AT A SNAIL’S PLACE

TEGULA SEA SNAILS

Habitat: Pacific Coast tidepools
Population: innumerable

Protection status: none

In which the distribution of a common Pacific Coast sea
snail explains the underlying logic of the universe
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I T ISEASY TO FIND A TEGULA SEA SNAIL. Tegula snails cobble the tidepools of the

Pacific coast. In some places there are literally millions of them in a few hundred feet of rock.
You might not have noticed this before; I certainly hadn’t until a few months ago.

Recently I took my four-year-old daughter tidepooling at Fitzgerald Marine Reserve, on the San
Mateo coast. | wondered what would catch her interest, since like most preschoolers Eleanor has
no particular awareness that there is such a thing as nature separate from anything else. Grandeur
and color do not inevitably impress her. She is capable of awe, but not predictably so. (I
remember hauling her in a baby carrier for her first visit to the swirling cloud of technicolor
butterflies and birds in the tropical rainforest exhibit at the California Academy of Sciences,
which she ignored entirely so as to drool in wide-eyed wonder over a spiraling metal handrail.)
Her worldview is determined by stories, by what she can imagine about the world she sees and
by what she can tell me about what she imagines.

She called the first Tegula she found a “rainbow shell.” Viewed top-down it was about the
diameter of a quarter. Its widest spiral was a rusty orange, which faded into more caramel brown
middle spiral, and then a top spiral that you would call purple if you were four years old and
really loved purple. The shell rested on a smooth stone, crusted over with red coralline algae. A
small white cap seemed to be dripping down from its top spiral. Eleanor made me take a picture
with my phone, and show it to her to make sure it matched her narrative vision.

It had been my intention to walk over the snails to reach the interesting tidepools, as grownups
do. Now we paused to consider. | knew the snail we had found was a Tegula brunnea, or “brown
Tegula,” and that it was surrounded by what looked like a gravel roadbed of Tegula funebralis,
or “black Tegula.” I realized I did not know where else the snails lived, or for how long, or what
they ate, or what ate them, or even who would answer any of these questions. An uncomfortable
memory from long ago stirred in the depths of my brain. As an undergraduate, I’d left a marine
lab internship and an impacted marine biology major to follow my increasing interest in
journalism. I remember telling people at the time that it seemed like every marine biologist’s
destiny was to spend six years as a graduate student looking at snails in the tidepool, the kind of
righteous tedium | knew curriculum committees designed to weed out people with an interest in
charisma.
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Black Tegula snails surround a mossy chiton in a tidepool at Fitzgerald Marine Reserve
Photo by Bill Abbott, CC BY-SA 2.0

Belatedly by 20 years, | found myself ankle-deep in a tidepool wondering about sea snails.
Tegula snails are perhaps the most ignorable animals in the West Coast’s intertidal life riot. But
once you start to pluck at that seemingly pedestrian thread it leads you up and out and away until
suddenly you’ve unraveled a whole damned sweater. “Go down to the shore and poke around,”
urges the preface to the 704-page Encyclopedia of Tidepools & Rocky Shores. “Undoubtedly,
questions will rapidly spring to mind. At first they may be specific and small-scale. What species
is that snail? ... But small questions lead to larger ones.”

Part of being four years old is that you can invent and confidently assert your own answers to
life’s mysteries. (And conveniently just about everything is a mystery.) Then the question
troubles you no more. As Eleanor and | walked back along the beach on our way to the car, we
passed a vacationing family from Minnesota. Eleanor called cheerfully after them, “I hope you
find a rainbow shell!” By the time I dropped her at preschool later that morning, her attention
had wandered back to the park, her friends, and the waffles awaiting her at snack time.

To wonder might be childlike but to follow the threads to bigger questions, to fit the parts
together and construct a universe, is a game for grownups. It is a game that | played for several
months after that tidepool trip. “When you collect marine animals,” John Steinbeck wrote in the
first chapter of Cannery Row, “there are certain flat worms so delicate that they are almost
impossible to capture whole, for they break and tatter under the touch. You must let them ooze
and crawl of their own will onto a knife blade and then lift them gently into your bottle of sea
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water. And perhaps that might be the way to write this book — to open the page and let the
stories crawl in by themselves.”

Sea snails don’t scream a story at you. But you can piece one together. Here then is a spiraling
story about Tegula snails, which crawled into my imagination, and lodged there.

