the sub. These make 

Alvin heavy enough to sink to the seafloor.

Then the glory begins, when two sci-

entists sli
p into the sub’s 2-meter (6-foot) 

sphere, huddle against tiny view ports, and 

turn to the day’s pilot who will take them to 

the seafloor. When the sub resurfaces in the 

evening, another pilot hoses corrosive salt 

water off Alvin and its components. Mean-

while, tomorrow’s pilot meets with scientists 

to plan strategies for the next day’s mission.

Piloting Alvin comes with modest fame. 

Children’s books describe the team of six 

or seven Alvin pilots and pilots-in-training 

that accompanies the sub on each expedi-

tion. Teenagers send e-mail messages to 

their support ship, the research vessel Atlan-

tis, asking about the two- to four-year, at-

sea training process. Strangers on airplanes 

and parties who ask “What do you do?” 

grow wide-eyed at their response.

“People have two reactions,” said Anthony 

Berry, a 26-year-old in his third year of pilot 

training. “They are either impressed, or they 

think I’m crazy. They say, ‘Why would you 

want to go to sea for months at a time and go 

into the pitch black sea in a tiny sub?’ ”

For every 40 applications to the Alvin 

group, one person is accepted into the pilot 

training program, which requires worldwide 

travel and up to eight months a year at sea. 

But for all the work involved in getting into 

the pilot seat, piloting Alvin isn’t a career. 

Some of today’s pilots may not be around 

when Alvin is retired and replaced in 2009 

by a new submersible, now being designed, 

that can dive to 21,320 feet (6,500 meters).

Most stay an average of five years before 

family, other job opportunities, or the lure 

of driving something smaller than a 15,875-

kilogram (35,000-pound) submarine beck-

ons from shore. Still, every pilot has a story 

of why they went to sea and what happened 

during their time inside Alvin.

“We’ve all gone through the same path, 

and the guys who make it are definitely 

solid,” Tarantino said. “You’re looking at a 

bunch of guys who rely on each other. I’d 

place my life in any of their hands.”

—Amy E. Nevala

� Bill Rainnie, 

one of the first 

Alvin pilots, 

stands aboard 

R/V Lulu, Alvin’s 

former tender, in 

the late 1960s.

A tight-knit group with the ‘right stuff’ to guide a submersible on the seafloor

Alvin’s 

pilots � Alvin has safely transported more than 

8,000 researchers on more than 4,100 dives.

� “How do you prepare for dives? Ever get 

scared in the sub?” Current Alvin pilots answer 

these and other questions in interviews on the 

pages that follow. From left, Anthony Berry, 

Mark Spear, Patrick Hickey, Bruce Strickrott, 

Anthony Tarantino, and Gavin Eppard.
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When boats hit manatees, 

the grim consequences of-

ten include broken bones and 

sliced skins. Despite regula-

tions designed to prevent col-

lisions, dozens of manatees in 

Florida continue to be injured or 

killed—including a near-record 

86 deaths in 2006.

Searching for better ways to 

protect the endangered species, 

a team of researchers began a 

quest to learn more about the 

slow-moving, bulbous-looking 

marine mammals. Without a 

way to see under water, it was 

frustratingly hard to determine 

precisely how boats affected 

manatee behavior.

“We couldn’t gauge their re-

actions,” said Douglas Nowacek, 

a biological oceanographer from 

Florida State University (FSU). 

“Were they going deep? Call-

ing to each other? Seeking each 

other out? Or trying to hide?”

To find out, Nowacek hark-

ened back to his graduate stu-

dent and postdoctoral days at 

Woods Hole Oceanographic 

Institution (WHOI). In the late 

1990s, he was part of a team of 

biologists and engineers who 

were devising a small, high-tech 

device called a D-tag, short for 

digital acoustic recording tag. 

It temporarily sticks to whales 

with suction cups, recording 

their movements along with 

the sounds they make and the 

sounds they hear under water.

Nowacek contacted WHOI 

research engineer Mark Johnson, 

who teamed up with his engi-

neering colleague Tom Hurst to 

make a device custom-designed 

for manatees. For starters, the 

D-tag’s suction cup attach-

ment—intended to adhere easily 

(and non-invasively) to smooth-

sided whales—would not stick to 

rough-skinned manatees. 

The tag’s final design could 

be mounted on a padded rubber 

tube that manatee researchers 

put around the animal’s pe-

duncle (the area above the tail). 

The tag resembles a BlackBerry 

attached securely to a person’s 

belt. The design minimized 

movement, ensuring quality 

data recording, and it also 

avoided irritating mana-

tees’ skins.

“We’re trying to learn 

about their behavior; we don’t 

want to affect their behavior,” 

Hurst said. 

Inside the tag’s watertight 

plastic housing is a motor that 

triggers the tag’s release after a 

day or two; a chunk of syntactic 

foam that keeps the device afloat 

after release; a radio beacon that 

beeps to help researchers find 

and recover the tag; batteries (the 

same type used in cell phones); 

and the electronic components 

that record data. (The belt also 

has a GPS and other devices for 

other scientific studies.) 

Last year, a total of 10 wild 

manatees were tagged. The 

ongoing research will fill t
he 

large gaps in knowledge about 

manatee behavior in response 

to vessels, said biologist Chip 

Deutsch of the Florida Fish and 

Wildlife Conservation Com-

mission, which funded the re-
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WHOI engineers Tom Hurst (above) and Mark Johnson created a 

customized attachment to use D-tags on manatees. D-tags record 

manatee movements and sounds, as well as sounds in the water.

Researchers attach monitoring 

devices to a belt above a 

manatee’s tail.
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search with the Disney Wildlife 

Conservation Fund.

“We will have a detailed pic-

ture,” said Athena Rycyk, FSU 

doctoral student. “We will be 

able to ask questions like, what 

does a 20-foot boat travel-

ing 200 meters from a mana-

tee swimming in 6 feet of water 

sound like? This can help us 

determine what, if any, acousti-

cal cues manatees do or do not 

react to.”

“It’s fairly complex data to 

sort out—boats moving, mana-

tees moving, vessel noise, and 

manatee behavior,” Nowacek 

said. But the resulting analyses 

will be essential for policymak-

ers creating new regulations de-

signed to reduce collisions. Read 

more at www.whoi.edu/oceanus.

—Amy E. Nevala
Engineers design a tag  

that fits to a manatee
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Aboard a research ship in 1997, Janet 
Voight was amazed when she exam-

ined a small log that researchers just hap-
pened to trawl up from the bottom of the 
sea: It had been colonized by a lush commu-

nity of snails.“These snails offered a tantalizing 

Happy as a (newly discovered) clam
Want to find something on the seafloor? Engineer Tom Crook’s your man.

glimpse,” she said. What else was out there 

eating and living on pieces of wood from 
trees washed out to sea, wooden shipwrecks, 

and other sunken debris? she wondered. 
And if there, what roles might these ani-
mals and deep-sea oases play in the ecosys-
tem of the deep?

Voight, an expert on deep-sea life at 
The Field Museum in Chicago, knew those 

would be hard questions to answer. Since 
the 1970s, she had made eight visits to the 
seafloor in the submersible Alvin and taken 

close looks at the ocean bottom using video 

cameras on robotic underwater vehicles—
and she never once saw wood.So instead of searching for a needle in 

a haystack, she opted to place needles in a 
haystack. Trying to find pieces of sunken 
wood would be an expensive, time-consum-
ing proposition with little chance of success. 

So she decided to put down her own wood, 

then wait for months to see if anything set-
tled on it.

That still left a daunting challenge: 
Finding your needles again in the hay-
stack—in this case, pieces of fir and oak 
placed on the pitch-black seafloor more 
than a mile below the sea surface and 255 
miles from the Pacific Northwest coast.

She placed the fate of finding her experi-

ment in the hands of one of just a few peo-
ple in the world with a knack for navigating 

robots around ocean depths, a quiet engi-
neer at Wood Hole Oceanographic Institu-
tion (WHOI) named Tom Crook.

