3 - Estuary Alive - Ecology

What you are about to read was told to a
high school science teacher by one of her less
than academic students. For the entire first
semester of biology this student, although pleas-
ant, was not what you’d call a lean, academic
machine. Social temptations usually conquered
school responsibilities. So, when this student
earned a 100% on the final exam, frankly, it
was somewhat suspicious. The story is retold
here as an example of the mysteries being discov-
ered in estuarine ecology.

It was a dark, clear night with bright
stars and a slight shimmering of the Aurora
Borealis as [ headed to my home near Bay
View. In spite of all this beauty I just couldn't
keep my mind off of the spectacular sight [
had witnessed earlier in the evening on the
ferry ride to Anacortes. It must have been a
meteor. Maybe it looked so close because of
the northern lights in the background. But
I'd seen meteors and this just wasn't the
same. The movement of the object was too
slow and controlled. And all other meteors
seem to disappear harmlessly in the night sky
while this seemed to fall right out of the sky!

As I turned north toward Padilla Bay I
sank into the routine of driving that familiar
road. Far away thoughts drifted through my
head. Maybe I should have studied for
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tomorrow's biology exam instead of playing
all weekend on the island. Not far from
home, I glanced out over the bay for one last
look at the shimmering waves of light over
Hat Island when, to my amazement, I saw a
glowing sphere far out on the mud flat. The
music from "Twilight Zone" was twinkling in
my head as I turned off the road and pulled
into the parking lot near the beach. I rubbed
my tired eyes, fully expecting the object to be
gone when I reopened them, but it was still
there. A bluish, white light pulsed from the
object and reflected off the shiny surface of
the mud flat.

My first inclination was to drive home
and call 911. But after thinking a minute, it
occurred to me that if I were the first to make
contact with alien beings (and what else
could the glowing sphere possibly contain?) I
might get some extra credit points from my
biology teacher which might help make up
for the lost study day. I opened the trunk,
pulled on my hip boots, and started sloshing
my way toward the space craft.

As I cautiously approached, a door
opened. I expected to see a little green man
emerge with either one or three eyes (cer-
tainly not two) that would talk in a squeaky
voice and say something mundane like,



"Greetings, earthling," or "take me to your
leader." But imagine my surprise when a pale,
snake-like, writhing, mucous covered probos-
cis thrashed wildly out of the opening. I fell
backward in horror and disgust. My hands
became stuck in the mud in a reflex move to
break my fall. The slimy proboscis whipped
back in my direction and, as I sat there
defenseless, wrapped around my neck and
across my face. Pulling my right hand free
from the mud and then my left, I grabbed
the proboscis and peeled it off like a piece of
masking tape. [ started to slide back in
retreat, deciding that I was wrong not to
have called 911, when I heard a squeaky,
nasal voice, "Greetings, earthling."

I breathed a sigh of relief in the
thought that at least something about this
experience was predictable and replied,
"Greetings yourself. Why did you attack me?"

"Well, it's just my way; these are my
sensory organs. Don't take it personally," said
the creature. "I have a lot of questions to ask
and very little time because when the tide
comes in, we're sunk." The creature laughed
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uncontrollably at his own pun until I inter-
rupted.

"Who are you, where are you from
and why are you here?" I asked.

"All fair questions," the creature
replied. "l am a Nemartian from the planet
Stasis. [ have been sent here to interview an
average earthling and learn of the environ-
ment here. I was specifically directed not to
talk to a 'leader' as that information would
probably be unreliable. You're not a leader
are you?"

"No," I replied, “but . .." and before I
could go on, the Nemartian started question-
ing me.

"My planet is one huge mud flat," the
Nemartian said. "As I circled for my landing,
I noticed that it is not so here. There seem to
be several strange habitats surrounding this
familiar mud flat. Can you explain how you
organize all this complexity?"

Suddenly I was faced with the pros-
pect of having to explain my environment to
an alien! This Nemartian didn't have a clue
and [, of all people, had become the expert.
As I glanced around the bay, things that I
had been only half listening to in school
started to crawl out from their hiding places
in the nooks and crannies of my brain and
stand out in clear detail. I began to think
this might even be fun!

Classification

"You're right," I said to the Nemartian.
"This is a complex place and it is difficult to
keep track of things sometimes. But we
humans have devised systems of classifica-
tion to simplify our perceptions of the earth.
What you noticed, as you circled, was the
Padilla Bay estuary. It's an important ecosys-
tem here." I can't explain it, but I somehow



sensed a blank stare from the proboscis. I
concluded that I would have to define my
terms.

"An ecosystem," I continued, "accord-
ing to my biology book, is a distinct, self-
supporting unit of interacting organisms and
their environment. The ecosystem you
landed in is an estuary, a place where fresh
water flows into the sea."

"I think I understand," said the
Nemartian. "This ecosystem I observed is
somehow walled off from the others, making
it 'distinct and self-supporting.' What is the
nature of these walls?" I started to realize
this wasn't going to be as easy as I had origi-
nally thought. I guess it wasn't so much the
Nemartian's fault, though, as it was the fault
of our classification. We use terms to try to
define things for our convenience but, come
to think of it, the environment doesn't really
make these distinctions.

"No," I explained, "you've got the
wrong idea. There are no walls. In fact, all
the ecosystems on earth are interconnected."
I thought if I explained the water cycle and
watershed, he might get the picture. "Right
now the seat of my jeans is pretty well satu-
rated, but that water hasn't always been here.
It may once have been on that farmer's field
over there, or on my high school parking lot,
or even in the Pharaoh's wine!"