O UR STORY STARTS IN A TIDEPOOL. Next time you’re at the coast look closely into

one and ask yourself a question: how is this tidepool organized? Why is the stuff in there where
it is? As it turns out, there is a method to the arrangement, and the pattern in many ways
resembles the terrestrial world. The bottom — the ground — is made of rock. On the rock grows
a meadow, in this case of carpet-like encrusting algae. There is a shrubland of branching
coralline algae, and a forest of swaying, leafy brown algae. There are herbivores, like snails,
grazing. There are predators that stalk, ambush, chase, and prey on the grazers. Since it is easier
to sit and stare at all the little life forms moving rapidly in a tidepool than it is to sit and stare at
all the much larger life forms moving slowly on, like, a mountain range, tidepools have long
been a way for scientists to observe the ways everything in the universe is hitched to everything
else.

In the tidepools and nearshore water of the Pacific Coast live four common varieties of Tegula
snail: black, brown, dusky, and Monterey. They look a lot alike, they’re built nearly the same,
they behave a lot alike, they eat the same sort of stuff, but our observation of the tidepool’s
arrangement leaves us with a mystery: they don’t live in the same places. Black Tegula live in
the shallows, then as you wade deeper they’re replaced by brown Tegula, then as you don
SCUBA gear those are replaced by dusky Tegula and Monterey Tegula. This is perhaps more
remarkable than it sounds. Some invisible force somehow prevents each of these types of snails
from living in places perfectly suitable for them to live.

It turns out that the question a child might ask, why is this thing here?, is a really great scientific
question when it comes to Tegula sea snails. There’s definitely a rule here. You can see it. But
can you define it?

“Some things you can get pretty nice answers to,” says Jim Watanabe, a lecturer at the Stanford
Hopkins Marine Station who studied Tegula patterns for his dissertation at UC Berkeley in the
1980s. “But then others, it’s just like, why the hell does that happen? And you just have no idea.”
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How is a tidepool organized? What lives here? | Photo by Eric Simons

I HE IDEA THAT ANIMALS AND PLANTS LIVED IN DECIPHERABLE PATTERNS,

rather than scattered randomly as a deity or deities had placed them, exhilarated 19th-century
naturalists. Alexander von Humboldt’s 1807 book Essay on the Geography of Plants was an
international bestseller that cemented its author as the world’s most famous scientist. Humboldt’s
observations about global zones and the interconnectedness of life inspired the modern Western
concept of nature, historian Andrea Wulf contends in the 2016 book The Invention of Nature. His
insights fired the imagination of a generation of scientists: Charles Darwin, John Muir, Henry
David Thoreau, and Ernst Haeckel, who in 1866 coined the term “ecology” for this new study of
why things live where they live. “I thought,” Humboldt wrote in the preface to Essay on the
Geography of Plants, “I should draw the physicists’ attention to the broader phenomena
exhibited by nature in the regions through which I have traveled.”

Following Humboldt, naturalists began to look for biological patterns based on geography.
Obviously, they soon realized, things lived where they lived not just because of global climate
zones but because of the local physical environment. In the case of the tidepool this meant waves
and tides.

Sea snails breathe through gills so they do not live, obviously,
where there is no water. That seems to be an adequate
explanation for why you don’t find them climbing mountains.
One of the tidepool’s pioneering scientific interpreters was an English university lecturer named
Sarah Martha Baker. Like many tidepoolers, Baker had noticed that different kinds of seaweed

lived in different places. In the early 1900s, when she was in her early 20s, Baker set out to try
and explain it. “The conditions which determine the zonal growth of Algae between the tidal
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limits appear likely to be very simple,” she wrote, “and thus afford a very promising field for
experimental study.”

Baker’s family had a home on the east shore of the Isle of Wight, and so she set out to look
closely at the pattern of where seaweed lived, and how that pattern corresponded with the tides.
From a boat manned by her brothers she marked off the highest point of the tide, then observed
as one kind of seaweed gave way to the next as the rock descended into the cold water of White
Cliff Bay. No matter where she looked, the “zones,” she wrote in a paper published in 1909 in
the journal New Phytologist, “were on the whole very well defined.”

Each kind of seaweed, it seemed, lived on a band of rock that spent a specific amount of time
underwater, and to Baker’s mind this suggested an obvious follow-up experiment. She collected
small samples of each of four kinds of seaweed and put them in separate jars of seawater. She
then changed the amount of time each jar spent wet or dry. What happened in the jars supported
what she saw in nature: the seaweed she found growing high on the rocks lived even when the jar
was dry for 11 hours at a time, and thrived in a jar kept dry for six hours. Seaweeds from lower
on the rocks died except when the jar was almost always full of water. Clearly, the tides
determined where these seaweeds lived.