Crook, a 33-year veteran at WHOI, is a 

member of the engineering team that oper-
ates the deep-sea robot Jason, using a fiber-
optic cable that relays video images and 
other data up to the ship and sends com-
mands down to Jason. Six years ago, on an 

expedition to the North Pacific, Voight ap-
proached him with her proposal to leave 
wood on the seafloor and come back for 
them months later.“I thought it was a little odd,” Crook 

said. But then he got to work to make it 
happen.

Other scientists on board, however, shook 

Voight’s confidence. “Every time we left a 
bag (of wood) on the bottom, I felt a pang of 

doubt as my colleagues gleefully reminded 
me of the problems I would face later.”

“I couldn’t use signaling devices (to re-
locate the samples) because batteries can’t 
last for two years at seaf loor temperatures 
of 2°C (36°F),” she said. “Direct use of the 
ship’s GPS was impossible, because satellite 

signals don’t go through water.”On the bottom of the ocean, even the 
largest, brightest lights on deep-sea vehicles 

penetrate the blackness by only about 10 
feet (3 meters). If their return were off by 
more than that, their bags of wood would be 

within reach, but out of sight.“It would probably be easier to do our 
science in the middle of the night on a 
country road using car headlights to find 
our way and do our work,” Voight said.

In the ocean, there are no street signs 
or maps to follow. Instead, engineers like 
Crook create their own seafloor “guide 
posts,” using sound to locate where they are. 

They place instruments called transponders 

on the seafloor, which relay sound signals 
between deep-sea vehicle and ship. 

But “unless they are in the right places, 
they are useless,” said Dan Fornari, a marine 

geologist and director of Deep Ocean Explo-

ration Institute at WHOI. Crook had devel-
oped such skill for placing transponders that 

Fornari nicknamed him “Mr. Acoustics.”
“You know how some people just have 

this instinct for directions when driv-
ing around town?” said Stace Beaulieu, a 
WHOI biologist who has sailed three times 

with Crook. “That’s what Tom has for navi-

gating robots on the seafloor. He’s definite-
ly the guy you want in the driver’s seat when 

you’re looking for things on the seafloor.”
After situating the transponders, Crook 

and the Jason team positioned 17 of Voight’s 

mesh bags of wood in a line extending over 

575 feet (175 meters) on the seafloor.
Voight said Crook’s original positioning 

made it easy to find her samples when she re-

turned 14 months later in Alvin. And when 
she examined the wood on deck, Voight said, 

she found “so many wood-boring clams that 

the wood was falling apart. My cheeks actu-
ally hurt, I was smiling so much.”

Voight said the tiny, brown, squiggly 
clams’ unusual ability—to find rare wood 
pieces and use them both to live on and 
consume for food—have changed the way 
she sees the world.Once clam larvae find the wood, they at-

tach and grow, boring into the wood fibers 
using toothed ridges on their shells. They 
eat the wood that they occupy, relying on 
bacteria that live in their gills to aid in di-
gestion. Inexplicably, Voight found up to 
five species of clams sharing a single chunk 

of wood. 
That violates a fundamental law of ecol-

ogy—the competitive exclusion principle, 
which states that two species competing for 

the same limited resource cannot stably co-
exist. “Yet there they are,” Voight said. 

Should anyone dismiss the clams as cu-
riosities, Voight points out that they play an 

important role supporting the base of the 
deep-sea food chain.“They simply must pump out all sorts of 

planktonic young with extremely long lives 
to make it possible for the species to sur-
vive,” she said. Most of this horde of young 

never makes it to wood. Instead, she said, 
they become enormous quantities of food 
for other animals.In the end, Voight described six previ-

ously unknown species of clam that had 
made homes on her pieces of wood. In a pa-
per published November 2007 in the Journal 

of Molluscan Studies, she bestowed names for 

the new species.The last, Xylopholas crooki, she named for 

Crook “in recognition of his years of service 

to science, specifically his superlative efforts 

during the 2002 cruise, the last before his 
retirement from WHOI, which allowed the 

deployments to be relocated and these spe-
cies to be discovered.”Told about the species named after him, 

Crook was characteristically modest, saying 

only that he “was surprised and honored.”
But Voight wouldn’t understate his role. 

“We literally would have been lost without 
him,” she said. “He was our guide to the 
seafloor.”

—Amy E. NevalaThe National Science Foundation funded 
this research.

On his final cruise before retiring from WHOI after 33 years, Jason pilot Tom Crook helped 

biologist Janet Voight recover wood samples from the seafloor (above), which housed 

previously unknown species of deep-sea clams.

Biologist Janet Voight’s experiment showed 

how sunken wood from trees and shipwrecks 

supports deep-sea life.

“X” marked the spot for 17 mesh bags filled 

with wood pieces left on the Pacific seafloor.
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S T U D E N T S  A T  W O R K

T he ship hit the whale with a force that snapped 

her 14-foot jawbone like a toothpick and left a 

four-foot-long crack in her skull. Known as 2150 among 

scientists, she was a young, fertile North Atlantic right 

whale—exactly the wrong whale to lose in an endan-

gered population struggling to increase its numbers. 

The call about 2150’s death in the fall of 2003 sent 

Regina Campbell-Malone, a biology graduate student 

in the MIT/WHOI Joint Program, to Nova Scotia. On 

a wind-swept beach, she and her advisor, biologist Mi-

chael Moore, and a team of colleagues and volunteers 

performed a necropsy. They took photos and measure-

ments and then carefully cut the whale apart to reveal 

internal injuries, marveling grimly over the extensive 

damage inflicted on the 45-foot animal. 

“It got us to thinking: What exactly does it take to 

break a whale?” Campbell-Malone said.

Only about 400 North Atlantic right whales re-

main. Despite thick blubber, big bones, and an aver-

age adult weight of about 50 tons, these slow-moving  

whales have proved no match against fast-moving, 

metal-hulled vessels, whose shipping lanes intersect the 

whales’ habitat and migration routes between Florida 

and New Brunswick, Canada. More than half of the 40 

right whales found dead since 1970 were hit by ships, 

Campbell-Malone said. (The majority of the others 

died after becoming tangled in fishing gear.)

But in the world of commercial shipping, where 

time equals millions of dollars, simply asking vessels to 

slow down is not a straightforward matter. Propellers 

shred whales’ skin and blubber, often causing the ani-

mals to bleed to death. But the blunt trauma caused by 

a moving ship’s hull often leaves little to no external ev-

idence. Instead, it breaks jawbones, ribs, and skulls, as 

Campbell-Malone witnessed with whale 2150.

She and other scientists needed specific data to pro-

vide recommendations to policy-makers for specific 

speed limits for ships. So she set out to determine and 

quantify the amount of stress whale bones can sustain 

before they break. To conduct her research, Campbell-Malone first 

What does it take to break a whale?
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Photo by Tom Kleindinst, WHOI

Graduate student Regina 
Campbell-Malone put a 493-

pound, 14-foot whale jawbone 

through a series of stress tests 

to develop recommendations 

for vessel speed limits aimed at 

preventing ship-whale collisions.
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A  C O N V E R S A T I O N  W I T H …WHOI ship scheduler Liz Caporelli
She’s got the whole fleet in her hands

F or oceanographers, going to sea isn’t as simple as driving to the 

dock, climbing on board a ship, and motoring away. The pro-

cess takes an average of two years or more. It begins with a proposal 

to do research and, if funded, moves forward and becomes a real-

ity with the help of ship schedulers such as Liz Caporelli at Woods 

Hole Oceanographic Institution (WHOI).

It’s up to her to provide scientists with the correct ingredients for 

their at-sea research: the right vessel, working in the right area of 

ocean, at the best time of year, and with the ideal research equipment.

Caporelli’s job doesn’t end when the ship leaves. She serves as 

an onshore liaison, keeping the ships on (or close to) schedule while 

constantly jockeying through a variety of inevitable but unpredict-

able circumstances, ranging from storms and ship maintenance to 

surprise port closings in foreign countries. 

Keeping three WHOI-operated ships—Knorr, Atlantis, and 

Oceanus—working on schedule, and keeping scientists’ interests 

in mind, seems like an intense job. How do you deal with it?

