
OVERVIEW OF PENOBSCOT BAY ECOSYSTEM

Les Watling, UM Darling Marine Center

I have been asked to provide a broad overview of Penobscot Bay
ecosystems as a bridge between this morning's discussion and this
afternoon's. For those of you who are not familiar with all aspects of marine
systems, I thought I would give you a tour of an idealized marine system,
with some focus on Penobscot Bay.

As you heard this morning, we don't know a lot about Penobscot Bay.
There has been spotty activity in Penobscot Bay over the years, but it has not
been a focus of a lot of research for a great many years. I think we can use
what we know about comparable systems to make some guesses about aspects
of Penobscot Bay that are of some importance. So part of my task will be to
give you an understanding of an aspect of marine ecosystems that you are not
necessarily familiar with. Even people who work on these systems might not
have familiarity with the kind of scale I am going to show you. Secondly, I' ll
be talking about an aspect of human activity in Penobscot Bay that, by and
large, does not get discussed. Maybe we can use it as an example of how we
can apply knowledge from somewhere else to make some predictions or
guesses about impacts in Penobscot Bay.

A discussion of Penobscot Bay, as with all of the Gulf of Maine, has to
start with ice. I think it is important to realize that none of this land was here
twelve thousand years ago. All of the features we have in Penobscot Bay-
the topography and the resultant water flow and nutrients and all of that�
come from the fact that this area was carved by ice. The ice extended well
beyond the present coast of Maine out onto what is now Georges Bank. As
that ice retreated, it left a large number of scar marks and different kinds of
geologic deposits, all of which make the Gulf of Maine area unique today in
terms of providing a habitat, or substrate in the habitat, for the organisms that
live here. Today, Penobscot Bay is actually a lot smaller than it was eight or
twelve thousand years ago, as the ice retreated and sea level rose and the land
had not yet rebounded. So we are looking at a smaller version of what was a
much larger system.
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Joe Kelley will show you this in greater detail, but it gives you an idea
that, as a result of this geologic history, the bottom of Penobscot Bay has a very
wide range of substrate types, ranging from rocky ledge, through sands and
gravels, to muds. I want to talk a bit about these different kinds of substrates
and how they govern the organisms we find there.

One interesting feature of the upper part of Penobscot Bay is that it is
fu11 of craters, called pockmarks, and maybe gas seeps. It does lend a rather
unique character to this bay as we11. These pockmarks are quite widely
distributed. Where they do occur, they are extremely numerous. This is
some of Joe's data, the red dots showing the presence of pockmarks that have
been seen in side-scan sonar surveys. Joe will talk more about that.

This is the standard satellite image that shows you that the Gulf of
Maine, and certainly where Penobscot Bay is located, is extremely productive.
There are very large amounts of phytoplankton in the water So the primary
production in this area is strong.

I want to show you some of these habitats. This is an extreme close-up
view of a place most people don't visit � a little pool in the splash zone along
the rocky shore. It happens to be a very nutrient-rich little pool and is taken
advantage of by terrestrial insects to lay their larvae. The larvae then feed on
the bacteria that develop in these pools as marine macroalgae decompose.
They are called dragon-tail larvae.

The rocky shore is very characteristic of the coast of Maine and
provides characteristic habitat. These rocky ledges extend great distances
under water and can be found very far offshore. Where they are found, they
provide a rather interesting habitat for a very different set of organisms than
you see in the intertidal zone. In this particular instance, the cracks and
crevices make for hiding spots for brittle stars. The rocks also provide
substrate for larger organisms and for colonial animals.

In many areas in Penobscot Bay and the Gulf of Maine, you have
gravelly deposits that get covered with a very thin veneer of mud. The larger
stones provide substrate for things like sponges. In that thin veneer of mud
are a large array of organisms � small crustaceans, Polychaefa, and bivalves-
a very large number of invertebrates.

