The Causes of Tides

by Kenn Oberrecht
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Twice daily the Pacific Ocean intrudes on the shoee
to flood its bays and estuaries. It inundates niais fand
marshes, raises water levels, and surges landwatd w
sufficient force to reverse the seaward currentsvafrs
and creeks. Salt water mingles with fresh, andiwith
hours the brackish brew slackens briefly to deposit
valuable nutrients that feed countless organismsgliag
in the complex estuarine system. Then the process
reverses, and receding waters flush the estuanyyicey
organic and inorganic material and even potentially
harmful pollutants out to sea.

Salt water mingles with fresh, — These predictable and periodic movements of oceders/are
and within hours the brackish — known as tides and are caused by the attractivesasf the moon
brew slackens briefly to and sun. Sir Isaac Newton's law of gravitatiorstaf that any two
deposit valnable nutrients that  podies in the universe are attracted to each aifethat the

Jeed conntless organisms strength of this attraction depends on the bodiess and distance
residing in the complex from each other.
estuarine $ystenms.



Along the Oregon coast, the
mean difference between high
and low water is about five to
six feet. During periods of
extreme tides, particularly in
June and December, the tidal
range can be double that, or
about 10 10 12 feet.

The sun's mass is 27 million times that of the mdaon it is also
390 times farther from the earth. So although tiveadfects our
tides, the moon exerts the greater gravitatioried@ton because
of its proximity to our planet. The sun's influenseabout 45
percent that of the moon.

Think of the earth as an egg-shaped body withoitg laxis pointed
at the moon. Now imagine the planet completely oeddy a deep
ocean, so that its watery surface bulges towardnthen. On the
opposite side of the planet, centrifugal force @ea similar
bulge. These are the high tides. Two coinciding gindiltaneous
low tides occur at equal distances around the éatiieen the
high tides.

Ideally, this is how the tides work, but naturesésdom ideal or
perfect. The great variety of the earth's topogyaph well as other
terrestrial and extraterrestrial influences, causetides to differ in
various ways and to exhibit certain similarities.

On the open seas, tides go virtually unnoticedrghagh tide is
only two to three feet above low tide. Along thest however,
tides can vary greatly, depending on topographycdher
influences.

In some parts of the world, the range of the tdiierence
between successive high and low waters is measuradhes.
Elsewhere, the disparity can be dramatic. At thg &d-undy in
Nova Scotia, for example, the difference betwegh laind low
water can be as much as 50 feet.

Along the Oregon coast, the mean difference betwegnand low
water is about five to six feet. During periodsgfreme tides,
particularly in June and December, the tidal racegebe double
that, or about 10 to 12 feet.

Knowing what causes the tides is the first stepnderstanding
them and how they affect the coastal environmerknéwledge of
the tides and their effects is essential for naiwega community
planning and development, recreation, and evenvairv
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Types of Tides and Tidal Currents

by Kenn Oberrecht
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Here in the Pacific Northwest,
we get piixed tides, two highs
and two lows a day,
characterized by significant
disparity between successive
tides.

At most places on earth, there are two high tides @vo
low tides a day. They follow a cycle that coinsidgeth
the 24-hour 50-minute lunar day, the time it takagh
to make one complete rotation relative to the moon.

Along America's Atlantic Coast, two high and lowds occur
daily, with relatively little difference betweenessive high and
low waters. Such tides are called semi-diur@al the north shore
of the Gulf of Mexico, the tide is diurnaheaning that it moves in
and out again but once a day. Here in the Pacibitiwest, we get
mixedtides two highs and two lows a day, characterized by
significant disparity between successive tides.

An incoming tidal flow is known as a floatirrentor floodtide;

an outgoing flow is an ebturrentor ebbtide. The period between
flood and ebb tides, when there is little or norent, is called
slackwateror slacktide.

The moon is not only the greatest influence ontiol@s, but its
phases also greatly affect their character. Asritben makes its



Although riptides may appear
as dark or calm paths
running through breakers,
they can exist where there is
no apparent surface
commotion.

monthly elliptical orbit around the earth, it alggwith the earth
and sun semimonthly, during the full-moon and nesemphases.
At such times, we have extremely high and extrerweiytides,
known as springides an unfortunate term that has nothing to do
with the season that follows winter.

Between these phases, when the moon is in itsafigthird
quarters, it's at right angles to the sun. Thistjopos
counterbalances the gravitational interaction efrtitoon and sun,
resulting in a period when the range between highlew tides is
minimal. These are known as ndajes

Under certain conditions, tidal and other curraftsn conflict and
sometimes create hazards to swimmers, boatergithark. In the
partial enclosures of bays and estuaries and ahthehs of coastal
rivers, currents often collide and churn. Opposingents
sometimes occur along open ocean beaches, espedalti
headlands and manmade structures, such as jettidz@akwaters.
Where islands are clustered near a rugged maimasuch a way
as to create narrow, fjordlike passages, tidalahdr currents
often create turbulence.

A strong, subsurface tidal current that conflictthvanother
current or currents causing a violent underwatstudbance,
usually in a direction contrary to that of the sigd water is called
a riptide Although riptides may appear as dark or calmath
running through breakers, they can exist whereetlg®eno apparent
surface commotion.

A tiderip, on the other hand, is readily apparent at thiaser This
is a rip or stretch of turbulent water at sea aa lmay or strait
caused by conflicting tidal currents or a tidalremt moving over a
rough bottom. Tiderips can appear as stretchelsgbitly choppy
water running alongside glassy-calm water, or theyht resemble
whitewater rapids amid otherwise placid seas.

A knowledge of the tides makes the coast countrsenmieresting
for residents and visitors alike. Those who know different types
of tides and tidal currents are better equippeshjoy our tidelands
and tidewaters in comfort and safety.









Using the Tides and Tide Tables

by Kenn Oberrecht

Anyone who enjoys coastal hiking, beachcombing,
canoeing, kayaking, crabbing, clam digging, or iiigh
must pay special attention to the tides. A person's
success and safety depend on a knowledge of #& tid
their times, levels, and relationships with othatural
conditions.