The Nemartian didn't seem to get it,
so I elaborated. "Picture a drop of ocean
water. It evaporates from the surface of the
ocean, enters the atmosphere as a gas, con-
denses with other water molecules to form a
cloud, travels landward with the wind,
condenses further until it falls to earth in
heavy droplets, obeys the forces of gravity
and moves downhill until it drains into a
tiny rivulet and, picking up speed, drains
into a rushing creek that drains into a torren-
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tial stream that drains into the powerful,
surging Skagit River that flows ever down-
ward toward the sea. Eventually, the water
ends up in the Skagit's estuary. Some of that
water may end up here in Padilla Bay.

"A watershed is all the land area that
drains into a river or body of water. One
watershed can include many ecosystems.
Padilla Bay's watershed is pretty small, in
fact, you can see most of it from here. All the
rain that falls on those farms over there and
that forest over there drains right into Padilla
Bay. Other watersheds, like the Skagit's, are
enormous and may include glaciers, timber-
land, and cities. The point is, this water has
been a lot of places and carried a lot of
things, some good, some not so good, to this
estuary."

"Like what?" asked the Nemartian,
looking somewhat drained itself at this
point. (I use "it" because it was virtually
impossible to determine the sex, if any, of
this creature. And . .. it really didn't seem to
make any difference.)

"The river picks up and carries sedi-
ments when moving fast but when it slows
down in the flats, the sediments fall out and
become trapped in the estuary. This vegeta-
tion you see covering the mud here slows the
water even more and helps hold the sedi-
ments here. The river carries dead plants and
animals in various stages of decay and depos-
its them here. We call that detritus. Those
things are okay but other things come down
the river and end up here. Feces from dairy
cows, human sewage, chemicals from indus-
try, oil that is washed off our roads, and
fertilizer from our lawns all eventually end
up here. So, you see, there are no walls to
separate ecosystems. Whatever happens in
one will eventually affect others."
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And so began a long series of ques-
tions about an environment that I knew well.
After all, I had lived near Padilla Bay all my
life. I had observed many things on my own
while exploring the rivers, beaches, mud
flats. Also, I had learned things just sitting in
class, listening to teachers explain the under-
lying concepts and principles of science,
history and the humanities. What was differ-
ent, though, was that somehow, standing out
on the mudflat at night, in the presence of
the Nemartian brought about a synthesis of
all this knowledge. I could now see the
connections that linked and intertwined all
the observations, ideas and information that
had ever entered my brain.
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The Abiotic Estuary

"If there are no walls then what does
make this estuary an ecosystem? Why is it
any different from the hills and mountains
and ocean around it?"

This was a tricky one and I thought
hard. "I guess each system is uniquely shaped
by the abiotic elements -- in this estuary it's
the water, the mud, and the climate that
determines what will live here. An estuary is
not an easy place for an organism to live
because the conditions change so much.

The water here is constantly changing due to
the flow and ebb of two daily tides (at this
point the Nemartian lowered its proboscis



toward my watch). Tides, plus the irregular
influx of fresh water, results in changes in
salinity, temperature, dissolved oxygen, and
pH'll

"This is of particular interest to me,"
replied the Nemartian. "On my planet Stasis,
there are no such changes. Everything is
always the same. Tell me the details of these
changes."

Tides

"Tides are the result of two physical
forces: 1) the gravitational forces of the sun,
the moon and the earth and, 2) the centrifu-
gal force caused by the rotating earth and
moon system. These forces cause the water in
the ocean basins to be pulled into bulges.

Both the sun and moon are exerting
gravitational force on the earth. This force
pulls the water in the oceans into a bulge on
the sides of the earth closest to the sun and
moon. Because the moon is so much closer,
its tide raising force is more than twice that
of the sun.

"While the moon is pulling on one
side of the earth, centrifugal force is pulling
on the side opposite the moon. If there were
no moon, the rotation of the earth would
exert centrifugal force equally, in all direc-
tions, much as a dancer's skirt twirls when
she turns.

But because the earth and moon are
rotating together, the center of rotation is
not at the center of the earth, but is closer to
the moon. This causes a greater centrifugal
force on the side of the earth away from the
moon. Picture a mother and child holding
hands and spinning in a dance. The mother's
skirt will lift higher on the side away from
the child." rshed

"What is a dancer and what is a skirt?" asked
the confused Nemartian.
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The earth-moon system rotates like a mother and child
dancing.

"Never mind. It's not that important.
What is important is that the gravitational
pull of the moon is making the water bulge
on one side of the earth (causing high tide )
while centrifigal force is making a bulge on
the other side (another high tide). In be-
tween the bulges there is less water, and
therefore, low tide.

"Tides would be pretty simple and
predictable if that was the whole story, but
there's a lot more we don't have time to get
into.

The sun is also exerting gravitational
force, and because the earth-moon system is
not only rotating, but also revolving around
the sun, there is a second centrifugal force.
Add to that the fact that these bulges or tidal
waves keep bumping into land and bouncing
back, and you have a very complex picture.