Sand fiats are not common in this system, but they are present. Sand
flats provide substrate for very small organisms like diatoms. Even at the
tiniest scale, there are a large number of very small organisms. There are also
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organisms that people don't care about, unless you happen to be an
invertebrate zoologist and are fascinated with the diversity of life. Most of the
species found in these habitats have no direct commercial importance,
although they do obviously contribute to the overall biodiversity of this
system.

Along the margins of the bay are marshes and mudflats. If you take a
microscopic look at mud, it has a large number of very tiny organisms like
diatoms. The rest of it is an amorphous organic mass, some of which is food,
some of which is just binding agent. Bacteria occur by the billions per gram of
sediment in mudflats. There are also very small organisms that make snake
trails. This is a cut-through burrow system in mud. just to give you an idea
that there are a large number of organisms that live in these apparently
featureless milieus.

Next I want to talk about hazards to these habitats. The primary
hazards of concern in Penobscot Bay have to do with chemical pollutants�
additives to the water, PAHs, metals, and things that were talked about in this
morning's panel. At least in a localized area, for the organisms living
attached in these habitats, those are important. They may also have
importance in terms of the early life history stages. For example, larvae of
many of these species may be affected by higher concentrations of some of
these compounds in the water.

Nowhere in this entire research agenda did I see habitat disturbance
mentioned. Habitat disturbance means some human activity that literally
removes organisms from the habitat or, during the process of removal of
organisms, alters the rest of the habitat. Some of you may be aware that there
is growing concern in this country, and there has been very strong concern in
other countries, about the effects of fishing activities on the community itself.
Dan Schick talked about that this morning with scallop dragging.

I want to give you some examples of what we can learn from work that
has been done elsewhere in the world and how we might apply that to
Penobscot Bay as an example of how we could take an ecosystem view of a
human activity and make some guesses in the manner that Bob Wall put up
his "eternal truths" this morning. The fact is that you don't necessarily have
to know everything; you might be able to know enough. If you take a
conservative or precautionary approach to managing ecosystems, you might
be able to make some intelligent guesses based on what we already know.
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This happens to be a view of a bottom in slightly deeper water, just off
the mouth of Penobscot Bay. It shows a lot of brittle stars. A series of still
pictures was taken with a camera on the outside of the sub. In this picture
you can see obvious roller marks from a trawl and there aren't any brittle
stars. So it doesn't take too much guesswork to suggest that the trawl activity
itself, or the trawl as an agent, removed the brittle stars. I suppose one could
guess that maybe it made the bottom unfavorable and the brittle stars all went
somewhere else. But brittle stars don't tend to do that; they tend to sit in one
place for long periods of time. These adult brittle stars have very stiff arms.
They tend to get caught in the mesh. We use a small beam trawl whenever
we want to get brittle stars. You can get thousands of them that way quite
readily. That beam trawl also removes sea pens and a variety of other
organisms from the bottom as well.

I have a couple of pictures of a scallop bottom habitat around Swans
Island. This is an undisturbed bottom in the area of the underwater power
cable lines. You can see that this bottom has extensive growth. In the upper
part of this image there is a sea cucumber. Notice that the sponges form a
relatively continuous mat wherever they grow. There are all kinds of
organisms living on this incredibly diverse bottom. On another image, the
hydroids, starfish, and urchins show up. Also a very large number of small
marine invertebrates that are not visible.

After the scallop drag has been pulled through there � this is an
experimental drag site where the drag is pulled once � the sponge layering is
completely broken and the shells are turned upside down. What you see after
one drag is the kind of thing Dan talked about this morning � the whole
character of the bottom gets completely changed.