Those venturing onto beaches, marshes, mud fladss@astal
waterways should first check tide tables, whichparelished in
some newspapers, magazines, and phone directbidestables
are also published in the form of pocket-size betsklsold for
under a dollar or given away at most tackle shoysjnas, and
sporting-goods outlets.



Those venturing onto beaches,
marshes, mud flats, and coastal
waterways should first check
tide tables, which are published
in some newspapers, magazines,
and phone directories.

Keep in mind that tide tables are
only predictions. Strong winds,
heavy rains or runoff, and other
local and distant weather
conditions can cause tides to differ
[from the estimations in the tables.
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The booklets are best because they provide theinfosmation in
handiest form. Times and levels of the month's laigt low tides
are usually printed on opposing pages.

The tide tables provided in these booklets arevddrirom
schedules furnished by the National Ocean SurvaipNal
Oceanic and Atmospheric Administration. The datagited are
collected at established reference stations andaaredically
updated.

Booklets available along the Oregon coast usuatlyige tide
times and levels for the north coast (Astoria) tacoast
(Yaquina Bay), or south coast (Humboldt Bay, Caififa). They
also carry correction tables for specific areas@lihe coast, even
certain points on large bays and rivers.

For example, depending on which tide district @ tidok is based
upon, the correction tables will direct you to amtdsubtract hours
and minutes to or from the projected time of a,teted to add or
subtract feet and fractions of feet to or from phejected relative
depth of the tide.

Keep in mind that tide tables are only predictiddsong winds,
heavy rains or runoff, and other local and dista@ather
conditions can cause tides to differ from the eatioms in the
tables.

Some narrow beaches, especially those backedfts; cin be
hazardous at high tide and might be passable ohdyetide. In
fact, some flats, outcrops, and spits exposedvatitte might be
under several feet of water at high tide. So cbastekpackers,
hikers, beachcombers, anglers, and tide-pool egrdareed to pay
attention to tides to avoid being stranded, or wors

Big water and bad weather create potentially pesilconditions at
the mouths of estuaries, where the seas tendg¢apiand break.
Even in calm weather and good seas, a swift elgbctith make the
shallow bar dangerous. Any boater caught outsidéoén then
should wait out the tide and cross on the floode $imart boater
uses tide tables and plans ahead.

Exploring tide pools, gathering mussels, and diggilams are
low-water activities, with minus tides best. Cratsygrefer slow or
still waters, so most set their gear during thehasir or two of a
tide and continue crabbing through slack tide.



Anglers who fish coastal waters also must studyittes, which
influence the movement of both forage and predstecies. In
some places, anglers prefer a flood tide; elsewlieeecbb is
better. For fishing, slack water is seldom as petisla as moving
water.

No matter what kind of outdoor recreation you enjbyou pursue
it on the coast, you should know the tides and ydvedeck the
tide tables before venturing out.
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Oregon's Bay Clams

by Kenn Oberrecht

The most popular clams on
Oregon's south coast are the
so-called bay clams, which
include cockles, as well as
littleneck, butter, gaper, and
soft-shell clams.

¥ &
@72 ) EERGEN

Mollusks are invertebrates that typically have $hel
called valves, of one or more pieces completelyantly
enclosing their soft, unsegmented bodies. Memlders o
the class Bivalvia, the bivalves are simply molusith
two shells. They include scallops, oysters, mussels
cockles, and clams.

Although more than 150 species of clams resideatifié waters
from the high-tide line to depths exceeding 6,086t bnly a dozen
or so are considered important contributors tacttramercial and
recreational harvests.

The most popular clams on Oregon's south coasharso-called

bay clams, which include cockles, as well as litlek, butter,
gaper, and soft-shell clams. Two other edible cléouad in our
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Bay clams are not only
mportant to people, but also to
other predators.
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estuaries are the bent-nosed and white sand macoamsonly
called bent-nosed clams and sand clams.

Clams reproduce sexually, and in most speciegitation occurs
as eggs and sperm drift through the water. Clavataare
planktonic ("drifters"), usually for two weeks oonme, after which
they metamorphose into juvenile form and settl&obottom.

A juvenile might use its foot to move about theuasy bottom, or
might briefly tumble with the currents before bwwing into the
bottom sediments. Others temporarily attach themselia byssal
threads, to rocks or other solid bottom structustegre they remain
until they've grown to an inch or more and can ttade up
residence in sand or mud.

Clams are well built for the two jobs they do bésirrow and eat.
Each is equipped with a muscular anterior foothwhich it digs
into the substrate. Its symmetrical valves or shales give it a
wedge shape that facilitates burrowing.

Ensconced in its habitat, and with the efficientg submersible
pump, the clam puts its two siphons to work. lesk water and
nutrients with its incurrendr inhalant siphomnd discharges water
and wastes with its excurreot exhalant siphan

The clam'’s gills secrete a mucus that collectsplapts and
animals and other fine particles of organic mattewhich the
bivalve dines. For silverware it has two flaplikeustures called
palps with which it moves food from gills to mouth.

Lining the entire shell and forming a tough, rubbstrip along the
ventral or opening edge of the shell is a membcafied the
mantle Siphons might be little more than a pair of shitshe
mantle edge, as in the cockle. Or they can be sparsite,
extensible tubes, as in the bent-nosed and sancla gaper and
soft-shell clams, among others, the siphons atedimto a single
neck with two passages.

Bay clams are not only important to people, bub &sother
predators. Raccoons and otters prey on them, aardus species
of fish, crabs, shorebirds, wading birds, and wWatelr So it seems
clams are vulnerable to a variety of predatorgnatter the tide
stage. Considering that and the fact that clanesdi#t their
existence in a wet, cold, gritty, and unforgivingyeonment, it's
difficult to ponder the origin of the expressiohappy as a clam."
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Harvesting Bay Clams

by Kenn Oberrecht

RO &

In eel grass, walk slowly,
feeling for cockles with your
Jeet. Don't rake in the eel
grass, which uproots and
destroys this valuable plant.

o PSS BEREEN

Bay clamming in Oregon requires little equipmemigi a
nothing in the way of trendy attire. It's familynflgood
exercise, cheap recreation, and a wonderful wagnjoy
Oregon's estuaries. The only equipment required is
shovel or rake and a container for carrying theatat

Although any low tide exposes some clam beds, ¢s¢ d&re
morning minus tides occurring from March througipt®enber.
May, June, and July offer the lowest and the yéamgest series of
minus tides.