 There’s no typical day, and there is no normal. It just becomes 

a lifestyle. Last fall I was going into a concert with my brother, and 

I got a call that Atlantis was having a problem getting clearance 

from the Canadian government for the submersible Alvin to dive in 

Canadian waters. It turned out the person we needed to talk with 

in their government had taken an unexpected leave of absence. So 

there I was on a Friday night in the parking lot before the Counting 

Crows started singing, calling the U.S. State Department. Mean-

while, the ship was on station, with Alvin ready to go, waiting for a 

phone call from me so that they could put the sub in the water once 

I got the clearance from Canada—which I did eventually get. 

So scientists can’t just drop anchor in certain parts of the world 

and say, “Hello, we’re here to do oceanography”?

That’s right. Within 200 nautical miles of another country’s 

coast, we have to apply for research clearances. Some countries, like 

Mexico, require applications seven months in advance. We have to 

schedule around the timing of clearances. For instance, if someone 

gets funded in the summer, they can’t go to sea off Mexico in Janu-

ary, because there’s not time to get a clearance through the system. 

So I have to keep that in mind for the whole scheduling process.

What happens if things are delayed?

A day or two may not matter. But a big change in the schedule 

can have a domino effect through the rest of the year, impacting 

hundreds of people. When I first started this job four years ago, I 

couldn’t sleep at night. I would think, “Oh, man! If we have a bad 

schedule, and the ship gets laid up, people I work with and care 

about are potentially not going to have a job.”

Do ship schedulers work together to make ideal schedules?

The 18 research institutions that operate 23 research vessels in 

the United States are in a system called the University-National 

Oceanographic Laboratory System, or UNOLS. One of its primary 

functions is to ensure the efficient scheduling of scientific cruises. 

Each of these places has its own ship scheduler. There’s a sense of 

camaraderie. We work together to help each other make as efficient 

schedules as possible and to put the right ships with the needed ca-

pabilities in the right places at the right times. On the other hand, 

the competition between operators of the research vessels can be 

high, because if I don’t schedule research cruises, our ships are go-

ing to be laid up—not put out to sea. Then our people—the crew on 

the ships we operate—are going to be laid off.

How often does the schedule change?

On average, once or twice a month. But there could be days and 

sometimes weeks of deliberating before changes are implemented.

It sounds like an enormous, shifting puzzle. How do you and the 

scientists deal with changes?
People adjust pretty well. They may start their cruise a couple 

days later or earlier. Sometimes they don’t want to adjust, or they 

can’t adjust for whatever reason. So then I need to look at how may-

be we can rearrange the whole schedule to accommodate people. If I 

can’t come up with a solution, or I come up with solutions that don’t 

work for scientists, I go to the agency that has funded the research 

for help. 
How many scientists do you help to schedule each year?

For the past four years we have averaged about 600 to 700 par-

ticipants per year, for our three ships combined. We have not seen 

a significant drop in the number of participants. But we have seen 

a downward trend in the number of scheduled ship days, especially 

for the intermediate- and smaller-size ships. It is predicted that the 

decline in ship days will continue in 2009 and 2010. 

Why the decline in ship days?
The high cost of fuel has had a major impact on the operating 

cost of the f leet. Funding agencies like the National Science Foun-

dation and the Office of Naval Research have had somewhat f lat 

budgets the past several years, so the shortfall is expected to come 

out of the number operating days. At the start of every schedul-

ing year, there is talk of ship lay-ups. But somehow schedulers and 

funding agencies work together to keep the f leet operating. I hope 

that things will turn around, and maybe we will have another down 

year or two, but then funding will bounce back. Hopefully, gov-

ernment priorities will shift, and science and technology will again 

move to the front burner.

Part of your job requires communicating with different people in 

ports worldwide. What is that like?

Working with other countries is always full of surprises. Recent-

ly, Mexico declared a new holiday, National Oil Exportation Day. 

All of a sudden, officials closed all their offices when we were try-

ing to unload at their dock. Everyone was like, “Oh my, how are we 

going to deal with this?” Our ship’s agent worked some magic and 

we ended up clearing customs and off loading, despite the holiday. 

There are always unexpected things like that happening.

How did growing up in a big family provide skills for this job? 

When I had my interview at WHOI, one of the scientists asked, 

how do you deal with difficult people? My answer was, “Well, I’m 

the youngest of eight. I’ve had a lot of practice being the peacekeep-

er and bring to this job a lifetime of negotiating skills.”

Why did you choose a career with a marine science focus?

My dad had a few sailboats, and my mom is an outdoorsy person. 

She would always insist that we be outside and would take us for a 

swim in the sea, regardless of weather. I started off at the University 

of Rhode Island in mechanical engineering and took a few classes in 

marine science. I was more interested in studying our environment 

and fisheries than calculus, so I shifted majors. To earn money for 

college, I found summer jobs as a deckhand on commercial fishing 

vessels, including lobster boats in Point Judith, Rhode Island. I had 

heard the pay was good, but I was pretty naive about other aspects 

of the industry—including the fact that most women didn’t fish, 

and that fishing is one of the more dangerous occupations.

What was it like being a woman in the Point Judith fishing fleet?

I was lucky and ended up working for some great guys who treat-

ed me as an equal and taught me a lot about boats. Today, I find 

that same equal treatment on WHOI-operated ships. The work on 

the fishing boat was very physically demanding, and I got seasick 

often. But those were some of the best times I ever had at sea. In my 

senior year, I had an offer from a science and engineering company 

to do marine sampling along the New England coast. I thought I 

would fish forever once I finished college, so I wasn’t interested in 

the sampling job until the captain of my fishing boat fired me. He 

didn’t want me to fish the rest of my life and insisted there was a 

world out there waiting for me.
You got married this summer. How did planning a wedding  

compare with planning ship schedules?

If I dragged my feet on planning the wedding, only me and my 

fiancé would have felt the consequences. I don’t have this option 

with planning a cruise, because if I was a slacker, too many people 

would be impacted.                                                   —Amy E. Nevala

“I admire scientists;  
they work really hard, and sometimes for their  

whole life, to get to sea.  
So I want to help make that happen.”
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Getting to the  bottom 

of the Greenland ice sheet 
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 In Greenland’s dark 
winter months, snow 

accumulates, especially at 
higher elevations. Gravity 

forces the ice to flow 
constantly down toward 

the coast.

The life cycle of Greenland’s lakes

Meltwater lakes pool on Greenland’s ice sheet each spring and summer, then drain through cracks to bedrock,  

and ultimately out to the ocean. These lakes could accelerate global sea level rise.
 In spring, the sun returns 

and melts the snowy surface, 

causing pools and puddles to 

form lakes. Meltwater channels 

pour into the lakes, making 

them wider and deeper.
 By summer, lakes of all sizes 

dot the ice sheet, the largest 

several miles wide and the deepest 

reaching a depth of 60 feet.

 The buildup of water increases pressure and 

causes cracks to spread  down, under the lakes.  The 

water then flows through these cracks to the bottom 

of the ice sheet, and out under the ice to the ocean.  The stream of under-ice water acts like grease, 

lubricating the bedrock and increasing pressure. 

This causes the ice above it to flow faster to the 

sea. A warmer climate could mean more melt 

water, more lakes, and more ice loss to the ocean, 

increasing the rate of global sea level rise.

 Scientists work 
on the ice sheet in 

the summer, using 
instrument towers, 

GPS equipment and 
other tools to measure 

changes in the ice.
“I t’s hard to envision 

how a trickle or a pool of melt-

water on the ice sheet’s surface could even-

tually lead to a process that cuts through a 

thick, cold ice sheet all the way to the bot-

tom,” said WHOI glaciologist Sarah Das. 

But it’s easy to realize why such a large-

scale phenomenom could remain unknown 

in the 21st century. Like the proverbial tree 

in the forest, there had never been anyone 

there to see it.However, during two field seasons on 

the Greenland ice sheet in 2006 and 2007, 

Das and colleagues set up and left behind 

instruments near two of the thousands of 

lakes that form atop the ice sheet each sum-

mer, to record what happens while they 

were not there. They used Global Position-

ing System receivers and seismometers to 

measure ice movement, water pressure log-

gers to detect changes in lake levels, and 

meteorological sensors to precisely measure 

surface melting. Their observations, pub-

lished May 9, 2008, in the journal Science, 

confirmed a long speculated, but never de-

tected, plumbing system for ice sheets.