There have been dragging studies done in other parts of the world.
Some of them are germane to the Gulf of Maine and some aren' t. Here is an
array of dragging studies done in different places around the world in an
experimental mode. In other words, an area of bottom was set aside and
dragged over by a trawler and the results compared with some ambient site.
Most of these are North Sea-Irish Sea. There is one by Larry Mayer and Dan
Schick and one is mine and one is Rich Langton and Dan Schick. One from
New Zealand, one from Scotland. It is not a large array of studies. The upper
part is all otter trawl and beam trawl; the lower part is scallop dredge.
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A couple of things stand out. Almost all the beam trawl and otter trawl
work that has been done in Europe is on a sandy bottom. I am part of an ICES
working group that deals with some of this trawling activity. One of the foci
of discussion is that in Europe, in the North Sea in particular, where a huge
amount of dragging has been done and the fishery is beam-trawl based,
certain species have been completely eliminated from these sandy bottoms,
even though sandy bottom is where one would expect to have the least
amount of severe impact. Certain species like hard urchins are completely
eliminated. Whatever pockets of hard urchins there are supply more larvae
every year. And every year they get wiped out. Nevertheless, there is a very
good fishery in the southern North Sea for flat fish.

One of the lessons we can take from this is that the trawl fishery in the
southern North Sea has reduced a food web � an area with very high
diversity and lots of different kinds of fish feeding on this diversity � to a food
chain which is relatively direct. In other words, it favors a certain group of
species, all of which are food for the particular kind of flat fish that the
fishermen are interested in. I suppose sociologists and economists may have
to put a value judgment on whether that is a good thing or a bad thing. But a
change has in fact happened in that ecosystem.

Scallop dragging seems to be somewhat more damaging, whether it is
done in gravelly/cobbley bottoms or in the kind of sandy mud bottoms that
we' ve worked in. You do lose a significant component of the ecosystem
when you drag over the bottom with this kind of gear.

There are a few other studies that may give us even more information
about how we should handle different kinds of impacts and what this
cautionary approach may be able to do for us in terms of managing this
ecosystem. These are studies where experiments were not done but where
there were observations made that indicated that some severe disturbance to
the bottom community had in fact happened. There are some from the Gulf
of Maine that we' ve done, that Rich Langton and Peter Auster and myself
and others have been involved in. But I want to point out two examples
from the other end of the earth, one from New Zealand and one from
Australia. These, I think, are the most informative for us in many ways.

The Australian example is a subtropical shelf that has the most
incredible biodiversity that you could probably see on any continental shelf
anywhere. The underwater photo-graphs show forests of sea fans and
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sponges and colonial invertebrates covering the bottom for hundreds of
miles. That bottom was like that until 1965, when Taiwanese otter trawlers
came in and began fishing for sea drum and groupers and things that hung
around in this diverse community. They recorded by-catch in the thousands
of tons on a weekly basis. The Australians realized, within about five years,
that very large areas of this shelf were being turned into open sand bottom.
As a consequence, the target fishery had completely changed from species that
were dependent on this emergent epifauna for their food to species who fed
on sand beaches.

So they stepped in very quickly and closed one-half of the entire
continental shelf of Western Australia to trawling. Completely closed it
immediately. No argument, no discussion, very quick decision. The other
half of the shelf, they divided into two parts. One-half of that they closed after
about five years. So they' ve been able to look at the recovery, and the rate of
recovery, of this kind of bottom. The demonstration for us is that an
indication of a severe problem resulted in a very quick management decision.

The New Zealand example isn't quite as dramatic and has a slightly
different focus, but also shows that quick management can act beneficially. In
New Zealand, most of the bottom of the continental shelf is readily fished, as
it is in this country, by whoever has whatever kind of gear they can take into
the bottom. But certain areas that were called coral bottoms were always out
of the range of the fishermen because it tore up their nets � until synthetic
mesh materials came along. Once synthetic meshes were available, they were
able to go into this coral bottom. It turns out this coral bottom isn't coral at all;
it's a colonial bryozoan that lives in erect, undulating sheets. Bryozoa can
have very sharp growing edges, so it was like a bunch of razor blades oriented
upward off the bottom. That would tear up a net fairly readily. With
synthetic net materials, however, they found they could go into this coral
bottom and fish without too much gear damage.