Cockles are easy to gather. They're found in samaly, just
beneath the surface or even on the surface, eipaciael-grass
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Oregon's abundant and
widely distributed soft-shell
clams thrive in virtually every
estuary.
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beds. You can harvest them with a shovel, rakeyen with your
fingers in soft sand.

On bare flats, look for two tiny holes about a hatth apart. In eel
grass, walk slowly, feeling for cockles with yoeet. Don't rake in
the eel grass, which uproots and destroys thisaéduplant.

The attractive cockle shells have prominent ridgraganating from
the hinges. They range in color from beige to oeasigd are often
darkly mottled.

Littleneck clams are other easily gathered shatlowllers, often
found with or near cockles. They're smaller thacktes, which
they resemble, and their color ranges from ivorgharcoal gray.
Ridges in the littleneck's shell are narrow andgshatched by
concentric ridges absent in the cockle's.

Butter clams reside in sandy mud and gravel, fromios12 inches
below the surface. They grow to four inches ancehhick, chalky
shells and short necks. Diggers look for half-incharger
keyhole-shaped holes and harvest the clams withethor rakes.
Where they've colonized, watch for spouts: streafwgater
expelled into the air as the clams retract th@haens.

The most popular bay clam is the gaper, locallywkmas the
empire clam, presumably after the Empire districoos Bay,
where the clam flourishes in nearby mudflats. Digdeok for
round or slightly oval holes in the mud, about @chior so across.
There's no mistaking the gaper's presence whepgke a finger
in the hole and feel it's rubbery neck retreat.erage gapers will
be four to five inches long, with the largest extieg seven inches
and residing two feet deep or more. It takes effodig big ones
out, but it's work well rewarded.

Oregon's abundant and widely distributed soft-stialhs thrive in
virtually every estuary. Although large specimeesemble and are
sometimes confused with gaper clams, they havad¢hiand more
brittle elongate shells and shorter necks. Theytdpow as large
as gapers and seldom inhabit the same flats. Tups®y clams
often live in gravely mud. They reside a few incheseath the
surface, nearer the high-tide line than any otlens, and are
accessible on any low tide. A good way to find therhy

stomping on the gravel as you walk and watchingfmuts.

There's no better bargain on the Oregon coast.



Harvesters age 14 or older need a residentialfisielicense, but
there’s no better bargain on the Oregon coastm@ilars can take
20 bay clams a day, of which 12 may be gapers, diteB86
softshells.

Perhaps the old expression should be "happy asvanoer.”

19
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Classification of Estuaries
by Kenn Oberrecht
]

Although all estuaries are similar, in that theysemi-
enclosed bodies of brackish water, scientists hiseel a
variety of criteria to classify them. They onceirosd
them according to their rate of freshwater evapmnat
but they no longer use this restrictive systemebus,
they categorize them with regard to geological
characteristics, and further distinguish them oa basis
of stratification and circulation patterns.

Most estuaries along the GeologicallyClassified

East Coast are coastal-plain According to their geological characteristics, asies are
estuaries; most on the West classified as drowned river valleys or coastalfpkstuaries, bar-
Coast are considered built estuaries or lagoons, fjord-type estuaries!, i@ctonically
drowned river valleys. caused estuaries.

21



A salt-wedge estuary is
highly stratified. Salt water
moves into it in the shape of
a wedge, with fresh water
Slowing over it.
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Most estuaries along the East Coast are coastal-gdéuaries;
most on the West Coast are considered drownedvalkys. Both
types were formed by the gradual rise of sea l@lewing the

last glacial period, 10,000 years ago. ChesapealggsBhe largest
of these in the U.S.

It's sometimes difficult to distinguish a lagooaorfr a coastal-plain
estuary, because there can be much overlappingaphcteristics.
Generally, though, lagoons are usually situatedllghto the
coastline. Many have narrow outlets to the seanaindmal
freshwater inflow, often creating higher salinigyéls than in
coastal-plain and other estuaries. In the U.Sqdag occur mainly
along the Gulf Coast. There are also some smaiblag along the
West Coast.

Fjord-type estuaries, created by glacial actioa,claracterized by
the steep slope of adjacent lands and their gegthdThey are
common above 45 degrees of latitude, and in Nortiedca are
most spectacular along the coast of Alaska andgsBriZolumbia.

Estuaries created by tectonic processes such @ditdes, faulting,
and volcanic eruptions are found along coasts whigch activity
is or has been common, such as the Pacific Coasbrof
America. These estuaries vary greatly and ofteresha
characteristics with other types. The largest eséhin the U.S. is
San Francisco Bay.

Classifiedby StratificationandCirculation

A salt-wedgeestuary is highly stratified. Salt water move®iittin
the shape of a wedge, with fresh water flowing avérhe velocity
of the freshwater outflow is usually greater thiaat tof the
saltwater inflow, which keeps the salt water fraxteading very
far up the estuary. The Mississippi River estuargn example of
this type, where the tidal range is small and iatég of mixing
the stratified layers.

The verticallynomogenousr well-mixed estuary is characterized
by low inflow of fresh water and large tidal rangkssuch
estuaries, salt water and fresh water tend to mikoally, and
sometimes laterally as well.

Intermediateestuaries are partly mixed. They exhibit circaati
patterns that are somewhere between those of itheesdge and
vertically homogenous estuaries. This type of egfugpical along



the East Coast, has a moderate inflow of fresheaiteé moderate
to large tidal range.

These ideally simplified categories are affectedtynany
variables as to make the subject of estuarineiitzgon a
complex matter. The fact is, estuaries don't erigh ideal state.
They are constantly affected by tidal and waveoactprevailing
and changing winds, local and distant weather systand
variations of rainfall runoff and river discharge.