"You're lucky you came here today.
There is a new moon, and that means that
the tide is especially low right now. Because
the sun and moon are both on the same side



of the earth, they pull together, causing an
extra large bulge. In two weeks, the moon
will be on the side of the earth opposite the
sun, and forces will again be lined up, mean-
ing higher (and lower) tides. These extreme
tides are called spring tides. On the weeks
between, the forces of sun and moon will be
pulling in different directions, and will tend
to cancel each other out. These are neap tides,
and aren't nearly as high or low.

"Life between the tides is not easy.
Organisms have lots of adaptations to deal

Moon @
New moon- Spring tide

O o

Full moon— Spring tide

O Moon

O

First quarter — Neap tide

Tides are affected by the positions of the earth,
moon, and sun.
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with the changing water level. Some plants
can completely dry out at low tide on a
sunny day and survive. Others, like eelgrass
can't dry out, and only grow in areas where
they stay wet; areas like the very flat mud
here in Padilla Bay.

"Some of the larger animals like fish
swim out with the tide. Others have various
strategies for staying wet. Clams, barnacles,
oysters, and mussels can close their shells
tightly to keep water in. Snails and limpets
clamp tightly to rock. Some animals burrow
into the mud and sand. Some hide under
rocks. Then there are those animals just
waiting for low tide to munch out. If you'd
been here earlier this evening, you would
have seen hundreds of gulls and herons
following the edge of the water as it receded."

Salinity

"Now, as you might predict, when the
tide is high, the salt water is driven far up
into the estuary. This occurs twice in a 24-
hour period here in the Northwest. Low
tides, by contrast, allow fresh water to domi-
nate the estuary. Other marine environments
are not subject to such exaggerated change.

"So salinity in the estuary is the result
of a constant battle between the freshwater
from the land trying to dilute the salt water
of the sea. High tide gives the advantage to
the sea while low tide provides an advantage
to the fresh water. But the fresh water re-
cruits help during flood season. With in-
creased fresh water flow, the battle lines (or
salinity gradients) are moved downstream.
Therefore, at different seasons of the year,
different salinities can be expected in differ-
ent areas of the estuary.

"Salt water is denser than fresh water,
you know, so it tends to sink to the bottom.
There is often a distinct layer of fresh water



floating above the salt water. We call that
stratification. Wind, waves, and tides can stir
up the layers, so estuary animals and plants
need to be prepared for quick changes in
salinity."

"How could any living thing possibly
survive in such an unpredictable place as
this?" the Nemartian asked.

"Animals have different strategies for
dealing with changing salinities. Osmosis is a
fancy word for what happens in many ani-
mals when the salt content or concentration
inside their cells is different from the concen-
tration outside (in the water). The water
simply passes through the cell membrane
until the concentration is equalized. For
example, if a jellyfish or sea cucumber finds
itself in water that's saltier than its cell con-
tent, water passes out of its cells until its cell
fluids become as salty as the water. If the
surroundings become fresher, then water
enters its cells until they are fresher, too. Of
course, too much change could be fatal, and
most organisms have a range of salinity in
which they can survive."

Sea cucumber in very salty water

Sea cucumber in fresh water

Osmosis at work
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"An animal like a clam or snail closes up
when the salinity moves beyond its tolerated
range. Other animals, like salmon, have an
active mechanism that maintains a constant
internal fluid medium. When a salmon is in
freshwater, it experiences a water gain by
osmosis. It compensates by not drinking and
excreting lots of diluted urine. In salt water,
the salmon experiences water loss by osmo-
sis, so it drinks lots of sea water, produces a
little bit of very salty urine, and secretes
excess salt through cells in its gills. I guess
you can see that life isn't simple where fresh
and salt water mix.

"In the sediment, things are different.
As you know, the mud we sit on is permeated
with water." (I was especially aware of this
since my rear end was soaked!) "The water is
held in the spaces or interstices between the
particles of sediment. This interstitial water
obviously originates from the overlying
water, but it moves slowly due to the density
of the mud. Therefore, the salinity of intersti-
tial water is not subject to the changes occur-
ring in the water above, and remains rela-
tively constant. Organisms that live bur-
rowed in the mud are buffered from drastic
changes in salinity."

"My kind of people," replied the
Nemartian with a homesick expression. "Tell
me more about this mud or sediment, as you
called it."

Sedimentation

"Most estuaries are dominated by
muddy sediments such as these. They are
deposited from both the sea and land.

"Strong ocean currents can scour the
sea floor. When the currents slow down in
the sheltered estuary, the reduced motion
lets the mud settle out. | remember reading



estuary of the River Thames had been dredged
and the material dumped into the sea. Ocean
currents returned the dredged materials to
the same estuary a short time later!

"Rivers and streams carry silt in sus-
pension. When these suspended particles
mix with the various charged particles (ions)
present in the sea water at the estuary, they
flocculate or clump together. They become
larger and heavier and thus settle to the
bottom.

"It is interesting to see how these
sediments are deposited in the estuary.
Stronger currents can keep larger particles in
suspension. As the current slows, the largest
particles begin dropping out. Where there are
strong currents, like along the channels that
flow through the mud flat or near the upper
reaches of fresh water drainage, the sedi-
ments are coarse (sand or gravel). In areas of
the estuary where currents are slower, the
sediments are dominated by fine silt, or mud.

"Many of the particles that settle out
in this way are bits of dead plants and ani-
mals. A good term for this material is detri-
tus. Imagine all of the dead organisms, in
various stages of decay, that are carried here
from both the sea and the river, then add
them to all of the dead organisms in the
estuary itself. Why this is a virtual detritus
grave yard. This material is very important to
organisms that live in the estuary since it is
such a good source of energy."