What happened, after five years of fishing in this coral bryozoan
bottom was that the target species of interest began to decline precipitously. It
turned out that these areas of bryozoan bottom were one of the few areas
where there were large colonial invertebrates that could provide food and
shelter for the very young members of the fish species they were interested in.
So by going into this bottom, they were essentially destroying the nursery.
Once that was realized � and it was realized after just two years of study � the
coral bottoms were put off limits by the managers.
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With substrate maps, we have a storehouse of infor-mation on
resource distribution, on distribution of pollutants. It might be piecemeal, it
might be bit by bit, but it is partial knowledge that, with a precautionary
approach to management, we can use to make what are fairly critical
management decisions, such as opening up areas for new resource
exploitation. Do we really want to do that in some of these areas? Will
certain kinds of gear result in major changes to this system? Do we already
know enough about things like gear usage in different areas where we might
be able to manage Penobscot Bay in sub-units, for example? There might be
places where you could use certain kinds of fishing gear, allow different kinds
of industrial activities, and other areas you want to keep as reserves. Those
are the kinds of questions we ought to be asking as we go through our
deliberations today to put the information that we do have into a
management perspective.

Joe Kelley
Adjunct Professor of Geological Sciences & Oceanography, UM;

and Marine Geologist, Maine Geological Survey
I really can't do justice to the geology of our region in five minutes, but

let me tell you a little about the geology of this area. What do we know? We
know some general things. Sediment is generally moving from the land to
the sea, from high areas to low areas, being redistributed by a variety of
processes, but ultimately being driven by the rising level of the ocean.

For example, in the Penobscot River-Penobscot Bay region, you can
start at the historic head of tide in Orono. A large island  Marsh Island, where
the University is located! divides the river into two channels. Off to the west
is where the original Penobscot River channel was located. Today it is
covered by lakes and extensive freshwater bogs where a great deal of biological
productivity is occurring. A lot of sediment from the Penobscot River is
diverted into these wetlands during times of high water.

As one comes down the river to the estuary, Verona Island serves as an
example of what happens as the ocean begins to surround what was formerly
an upland area. The main channel branches off to the east. That was the
ancestral channel. One can still see areas of freshwater bogs, now turned into
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salt marshes, in the Marsh River and the Frankfort region, where again one
sees the deep bedrock valley of the Penobscot River.

As one continues out into the bay, we look at an area that we think is a
marine or estuarine region but that, in fact, was terrestrial for most of its
recent history. Islesboro serves as the analog to Verona and Marsh islands.
Off to either side, however, we don't find very many wetlands. They are long
since gone. The freshwater bogs probably underlie the gas escape pockmark
fields that Les showed you and are probably the source of the gas which is
driving that very extraordinary area where there are more than two thousand
craters. The smallest we could image is probably the size of this room. Larger
ones are the size of football stadiums, including the grandstands.

As one continues in a seaward direction, one finds that the sea floor is
more stripped of material; that the original bedrock channel of the river is a
large rock canyon, very steep-walled. Very little sediment is being deposited
today. Gravelly materials are left over from long ago when that was once a
terrestrial environment, long since drowned by the sea.

So the slow drowning of our coastline has resulted in the transfer ofmaterials from the land to the sea, principally by the river but also by
marginal processes such as landslides, such as occurred in Rockland very
recently. Slow slumping of our unconsolidated glacial materials occurs
around the perimeter of the bay. And that will continue as the level of the
ocean rises, and what is today the estuary becomes the open ocean, and what
is today riverine becomes an estuary.

That is generally what we know. What do we know specifically aboutthis area? We have been making some maps that will be available at verylow cost in the near future. I might add that this work was all funded by
federal agencies. The dark blue area up near Belfast is a gas escape field.
There are others in that area. The escape of gas is an important mechanism
for releasing sediment, exporting it into the marine environment. As we get
down to the outer areas, you see a great deal of red. Those are rocky regions
where there is very little left in the way of material.

What are the unknowns? I don't know the exact origin of the gas. Idon't know how fast gas escapes. I don't know how rapidly sediment is being
released by these areas of gas escape in Penobscot Bay or Blue Hill Bay. These
regions exist throughout our coastline. I don't know exactly where that
material goes. But I suspect that, once it is in suspension, it follows deep
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bedrock channels, past Owls Head, and exits into the deeper Gulf of Maine. I
suspect all of the material that once covered this region has gone into the
deeper Gulf of Maine. We don't know the rate. We don't know where the
sediment discharge of the Penobscot River ultimately goes. Perhaps it follows
a similar path.