23
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Regional Differences Among Estuaries

by Kenn Oberrecht

Estuaries along Oregon's uplifted coast are
comparatively small, perhaps amounting to no more
than 50,000 acres in the entire state. Generafigse
along the Atlantic and Gulf coasts are much larger,
mainly because of the lay of the land there.

Along Maine's craggy coast, Even within a state or region, estuaries can ddfeatly. The
estuaries are deep, rocky, and North-Atlantic region, for example, extends fromiN&to Long
Jordlie. Island, New York, comprising nearly 8,000 milegid&l shoreline.

Along Maine's craggy coast, estuaries are deegyrend
fiordlike. South through New England, coastal enmbayts are
small, with salt marshes mainly confined to theesdgf tidal
rivers. In the vicinity of Long Island, howevergtmarsh-rimmed
estuaries broaden and become relatively shallowe mo
characteristic of the mid-Atlantic region.

Southward, the coast becomes sandy, often formigaf pparrier
beaches and islands and enclosing huge bays andsdrivers

25



On the Pacific Coast, San
Francisco Bay is the only
estuarine system similar to the
large eastern estuaries, both
because of its physical makenp
and the dense urban and
industrial development along
its shores.
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and creeks are tidal for many miles, creating spngvestuarine
habitats and salt marshes that reach far inland.

Along the Carolinas and north coast of Floridaghedy barrier
beaches and islands, often battered by stormsuanalént
currents, are in a constant state of change. Bytafford
protection to the estuaries behind them, whereasalitemarshes
remain fairly stable, with human encroachment tharst threat.

At the southern tip of Florida is a rich marine romment
supported by a vast estuarine nursery system #sasinffered
tremendously from the abuses of over-zealous lavéldpers. At
the lower end of the Florida peninsula are cotahids and reefs
on the Atlantic side and a maze of mangrove forastsislands on
the Gulf side.

In the mangroves, shallow gulf waters mix with thenin-stained
freshwater flow from the Everglades and Great Csp&wvamp to
create a habitat capable of growing 75 percertt@pink shrimp
harvested in the U.S. This is also the rearingfaading grounds
for 75 percent of the sport fishes and 90 percktiteocommercial
species taken in this part of the state.

Long, narrow, sandy barrier islands and reefs shatcoast of the
Gulf of Mexico from northwestern Florida to Browrilés, Texas.
Estuaries here are generally broad and shallonkdia by
extensive marshlands.

Along the Texas coast, barrier islands have neamtyosed narrow
estuarine lagoons, leaving only small openingfiéogulf. Those
with major freshwater inflow are subjected to widehrying
salinity levels, while several that receive onlynimal fresh water
are actually hypersaline.

On the Pacific Coast, San Francisco Bay is the esilyarine
system similar to the large eastern estuaries, lbethuse of its
physical makeup and the dense urban and indudaiedlopment
along its shores.

The North-Pacific Region extends from northern foatia to
Alaska and contains some 40,000 miles of tidal thoas Most
coastal rivers here drop quickly from the mountamthe sea and
culminate in relatively small estuaries.



Every estuary is unique, yet all estuaries sharaioefeatures.
Some are similar enough to be grouped or classtftedrding to
their shared characteristics. Others are typicapetific regions.
All are greatly affected by geology, climate, anseamingly
endless list of other factors, headed by the eweth©ig human
population.

27
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Estuaries as Nurseries

by Kenn Oberrecht

Salt marshes, the croplands
and pastures of the estuary,
are anong the most fertile
areas on the planet.

Estuaries are often characterized by labyrinthiiakal
creeks winding through shallow marshes, prairies of
eelgrass growing on broad mud flats, and a tremesdo
variety of cover types providing protection andate
habitat for numerous species of animals. They lage t
only kind of environment capable of supporting aajr
diversity of saltwater, freshwater, anadromous,
catadromous, and uniquely estuarine residents and
passersby.

Salt marshes, the croplands and pastures of thargsare among
the most fertile areas on the planet. An acre lbinsarsh, for
example, may produce six times as much organicemastthe
average acre of wheat-producing farmland, and neagelven times
more fruitful than the waters of the continentagl§land 20 times
richer than the deep sea.

29



Many species that spawn in
the open sea produce young
that eventually make their way
to the estuaries. Among them
are Dover sole, starry flounder,
and cabezon, to mention a few.

30

Some organisms live out their entire existenceiwithe estuary,

while others begin life here and move elsewheré.dbhers move
to and from estuaries for various reasons, or regtaough them
bound for fresh or salt water.

One of the estuary's most important roles is thauesery, a vital
rearing area for many species of fish and shellfighestimated
that 65 percent of America's commercial food fishied
shellfishes and nearly all inshore and near-shalte/ater sport
fishes are vitally linked to the estuarine envir@ammn

A number of popular food and sport fishes, surflsnecksmelt,
herring, and some races of chum and pink salmonrspaor near
the estuaries where their hatchlings grow to filiggs or young
adults before venturing out to sea. Some specimairein or near
the estuaries all their lives. Several of the pertches regularly
visit Pacific estuaries to feed and to bear livangthere. A few
are permanent estuarine residents.

All of the anadromous fishes, those that spend wio$teir lives

in salt water but reproduce in fresh water, usestitaaries.
Similarly, the catadromous species those that méairé in fresh
water but spawn in salt water migrate through gtearies and
may reside there as juveniles. Among the most itapor
anadromous fishes are Atlantic and Pacific salmteelhead trout,
striped bass, and American shad. The Americarseel i
catadromous.

Many species that spawn in the open sea produaeyytbiat
eventually make their way to the estuaries. Amdwgt are Dover
sole, starry flounder, and cabezon, to mentioma Eestuaries are
also rearing grounds for various species of crabstmimp, some
of which are commercially important, while others aritical links
in the food chain.

Ambient temperatures and species requirements canbi
determine spawning places and times for these igada@pen-
ocean spawners. Eggs and larvae drift shorewawdaan currents
for varied distances, from a few to a few hundreigsn
Eventually, they enter the estuary, sometimeserfahm of eggs,
but usually as larvae or juveniles.