The scientists proved that water filling 

large glacial lakes can build up enough pres-

sure to crack through the ice 

at their bottoms, creating conduits 

that can penetrate the ice sheet and send tor-

rents of water all the way to the bedrock. 

The water acts as lubrication between ice 

and ground, speeding up the glacier’s f low 

toward the ocean. Evidence collected from 

their instruments showed that cracks, reach-

ing bedrock, had suddenly drained the lakes. 

But still, no one had ever actually witnessed 

such an event.Two months after their journal article 

appeared, Das, Joughin, and colleagues 

headed back to their ice camp in Greenland 

for a third summer. On July 12, a week be-

fore her 35th birthday, Das received a gla-

ciologist’s perfect gift. That day fog had 

forced the researchers to work close to their 

camp near a glacial lake. Suddenly, cracks 

and booms echoed in the distance. The 

team was stunned, and a little fearful.

“You got the sense that the ice sheet was 

crumbling under your feet,” Das said. “You 

looked at each other, and looked at your 

camp, and hoped that a large, gaping hole 

‘There are these sounds 
exploding all around us. It’s 

probably the first time that 
people have ever witnessed this 

happening, the water draining 
out of a lake. It’s amazing.’

—Chris Linder, July 12, 2008

didn’t open up under-
neath you.”After a couple of hours, all the noise 

stopped. “Everything seemed to go quiet 

again,” Das said. “So we decided, ‘well, let’s 

go for a hike.’ ”The lake was drained of water. Soon 

they found the source of the noise and the 

drainage: A monstrous crack more than two 

miles in length had split the center of the 

lakebed from edge to edge. The former lake 

was now littered with huge blocks of ice 

that had broken off, and tumbled and thun-

dered, as the billions of gallons of water that 

had filled the lake poured through the crack 

and down into the ice sheet.This research was funded by the National 

Science Foundation, the National Aeronautics 

and Space Administration, the WHOI Clark 

Arctic Research Initiative, and the WHOI 

Ocean and Climate Change Institute.

‘We set out to examine whether melting at the surface of the 

ice sheet—which is very sensitive to climate change—could 

influence how fast the ice can flow to the ocean.’  —Sarah Das

In fog near the edge of a glacial lake, scientists Sarah Das, Mark Behn, Ian Joughin, and Kristin 

Poinar listen to thunderous booms caused by a large crack forming in the lake bottom.
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Laguna Playa Grande (left) sits behind a vegetation-covered barrier beach. Surges from intense storms carry sand and bits of shells from the ocean beach over the dunes and into the lagoon. Such “over-topping” events leave distinctive layers in lagoon sediments that identify hurricanes.
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many centuries. The team then compared their new hurricane record with other cli-mate influences, such as El Niño, the pe-riodic diminishing winds and buildup of warm waters in the eastern tropical Pacific. Other researchers have established that El Niño can stunt hurricane activity by caus-ing strong high-altitude winds that shear the tops off hurricanes or tip them over as they form. 
The researchers also examined precipi-tation records from Lake Ossa, Cameroon, and discovered that when monsoon rains increased, intense hurricanes occurred more often on the other side of the Atlantic. Re-searchers have theorized that storms over western Africa generate atmospheric waves that move into the Atlantic and provide “seedlings” for hurricane development.“If we have few El Niño events and a strong West African monsoon, combined with exceedingly high sea surface tempera-tures, we could experience an active hurri-cane period that is unprecedented in the last 5,000 years,” Donnelly said. “Conversely, if we have more steady-state El Niño condi-tions, it may reduce—but not stop—intense hurricane activity in a warmer world.”— Mike Carlowicz and Lonny Lippsett

The research was funded by the Nation-al Science Foundation, the Risk Prediction Initiative, the National Geographic Society, the WHOI Coastal Ocean Institute, and the An-drew W. Mellon Foundation.

It’s not hard to figure out how hag-fish got their name, as they aren’t ex-actly warm and fuzzy. Skinny, coated in gooey slime, and of-ten found wriggling and 

surnames are 
now inter-
twined with 
species of jel-
lyfish, worms, 

nematodes, and 
slugs. 

“Without Alvin pilots, many ocean-

A hagfish by any other name would  not smell as sweet

eating in the guts of dead whales, they’re not the sort of 
critter most 
people want to 
be associated 
with. When 
Alvin pi-
lot Bruce 
Strick-
rott cap-

entists wanted to name it for him. It turns out that the fish he spotted swimming at a depth of 7,218 feet (2,200 meters) during 
an oceanographic expedition south of Easter Island was the first hag-
fish captured from a hydrothermal vent site. Morphological studies and 
genetic analyses confirmed what researchers had then suspected: The hag-
fish was a new species, and one of the deepest-dwelling of its kind.Suddenly, Strickrott felt not repulsed but nearly paternal about the 
18-inch-long fish he had withdrawn from the depths.“It’s a feather in my cap,” Strickrott said of the announcement of his 
namesake hagfish, Eptatretus strickrotti. “It’s recognition from research-
ers for my contributions to the advancement of science.”An article announcing the new species, by Peter Møller of the 
Zoological Museum of the University of Copenhagen and W. Joe 
Jones of the Monterey Bay Aquarium Research Institute, was pub-
lished in the February 2007 issue of the journal Biological Bulletin.The naming initiates Strickrott into a unique fraternity of at least a half-dozen pilots of the deep-sea submersible Alvin whose 

“We saw this little thing swimming like a worm and I told Bruce, ‘There is no way you are going to catch it,’ ” Jones said. Strickrott—who had logged more than 1,600 hours and 200 dives in Alvin since becoming a pilot 10 years ago—accepted the challenge. Within moments, he maneuvered 
the submersible behind the wiggling fish and then vacuumed it through a tube known as the “slurp gun” into a canister mounted 

on the sub.
“I was like, ‘Man, this guy has skills and deserves recognition,’ ” 

Jones said. “The naming was a way to express our gratitude.”The find, Jones said, “reminds us that the oceans remain wide open for exploration and new discovery.”Strickrott, meanwhile, has taken good-natured ribbing about his 
namesake fish from “individuals who argue that the characteristics of a hagfish seem to match the persona of some Alvin pilots.”“Slimy bottom dweller,” he deadpanned. “How fitting.”

— Amy E. Nevala

ographers could not get their jobs done, and we want to recognize the commitment of these dedicated people,” said Jones, a ge-netics specialist who was in Alvin with Strick-rott during the hagfish’s capture.

recalled thinking it was “cool ... but in a hid-
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eous sort of way.”
About a year later, he learned sci-

The National Science Foundation funded the2005 Easter Microplate Cruise.

tured a 
specimen 
of the 
worm-
like fish 
during a 
dive in the 
cold, inky Pa-
cific depths in 
March 2005, he 
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Ken Sims peers over the rim of Masaya Volcano and looks 

2,000 feet (600 meters) down into the smoking crater lined 

with rows of jagged rocks that jut up like monstrous teeth.  

A 16th-century Spanish friar once called it “the mouth of hell.”

Sweat drips from Sims’ fore-

head on this sweltering Nicaraguan 

morning. The temperature is al-

ready 100°F (37°C). Only the vul-

tures move quickly, spreading their 

black, bony wings to ride hot winds 

across the crater.

With the wind comes the gas, 

which Sims and several colleagues 

pelled a small amount of ash and 

rock that burned a woman’s arm, 

started a fire, and damaged several 

nearby cars and tour buses. Now 

seismometers monitor the volcano’s 

every twitch and provide warning.

Still, it’s one thing to look down 

the throat of a volcano. It’s another 

to climb inside.

Each day, 6,000 metric tons of gas waft from a conduit 60 feet 

(18 meters) in diameter in the center of Masaya Volcano’s inner 

crater. To get inside, Ken Sims and Dennis Jackson (at right) 

climbed and rappelled down 2,000 feet (600 meters). 

are here to study. Sulfur-laced gusts 

swirl into Sims’ face as he organizes 

his climbing ropes. He coughs and 

pulls up his gas mask. The air reeks 

of rotten eggs, a signature scent of a 

smoking volcano.