My computer tells me that we' ve imaged approximately ten percent of
the sea floor between New Hampshire and New Brunswick, from the
shoreline to the hundred-meter isobath. But you' ll see that only the bright
areas on the map are directly imaged by side-scan sonar. A visual estimate
I might make here is that probably one percent of Penobscot Bay has been
looked at. It is the single least examined study area in the Gulf of Maine that I
am aware of. That is due to the vagaries of federal funding. When we were
looking for federal funds, it was very hard to get much money to map here.
But it is certainly an area where we need to know more about the nature of
the bottom, where sediment is deposited, how long it stays there, and where it
goes when it leaves.

Vijay Panchang
Professor of Civil Engineering, UM

I am supposed to be speaking about the circulation in Penobscot Bay.
I'd like to apologize for being a mere substitute for Neal Pettigrew, who is our
resident physical oceanographer. But Neal assures me that talking about
circulation in Penobscot Bay is quite easy, because we really know nothing
about it.

We can start with the basic premise that we want to study the
circulation in Penobscot Bay because we are interested primarily in figuring
out what happens to the various contaminants that are introduced into the
estuary. Estuaries can provide a host of hydrodynamic environments, each of
which impacts the distribution of wastes in different ways. So I'd like to go
quickly through three somewhat classical examples.

This is a picture of a salt wedge estuary which occurs in regions where
you have very low tidal activity. If you have very low tidal activity, a salt
wedge  shown in green! forms and the river flow is on its surface. Because
the tidal activity is very small, there is very little mixing between the two,
except at the interface, because at the interface you have some shear stresses.
Part of the water is stationary and the rest of the water is going the other way,
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so the salt water gets entrained into the surface water and gets carried
downstream. How does that impact what happens to wastes or contaminants
that are introduced into the water? You might find that material that is
carried along the bed of the river might get deposited over here, because the
salt water forms a barrier. As you go further downstream, where the river
velocity dissipates as it spreads out, material will flocculate and settle down
in that area.

Of course, this is probably not what is happening in Penobscot Bay,
because we have a much more dynamic tidal environment, but we have the
potential for a more problematic situation. If you have a more vigorous tidal
environment, again we have a salt wedge at the bottom, but in this instance,
because of the greater tidal activity, these velocities are likely to be bigger.
When these velocities are bigger, you get greater shear stresses at the bottom
with the friction, so that causes turbulence. Also at the interface you have
this water moving quite a bit, so you get a greater amount of shear stress at
the interface. That creates two-way mixing as the salt water gets entrained
into the fresh water and vice versa.

In this instance, any wastes that are brought by the river will get carried
downstream. And when the river velocity dissipates as it opens out into the
ocean, the material can flocculate and settle, but all of it may not actually
settle; it may come back along with the river because the velocities are much
stronger. Then there is a potential for a sediment trap, as the wastes just keep
going round and round.

Finally, we have the case of a fully mixed estuary with very vigorous
tidal activity, which is probably what we have in Penobscot Bay. That creates
complete mixing and there is no halocline. As a result, in this case the
mixing is of a completely different nature. As the river water goes down into
the ocean, Penobscot Bay is large enough that the earth's rotation is likely to
impact the way water moves. So, due to the earth's rotation, the river water
tends to swing to the right and the sea water tends to swing the other way. In
this instance, you get a lateral sort of mixing. As a result, wastes that are
brought down by the river are likely to settle on the right bank and marine
material is likely to settle on the left bank. Of course, I have subtracted out
the tidal impact and what I am talking about are the residual currents.