Having reached the nutrient-rich waters that hawtuned their
kind for untold eons, the young fish and shellfigh find food



and become food. A few will eventually mature talésland begin
the cycle anew.
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Estuarine Dependence

by Kenn Oberrecht

We know that most
commercially and
recreationally important fish
and shellfish use the estuaries
in varions ways, but we
speculate on whether or not
they are actually dependent on
these dynamiic waterways.

Estuaries--those diverse and productive areas where
rivers end in a tidal swirl of fresh and salt watae
environments shrouded in mystery. We know they're
important, but wonder how important. We know many
estuaries have been damaged by adjacent urban and
industrial development and growth, but we're nakesu
how badly. We know that most commercially and
recreationally important fish and shellfish use the
estuaries in various ways, but we speculate on hdnet
or not they are actually dependent on these dynamic
waterways.

Although entirely estuarine-dependent speciesaatively few,
many fishes and shellfishes have evolved life hissathat indicate
at least a partial or temporary dependence. Thaspgcially
apparent in ways the nekton, the aggregate ofsdnesrming
aguatic-animal organisms, uses the estuaries asnmyugrounds.

33



175 no accident that here on the
Pacific Coast many species that

lay pelagic eggs spawn from
November throngh March.
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Many animals have developed complex mechanismis/ing in
estuaries.

One such mechanism enables passively drifting aklye
swimming larvae, incapable of moving against cuseto find
their way into estuaries. Another assists eggsnamdswimming or
feeble larvae in reaching estuaries from ocean sipgngrounds
that might be many miles away.

To illustrate, salt water, which is denser thastirevater, usually
enters an estuary in the shape of a wedge thatspgastream, with
the lighter fresh water flowing over it. Many crabyrimp, and fish
larvae settle to the bottom and ride the salt-wexgeents into the
estuaries.

Some even develop daily cycles that enable thetakis advantage
of such currents in the estuary. For example, as a8 young
striped bass are able to swim weakly, they beginingoto the
bottom during the day and into the surface layerigitt. So they're
swept seaward from the head of the estuary at,ragiat back
again during the day, which allows them to remaithivw a
particular area, even though they are not yet gtemough to swim
against the current.

In the Gulf of Mexico, where salt-wedge and tidatrents are
relatively weak and insignificant to migrating lap; some species
have evolved winter spawning habits. That's the@eaf regular
onshore winds on the gulf, which result in shoreharrrents
sufficient to carry larvae into the estuaries agbbns.

It's no accident that here on the Pacific Coastynsgecies that lay
pelagic eggs spawn from November through Marcht'Sloar
storm season, when prevailing winds are usualljores So the
same winds that deliver Japanese glass floats thied ineasures to
beachcombers also help transport larval fish teetttearies.

Although many of the estuaries' inhabitants andors seem to be
as mysterious as the estuaries themselves, it egofhed a large
number of them are not only dependent upon estjdnd have
also developed ways to convey their young to tineseent-rich
nurseries.
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Litter Litter Everywhere

by Kenn Oberrecht

Efforts of 2,665 volunteers led
to the collection of 43,200
pounds of trash along 120
miles of Oregon beaches.

Any responsible person who spends time on Oregon's
coastal waterways, or who enjoys sightseeing anbik
along our trails and beaches is rightfully appalleg

litter that blemishes the region's legendary beauty
Floating trash bobs in the ripples and swirls ireth
currents of our rivers, heading seaward. Much of it
washes up on the shores of our estuaries. Advancing
from the ocean, waves dump seaborne garbage on our
beaches.

As bad as marine litter might seem here at timeshlpms in other
states are much more severe. In fact, if the resfithe National
Beach Cleanup of last fall are any indication, @reg beaches are
among the cleanest in the nation. Efforts of 2 é@lbinteers led to
the collection of 43,200 pounds of trash along d2@és of Oregon
beaches. That worked out to about 360 pounds bbgarper mile,
nothing to be proud of, but better than it mightdnaeen.

To the south, 16,122 Californians combed 368 mufdseach and

found 125 tons of litter, or about 682 pounds p#enMore than
3,000 volunteers in Washington cleaned 60 milescefin beaches
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The worst offenders of all,
though, are the world's
merchant vessels and passenger
ships, most of which dump
their refuse at sea. Studies
have shown, in fact, that of the
ships that dock at U.S. ports,
a mere three percent leave trash
in the bins provided them.
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and 33 miles along the shores of Puget Sound. fidusd almost
103 tons, for an average of 2,211 pounds per mile.

Of course, the people who play or work on our wadgs and
along our shorelines seem the most likely litterbtd they're not
the worst offenders. Whether engaged in outdooeation or
occupation, people discard tons of trash as theylge litter list is
long, including disposable diapers and butane dightbeverage
containers and bottle caps, plastic utensils axngpack yokes,
cigarette filters and candy wrappers, polystyramesand fast-food
containers, and just about any other kind of ttash can be
thoughtlessly discarded.

The U.S. Coast Guard reports that recreationakb®generate
about a pound of garbage per boater per day, darlptotal of
about 37.5 tons nationwide. According to the dlai Academy
of Sciences, every year, commercial-fishing fléese 149,000
tons of non-biodegradable gear such as monofilatres, traps
and pots, polypropylene ropes, and miles of ndisy&lso discard
26,000 tons of plastic packaging material. The esvaf the world
are also great ocean polluters, producing as msithrae pounds
of trash per day per sailor, all of which gets éassverboard.

The worst offenders of all, though, are the wondé&rchant vessels
and passenger ships, most of which dump their eedtisea.
Studies have shown, in fact, that of the shipsdbak at U.S.

ports, a mere three percent leave trash in thedrmsaded them.

Little of the trash discarded these days, whetheet in landfills
or jettisoned at sea, breaks down quickly. In famist of the litter
creating crises around the globe is plastic, infon@ or another,
that will still be here centuries from now. Alttér is an eyesore,
and much of it is dangerous. Many of the discaledtics,
whether at sea or washed ashore, are also sehi@atd to
wildlife. We have no alternative but to keep itazied up.
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Plastics Threaten the Marine Environment

by Kenn Oberrecht
|

So bad is the international marine trash problertth
along the Texas coast alone, 30 tons of garbagst ofo
it from foreign merchant ships, wash onto the beach
from the Gulf of Mexico every day. A one-mile straif
Texas beach that volunteers cleaned up at dusklaye
was littered by the following morning with anothl&7
pounds of garbage that had washed in overnight.