If you were just visiting the coast for the first time and wanted to guess at why the sea snails live
where they live, you might conclude, like Humboldt and like Baker, that they live where physical
climate and environment allow them to live. Sea snails breathe through gills so they do not live,
obviously, where there is no water. That seems to be an adequate explanation for why you don’t
find them climbing mountains. They are herbivores, and so they live where there is algae to eat.
We know that algae need light, so that means you wouldn’t expect to find sea shails down in the
abyss, and we don’t. Getting more specific, they follow the pattern of Baker’s seaweeds. Black
Tegula resist desiccation better than other snails, so you find black Tegula higher on the rock
where they’re submerged less frequently.

But this is where our mystery deepens. If climate and environment were the only rules, you’d
still expect to find all the different kinds of Tegula snails everywhere that they could possibly be.
We know that’s not the case. We know, in fact, that they live in segregated bands and seem

to replace each other at different depths. Really, why shouldn 't a black Tegula live down in the
deeper water?



The rocky edge of the Pacific at Fitzgerald Marine Reserve
Photo by Matthew R.F. Balousek, CC BY-SA 2.0

Baker feels to me in some ways like the person who laid the first stone on of one of those old
European cathedrals. Architects and laborers, kings and queens and bishops come and go, and
yet over a century or more they share a pattern, an image that continues to rise and become real.
In our story ecologists construct, observation by observation, experiment by experiment, an idea.
The question of why things live where they live has persisted through generations, cultures, and
geographies. It has outlived politics, fashion, and technology. My daughter and | found only a
commonplace sea snail, but as | read more about Humboldt and Baker it soon became apparent
to me that we had stumbled into a transcendent investigation.

“Ecologists are often accused of having physics envy, because physicists model things and come
out with simple models that have strong explanatory power,” says Karina Nielsen, director of
the Romberg Tiburon Center at San Francisco State University. “Biology is more challenging
than physical systems. But that doesn’t mean there aren’t underlying principles that drive the
patterns that we see, and that they can’t be understood.”

In her published papers, Baker guessed correctly at the next underlying principle ecologists
would unearth. She never had a chance to prove it. Baker died in 1917 at age 29. An obituary in
the Annual Monitor mourns the loss of an “energetic, imaginative, and thoughtful” scientist. She
had a gift for science communication and lectured both for the public and at University College
London, where a lectureship had been established for her. Her scientific work was celebrated for
its range and rigor; “The investigations which she completed in a relatively short period of
activity tend to emphasize the loss which science has sustained,” the Annual Monitor states. Yet
a century later she is a footnote in ecology textbooks, her life and death an enigma. “Highly
gifted and highly strung,” her obituary in The Times concludes, “her death was due to overwork.”
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I F YOU SNORKELED OVER THE REEF AT FITZGERALD AT A PARTICULARLY HIGH

TIDE, it would look completely different than it did on the minus tide when my daughter and |
went tidepooling there. All those snails bunched up and huddled together, cobbling the rock,
would be out “walking around,” Jim Watanabe says, as if you’d suddenly unfrozen a city. But if
the unfreezing allows movement within the city limits, it doesn’t un-segregate the
neighborhoods. Freed as they are by the tide, the black Tegula stay mostly in the shallows, the
brown Tegula in the middle area, and the dusky Tegula in the subtidal.

This is another way of thinking about our story, Watanabe says, because when the tide recedes
and an exposed black Tegula closes up into its shell it can’t do any of the other stuff that a snail
likes to do. It can’t eat, it can’t reproduce — it just has to sit there and wait for the water to come
back. “It seems like a hard place to make a living as a snail,” Watanabe says. “Why would you
want to live there as your habitat if something wasn’t keeping you from moving lower on the
shore? But it’s a fairly distinct boundary.”

Sarah Baker’s guess was that the boundary for seaweed was determined by competition. She
observed that the seaweeds that better resisted drying out also grew more slowly, and in deeper
water would be overgrown and “superseded” by faster-growing varieties. But the idea of proving
it by directly experimenting on life in the tidepool wasn’t something naturalists at that time
considered.