So basically what we see are three different sorts of hydrodynamic
environments. These are classical estuarine patterns. Penobscot Bay is likely
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to be much more complicated than this because we have the presence of
several islands in the middle and bathometric variations and so on. With
this background, Bob Wall asked me to identify, from my own perspective,
what we need to do. First, what really does matter is where the contaminant
comes from and how much of it. Is it from the right bank of the river or the
left bank? Is it introduced at the bottom of the river or in the surface layers?
We have to make a concerted effort to determine what the contaminant
sources are. That may include some land-based work. Having done that, we
have to focus next on identifying what type of estuary we have. Do we have a
partially mixed estuary, or do we have a fully mixed estuary, or some
combination?

The way to proceed is to collect data, which several speakers discussed
this morning. I understand there is a program under way at Maine Maritime
Academy to collect hydrographic data, temperature, salinity, and so on. As far
as I know, physical oceanographic data in Penobscot Bay is just about absent.
In the early 1980s, there was an effort by Normandeau Associates to collect
some data. I have no idea where their report is or if the data is likely to be
of any use.

Using hydrographic data, we can then proceed with mathematical
modeling. The data will help us identify what kind of model to select. If we
go back to the case of the estuarine flow with two layers, that requires a two-
layer model. If we have a fully mixed estuary, it requires a one-layer model.
So we won't really be able to identify what kind of model to use until the data
tell us. If we are going to collect the data, what do we need the mathematical
model for? The data are always going to be sporadic. We are going to look at
data here and there. The mathematical model will help to fill the gaps and
give us a more comprehensive picture. Of course, the mathematical model
allows us to look at several what-if scenarios such as Les Watling was talking
about: having economic activity or industry of a certain kind in one place but
not another.

To conclude, let me show an example of what these mathematical
models can do. This is a study I did for the National Marine Fisheries Service
in a somewhat comparable situation in Cobscook Bay. The computer model
simulation of the tides depicts arrows of different lengths which tell you what
the current velocities are at different places. Data was used to generate this as
well, because a mathematical model can produce a bunch of meaningless
numbers  " garbage in, garbage out"!. So you have to caution against that.
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The data was used to make sure the model is working properly, to calibrate it.
But those data sources were from only seven or eight locations in the entire
bay. Here we have filled in the blanks in the data.

This study was done with the intention of figuring out what happens
to aquaculture net pen wastes. The red box is Broad Cove, with Cobscook Bay
State Park over there. If we focus on that area in a little more detail, the black
area is land and the colored area is water of different depths. There are a
series of black arrows which form a counter-clockwise circulation in the bay.
Two hours later into the tidal cycle, you can see water rushing into the bay.
Then, another two hours later in the tidal cycle, more of the
low-lying areas have been inundated. Further into the tidal cycle, we see the
gyre has dissipated and now reformed in a clockwise direction.

Now why do we do all of this? Having done this, we can introduce
wastes of any kind into the model. These were wastes from a net pen
operation in Broad Cove which were introduced into the circulation. pattern,
This is a random introduction at that point, We see that in this case the
wastes do travel a certain distance and then they end. up getting caught in the
gyre and keep going back and forth. This example is just to show you the
potential of these models. I would like to conclude by going back to the
combination of data and circulation models that are going to be required to
answer questions about the circulation in Penobscot Bay and its effect on
contaminant transport.

Larry Mayer
Professor of Oceanography, UM Darling Marine Center

I haven't worked in Penobscot Bay, so I don't know a lot about it. I
didn't want to repackage existing literature that is in the bibliography.
Instead, what 1'd like to do is emphasize some points that have been made
today, with a bit of spin from my own background,

We' ve heard and read a lot about concentrations of nutrients or

contaminants and their effects on biotic populations. If we are going to live
in some sort of harmony with this body of water, we have to pay attention to
these problems, to the apparent sicknesses of the ecosystem out there. At the
same time, we ought to take a parallel approach that is analogous to what we
see occurring in medicine; that is, a "wellness" approach to living with this
body of water. How does the system function? How can we develop our
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mechanistic understanding of this system so that we can manage this
"garden" in a way that matches our value systems~ After all, the world is our
garden, whether we like it or not. Whether we intend to or not, we are
gardeners of the operation out there. There are five billion of us, each capable
of driving a bulldozer. You just can't avoid affecting your environment
radically when you have that kind of capability.