"So they have everything they need
right in the mud!" the Nemartian concluded.

"Well, they have plenty of food but
they still need something to breathe."
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Oxygen

"As you may know, oxygen will dis-
solve in water just like a spoonful of sugar in
iced tea." The Nemartian looked puzzled at
this point but I pretended not to notice and
went on. "So, the regular influx of fresh and
salt water into the estuary, coupled with the
shallowness and surface turbulence, usually
provides plenty of oxygen in the water. As
the temperature and salinity change, the
ability for water to hold oxygen changes.
That means the oxygen is not constant in
any one place at any one time. But in the
substrate, it is a totally different matter. As |
mentioned before, the interchange between
interstitial water and the water above is slow.
Although the mud is rich in nutrients (the
result of detritus accumulation), the supply
of oxygen (necessary for aerobic organisms) is
a limited resource. The bacteria in the sedi-
ments use up a lot of the oxygen in the
interstitial water. Estuarine sediments are
anoxic (without oxygen) below the first few
centimeters as you can see by the color
change." deposited from both the sea and
land.

I took out my pocket knife, cut a cross
section from the mud and held it up to the
light of the space craft. The Nemartian noted
the difference between the light brown mud
at the surface and the black-as-tar stuff down
below. "There is no oxygen in this black
layer. The anaerobic bacteria which live here



produce hydrogen sulfide as a by-product of
respiration, accounting for the strong sulfur
smell." I held the cross section of mud out so
the Nemartian could lower its proboscis and
take a whiff. "So the mud, while being rich in
food, has no oxygen making it hard for
organisms to survive. Burrowing animals
have adapted means to beat the system.
Many of them excavate tunnels through
which the oxygen rich water can flow. This
not only benefits the burrower but also the
microorganisms living nearby." Just then the
Nemartian interrupted.

"My sensors tell me the temperature is
falling. Is there someplace we can go to get
out of the cold?"

"Sorry, not around here."

Temperature

"The temperature in the ocean is
pretty constant. Marine organisms that never
venture into the estuary can count on tem-
peratures in a fairly narrow range. But, estu-
aries experience a wide range of tempera-
tures.

"Fresh water temperatures change
with the seasons. Rivers in temperate re-
gions, such as this, are colder than the ocean
in winter and warmer than the ocean in
summer. As a result, estuarine waters have
the same seasonal variations. There are also
daily variations because of the changing
tides. Because an estuary is shallow, the water
heats and cools easily.

"Temperature variation poses one
more survival problem for estuary organisms.
A very hard winter, for example, can cause
catastrophic mortality."

"So why on Stasis would anyone
choose to live in this unreliable place?" the
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Nemartian asked in a baffled voice. I started
to sense some frustration. I think he thought
this would be simpler to decipher.

"I don't know," I replied. "Most species
have colonized this habitat from the tem-
perature-stable sea. I guess they come for the
detritus. Or maybe they're trying to escape
some particularly bothersome predators.
Whatever the reason, plants and animals
seem to love it here."

"I noticed you haven’t asked about
pH," I said. I had been enjoying this trip
through my memory bank so much that I
wanted to search all the dark corners. The
concept of pH had always been a little con-
fusing to me but now that everything seemed
so clear, I thought I'd like to give it a whirl.

"O.K,, tell me about pH," the
Nemartian said, sounding a little perplexed
but not wanting to admit to it.

pH

"Well, pH, as I'm sure you know being
a space traveler and all, is the scale used to
describe the amount of hydrogen ions
present in a water solution. We think of the
water molecule as H,O; two hydrogen atoms
attached to one oxygen atom. This concept
of a permanent structure makes it easy to
think about. But in reality, the molecule
comes apart a lot, losing one of the hydro-
gens. The result is one hydrogen yanked
away from the oxygen, leaving its electron
behind with the remaining oxygen-hydrogen
complex. The free hydrogen now has a
positive charge (since it left its negatively
charged electron behind) and is called a
hydrogen ion. The oxygen-hydrogen com-
plex has a negative charge (since it acquired
the extra electron) and is called a hydroxide
ion."



The Nemartian could no longer contain its
confusion. "Say what!?!" I drew the following
picture in the mud to help clear things up:

That seemed to help, so I went on.
"Some things, when mixed with water, cause
lots of hydrogen ions to be floating around
free in solution. This is because they attach
easily to the oxygen-hydrogen complex,
leaving no place for the free hydrogens to
attach. Consequently, we say the solution has
a high hydrogen ion concentration and is
acidic. It would be assigned a value of less
than 7 on the pH scale. Other things combine
readily to the free hydrogen ions and actually
reduce the hydrogen ion concentration. This
results in a basic solution which would have a
value greater than 7 on the pH scale. A neu-
tral solution (pH 7 on the scale) has equal
amounts of hydrogen ion and hydroxide ion."

"The level of pH, like all the abiotic
factors we have been discussing, is significant
to organisms living here. Changes in pH can
affect the solubility of minerals required by
the eelgrass, for example. Enzymes, which
mediate all biochemical reactions of living
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things, require specific ranges of pH to oper-
ate efficiently.