A tidepooler peers into the universe at Fitzgerald Marine Reserve. | Photo by Hari Simons

The paradigm shift started in earnest 50 years later, when a UC Santa Barbara researcher named
Joseph Connell set out to watch two kinds of barnacles segregating in a Scottish tidepool. By
marking off plots in the field and observing them for a year, he was actually able to watch the
tidepool pattern take shape. Connell’s field experiment involved a level of control that it didn’t
occur to earlier naturalists like Baker to attempt. He moved rocks around. He moved barnacles
around. He built small cages to keep out predatory snails. And a year later he’d seen the proof of
what Baker had proposed for her seaweed. One species, Chthamalus stellatus, Poli’s stellate
barnacle, resisted drying better than the other, and so lived higher on the rocks. The other
species, Balanus balanoides, the common rock barnacle, was a ferocious and fast-growing
competitor that crushed, suffocated, or upended any Chthamalus that attempted to settle in
deeper water. Tides set the upper limit of where a barnacle was found, but relationships set the
lower limit. Connell announced his finding in the mainstream journal Ecology, offering
ecologists a new way to think about the metaphorical value of the rocky shore. For anyone with
questions about life, the tidepool could be not just a static diorama of the physical world but a
mirror of the interconnected universe.

Competition would seem a natural explanation for the segregation of Tegula snails, too. In some
tidepools, researchers have reported densities of black Tegula snails up to 1,400 per square
meter. There are dozens of other grazers in the tidepool to worry about. But the line between
black and brown Tegula, and the next line between brown and dusky Tegula, seems not to have
anything to do with competition. Black and brown Tegula prefer different food. Brown Tegula
do not grow over, or crush, or suffocate black Tegula. In his dissertation, excerpted in Ecology in
1984, Watanabe found that “competition is weak and contributes little to the maintenance of the
distributions.”



In other words: competition is often an answer, in and out of the tidepool. But in the case of why
Tegula snails live where they live it isn’t. Something is killing the black Tegula that wander into
the subtidal realm of the brown Tegula, for example. If not other sea snails, then what?

For anyone with questions about the interconnected universe,
the tidepool could be not just a static diorama of the physical
world but a mirror of living, breathing relationships.

A few years after Connell’s barnacle experiment, University of Washington ecologist Robert
Paine published his answer in what is now the most-cited paper in the history of the

journal The American Naturalist, about his experiments on sea stars in the tidepools of the
Pacific Northwest. The predatory sea stars ate mussels and reduced competition between mussels
and other grazers, allowing more diversity, Paine declared; when he removed the predators (by
prying them off rocks and throwing them into the ocean) the mussels rapidly monopolized the
rock surface. Paine coined the term “keystone predator” in a subsequent paper to describe the
ochre sea star Pisaster ochraceus, whose appetite seemed to him to be the rule determining the
organization of any tidepool where it lived.

Paine then turned his attention to snails. He had noticed that young, small black Tegula snails
lived in the shallows, while old, large snails moved deeper down. At some point not too far into
the zone of overlap with ochre sea stars black Tegula all but cease to exist, and it was Paine’s
idea that this was because sea stars were eating them.

Black Tegula (Tegula funebralis) | Photo by Eric Simons
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Ochre sea stars, Paine wanted to make it clear, do not enjoy eating Tegula snails. Given a choice
the sea stars would eat mussels all day long, and in the absence of those, they seem to prefer to
switch to barnacles. Sometimes, he reported, he had even seen Pisaster spitting out sea snails.
And yet according to some reports Pisaster ate a quarter of the entire black Tegula population in
the area where they overlapped. In Paine’s estimation Tegula snails are something like the
Doritos of the intertidal: not particularly appealing, not particularly filling, and yet somehow
when there’s nothing better on the shelf you accidentally just eat a whole population of them

anyway.

Paine watched for five years as Pisaster mowed through subtidal Tegula populations. The sea
stars were consuming about 100 snails per square meter in his study plot, Paine wrote in a
subsequent paper, “typical,” he wrote, of the interaction between “a major predator and one of its
less preferred prey.” He concluded that predation by Pisaster ochraceusexplained not just where
the black Tegula snails were found but what size and even sex of snails were to be found where.
If Connell had drawn wider attention to the potential of the tidepool in experimental ecology,
Paine, who died in 2016, exploded it. Paine is celebrated for establishing the critical importance
of predators in all kinds of ecosystems, which has led to more effective conservation efforts for
wolves, sharks, and otters. Graduate students he mentored have gone on to their own influence,
and include the former NOAA administrator Jane Lubchenco. Our story might have ended here,
in other words, with the dean of West Coast intertidal ecology finally placing the keystone on the
cathedral.

But it doesn’t. Because when it came to the pattern of Tegula snails, even Paine didn’t catch the
full picture.