I'd like to make a point about some of the sickness indicators that we
deal with. We saw maps, for example, of concentrations of PAHs. As John
Sowles pointed out, the impact of these concentrations on the biota is not
very well understood. It is very possible for a high concentration of PAH, for
example, to be very toxic or non-toxic, very available for bioaccumulation or
non-available, depending on the form it is in. We have to be very careful
about taking numbers too simplistically. Just because they go over a national
average or under a national average, we shouldn't automatically feel bad or
good. We need to understand the biological impacts of these signals that we
measure. Chemistry alone isn't telling us much about the ecosystem effects.
We have to concentrate on biological impacts and, in fact, demonstrate these
biological impacts.

On the wellness side, developing a better understanding of the system
out here, I'd like to make a point that was alluded to by a questioner who
asked about any information available on planktonic materials. If you look
out the window at the ecosystem around you on these lawns, you can see
most of the action in that ecosystem. Most of the materials that get
transformed are accomplished by organisms you can see: trees, grass, and
animals. The organic matter is produced by things like worms and fungi and
deer. Those are all things you can see. We have tended to have a very strong
concern in the marine system with animals we can see. We identify with
seals because we are all warm-blooded. We like to play with sea cucumbers in
tanks. And we like to eat lobsters. But it is important to remember that these
organisms are the fat of the land in the marine ecosystem.

Almost all the action occurring out in the bay, in terms of ecosystem
activity, occurs in things you cannot see. It occurs in the form of bacterial
transformations, microalgae, very tiny animals that you can only see with a
microscope. It's like trying to measure the functioning of an economy by
looking at the number of sports stadiums and opera houses. That doesn't tell
you much about how the economy operates. Likewise, if you make
measurements only of things you can see and are attracted to, you are not
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learning much about the ecosystem of the bay. We have to focus on the really
tiny particles. So ecosystem characterization has to go to some fundamental
things that may not be of such great interest.

How do you mount studies like that? With current technologies and
current social structures, it costs a mint to go out and do ecosystem process
studies. It is simply beyond the means of an economy such as ours. The good
news is that the cost of information is plummeting. There are high
information content analytical technologies � weather satellites measuring
currents or chemical instruments that spin out zillions of data per hour. The
ease of access to some of that information is also going to increase.
Increasingly over the next five to fifteen years, I think we are going to see a
merger of inexpensive, easy to use, analytical capability with the expertise that
we can bring to the Penobscot Bay Network, to groups of undergraduate and
high school students and even younger age groups. So the manpower needed
will be achieved by educating people at all levels about the functioning of
these ecosystems and getting them involved, applying these cheaper, accurate
technologies to assessing what is going on out there in the world.

Jocelyn Boucher
Maine Maritime Academy  MMA! & Colby College

At Maine Martime Academy, we have a large number of
undergraduates to assist us in our studies. We have mounted a fairly large
effort since 1991 to understand hydrographic characteristics in the bay. My
particular interest is nutrient transport within the bay. I want to emphasize
why a monitoring approach can help us answer more broad-range scientific
questions and, in particular, how a monitoring approach for nutrients might
do that.

The Penobscot Bay estuary is the second largest estuary on the east coast
in terms of volume. It compares, for example, to San Francisco Bay in
amount of water and discharge into the estuary. As I think we are all aware,
it has been very poorly studied, especially with respect to nutrient chemistry.
We may have a rather simple view of what nutrients are out there. I tend to
think of nutrients as the base of the food chain. I am interested in various
forms of nutrients that are being transported into the estuary and ultimately
out of the estuary. Ultimately, I'd like to get a handle on the transport of
nutrients into the Gulf of Maine.
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To do that, you really have to look at what forms these nutrients are in.
Just within the last year, I have concentrated my efforts on trying to identify
the various dissolved and particulate phases the nutrients are in. Longer-
range goals of this work will be to identify what kinds of transformations and
recycling goes on between the various pools.