Currents are such in the partly enclosed Gulf okigtethat they
Beach Cleanup, Texas carry marine debris, most of it plastic, for gréstances and
beaches yielded a whapping deposit it along Texas's 624-mile coastline. Duttmeg 1990

2,508 pounds of trash per National Beach Cleanup, Texas beaches yielded apuhg 2,508
wiile. pounds of trash per mile.

During the 1990 National

In neighboring Louisiana, it's even worse, wittstrarifting down
the Mississippi River from inland areas only tamnjaabound
garbage tumbling ashore on nearly every breakingew#\
newsletter published by the Louisiana Sea GranegelProgram
reported on findings of two researchers who stuthedoroblem,
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Aluminum beverage cans
tossed into the water usually
sink to the bottom, where
they function as efficient traps
Sor small fish, shellfish, and
other creatures. They're also
likely to last for at least a
couple of centuries.

42

which is severe enough to have earned Louisianartbaviable
nickname, "The Litter State." Among all the localignerated junk
the researchers found on the beaches in their sinedywere "rice
bags from India, soft-drink cans from Singaporelj plepper cans
from Thailand, and even a plastic bottle of bathmadeaner from
Russia."

It's no wonder that of the states participatinthm beach cleanup
held in the fall of 1990, Louisiana had the dubibosor of being
littered with the greatest density of trash3,28arms per mile.
Garbage, whatever its form, is always ugly, butsafit is also
dangerous. Most of it promises to last for centuas a continuing
threat to the environment.

Aluminum beverage cans tossed into the water yssigk to the
bottom, where they function as efficient trapsdorall fish,
shellfish, and other creatures. They're also likellast for at least
a couple of centuries.

Plastic poses one of the greatest and long-lastnmegts to wildlife.
Nylon gilinet lost at sea keeps right on fishinggdat also entangles
sea birds and mammals. A snarl of monofilamentdiisearded by
a careless angler can become a deathtrap fordmdisnammals.
Plastic six-pack yokes, more efficient than a haagsnoose,
have strangled countless fish, birds, and sea m#énma

Coastal states spend millions of dollars every gezaning up all
this plastic and other litter, to protect not ottlg wildlife but also
the multi-billion-dollar tourist industry it threans.

The plastics threat has reached crisis proportwoosnd the world
and doesn't promise to soon subside. Ever-incrggsdastics
production and application can only compound tlodjem.
Plastic is so lightweight, strong, durable, andyiasting that it
has replaced many other manufacturing materiatgigiirout the
world. In the United States, we produce about twasenuch
plastic as all the steel, aluminum, and coppertqugther.

Plastic has become so much a part of our liveswkadren't likely
to reduce our use of it. We have no choice buinid éfficient
ways of disposing it.
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The Ballooning Problem of Plastic Litter

by Kenn Oberrecht

Just as the castoff plastic from other states aattbns

can drift in oceans currents and eventually wasloop
Oregon's shores, or endanger our migratory mammals,
birds, and fish, so can our discarded trash become
someone else's nuisance or hazard.

As beachcombers know, some glass floats and attesures that
break free of currents during winter storms andiignashore
might have been drifting for years. Along with {hrézes comes the
jettisoned junk of countless freighters, tankersise ships, navy
vessels, and fishing boats. They might as welldrbage scows for
all the litter they send our way.

The National Marine Much of the flotsam and jetsam riding the curraftghe world's
Fisheries Service reports that oceans is plastic. In fact, researchers at the &/ blmde

about 30,000 northern fur Oceanographic Institution found 46,000 pieces a$tit per square
seals die each year as a result mile on the open seas. It's no wonder we're losingiuch wildlife
of becoming entangled in to this marine menace.

fragments of nets and cargo-

strapping bands discarded at The National Marine Fisheries Service reports étatut 30,000

sea. northern fur seals die each year as a result afrbi# entangled
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Resin pellets from which plastic
products are made also lure fish
and sea birds, possibly because of
their resemblance to fish eggs and
other small organisms common in
their diets.

46

in fragments of nets and cargo-strapping bandsdisd at sea.
During the past 30 years, the population of theiggenas declined
by 50 percent.

Plastic bags drifting in the ocean and presumaddgmbling
jellyfish have lured sea turtles to their deatmi&irly, whales and
porpoises have ingested plastic bags and sheetchater died of
suffocation.

Both fish and birds ingest carelessly discardegigtglene
"peanuts” used for package dunnage. Resin pettats\hich
plastic products are made also lure fish and geis jpossibly
because of their resemblance to fish eggs and sthali
organisms common in their diets.

Plastics kill by entanglement and suffocation. Thag poison
hapless creatures or cause starvation. They ellen kiore
bizarre ways, as in the case of a young hawksbilet found near
Hawaii. An autopsy revealed an intestinal tractusioof plastic
bags, polystyrene chips, and monofilament lineoagnder the
animal buoyant and incapable of diving.

Another practice that needlessly litters the eartth the easiest one
to stop is the releasing of helium-filled ballo@isporting,
political, and other events. Despite what balloanofacturers
would have us believe, these balloons can ridelairents for
hundreds of miles and can kill wildlife.

According to the Center for Marine Conservationpag of an
experiment to investigate wind direction condudeadng the
1988 National Science and Technology Week, schatdren
released 250,000 tagged, helium-filled balloonsa@nth later,
only five percent of those balloons had been re@u;eand one
turned up on an island 1,300 miles from the rel@aseat. No
telling where the remaining 237,500 balloons wddhiversities,
cities, and states throughout the country haveaauattl balloon
releases. We can and should prohibit the hazand@asice
everywhere.

As to the rest of the plastic littering land and sad killing
wildlife, careful disposal, incineration, and reliygg seem the best
hopes for the future. Of course, the ignorant aresponsible will
keep tossing their trash wherever they pleasettadest of us will
keep picking up after them.