“Predation and competition are intuitive and they’re easier to document,” Watanabe told me.
“And they are important. But there’s been this building appreciation for the complexity of the
interaction. As you grab one of those little threads and follow it back it gets more and more
complicated and more and more connected.”

THE NEXT CHAPTER IN OUR STORY STARTS IN THE SUMMER OF 1994, on the rocky

ledge of Boiler Bay, Oregon. A graduate student named Karina Nielsen is standing there, looking
out at the ocean, getting ready to do marine science. For a tool she has lugged along a gas-
powered jackhammer. Her mission: make new tidepools. Lots of them.
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Nielsen had studied salt marshes as an undergraduate at Brooklyn College in New York. She
liked the marine environment but, she says, “I didn’t like getting stuck in the mud.” As she
considered graduate school, she happened across a biography of Jane Lubchenco. At the urging
of an advisor, Nielsen applied to the Oregon State ecology program run by Lubchenco and Bruce
Menge — who had met in Paine’s lab at Washington. Nielsen remembers flying out for a visit,
and touring the lab, and then because she’d never really seen much of the West Coast heading
down to the nearby shoreline. “I looked in the tidepools at low tide and I was so taken with the
cacophony of life,” she says. “I was like, ‘There’s no way I’'m not coming back here. This is
where I want to work. What creates this amazing diversity of life? The patterns on the shore?’”
Nielsen needed a project to work on, and she and Menge had talked often about something he’d
observed. At the time the ideas of Connell and Paine were widely influential as an explanation
for the patterns of life, and yet competition and predation didn’t fully explain the patterns Menge
was seeing in his own West Coast tidepool exploration. Paine, after all, had mainly studied a
single tidepool area in a single spot off the coast of Washington. Menge’s idea was that it was
probably different from place to place, and that the shape of things wasn’t all coming from the
top of the food chain down. Basic oceanography meant that some tidepools had more food
available than others, for example. What if the variability of food was also affecting what was
living in the tidepool, perhaps even more than predators or competitors?

Nielsen thought about it, then wondered how you’d go about testing something like that.
Researchers liked testing the influence of predators because it was easy to find and remove them.
To be scientific about the bottom of the food chain you’d have to vary the nutrients, and how do
you vary nutrients in the ocean? Maybe, she remembers Menge saying, you could make your
own tidepools. Control the flow of nutrients yourself. Nielsen knew of one other researcher who
had chiseled tidepools by hand in order to test an idea. She called him, and he confirmed that it
was a lot of work to chisel a tidepool to order. Her experimental design proposed 84 of them.
Nielsen opted for the jackhammer.

Researchers liked testing the influence of predators because it

was easy to find and remove them. To be scientific about the

bottom of the food chain you’d have to vary the nutrients, and
how do you vary nutrients in the ocean?

Over a week of hard labor Nielsen constructed her tidepools. Then for the next two years she
meddled with the distribution of nutrients — in this case, fertilizer granules — in each of the
pools to see what would happen. She expected that adding fertilizer would increase the amount
of algae, and then you’d find a forked path — if you removed the Tegula and other grazers you’d
expect more algae, if you allowed the snails to stay you’d expect the snail numbers to increase.
By now, you can probably guess the answer: it was more complicated than it appeared.

Increasing the nutrients in the tidepool did lead the algae to bloom, and leaving the snails around
did then limit the extent of that bloom. The effect was particularly pronounced in wave-protected
pools where the grazers could eat more freely. But in protected and unprotected pools, more

algae didn’t lead to more snails! Perhaps, Nielsen wrote in the journal Ecological Monographs in
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2000, algae are better than they appear at defending against being eaten by snails. Or perhaps the
snails wandered in and out of the experimental tidepools so that their population was never
limited by the amount of food available in the first place.

The way Nielsen puts it, the history of field ecology has been a search for ways to control just
one part of the environment so you can test its influence. Sarah Baker figured out a way to do it
with the physical environment, then Connell and Paine and Lubchenco pioneered new ways of
manipulating relationships between life forms, and then here she was building new tidepools to
control something previously uncontrollable, adding one more layer to the story, one more brick
to the cathedral. “This has been the maturation of ecology in general,” Nielsen says. “To take
these different approaches, use them as different lines of evidence, and put them all together. If
you kind of start getting the same answer from different approaches, you start to have strong
confidence that you understand what’s going on.”