"The open ocean contains strong basic
ions such as sodium, potassium and calcium.
These are examples of particles that attach
readily to the free hydrogen ions, leaving a
basic solution. This is moderated by the
presence of carbon dioxide which acts as a
buffer to keep sea water within a fairly narrow
range. It does this by absorbing hydrogen ions
in the water when they are in excess and
producing more when they are in short sup-
ply. The resulting ocean water is still on the
basic side, with a pH range of between 7.5 and
8.4.

ACIDIC NEUTRAL BASIC

0 2 4 6 8 10 12 14
pH scale

Approximate pH's

1.0 - stomach acid 6.3 - milk

7.0 - distilled water
7.5 - human blood
11 - ammonia

12 - bleach

13 - lye

2.0 - lemon juice
2.5 - vinegar
<3.5-all fish die->9.5
4.0 - oranges

5.6 - normal rain

"Fresh water entering the estuary
typically has a lower pH than the open ocean.
The effect on pH in the estuary is the same
old story told for temperature and salinity.
The mixing of fresh and salt water produces
varying levels of pH that organisms have
adapted to."

"This is all so incomprehensible,"
uttered the Nemartian, sounding weary.
"Things are so much simpler on Stasis. Is this
constant fluctuation typical of your entire
planet?"



"Well, maybe not quite so extreme," I
replied. "The ocean, about 100 miles behind
you, is fairly stable and that’s where life got
its start. But when things began getting
crowded and competition became the mode
of existence, organisms started looking for
greener pastures. Some of them came to the
estuary. This movement away from a previ-
ous niche is called adaptive radiation.

"The estuary is an example of an
ecosystem where an organism can find
plenty of food if it can meet the tough de-
mands imposed by the constantly changing
conditions. And, the harsh conditions may
even prove beneficial if they discourage
predators. But the estuary, as a habitat, is not
for everybody. Relatively few species have
been able to successfully make the transition.
While there is lots of life here, the diversity
of life is very low. In other words, the num-
ber of organisms is high but the number of
species is low. This is due not only to the
unusual conditions but also to the fact that
temperate estuaries are relatively new places.
They were formed just after the last glacia-
tion, probably less than 10,000 years ago. So
you really have to hand it to the plants and
animals living here. They have adapted
quickly to harsh environmental conditions
in a variety of ways and contribute to a very
unique and fascinating ecosystem."

[ was anxious at this point to move on
and talk more about the organisms that
inhabit the estuary. "I'll tell you what," I
suggested, "why don't we liven this discus-
sion up with some talk about the biotic
elements of the estuarine ecosystem?" The
Nemartian nodded in agreement.

The Biotic Estuary

For the first time I seemed to be at a
loss for words. I knew what I wanted to tell
the Nemartian but I just couldn't decide
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where to start. "Where do I begin?" I thought
out loud.

"Well, . . ." the Nemartian suggested,
"on my planet, we always start at the begin-
ning!"

"Well, .. ." I countered, "on this
planet, things are cyclic. One thing leads to
another and then another until you're right
back where you started and things don't ever
start or stop anywhere." Again the Nemartian
looked baffled and I felt sorry for it. All
things considered, this must be a trying time
for an alien, light years away from home,
trying to decipher an ecosystem before the
tide comes in. I took a deep breath and
picked a starting place at random.

Productivity

"Let's talk about energy. An ecosystem
involves a flow of energy that starts with the
sun. All organisms need the energy flowing
in the system to grow and reproduce, but
they get the energy in different ways. We've
got autotrophs, heterotrophs, chemotrophs .

The Nemartian's quizzical expression
indicated that there was some confusion as



to where this discussion was leading. I was
learning to read its proboscis like a book.

"Autotrophs use the sun's energy,
heterotrophs use energy from the autotrophs,
while the chemotrophs use energy from inor-
ganic chemicals. The only chemotrophs I
know are certain bacteria that oxidize simple
inorganic compounds like ammonia, nitrite,
and sulfide." The Nemartian looked as if it
was beginning to see the point.

"Autotrophs, or 'producers,' harvest
energy from the sun to convert inorganic
carbon dioxide and water into the organic
compound sugar. The process is known as
photosynthesis."

The Nemartian looked amazed. "Do
you mean to tell me that some organisms
can make molecules with light energy? Are
you pulling my appendage?"

"No," I assured him. "Photosynthesis
requires a particular pigment molecule called
chlorophyll. It has the unique property of
capturing photons of sunlight, kind of like a
solar collector, and using that energy to set
in motion a series of biochemical reactions
that result in the production of glucose. The
energy stored in the glucose is used by the
autotroph or passed on to the heterotrophs if
it gets eaten."

"That's incredible!" the Nemartian
squealed.

"Yes, with just water, carbon dioxide
and the energy provided from the sun, these
photosynthesizers provide the starting mate-
rial required to sustain life on this mud flat
and everywhere else on the planet." It was
time for another mud drawing:
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A photosynthesizing blade of green algae

The Nemartian studied the draw-
ing. "Where did the oxygen come from?"
he asked.

"The oxygen is a by-product of
photosynthesis. Not only are the produc-
ers responsible for creating sugar, they
also contribute all of the atmospheric
oxygen. Without the producers, you and
I would have no oxygen to breathe."

"These producers must be the most
revered and protected organisms on
earth," commented the Nemartian. "Are
these the leaders I was warned about?"

"Well, not exactly," I answered.

"Then introduce me to the pro-
ducers here in Padilla Bay," said the
Nemartian.