P Pt P
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How Estuaries are Polluted

by Kenn Oberrecht

It is indeed possible to
overharvest the oceans' fish and
shellfish stocks and to destroy
the breeding and rearing habitat
of our most important species
with onr excessive wastes.

For centuries, humans have been piling their vasiou
wastes on land and dumping them into rivers, estsar
and seas the world over. We have not only increased
numbers to dangerous levels, but, clever crittbet tve
are, we have also found extremely efficient ways&
up our natural resources and defile nature in almos
fiendish ways. What's more, we have created hgleou
toxins with far-reaching effects, as well as pahis,
contaminants, and trash that will continue to plnasir
environment for hundreds, even thousands, of years.

Although the world's oceans have a tremendous dgpac
assimilate the human race's waste products, av¢heggne
throughout humanity's brief history, we now knowattive're
overstressing our coastal waters and open seasaositmuch filth
and debris. It is indeed possible to overharvesbteans' fish and
shellfish stocks and to destroy the breeding aadmng habitat of
our most important species with our excessive vgaste
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We don't have any new
estuaries on the drawing board.

So it looks like we'll have to
protect the ones we have.
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Rivers and creeks are direct recipients of indalstvaste and
municipal sewage. They also drain urban, suburdaah rural areas
where they collect more pollutants and litter. Asyt move toward
the coast, they gather or join the waters of oirerams. They
eventually reach the sea, usually via an estulagyatea where
fresh and salt water mingle. Most of the estuatiemselves are
bordered by dense population and industrial deveto that add
significantly to the water's pollution load.

Estuaries are vital links in the life historiesnebre than two thirds
of all our commercially important fishes and shshies, most of
the near-shore and intertidal sport species, drahatiromous
fishes. Pollution of our estuaries is among thaigs threats to
our environmental health. Like vandalism, it's alssteful, costly,
and senseless, if not downright criminal.

Estuarine pollution may be defined as the humawdiiction to an
estuary of any substances such as chemicals artd prasiucts
that are hazardous or potentially harmful to titeame
ecosystem. This includes pollutants that are dyrégxkic to plants
and animals, as well as materials that overloagsheary's
capacity to assimilate wastes and thus depletaesisexygen.

Toxic substances commonly found in estuaries irechehvy
metals, pulp-mill effluents, insecticides, herbe&sdand various
chemicals and petroleum products. Further stresshgarine
waters are such contaminants as sewage, slaughseraod
seafood-processing wastes, tree bark and sawaduastsiawmills,
wood fibers from log-rafting operations, phosphated nitrates
from detergents and fertilizers, and livestock wast

Humans have been polluting their environment fdoag as they
have existed, but the effects were comparativehyomuntil fairly
recently. Now that the population bomb has explodexidon't
have as much environment to go around as we used to

We don't have any new estuaries on the drawingdo&ar it looks
like we'll have to protect the ones we have.
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Effects of Pulp-Mill Effluents

by Kenn Oberrecht

i T [
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Among the most common forms of pollution founten t
estuaries of the Pacific Northwest are pulp-mifluefnts,
municipal sewage, and agricultural wastes. In fact;
larger estuaries are subjected to all of these amude.

It's safe to say that no body of water was everawgd by the
introduction of pulp-mill effluents. Neverthelesise effects of
pulp-mill pollution vary greatly from one mill or ithlocation to
another and are influenced by other factors as weluding
temperature, time of year, and even the type ofdndolend of
woods being pulped.

A large mill might release more The pulping process employed also affects the tyuatid amount
than 50 million gallons of of the effluent. In the kraft process, wood chips asually
¢ffluent per day into a river or digested in a chemical solution, much of whicheisavered before

estuary, infroducing a variety of  the effluent is discharged into the river or esfuar
toxcic materials and tons of

O1ZAnNIE WASLES. The more contaminating sulphite process requirge lamounts of

water nearly 500 gallons per ton of pulp. A largé might release
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Sea salts are natural buffers that
help neutralize both excess
acidity and alkalinity.

Breakdown of great quantities
of organic material requires an
abundance of oxygen in the
ontfall area. This oxygen
demand can create severe
problems, especially in small
estuaries or those with poor
cirenlation.
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more than 50 million gallons of effluent per datoi river or
estuary, introducing a variety of toxic materiatgldgons of organic
wastes.

Mercaptans are sulphur-containing compounds thatecthe
horrible stench associated with pulp mills. They akso irritate
the gill surfaces of fish, as can the acids andisdes found in
pulp-mill effluents, making it difficult for the $h to breathe.
Concentrations of methyl mercaptans can kill figtparalyzing
the nerves of the gill muscles.

Even low levels of pulp-mill wastes can be harméuéstuary
residents. Fish, for example, might experience botlathing and
growth problems. Oysters might remain closed lorigan usual,
and their pumping rates, growth, and reproductemmlme reduced.
Pulp-mill effluents might introduce acids or alkalito the estuary,
either of which will affect the water's pH, or neity, and become
potentially harmful to fish and other animals ureatd tolerate
excessive acidity or alkalinity. To alleviate symoblems,
operators of some mills mix the acidic and alkatoenpounds
before release, thus neutralizing the effluent.

Sea salts are natural buffers that help neutralitle excess acidity
and alkalinity. So the higher the salinity neaugpmill's outfall,
the less pH deviation will be a problem.

Organic wastes in the effluent consist mainly ghins and wood
fibers. Lignins stain the water brown, inhibitingnéight
penetration and photosynthesis, which retards gjaowth. Wood
fibers also affect photosynthesis and respiratyreducing the
exchange of gases in plant cells. When the fibakste the bottom
to decay, they can reduce or eliminate oxygen there

Breakdown of great quantities of organic mateegjuires an
abundance of oxygen in the outfall area. This orydemand can
create severe problems, especially in small egtsian those with
poor circulation.