WHY DO WE EVEN BOTHER WITH ECOLOGY IN THE FIRST PLACE? What’s the

point of knowing why things live where they live? One way to answer is simply to say that we
are a curious species and like to know about the world. Tidepools run deep in our psychology;
we have been drawn to them since our first ancestors walked out of the Olduvai Gorge and
encountered the shores of the Indian Ocean. There, in a Garden of Eden, the tide rolled in with
food and rolled out to let people collect it. There early humans survived global food shortages
caused by climate change. Some of our first art, our first symbolism, can be found in cave walls
on the coast. To be near the ocean, to love it and want to describe it, might be foundational in our
species’ understanding of ourselves.

A less romantic way to answer the question is to say that it is useful to us. If we know why things
are where they are, we can guess at where they’ll be even when the world changes. For a
demonstration, we turn to a story that begins with sea snail free will.

Snails, it turns out, have personality. Individual Tegula snails behave differently, and they persist
in being different, says UC Santa Barbara ecologist Jonathan Pruitt. Some snails are active and
some are passive. Some are bold and some are cowardly. Some are explorers and some are
homebodies. Well, some explorers find treasure and some explorers get eaten by monsters. And
unfortunately for sea snails the monsters in this case are real, meaning sea snail personalities and
choices have life or death consequences. In a paper in The American Naturalist in 2012, for
example, Pruitt and UC Davis ecologists Jay Stachowicz and Andrew Sih showed that
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adventurous Tegula tend to meet up with passive sea stars, while passive Tegula tend to meet up
with adventurous sea stars. Taken together the personalities of snails and sea stars matter in
determining what’s where in a tidepool. Pruitt elaborated on this in a second paper in The
American Naturalist in March 2017, in which he laid out the worst-case scenario for a Tegula
community: a diverse group of sea stars moves in like a dragnet, and the snails can’t escape no
matter what course of action they choose.
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A group of black Tegula | Photo by Flickr user jenly, CC BY-SA 2.0

How does a snail make a choice, anyway? The same way we do: it weighs what it knows about
the world with what it wants from the world, and then chooses to act or not act on its desires.
Naturally, much of the decision comes down to what a snail perceives. To navigate its limited
world a Tegula snail has near-useless eyes suitable only for indicating day or night. Its senses
instead fire with a barrage of smells: predators, competitors, food, friends. “We have to put our
smell-vision on, and that’s the way you understand the snails,” says Sarah Gravem, a
postdoctoral researcher in Menge’s lab at Oregon State.

A snail can smell the chemical signature of everything out there that wants to eat it, for example,
and act on that smell by running away. Because they sit still for so long it’s tempting to think of
snails as the cows in our terrestrial analogy, but really they are more like antelope or deer:
grazers whose instinct is to flee at a whiff of danger. A Tegula snail can as much as double its
rate of speed in pursuit of shallower areas where predators won’t go. If it finds itself on a slope,
it will just unclamp its foot and roll to the bottom. Escape strategies even help explain the pattern
we see: one reason the dusky Tegula survives in deeper water while the brown and black Tegula
do not, Jim Watanabe says, is that only the dusky snails can climb and hide in kelp leaves where
sea stars won’t go.
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A few years ago, as a graduate student at UC Davis, Gravem decided to try and parse tidepool
smells and what the snails would choose to do in response to them, and how cumulative
individual decisions might alter the composition of a community. Like Baker, or Connell, or
Paine, or Nielsen, she wanted to try and look for the ripple effects of those differences in the real
world. So she set up a study plot in Horseshoe Cove, within sight of the Bodega Marine Lab on
the rocky outer coast of Bodega Head. She hunkered down to watch Tegula funebralis make
choices. And she noticed that predators definitely didn’t need to eat the snails to change the
structure of the tidepool. Just scaring them away was enough. In pools where snails had been
scared but not eaten, Gravem saw algae growth increase. And mood seemed to play a role. Sated,
medium-size snails fled quickly when sea stars showed up. Hungry, medium-size snails kept
eating even when they smelled sea stars. Individual differences — whether a snail was fearful or
brave — were part of the rule of what was found where.

Then nature knocked down the scaffolding.

Pisaster ochraceus, the legendary ochre sea star
Photo by Alison Young, California Academy of Sciences

Although Paine had labeled the ochre sea star the “primary predator” of black Tegula snails,
Gravem had been instead employing a small, shy, nocturnal predator called Leptasterias, the six-
armed sea star, to scare her snails. Leptasterias were much more common than Pisaster, “a
feature of the low intertidal fauna throughout its range,” as Monterey marine scientist Edward
Ricketts wrote in the classic tidepool guidebook Between Pacific Tides. Gravem reasoned that
since Leptasterias were everywhere, they must exert an influence in the screaming chemical
world that snails smell. Gravem would have a chance to test that influence, because while she
was sitting and watching her snails make choices all the six-armed sea stars suddenly vanished.
“They just up and died,” Gravem says. “One hundred percent.”