Sims is not worried that Masaya 

will erupt, as it last did on April 23, 

2001. That unexpected spasm ex-

A journey into the crater of an active volcanohellInto the mouth of

Photo by John Catto, Alpenglow Pictures
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An image of the crab, displayed at a sci-

ence conference in Scotland, “sent murmurs 

up around the room,” Jones said. One on-

line blog by non-scientists called the crab 

“sublime and magical and perfect in its alien 

weirdness.” Another blogger posted contem-

porary rap music dedicated to the crab. A 

woman in Tokyo sent Jones a sewing pattern 

for crafting stuffed animal versions of the 

crab, which has been downloaded from her 

Web site more than 2,300 times, she said.

Though the crab has been compared to a 

lobster, Jones said it is actually a distant rel-

ative of the hermit crab.

Scientists are beginning to study bacteria 

living on the crab’s bristles. The bacteria use 

poisonous sulfide compounds from hydro-

thermal vent f luids to grow. They may de-

toxify the f luids and provide a steady source 

of crab food in exchange for a place to live. 

—Amy E. Nevala

The National Science Foundation funded 

this research.

Biologist Cindy Van Dover routinely  

finds new, unusual creatures when she dives 

to unexplored areas of the ocean in the 

deep-sea submersible Alvin. So she was not 

particularly fazed when she and biologist 

Michel Segonzac spotted the 6-inch white 

crab with long, hairy arms on the seafloor 

in the southeast Pacific in March 2005.

Months later, though, Van Dover be-

came excited after Segonzac examined the 

crab’s morphology and found that it was 

not only a new species, but that it belonged 

to a previously unknown genus and—even 

higher in the hierarchy of taxonomy—to an 

entirely new family of crabs.

“Now I think it is a superb creature and 

very curious,” said Van Dover, who was 

named director of the Duke University 

Marine Laboratory in July. 

She’s not alone. Segonzac, from Institut 

Français de Recherche pour l’Exploitation 

de la Mer in France, and colleagues pub-

lished their findings late last year in the 

French journal Zoosystema, and this spring 

the crab’s image began appearing in maga-

zines and newspapers worldwide, from Pop-

ular Mechanics to The New York Times.

The name of the new family, Kiwaidae, 

comes from Kiwa, a Polynesian goddess of 

crustaceans. It’s o
nly the second new family 

of deep-sea crabs identified since the mid-

1800s. The crab’s genus and species names 

are Kiwa hirsuta (the latter from the Latin 

word for “shaggy” or “bristly”), which sci-

entists picked after seeing the crab’s long 

arms, coated with yellow-tinted hairs that 

feel like toothbrush bristles.

Less formally, the newfound creature 

has become known as the “Yeti” crab, af-

ter the legendary shaggy “snowman” of the 

Himalayas.

“People loved it, and I was shocked by 

this,” said Joe Jones, a scientist at Monterey 

Bay Aquarium Research Institute who as-

sisted with genetic analyses. “I th
ought no-

body would care except crustacean nerds.”

What’s white, long-armed, shaggy—but not abominable?

Amy’s Excellent WHOI Adventure
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‘Do we need to worry? It seems now unequivocally clear that our 
climate is warming, and it’s largely induced by human activity.  

So in the sense that we as a society have to worry about increasing 
rates of sea-level rise in the future, I think we absolutely do.’  —Sarah Das

Once Das saw where the water drained 
through cracks on the ice, she then 

asked: What happens to all that water, 
once it reaches the bottom of the ice sheet? 
And how quickly does it make its way to 
the coast?

To find out, a week before Das and her 
team left Greenland, she dumped nine 
pounds of harmless red dye into a stream 
flowing toward a hole in the ice sheet. The 
dye quickly dissolved and spread out, creat-
ing a pink river that surged a quarter-mile 
downstream and disappeared into the hole.

Das’s goal was to see if some of the dye 
would eventually f low down through more 
than a half-mile of ice, over bedrock, and 
out to the coast, about 25 miles away.

“Knowing the speed of water f low under 
the ice would help us determine what sort of 
water system exists there. This is important 
for understanding how the impact of more 
water, say, with more global warming, will 
further impact the speed of the ice sheet in 
the future,” Das said.

Three of Das’s colleagues were working 
on the coast. After seven days of searching 
with sensitive instruments for even a speck 
of the dye, they had to leave for home. They 
never saw signs of the dye.

“We plan to use what we’ve learned to 
redesign our experiment, and we hope to try 
again,” Das said.

WOODS HOLE OCEANOGRAPHIC INSTITUTION 5

ed up aboard a fishing boat off Barbados.

Valdes has subsequently pieced together 

their journeys. Before launch, every float is 

tagged for monitoring via satellite, so scien-

tists do see where they are and where they 

shouldn’t be. Float 312, for example, began 

to concern physical oceanographer Breck 

Owens in late January. He saw on his com-

puter screen at WHOI that it was making a 

beeline to land, likely tossed by currents into 

shallow water and then spit onto shore.

“I was pretty sure that it was going to be 

a loss,” Owens said. Then he received a sur-

prise e-mail on Jan. 18 

from a Canadian tour-

ist who noticed the 

marooned f loat while 

snorkeling east of An-

dros Island.

She traced the f loat 

to WHOI’s Ocean In-

struments Web site. 

Assured that it wasn’t 

dangerous, the tourist, 

Christine Yeomans of 

British Columbia,  

returned with a motor-

boat to collect the  

80-pound instrument.

“My husband and I 

swam it back to the boat (no mean feat)!!!” 

Yeomans wrote in an e-mail. “Then he and 

our Bahamian guide pulled it into the boat. 

My husband unfortunately cracked his rib 

in the process. So we are hoping that this 

recovery will be somewhat useful and ‘not 

for naught.’ ”

Yeomans sent Valdes photos, which 

Float 312,  

where are you?

The ocean is so enormous, even a f leet 

of 2,338 ocean-monitoring instruments can 

sail into it and go largely unnoticed. That’s 

what f loats 312 and 393 were doing until 

something extraordinary happened: People 

found them.

“To have folks stumble on these two in 

one week is a real surprise,” said Jim Valdes, 

an engineer at Woods Hole Oceanographic 

Institution who de-

signs and builds f loats. 

During the past six 

years, scientists have 

been releasing 5-foot-

long, torpedo-shaped 

f loats throughout the 

ocean—part of an in-

ternational program 

called Argo. The in-

struments mostly drift 

at depths of 5,900 feet 

(1,800 meters). Once a 

week or so, they poke 

their skinny black an-

tennas above the sur-

face for about 12 hours 

to transmit temperature and salinity data to 

shore via satellite and then submerge again.

Valdes estimates that fewer than three 

f loats a year go missing. Then, this win-

ter, f loat 312 beached in the Bahamas, after 

traveling more than 1,000 nautical miles 

(1,850 kilometers) since its launch east of 

central Florida in June 2004. Float 393 end-

showed that f loat 312’s O-ring seal was 

compromised and had let seawater inside its 

pressure case. It was a goner. Valdes con-

tacted a U.S. Navy acoustic test facility on 

Andros Island, which retrieved the instru-

ment to dispose of it properly. 

Float 393 had a happier fate. It was 

picked up 29 miles south of Barbados 

on Jan. 25 by a fisherman, Erwin Clark 

Breedyland. He made inquiries that eventu-

ally led back to Valdes.

Onshore, f loat 393 continued to trans-

mit data, suggesting that it was intact and 

functioning, Valdes said. “I made arrange-

ments for Breedyland to deploy the f loat 

150 to 200 miles off Barbados on his next 

fishing trip.” —Amy E. Nevala

The research is funded by the Cooperative 

Institute for Climate and Ocean Research, a 

joint institute of Woods Hole Oceanographic 

Institution and the National Oceanic and At-

mospheric Administration.
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Augustine, an island volcano 

170 miles southwest of Anchor-

age, Alaska, began erupting in 

December 2005. By February, 

Uri ten Brink of the U.S. Geo-

logical Survey in Woods Hole 

had mobilized a team to seize 

the rare opportunity and deploy 

five portable ocean bottom seis-

mometers (OBS) on the seafloor 

around Augustine. 