Producers in Padilla Bay

"Some of them are too small to see,
but they're hard workers. Primary production
(that's the photosynthetic production of
sugar) here in Padilla Bay is really incredible.
There is twice as much production here as in
a farmer's best fields; three times as much as
in that healthy forest up on the hill."

"Wait a minute", said the Nemartian.
"You're telling me that this barren mud patch
produces more sugar and more oxygen than
those huge plants over there? Then where is
all this growth and reproduction you were
telling me about?"

"You can't always see it. Think of a
corn field. It starts out in the spring as bare
dirt. By the end of the summer 'the corn is as
high as an elephant's eye!' That's a lot of
growth. The mass of all the living things in
the field, or biomass, has built up over the
summer. But then in the fall, the farmer
comes along, cuts it down, hauls it away, and
sells it to consumers who live elsewhere. The
ground looks bare again but in one year one
acre of that field produced a lot of corn.

"Now in a forest you can see produc-
tion accumulate. There is not as much pro-
duced each year but there is less export." In
my mind's eye I saw a clear cut but decided
not to confuse my new friend with all that.
"In a healthy forest bits of dead leaves wash
away with the rain and berries and seeds get
carried away but the total biomass keeps
increasing year after year.

"Here in the eelgrass meadows the
productivity is greater than either of those
other ecosystems. Even the bare mud surface
is covered with microscopic producers called
phytoplankton. Tiny diatoms and dinoflagel-
lates photosynthesize so fast that organic
products ooze out into the water. Sometimes

32

I see an oily sheen on the water that looks
like a gasoline spill, but it's actually just
organic matter. Consumers like bacteria turn
it into a foamy froth that looks like soap suds
washing up on the beach."

Diatoms

My friend still wasn't satisfied. "Where
does this incredible amount of production
go?ll

"The tide washes it away, salmon
come in here and gobble up the little con-
sumers, great blue herons and eagles come
and carry away huge amounts of biomass.
The export rate is so high that the biomass
never builds up very much."

"I sure couldn't tell it's that productive
just by looking at it," said the Nemartian.

"That's why for so many years people
didn't realize estuaries were important. They



looked out and saw wastelands, not wet-
lands. They thought it would be better to
turn them into farms, marinas, deep water
ports, and industrial parks."

"Aren't there some producers out here
that we can see?"

"Sure. Look at the green algae over
there. And here are clumps of branching red
algae. Look at this eelgrass. Eelgrass is a
major producer in this estuary. The indig-
enous eelgrass that is growing out here where
you have landed is the Zostera marina. Closer
to shore is the smaller, non-native, Zostera
japonica. Zostera japonica was accidentally
introduced to the area when Japanese oysters
were brought here in the 1800s. Padilla Bay
has some of the most extensive beds of
eelgrass anywhere on the western coast of
North America!"

The Nemartian did not look im-
pressed.

"Eelgrass is a flowering plant!" I said.
"Is that unusual?" it asked.

"Well," I continued, “most flowering
plants grow on land or at least hold their
flowers out of the water. Eelgrass is a rare
example of a flowering plant that can toler-
ate high levels of salinity along with all the
other hardships imposed by an estuarine
environment. In a way, eelgrass is like a
marine mammal. Both evolved on land and
subsequently turned to the sea to make a
living.

"Eelgrass, like other flowering plants,
must bloom and be fertilized." The
Nemartian continued its blank stare. "So
how do you think it gets fertilized under the
water?"
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"Scuba bees!" it said with a big grin.

I tried not to react so as not to encour-
age more bad jokes. "Unlike land plants,
which produce very small, roundish pollen
grains, eelgrass pollen is stringy and mucous-
like. When carried from the parent plant by
currents, it will be more likely to wrap
around another plant and attach to the
stigma. In addition to sexual reproduction
involving flowers, eelgrass also reproduces
vegetatively from creeping underground
stems called rhizomes, like many of its terres-
trial relatives."

The Nemartian still looked bored so I
tried harder to convince it of the importance
of eelgrass.

"These eelgrass beds you see before
you are not only important because of their
marine adaptations. The roots they produce
act as traps for sediments that stabilize and



build the substrate. Further, the long, ribbon-
like leaves slow water currents so that addi-
tional particles settle. This stabilization is
extremely durable; able to withstand storms
as severe as hurricanes. In the 1930s, an
unknown disease swept the North Atlantic
coast wiping out much of the Z. marina. The
effects included a dramatic erosion of
beaches due to the loss of sediment, no
longer held by the Zostera, as well as the
disappearance of the animals associated with
the beds.

"The leaves also provide a protective
canopy, shielding other organisms from the
effects of strong sunlight. At low tide, the
leaves cover the bottom substrate, protecting
the inhabitants from drying out."

Now the Nemartian was beginning to
move its proboscis in the direction of the
extensive eelgrass bed near-by. I sensed a
growing respect for the Zostera marina. This
gave me new energy so [ went on.

"See how it's covered with brown fuzz
out near the ends of the blades? That's a
whole community of small plants and ani-
mals that use the blades of the grass for
habitat. The organisms growing on a plant
are called epiphytes. The blades of eelgrass
provide a rare solid substrate in this soft field
of mud. Look closely and you'll see all sorts
of inhabitants of this neighborhood -- tiny
crustaceans, algae, sponges, bryozoans,
worms... Is it any wonder so many hungry
fish cruise these parts?"

"Let me see if I have this straight," said
the Nemartian. "Eelgrass provides food,
oxygen, sediment stabilization, and valuable
habitat. So this must be the most revered
organism in the estuary."