It wasn’t meant to be part of her research on snail decisions, but Gravem couldn’t help but notice
that shortly thereafter the Tegula populations in her study area boomed. The snails were
spreading welcome mats for each other, multiplying, and moving into formerly dangerous waters


https://www.amazon.com/Between-Pacific-Tides-Edward-Ricketts/dp/0804720681

once policed by Leptasterias. It looked to her as if, when it came to predators, Leptasterias
mattered quite a bit to this universe.

Then, barely a year later, all the ochre sea stars died too. A marine epidemic the likes of which
humans have never seen before, probably exacerbated by some of the warmest ocean conditions
ever recorded, ripped through the ocean from Alaska to Baja, decimating the populations of more
than 20 species of sea star. Nature was running its own landscape-level predator-removal
experiment, and Gravem, who just happened to be one of the people watching, noticed that the
Tegula in her study plots didn’t respond to the Pisaster die-off. Amidst the catastrophe, it felt like
a revelation. “Everyone considers Pisaster this keystone predator, and we’ve got this pipsqueaky
little species that no one studies that’s the one seemingly controlling the Tegula behavior and
population,” she says.

Some scientists have labeled the loss of the sea stars an extinction event. Although young
Pisaster have returned in many places, Leptasterias and Pycnopodia stars remain largely absent
in 2017. Without sea stars to compete with, purple sea urchins have flourished and rampaged
across Northern California kelp forests, causing a massive bull kelp die-off. Without the kelp,
abalone have started to starve and wither. In an article last year in PLOS One, Menge, Gravem
and several collaborators compared the sea star die-off to the disease that has annihilated global
amphibian populations, and to humans’ near-eradication of sea otters. From an individual sea
snail making a choice, you pull the thread and it winds and winds into a continent-scale study of
an ocean’s uncertain future. “Based on prior research,” Menge and Gravem wrote, “the longer-
term ecological consequences of this sea star wasting disease event could include wholesale
elimination of many low zone species and a complete change in the zonation patterns of rocky
intertidal communities along the west coast of North America.”

“We just need to pay attention, or we just need to ask. The more
common something is, the more observations we can gather, the
more likely it 1s that we can detect changes.”

Why have people worked for centuries to build these ideas about the world in the first place? So
that we can better predict what’s coming, make better decisions, be better people. Policymakers
developing marine protected areas can set the boundaries where science tells them they’ll get the
healthiest community structure. Matching what we know about where things live with what we
know about how the ocean is changing may allow us to conserve life for longer. Citizen
scientists can be deployed to generate tens of thousands of new observations, to turn into
patterns, to generate new research questions. Why were my daughter and | visiting the tidepools
on a school day to begin with? We’d joined a citizen science bioblitz to look for wasting (or
recovering) sea stars. We’d volunteered our eyes as part of an urgent modern endeavor to find
out where things live. “It’s easy to dismiss common species you might see in your backyard or
on your walk down the street,” says Rebecca Johnson, who leads the citizen science program at
the California Academy of Sciences. “It’s incredible to find rare and new things,

but every species has a story to tell. We just need to pay attention, or we just need to ask. The
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more common something is, the more observations we can gather, the more likely it is that we
can detect changes.”

For a look at change and the value of knowing why things live where they do, take ocean
acidification. Much of the carbon that humans burn ends up as carbon dioxide in the ocean,
where it lowers — and has already measurably lowered — the pH of the water. Yet again we can
use tidepools as analogues. Conditions in a tidepool change dramatically with every tide, and so
animals and plants there already routinely put up with more acidic or lower oxygen conditions
than happen in the wider ocean. You would expect, says UC Davis graduate student Brittany
Jellison, that most things living in a tidepool are adapted to a changing background. But what if
they’re just eking out an existence at the very edge of their limit? Environmental change will
affect where things live now and in the future, and the more we know about why things live
where they live the better we’ll be able to plan. “They’re experiencing pretty large extremes that
we don’t expect for the open ocean for decades,” Jellison says. Watching tidepool life try to cope
“can be a window into the future.”