To catch an  

active volcano

The OBSs came from the 

National Ocean Bottom Seismic 

Instrumentation Pool at Woods 

Hole Oceanographic Institu-

tion, a lending library of deep-

sea seismic equipment for the 

scientific community. 

“We put OBS technology 

to use, capturing volcanoes and 

other seismic events as they 

happen, where they happen,” 

said WHOI Senior Engineering  

Technician Vic Bender (at right, 

deploying a 100-pound OBS 

from the U.S. Coast Guard 

Cutter Roanoke Island).

“He knows the OBS inside 

and out,” ten Brink told a local 

newspaper, The Homer News. 

“He is part of the team that ac-

tually built them, and when 

something doesn’t work, he is 

the guy you want to have.”

After six weeks, the team re-

trieved the OBSs. The seismic 

recordings they collected should 

reveal what goes on inside and 

underneath an active volcano.

—Lonny Lippsett

Christine and Leo Yeomans of British 

Columbia made a rare find when they spotted 

WHOI float 312 in the Bahamas. 
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The blue line marks float 312’s 1,000-

mile track. Dots show where it surfaced 

temporarily to transmit data via satellite.
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Big whale, big sharks, big stink

R/V Tioga sent into action to perform whale necropsy at sea

A tanker first spotted the whale on Sept. 9 about 24 miles south-

east of Nantucket, Mass. It f loated belly up—species unknown, 

cause of death a mystery.
Michael Moore, a biologist at Woods Hole Oceanographic In-

stitution, scrambled into action. He gathered several sharp f lens-

ing knives, like those once used by whalers, to perform a messy but 

necessary partial necropsy to learn more about the whale. Then he 

and a team from the Cape Cod Stranding Network and the Na-

tional Oceanic and Atmospheric Administration set out on Sept. 11 

aboard WHOI’s rapid-response coastal research vessel Tioga.

After two hours of searching for the carcass, help came from 

above: A pilot radioed the whale’s location to Tioga. 

“The pilot said, ‘Look, I want you to know that there are at least 

200 sharks down there,’ ” Moore said. “He told me there were more 

sharks than he’d ever seen in one place in 25 years of working at sea.”

Moore has conducted more than 35 whale necropsies, usually on 

whales washed ashore. In necropsies at sea, he typically works along-

side the whale in a small rubber boat deployed from larger vessels.

But not on this day, with sharks in the water. Ken Houtler, Tio-

ga’s captain, maneuvered the vessel alongside the whale. Moore and 

others tied a line around the whale’s f lipper and tail and cinched it 

to the boat’s side. Floating parallel to Tioga, the whale stretched as 

long as the 18-meter (60-foot) vessel (see back cover). 

Like a human autopsy, the necropsy would provide clues to why 

the whale, a young female finback, died. It may have been struck 

by a ship or become entangled in fishing gear. Moore also searched 

for evidence that toxic algae from a record bloom in New England 

coastal waters this spring may have played a role.

Gas buildup from decomposition had caused the animal to bob 

like an overinflated raft. To relieve the gas pressure, Moore made 

a series of deep, foot-long cuts—called deflationary stabs—using a 

knife attached to a long wooden pole. This slowly released the gas, 

causing the whale to f latten yet remain buoyant.

Leaning over the side of the vessel, Moore worked from bow 

to stern, making a 30-foot-long incision in the whale. It now re-

sembled a dugout canoe, and Moore donned a wetsuit and rubber 

booties, secured a harness and safety line attached to the boat, and 

climbed into the whale’s long incision. 

Several sharks lingered nearby, feeding on the whale under the 

surface. Some appeared with streaks of red paint on their noses and 

backs after brushing against Tioga’s cherry-colored hull. 

For the next hour, Moore took skin and blubber samples for sub-

sequent analysis. As soon as he finished the necropsy, Tioga f led 

quickly. The research team’s concern about the sharks had been 

overwhelmed by the stench of decaying whale, an odor Houtler 

called “straight out of a horror movie.”

“Maybe some people will have nightmares about the sharks we 

saw,” he said. “Any bad dreams I have will come from that smell.”— Amy E. Nevala

This project was supported by NOAA’s National Marine Fisheries 

Service, with assistance from the Cape Cod Stranding Network.

� Left to right: Sharks surrounded a dead finback whale as WHOI’s 

research vessel Tioga approached to perform a partial necropsy in 

September. WHOI biologist Michael Moore made a 30-foot-long 

incision in the whale. After the necropsy, Tioga’s captain, Ken Houtler, 

hosed down Moore. At top, Tioga crew member Ian Hanley creatively 

used earplugs to combat the decomposing whale’s smell.
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Sandwich Town Beach for research.  

Their experiments include snipping sea 

squirts and moving portions to isolated, 

contained areas of the tide pool to see how 

they reproduce and grow (they do—and 

quickly—the scientists have learned). The 

scientists also observe whether predators 

feed on sea squirts (only periwinkle snails, 

and only if the sea squirts are dead). 

“Invasive sea squirts do present a prob-

lem, but we’re figuring out some things 

we could do,” Valentine said. At Georges 

Bank, for example, possible strategies in-

volve keeping fishing gear away from the 

sea squirts, to
 avoid dragging them to unaf-

fected areas. Since sea squirts do not survive 

long when exposed to air, Valentine and 

Carman are studying how mussel and oys-

ter farmers may be able to stymie sea squirt 

growth by drying out equipment that could 

host the organism.

At the international conference in April 

—sponsored in part by the WHOI Ocean 

Life Institute—attendees presented strate-

gies that included vacuuming sea squirts 

from barges, wrapping ship hulls in plastic 

sheets, and even cooking the slimy creatures 

into seafood chowder.

“People in Korea, Chile, and elsewhere 

like to eat them, but tunicate researchers, 

who know the details of where tunicates live 

(tide pools and rocky sea beds) and what 

they eat (bacteria and algae), find it very 

difficult to partake,” Carman said. 

“I think the key thing we learned is that 

there is no magic answer,” Carman said. 

“We need to unite a lot of smart people to 

figure out the next steps for dealing with 

this creature.” —Amy E. Nevala

representatives from nine countries gathered 

for a conference at Woods Hole Oceano-

graphic Institution to trade strategies to 

keep sea squirt populations in check.

“Nothing really wants to eat it. Nothing 

grows on it. And nothing seems to prevent 

it from spreading,” said Dann Blackwood 

of the U.S. Geological Survey (USGS) in 

Woods Hole, who works with scientists 

photographing, videotaping, and mapping 

the spread of sea squirts on Cape Cod and 

New England. 

While invasive sea squirts won’t harm 

people, scientists worry about effects on ma-

rine life. Evidence shows that the sea squirts 

smother scallops and mussels, push out na-

tive species of sea squirts, and coat the sea-

floor, possibly making areas uninhabitable 

to fish eggs and shellfish larvae. 

“Anyone who likes to eat seafood should 

worry about this,” Carman said.

Scientists su
spect the sea squirt hitched a 

ride in water used as ballast on cargo ships, 

or on imported shellfish used in the aqua-

culture industry. L
ike green crabs, kudzu, 

gypsy moths, and tens of thousands of oth-

er non-native animals, plants, insects, and 

microbes that have settled in the United 

States over the last several centuries, the sea 

squirts could have potential ecological and 

financial impacts.

Damages and control costs related to all 

invading species in the U.S. are estimated at 

$137 billion per year, according to a study 

by Cornell University ecologist David Pi-

mentel. Costs associated with sea squirts are 

not yet known, but among the more notori-

ous examples of damages caused by an in-

vasive species are zebra mussels, which have 

spread to nearly two dozen states since the 

1980s. They often outcompete and over-

whelm native species, and they block water 

intake pipes. Repairs cost tens of millions of 

dollars per year.

Sea squirts are tunicates, a named de-

rived from a firm, rubbery outer covering 

called a “tunic.” Of the nine types of sea 

squirts found on Cape Cod, six are inva-

sive species. Carman focuses her research 

on a species of the genus Didemnum, which 

� Like a creature from a horror movie, sea 

squirts cover rocks, vegetation, and shellfish.