"Well, it should be I suppose. When
the eelgrass is alive it does all those great
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things, but that's not alll When it dies, it
accumulates with all the other dead plants
and animals to become something even
greater. Eelgrass is an important source of
detritus in the estuary."

Eelgrass community

Food Webs and the Role of Detritus

"As in all ecosystems, some energy
flows from the producers to the consumers
(organisms that eat other organisms). These
consumers living in the estuary depend on
energy stored by producers such as eelgrass,
algae, and phytoplankton. The major source
of energy, however, is detritus."

"Excuse me," interrupted the
Nemartian "This detritus, as you call it, is
dead, right?"

I nodded. "Detritus is decaying or-
ganic material, but it is enriched with associ-
ated bacteria that are very much alive. Many
ecologists believe that the consumers who
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eat detritus (detritivores) derive most of their
energy by digesting the bacteria and other
microorganisms that live on the particles of
organic material.

"But that's not the only way energy is
distributed in an estuary. There are primary
consumers who eat the producers. There are
secondary consumers who eat the primary
consumers. Omnivorous filter feeders eat
anything (detritus included) small enough to
be sucked in with the water around them. An
estuarine food web is very complex and I
don't think anyone completely understands
it."

Estuarine Consumers

The Nemartian didn't look as con-
fused as I had looked the first time I heard all
this so I assumed I could continue.

"One group of consumers whose
importance is often underemphasized, even
in the text books, is the group I have already
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mentioned, the bacteria. Sure, I know they're
small, but is that any reason to trivialize their
impact on an ecosystem?" The Nemartian
withdrew its proboscis a bit and I realized, in
my enthusiasmto defend the underdog, I was
coming on a little strong. I restrained myself
and continued. "Both the water and the mud
of estuaries are extremely rich in bacteria. It's
a bacterium's dream down here due to the
abundance of organic matter to decompose.
The water that is beginning to lap around us
contains hundreds of times more bacteria
than open ocean water, and the upper layers
of mud more than a thousand times more
bacteria than that! Studies have measured
100-400 million bacteria per gram of estuary
mud.

"And, contrary to what many believe,
bacteria do much more good than harm.
Certainly, the estuary as we know it would
not exist without bacteria. The cycling of
materials would be impossible without the
decomposition of certain molecules by



bacteria. In other words, bacteria make the
organic material available for all of the
inhabitants of the estuary. Even the self-
sufficient producers require the action of
bacteria to obtain essential nutrients from
the substrate.

Munching bacteria

"One role that I haven't mentioned is
very remarkable. Bacteria can decompose just
about anything. While a dead eelgrass leaf
may be considered a tasty morsel to one
bacterium, another might like a particle of
raw sewage or even a potentially harmful
toxic, washed down from an agricultural
field. As a result, water passing through an
estuary exits cleaner than it entered. A city in
Texas has constructed a wastewater treat-
ment facility in which sewage is piped into
sixty-foot-high towers and bacteria like those
here in the estuary are added. Within six to
twelve hours, the organic substances are
"eaten" by the bacteria and the purification
process is complete. In our case, here at
Padilla Bay, the estuary plays an important
role in purifying water from the land. Now
that so many estuaries have been destroyed,
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is it any wonder that the waters are polluted?

"However, it would be a tragic mistake
to think that anything can be dumped into
an estuary and it will be processed and
purified. Estuaries, like all ecosystems, have
their limits. If those limits are exceeded, then
the entire balance is upset."

Estuarine Communities

The Nemartian's proboscis was now
moving about across the mud surface, strain-
ing to observe some of the bacterial films in
the faint light of early dawn. I don't know
exactly what sense was involved, but it
seemed very efficient at picking up life forms,
even the ones that I need a microscope to
observe. "l thought you said this place had a
low diversity of species," he remarked.
"There are all sorts of organisms here."

"You're right, there are many species
living in the estuary. But compared to say, a
tropical rainforest, the diversity is 'relatively'
low. The species that do live here are beauti-
fully adapted to their environment."

The tide was beginning to cover the
mud around us, bringing to life a whole
world that had been waiting to resume its
activity. Clam siphons appeared at the open-
ings of holes. Burrowing anemones spread
their tentacles hoping for a little plankton or
detritus to come by. Mud snails and bubble
shells plowed across the mud surface, search-
ing for food. A mud shrimp emerged from its
burrow, dumped its load of excavated mud
and quickly disappeared again.

The Nemartian noticed the water
lapping up against his landing gear. "I sup-
pose I'll need to take off soon," he sighed,
sounding rather drained.

"You can't leave yet! We're just getting
to the interesting part." I held out a tiny
yellow egg sack, filled with strings of snail



eggs. "All this talk -- of tides and salt water,
substrate, bacteria, productivity -- it's all just
setting the stage for this community. This
unique assemblage of plants and animals is
perfectly adapted to the habitat. Each has a
specific role to play, but all are connected
and interdependent.

"Tust look at this mud shrimp,
Upogebia pugettensis." 1 couldn't believe I
remembered its scientific name. "That bur-
row is probably a foot or two deep and is
connected to a network of tunnels with
turnaround chambers and several openings
to the surface. All sorts of animals make use
of the mud shrimp's excavation skills. Clams,
crabs, worms, even some fish share its bur-
row. The relationships are complex, and no
one knows exactly what
goes on in the mud community. It's a fasci-
nating mystery!