There are going to be a lot of other interactions we need to consider.
Any time we are talking about an estuary, we can't look at one single thing.
The nutrients are more complicated than many people would imagine. We
have to consider things like the flow and the circulation and the mixing�
factors we have seen are part of any hydrographic model we'd want to draw of
the estuary. We are starting to get a handle with our data at MMA on
residence times of water in the estuary. In other words, how long does that
fresh water stay in the estuary? And, ultimately, how long a time do the
nutrients have for cycling within that water? What we have seen so far in
data from the fall and early winter is that residence times are on the order of
two weeks or less in this estuary. These are back-of-the-envelope calculations
that I' ve done and I would certainly encourage any civil engineers here to
help me in these calculations. But it is all part of the chemical story that is
out there in the bay. So, ultimately, I want to look at nutrients
in connection to all the various physical and biological factors in the bay.

In terms of potential impacts a monitoring study could have on
scientific issues, the Penobscot River watershed contributes about twenty
percent of the freshwater flow into the Gulf of Maine. Yet we know virtually
nothing of what the nutrient load is from this estuary into the Gulf of Maine.
That is the sort of thing we are trying to establish at MMA. It certainly gives
you some sense of its importance in larger-scale regional issues.

This is probably one of the closest correlations you are going to see with
any estuarine chemical work. This is taken from Monbet's paper on estuaries
a few years ago. It plots, in a chemical sense, an estuary's response to nutrient
loading. The bottom axis on this graph is dissolved inorganic nitrogen; in
other words, it is a concentration axis. The y-axis is chlorophyll. In other
words, what is the plant response in an estuary to nutrient loading? There is
a line dividing the different kind of estuarine responses that we see in nature
into macro-tidal versus micro-tidal estuaries. There are data from forty or
fifty estuaries throughout the world in this graph. The macro-tidal estuaries
are those that have tides ranging to two meters or more through a tidal cycle,
and the micro-tidals are those that are less. The micro-tidal response to
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nutrient loading is a large one. The macro-tidal estuaries, of which Penobscot
Bay is one, have a much more limited response to nutrient loading.

The data we are getting from the bay would suggest that we fall fairly
well within the range of these macro-tidal estuaries. The reasons given to
account for this are things such as heavy particulate load. That doesn't seem
to jibe very well with what we are seeing in our transmissometry studies of
Penobscot Bay. There don't seem to be a lot of suspended particulates in the
estuary. Mixing may be a factor in this. So if we do some monitoring studiea
that encompass the suite of nutrients that are delivered into the bay, we may
be able to get some answers to the broader scientific questions.

Dave Townsend, Executive Director,
Gulf of Maine Regional Marine Research Program

and Associate Professor of Oceanography, UM
By now we are all getting tired of hearing how little we know and what

little information there is on Penobscot Bay, so I' ll jump right in and show
you how little information there really is, in my view.

In 1992, Maureen Keller and I taught a course on the oceans at Bigelow
Laboratory to a group of teachers. Part of the course involved Maine
Maritime Academy and going out with john Barlow on The Friendship and
doing a transect up the Penobscot River. These are the only data I am aware
of like this, although I am sure John and Jocelyn both have reams of
notebooks full of similar kinds of data. This was done at the end of October
and illustrates what the estuary looks like during a low-flow period. The
water had already started to cool.

I am only showing you profiles of salinity, beginning at Station 0'1,
which is just off the Academy, and then working upstream to Station 04, well
above Bucksport. There is also scale to depth to give you an idea of how deep
the river is at each station. Salinity stratification and mixing are occurring.
As Vijay pointed out, three of these stations would qualify as a partially
mixed estuary and one of them would qualify as a well-mixed estuary. For
the two outer stations, you can see the salinity changes on the order of a
couple of parts per thousand  although today salinity doesn't even have
units! over the first fifteen or so meters. But as we get upstream, notice that
the salinities from top to bottom are somewhere between 25 and 26 over a
fairly deep part of the channel, indicating some vigorous mixing in that part

42