For the innumerable Tegula snails of the Pacific Coast, at least, the future is troubling. Jellison
ran a lab experiment on black Tegula and found that lower pH seems to impair a snail’s ability to
flee from predators. Not because they can’t smell the predators, and not because they don’t run
somewhere — it’s just that they no longer run out of the water to safety. Jellison’s snails
meandered around the bottom of their tanks in doomed, erratic paths. Her finding was consistent
with those of other researchers who’ve found that more acidic conditions interfere with the
senses of fish. And it seems to indicate, Jellison wrote in 2016 in the Proceedings of the Royal
Society B, the magnitude of the change ahead, the “strong potential for ocean acidification to
induce cascading community-level shifts within this long-studied ecosystem.”

SO HERE MY FOUR-YEAR-OLD AND | ARE, looking for stories in nature. One of us old

enough to remember a world before everyone knew about climate change, one of us too young to
know what’s coming, in a sentinel tidepool in which perhaps not even the most commonplace
sea snail is safe.

Before we left the beach that day, I watched Eleanor walk up to another tidepooler and ask, “Did
you know that all the starfish died?” It didn’t bother her to say it, but her casual curiosity about
extinction really weirded me out. | started to think about the continuity of nature from generation
to generation, and the way our children inherit a vastly diminished natural world, yet grow up
finding it normal. As scientists say, the baseline shifts. And maybe this is the moral of the snails:
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baselines shift, but questions unite generations and cultures. Questions persevere. “The
pervasiveness of these questions over time is not because they are unanswerable,” Gravem wrote
to me in an email, “but because they have so many good answers.”

An idea doesn’t take shape in a straight line. It spirals. It builds over centuries, or maybe even
millennia. Meanwhile the world changes, and we change, too. Our idea of who a scientist is and
what they ask about changes, and will change. But as long as there is life on Earth, as long as
there are unwritten rules that govern that life, the questions are there for anyone to ask, and the
cathedral keeps rising.

Why do these things live where they live? Why are there so many of these things here and not
there? Why is there life at all? Questions like these are why we have religion, Sarah Gravem
says, or why we have creation stories. For the last 200 years we’ve had people asking in their
own way and in their own time. Alexander von Humboldt asked it of plants as political
revolutions gripped the world. Sarah Martha Baker asked it of seaweed near her family home
two decades before women could vote in the UK, as all of Europe geared up for war, at a time
when her voice as a scientist would have been dismissed outright by most of the scientific world.
Doc Ricketts and John Steinbeck asked it of invertebrates in the Sea of Cortez in 1941, even as,
they wrote in Log from the Sea of Cortez, “thousands of miles away the great bombs are falling.”
Robert Paine asked it of the starfish and mussels and snails in the tidepools of a small Indian
reservation off the coast of Washington, while the United States waged war in Vietnam.
Graduate students in marine science ask it now of the tidepool even as the ocean boils with
human-caused change, even as they march in rallies to try and preserve science-based political
decisions. My four-year-old, happily ignorant of tradition, asked it of a “rainbow shell” because
she spotted it and wanted a story to tell.

The “rainbow shell” of a brown Tegula (Tegula brunnea) | Photo by Eric Simons



There is material privilege in our ability to ask questions of nature. But there is also power: we
humans, no matter our circumstances, ages, political systems, and backgrounds, have found
common purpose in the tidepool. We move the world forward because each new person who
discovers the question adds a little bit to the answer we have built over the centuries. And each
person who asks the question reminds themselves a tiny bit to find joy and wonder in nature. We
can’t preserve the world itself, but as much as we can it is our mission — as parents or
conservationists — to try to protect a future in which the same questions occur to anyone who
wants to ask them.

There is this famous paragraph of Steinbeck’s from the Log from the Sea of Cortez:

And it is a strange thing that most of the feeling we call religious, most of the
mystical outcrying which is one of the most prized and used and desired
reactions of our species, is really the understanding and the attempt to say that
man is related to the whole thing, related inextricably to all reality, known and
unknowable. This is a simple thing to say, but the profound feeling of it made a
Jesus, a St. Augustine, a St. Francis, a Roger Bacon, a Charles Darwin, and an
Einstein. Each of them in his own tempo and with his own voice discovered and
reaffirmed with astonishment the knowledge that all things are one thing and that
one thing is all things — plankton, a shimmering phosphorescence on the sea
and the spinning planets and an expanding universe, all bound together by the
elastic string of time. It is advisable to look from the tide pool to the stars and
then back to the tide pool again.

Our brains want us to see important things and filter out the rest, and so the commonplace Tegula

snails generally get filtered. But if you stop to ask one a question the sea snail tells the story of
the tidepool, and the tidepool tells the story of the universe.

https://baynature.org/biodiversity/snails/

https://baynature.org/article/at-a-snails-place/
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