"And just ten feet away, right behind
you, is a different community, the eelgrass
bed, full of organisms that are especially
adapted to eelgrass. There's a fish called a
pipefish that is skinny and green and swims
vertically, aligned with the grass. The eelgrass
isopod is shaped like the grass and is per-
fectly camouflaged. Look, here's a green sea
slug that even has stripes that imitate the
eelgrass. Its eggs are clear and laid flat
against the blade so that even the sharpest
eyes can't find them.

"Each community out here has its
members: producers, grazers, scavengers and
carnivores. No two members occupy exactly
the same niche. It's truly incredible to see
how the whole system fits together. You'll
just have to come back to get the rest of the
story."

The tide was now well on its way in. I

was standing in about six inches of water and

remembered that I had that big biology test
in just a few hours. "Well, thanks a lot,
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earthling," the Nemartian squeaked. "It looks
as if I'd better be heading back to Stasis." The
proboscis began to invert back into the space
craft when it seemed to notice something on
the mud surface nearby. It suddenly whipped
out to full length and focused on a ribbon
worm that was just a meter or so from my
left foot, crawling along the surface in that
characteristic manner. "On second thought,
there is time for you to describe this one last
animal, for it is without a doubt the most
beautiful, graceful, intelligent specimen I
have yet to see here. Would you mind?" the
Nemartian asked.

"I don't know. I'm feeling pretty tired,"
I said, "but I'll try. That is Paranemertes
peregrina, commonly called the ribbon worm.
It belongs to the animal phylum Nemertea.
Nemerteans are typically creeping or burrow-
ing worms with soft bodies covered with
cilia. They are highly contractile and some
of them resemble rubber bands. They are not
rubbery in texture, however. In fact, if you're
not careful, they will easily break when
handled. They range in size from a few
millimeters to 3 meters! Nearly all nemerte-
ans are fierce predators. They eat other
worms, molluscs, and crustaceans. Some
swallow their prey whole while others suck
out their juices.

Ribbon worm (Paranemertes peregrina)



"The reason such fragile animals can
be such fierce predators is that they are
armed with a formidable proboscis. It is often
larger than the actual body of the worm and
is sometimes armed with a sharp barb that
operates in conjunction with a venom gland
to capture or quiet prey.

"I once placed a nemertean in a dish
of seawater with a much larger and seem-
ingly meaner mussel worm (Nereis), expect-
ing the worst to befall the ribbon worm. To
my surprise, the nemertean's probing probos-
cis stung the mussel worm, inflicting such
pain that the victim writhed for several
minutes before escaping to the other side of
the dish. Later I learned that some nemerte-
ans prey on these large mussel worms, which
are formidable predators in their own right,
and swallow them whole after subduing
them."

Again, I can't explain just how I
sensed this from the expression of a probos-
cis, but the Nemartian seemed to glow with
pride after hearing this story.

"Nemerteans are tough, too," I contin-
ued. "As I said before, they have a trait of
breaking apart when disturbed. At least some
of these pieces will regenerate into complete
animals. One study showed that pieces one-
hundred-thousandth the volume of the
original would continue as miniature worms.
In other words, a worm 1/8 inch in diameter
could be cut into 1/16 inch slices and all the
fragments would regenerate."

"That's disgusting! You humans are
sick," said the Nemartian.

"I'm just trying to emphasize how
durable these animals are," I countered. I
don't know why, but I just couldn't resist
pushing the Nemartian's buttons. "They have
also tried freezing adult worms and have
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found that they survive. They have starved
some species for more than a year and again,
the nemerteans survived. The worm may
shrink in that time but it will not die."

"That does it, I'm out of here!" And
with that as its parting words, the Nemartian
inverted its proboscis into the space craft,
slammed the door and, before I could even
get to my feet, rose up and vanished in the
pale dawn sky.

My next recollection was awakening
in my car, parked at the beach. I rubbed my
eyes and squinted out at the rippling water
that now covered the mudflat. What a wild
dream, I thought. I must have been so wor-
ried about this biology exam that I dreamed
about it. Well it serves me right for not
preparing. But still, what a wild dream! I
returned home
quickly so that I could change clothes and
get to school on time. When I opened the
trunk to get my things, there were my hip
boots, covered with wet, estuary mud.

So, what do you make of that?



Related Activities:
Taking An Estuary Field Trip, Activity 1.

Plankton Study, Activity 2.
Water Quality Monitoring, Activity 3.
Keeping a Marine Aquarium, Activity 4.

See also:
A Field Guide to Padilla Bay Organisms

Questions
1. What watershed do you live in? What
river or body of water does it drain into?

2. Name two ecosystems that are associated
with an estuary ecosystem. In what ways
are they associated?

3. Explain why it might be difficult for an
organism to live in a place that has tides.
Explain how it might be advantageous.

4. Why is detritus more nutritious than the
dead plants and animals it is made up of?

5. Which produces the most oxygen in one
year: an acre of forest, an acre of hay, an
acre of eelgrass? Which produces the least?
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6. Why did the Nemartian cross the uni-
verse?

7. Why do some organisms living in salt
water need a strategy to avoid dehydra-
tion?

8. How are Zostera species examples of adap-
tive radiation?

9. How did Zostera japonica first get into
Padilla Bay?

10. List three values of eelgrass.

11. Why are bacteria important in estuaries?

12. Name three ecological communities
found in Padilla Bay.