Little
squirts,

big
trouble

Invasive species smothers

everything in its path and 

poses threat to fisheries

forms dense mats made from many small, 

linked individuals. 

The organisms suck water into one tube 

to ingest algae and bacteria and then shoot 

the water out a second tube. These bursts of 

water gave it the name “sea squirt.”

At the tide pool in Sandwich, Mass., 

Carman showed how sea squirts kill. Wig-

gling her finger into a sea squirt’s wrinkly 

folds, she pointed out shellfish engulfed 

within them. Like a creature from a hor-

ror movie, the sea squirt had spread up and 

around a rock, smothering everything in its 

path, including shellfish. 

Carman initially encountered the animal 

seven summers ago as a naturalist teaching 

youth education programs on Cape Cod. 

“It was difficult to avoid them,” she said. 

“Tons of them were on the docks, on pil-

ings, in tide pools, looking like dead brain 

tissue.” In tide pools and rocky sea beds, 

they often form wide, lumpy mats. On 

docks, lines, and boat hulls, they grow pale, 

stringy strands, like multi-armed octopi.

Kids peppered her with questions about 

this odd creature, and she quickly learned 

that scientists had no ready answers. She 

began work in the Geology & Geophysics 

Department at WHOI and acquired fund-

ing from a cooperative grant between USGS 

and WHOI.

“What started as a hobby has turned into 

a full-f ledged research project,” said Car-

man, who has a degree in paleontology and 

previously studied microscopic invertebrate 

fossils at The Field Museum in Chicago.  

In December 2003, she began working on 

field studies with research geologist Page 

Valentine of the USGS in Woods Hole. At 

least once each month, they venture to the 
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“Alien vomit, that’s what kids call it,” 

said WHOI scientist Mary Carman about 

species of sea squirts that have invaded 

New England waters. “Anyone who likes 

to eat seafood should worry about this.” 

As they grow, sea squirts envelope rocks 

(below) and living things on the seafloor.

Sandwich Town Beach was empty at low 

tide on a winter afternoon when scien-

tist Mary Carman yanked on hip boots and 

waded among the eel grass and barnacles, 

her brown eyes scanning the clear water. 

Spotting a butter-colored mass on a rock, 

she rolled up her jacket sleeve and plunged 

in her bare hand. Out came something re-

sembling soggy scrambled eggs.  

“Alien vomit, that’s what kids call it,” 

Carman said. In fact, the cold, rubbery ani-

mal was a troublesome species of sea squirt 

that invaded the New England coast, proba-

bly from Asia or Europe, in the early 1990s. 

Lacking natural pred-

ators, sea squirts are 

now found along the 

coast from Connecti-

cut to Maine. They are 

also overrunning off-

shore areas with valu-

able fisheries such as 

Georges Bank, where 

dense mats of sea 

squirts cover 100 

square kilometers 

(40 square miles) of 

the seafloor. 

In April, more 

than 100 marine 

biologists, coastal 

resource manag-

ers, and shell-

fish industry 
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One of the fiercest battles of the Revolutionary War raged off 

the coast of Flamborough Head, England, on Sept. 23, 1779, pit-

ting the American ship Bonhomme Richard against the British HMS 

Serapis. During almost 3½ hours of combat, the American captain, 

John Paul Jones, uttered his famous phrase: “I have not yet begun to 

fight!” and eventually captured Serapis.

But the Bonhomme Richard, burned in battle, later sank in the 

North Sea. More than two centuries later, the wreck’s location re-

mains a mystery, which the WHOI-operated research vessel Ocean-

us helped try to solve in July 2007.

Using ship time donated by the Office of Naval Research, the 

13-member Oceanus crew sailed for three days of exploration with 

members of the Groton, Conn.-based Ocean Technology Founda-

tion (OTF), including three archaeologists and a war historian.

“We were all pretty jazzed about the opportunity,” said Diego 

Mello, captain of Oceanus. “How often do you get to be a part of 

something so historic?” 
Melissa Ryan, OTF’s co-chief scientist, called the Oceanus crew 

“true professionals who rose to the task despite some rather grim 

weather conditions” typical in the North Sea.

To begin the search, researchers used sonar images from an initial 

OTF survey in 2006. Each image provided a hazy outline of seafloor 

wreckage that researchers determined might be the Bonhomme Rich-

ard. To fine-tune their search, they also used eyewitness accounts of 

the battle, the ship’s log, court testimony at the time, damage assess-

ments and information about the wind, weather, and tide, and com-

puter models used by the Coast Guard to find lost ships.

The compilation narrowed the search to five viable wreck sites, 

all situated within four nautical miles of one another. Over three 

days, researchers began ruling out possible candidates. 

Almost immediately, they deemed one site too close to shore, 

Ryan said. To search the other sites, the researchers used Seaeye Fal-

con, a remotely operated vehicle, or ROV, that roams the seafloor, 

sending real-time images to researchers via a cable to the ship.

A second site turned out to be a sunken cargo of large stones. 

Two others sites were indeed shipwrecks, but Ryan said the vessels 

were too modern to be the Bonhomme Richard.

A fifth site remains intriguing, Ryan said. “Whatever is under-

neath is buried in a large mound of sand that was impossible for the 

ROV to see beneath.” 
Ryan said OTF is looking for funding to continue the search. 

If they find the wreck, it will fall under the jurisdiction of the  

Naval Historical Center, which supervises operations at any sunk-

en warship.“There will be archaeological mapping and inventorying of 

artifacts before we would even attempt to do any salvage work,” 

Ryan said.Before the expedition, Capt. Mello spent hours reading about 

the 1779 battle, the sunken ship, and its design and operation. A 

few times during the trip, he joined researchers as they watched the 

ROV relaying images from the seafloor. 

“We hoped a cannon would pop up—even just a cannonball, 

some artifact from the battle,” he said. He remains hopeful that the 

wreck will be located.“John Paul Jones didn’t give up,” he said. “Neither should we.”—Amy E. Nevala

WHOI vessel helps search for wreck of John Paul Jones’ ship
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Commanded by John Paul Jones, the American 

vessel Bonhomme Richard battled the British 

warship Serapis in 1779. Though 300 of the 375 

Americans aboard were killed or wounded, in 

the end the Serapis’s captain surrendered.
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Like many babies, these tiny 

offspring arrived last spring 

amid much fanfare and a little 

trepidation. Never before had 

scientists w
itnessed the birth 

of deep-sea Antarctic corals, 

which unlike like their tropi-

cal, shallower-water cousins, 

normally live and breed in the 

icy, sunless depths, 165 to 6,650 

feet (50 to 2,000 meters) below 

the surface. 

Their parents had been col-

lected in nets and placed in 

saltwater tanks onboard the po-

lar research vessel Laurence M. 

Gould. Day and night, in the 

ship’s laboratory, Woods Hole 

Oceanographic Institution biolo-

gist Rhian Waller watched with 

delight as dozens of the bright 

orange coral larvae crawled from 

the mouths of adult corals. Al-

most immediately, the small 

blobs, no bigger than pepper-

corns, began settling on glass 

tiles and black rocks.

“Every day the captain would 

come down and say, ‘So, how 

are the babies?’ ” Waller said. “I 

was amazed how many people 

were excited about them.”

Waller’s work focuses on two 

cone-shaped corals, a sherbet-

orange variety called Flabellum 

thouarsii, and a pale yellow cor-

al called Flabellum impensum. 

Marine biologists knew some 

details about these corals’ tax-

onomy, but practically nothing 

about the unusual way they re-

produce: Adult females brood 

fertilized larvae in their mouths, 

then release them fully formed 

into the water to settle and 

grow. Starfish, sea urchins, sea 

cucumbers, and other marine 

Antarctic animals also use the 

technique to give larvae the best 

chance for survival. 

“The environment is so 

harsh that we assume that this 

gives them a secure place to be-

gin their lives,” Waller said.

Though she had studied cor-

als worldwide, it was her first 

trip to the remote Southern 

Ocean surrounding Antarctica, 

whose icy waters don’t seem a 

likely home for colorful, deli-

cate-looking corals. 

“That’s one reason I’m so fas-

cinated by them,” Waller said. 

“I’m particularly interested by 

how marine organisms repro-

duce and develop into adults in 

extreme environments, such as 

polar regions.”

Waller hadn’t expected to 

collect the corals, nor planned 

to bring any home, and no one 

had ever set a precedent for 

keeping deep-sea coral larvae 

alive. She packed them in a 

portable cooler that she jammed 

under airplane seats. During 

three layovers, she and col-

leagues replaced ice to keep the 

WHOI biologist Rhian Waller watched the transformation of tiny, shapeless offspring of Antarctic deep-sea 

corals as they grew tentacles within 24 hours of brooding. 

A lullaby 

for larvae

larvae cold and comfortable.

Back at her lab at WHOI, 

she fed them copepods and 

cleaned their refrigerated salt-

water tanks, and carefully ob-

served them. After a month, 

they eventually died, but not be-

fore Waller learned a great deal 

about deep-sea coral larvae. 

“From preserved specimens, 

we never could have learned 

that the larvae can blow them-

selves up like anemones when 

stressed; how long they take to 

settle on the bottom; the fact 

that they crawl, and morph into 

different shapes rapidly, and 

feed within a few days; that they 

feel out where they want to set-

tle but do not have the capabil-

ity to go very far,” she said.

She worried it would be 

many years before she could 

acquire more specimens—the 

journey to Antarctica is expen-

sive, long, and often grueling. 

But Waller was invited on three 

expeditions in 2008 and 2009 

that will allow her to continue 

her investigations.
—Amy E. Nevala

The research was funded by a 

National Science Foundation grant 

and a U.S. Geological Survey-

Woods Hole Oceanographic Insti-

tution Postdoctoral Fellowship.
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Waller brought back larvae collected on a cruise off Antarctica to her 

lab at WHOI to continue to monitor their development.
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STUDENTS AT WORK

M
atthew Jackson began his journey 

to the center of the Earth on lonely 

gravel roads in Montana.

Uninterested in motorcycles and horses, 

and miles from neighbors and friends, Jack-

son roamed on his family’s 6,000-acre cattle 

ranch an hour north of Yellowstone Park 

and f lanked by the Rocky Mountains. His 

eyes hunted for agates and petrified wood 

fragments, and he filled so many cardboard 

boxes with specimens that his mother oc-

casionally asked him to empty some before 

collecting more.

As he matured, Jackson’s appreciation for 

rocks moved beyond aesthetics. “I wanted to 

know how they formed. I wanted to know 

their stories,” said Jackson, now 30.

Jackson carried his passion for rocks to 

Yale University, w
here he studied geology, 

and then to Woods Hole Oceanographic 

Institution (WHOI), where he arrived in 

2000 as a summer student fellow to work 

with geochemist Stan Hart.

He appeared before Hart at an auspi-

cious time. Hart had recently returned from 

Samoa, a remote island chain in the South 

Pacific, where he and colleagues had dis-

covered and mapped a massive underwa-

ter volcano 14,300 feet (4,358 meters) tall. 

In a sense, the submerged volcano, called 

Vailulu’u, is a yet-to-be-born island. In time, 

built by layers of magma bursting through 

seafloor crust, it 

will poke above the 

ocean’s surface and 

become a seventh 

Samoan island.

The Samoan is-

lands, like Hawaii’s 

islands, are formed 

from plumes of hot, 

buoyant magma 

that rise from deep 

within Earth’s in-

terior and melt be-

neath the island 

chain. Hart and col-

leagues were eager to learn more about the 

similarities and differences in the origins of 

the island chains. Hart looped Jackson into 

the project, plunging him into a 5½-year 

graduate research project that partially con-

cluded in October 2007, when he defended 

his Ph.D. thesis.

During his defense, Jackson displayed 

an image of the inside of the Earth, com-

plete with cross-section of the crust, mantle 

(which reaches 1,800 miles or 2,900 kilo-

meters down, equivalent to the distance be-

tween Los Angeles and Chicago), and core. 

He compared these deep reaches of Earth to 

a new frontier.

“We’re outside looking in at a black box. 

We have little idea 

about the composi-

tion of the inside of 

the Earth,” he said. 

“Why? Because it is 

really hard to dig a 

deep enough hole.”

Instead of shov-

els, Jackson uses 

seismometers to see 

what’s happening 

beneath Earth’s sur-

face. These instru-

ments record subtle 

ground-shaking 

movements caused by earthquake-generated 

seismic waves that travel along Earth’s sur-

face and through its interior.

By analyzing these waves, scientists can 

infer a great deal about the characteristics of 

the rocks the waves are traveling through. 

They can tease out the structure and com-

position of the mantle and the long plume 

rising from it to the surface. These help re-

veal hidden geological processes that have 

created some of the ocean islands that dot 

the face of our planet.

Marine geologists have ocean-bottom 

seismometers that monitor seismic activity 

beneath the seafloor. But these instruments 

are expensive and require costly research ves-

sels to deploy. Jackson, working on a shoe-

string budget, borrowed four seismometers, 

enlisted aid ranging from his WHOI co-

advisor John Collins to Samoan friends, and 

put seismometers on four islands.

Samoa is the land of Robinson Crusoe—

a tiny, lush Polynesian island chain with 

swaying palms, crystal waters, and sandy 

beaches. Jackson traveled there to bury four 

seismometers in concrete so they remained 

steady, positioning solar panels to power 

them and building fences and secure vaults 

to prevent vandalism (and fend off curious 

Plumbing the plume that created Samoa

A graduate student

explores the magmatic

origins of island chains

feral pigs). He said he saw “the f lip side of 

an island paradise.”

“Tropical temperatures and humidity, 

f lash f loods, thick clouds of mosquitoes, 

and slow-

setting 

concrete 

slowed 

our prog-

ress,” Jackson 

said. At times, 

he said, “it was hot, 

the instrument wasn’t 

working, and I just want-

ed to go to the beach!”

Once he finally installed the 

instruments, he had to wait for two 

years—not even knowing if his instru-

ments had been working. While the sen-

sitive seismometers record earthquakes from 

all over the globe, Jackson is interested in 

seismic waves only from very big—and very 

rare—earthquakes that come from places 

thousands of kilometers away, such as Alas-

ka and Chile.

“We need big ones, because waves lose 

energy as they go through the Earth,” 

he said. “It’s ju
st 

like waves lose 

energy in a pond 

after you throw in 

a rock. The big-

ger earthquakes 

won’t lose energy 

as fast, and we’ll 

get better data.”

They also need 

seismic waves coming in 

from the right angle. “Many 

nearby earthquakes shake up the 

area, but they don’t do us any good,” he 

said. Those waves cut shallowly and more 

horizontally through the mantle and plume, 

he said. “We need distant quakes that send 

waves into the Earth.” For his research 

needs, the waves must re-emerge beneath 

Samoa at an angle nearly perpendicular to 

the oceanic plate that underlies the seafloor.

Jackson returned to Samoa more than 

a year ago to download data and make 

sure his instruments worked (they did). 

Two weeks after defending his Ph.D. the-

sis, Jackson headed for Samoa to download 

data from his seismometers. He returned 

to WHOI as a postdoctoral scholar to sort 

through the data and begin to form a pic-

ture of the magmatic plumbing system that 

created Samoa. — Amy E. Nevala

Support was provided by the National 

Science Foundation, and by the Ocean Ven-

tures Fund, Academic Programs Office, Deep 

Ocean Exploration Institute, and Coastal 

Ocean Institute, all at WHOI, and the IRIS-

PASSCAL Program.

While conducting fieldwork in Samoa, 

graduate student Matthew Jackson spoke 

with local students about his research 

exploring how their island home was created.

The Samoan islands are seafloor volcanoes that have risen above the ocean surface. The island 

of Tutuila (above) once had a classic cone shape, which has eroded over time.
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Like Hawaii, the Samoan Islands (below) form over a hotspot—a plume of hot, buoyant magma that rises from deep within Earth’s mantle and 

through its crust and erupts to form volcanic islands. The Samoan chain formed as the overlying Pacific Plate moved over the stationary hotspot. 

Matthew Jackson wants to learn more about how different island chains form. Above, he adjusts a solar-powered seismometer that reveals 

information about the composition and structure of Earth’s interior.
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