The ideal pulp mill would be one that dumped nduytahts into
the river or estuary, one with a so-called clogetiesn, in which
no effluents are discharged. But this may be air@mmental ideal
that's impossible to achieve. Even if the technplwgre advanced
enough to permit it, the closed system might ptogeexpensive
to implement.
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The Effects of Sewage on Estuaries

by Kenn Oberrecht
|

Sewage usually degrades the waterway where it's
dumped. Municipal sewage can be directly toxic to
organisms it comes in contact with and can cause
oxygen depletion through nutrient enrichment in the
waters where it is introduced. The smaller thoséeva
or the poorer their circulation, the worse the etteof
sewage will be on the organisms living there.

Degpite the seeming abundance Depending on its content and Ievgl of treatmentage can wreak

of sewage-treatment plants in havoc all the way up the food chain to humans. Rentreated

the United States, raw sewage  SEWagGe, for example, may contain harmful chemi¢elgardous

is frequently discharged into our - COMpoOUNds, heavy metals, and viruses.

waterways, especially during

storms and periods of peak Despite the seeming abundance of sewage-treatri@s in the

runoff and snowmel. United States, raw sewage is frequently dischaigedour
waterways, especially during storms and periodseak runoff and
snowmelt. Equipment malfunction and human errars lad to
raw-sewage discharges. At treatment plants, semagja
undergo only minimal treatment or be subjectedtaraay of
purification steps. The various levels are knowpm@ary,
secondaryand._tertiarytreatment.

57



Most commmunities in the
United States depend on
primary-treatment systens.

Despite the pressures of
increasing populations on onr
overburdened estuaries, there is
some promising technology
already working at the
seemingly overwhelming task of
safe sewage treatment and
disposal.
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In primary treatment, sewage is screened to rerfavge particles,
then sent to settling chambers. Sludge is raked the bottom of
settling chambers for disposal, and the liquid fl@yerated before
chlorination and release.

Chlorine is added to kill bacteria. The problenthiat it is non-
discriminating, killing both the disease-causingtkaa and those
that would help break down the sewage after itsas.

In secondary treatment, the liquid is aerated angesimes planted
with fresh bacteria. It might also be run througdfitar system and
sprinkled on a bed of coal or gravel over a braad aonducive to
bacterial growth and oxidation. It's usually chhatied before
release. Sludge is removed from settling tankstegaded. It might
then be burned or turned into some useful product) as
fertilizer, soil conditioner, or fill material.

Tertiary treatment attempts to remove all contamtisifrom
sewage, which is both difficult and expensive.dms tertiary
plants, though, the final product is purer thanwaper.

Most communities in the United States depend amany-
treatment systems. Some use a combination of pyiarad
secondary treatment; few employ tertiary treatmientoo many
coastal communities, especially the more remots,sewvage gets
only cursory treatment, if it gets anything at @lhe rest is left to
tidal currents.

In addition to toxins and other pollutants and baredlance of
oxygen-depleting organic matter, sheer bulk is lagoproblem
sewage creates, especially where population ised&ms example,
it's estimated that during the summer months, bytithe New
York's Hudson River reaches its estuary, 15 to&@ent of its
entire volume consists of municipal sewage.

Despite the pressures of increasing populationsuon
overburdened estuaries, there is some promisimmodagy
already working at the seemingly overwhelming taskafe
sewage treatment and disposal.

In one system, after primary treatment, sewagévested to a
series of ponds and marshes where biological psesagmove
much of the remaining organic material by decontpmsiand
plant growth. Not only is the sewage effectivebatied, but the



newly created marshes, lush with vegetation, atbiads,
waterfowl, and other animals, as well as people @aijoy nature.
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Oil Pollution in Estuaries

by Kenn Oberrecht

Shipwrecks, groundings,
blowonts at offshore oil rigs,
and other accidents on water
account for the worst oil-
related environmental
disasters, mainly because oil is
difficult or impossible to

contain in water.

Oil is an imprecise term applied to various petrote
products, consisting of hydrocarbon compounds and
differing widely from one another. Petroleum pumped
from the ground is commonly called crude oil, whih
distilled and refined into a number of other protiyc
such as diesel fuel, kerosene, gasoline, benzene,
naphtha, machine oils, and lubricating oils of \ars
weights.

Oil is transported in its many forms by rail, truskip, airplane,
and pipeline. It is also spilled and leaked ontalland into water
throughout the world.

Tankers and supertankers haul vast amounts of emndieefined
oil by sea. Smaller tankers also enter estuaridgramel up
navigable rivers. Additionally, thousands of navessels,
merchant ships, and cruise ships carry large qiesof bunker oil
as fuel for their engines.
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Shipwrecks, groundings, blowouts at offshore g$riand other
accidents on water account for the worst oil-relaevironmental
disasters, mainly because oil is difficult or imgibée to contain in
water. According to the National Academy of Scienaal pollutes
the global marine environment at a rate of aboutrsilion metric
tons a year.

Oil pollutes estuaries in a number of ways, inaigdmnajor spills
from freighters, tankers, barges, and other veggeigy aground or
colliding with other ships or structures, and mispills from small
recreational and commercial craft. Emptying ofamhtaminated
ballast and bilge water into an estuary is anotvasr of polluting

it.

The normal operation of coastal refineries, faemrand mills
adjacent to estuaries often leads to oil leakageepage into the

water.
The normal operation of Runoff from rainfall and snowmelt carries oil frdmghways, city
coastal refineries, factories, streets, parking lots, industrial areas, and hesyypment yards
and mills adjacent fo into the estuary, either directly or through mupétistorm-sewer
estuaries often leads to oil systems. Thoughtless vehicle owners who discard asakcase
leakage or secpage into the oil in storm sewers only compound the problem.

water.

Open seas have a much greater capacity to assrapdked oil
and reduce its harmful effects. As many learnednihe
supertanker ExxoWaldezwent aground in Alaska's Prince
William Sound, however, near-shore spills can lsastrous,
especially when they occur within partly enclosedibs of water,
such as a sound, bay, or estuary.

Riverine and estuarine currents make spills armtisiparticularly
difficult to contain. They quickly carry the oil &horelines,
marshes, and flats where they do their worst damage

An oll slick is a threat to most creatures in igdlp especially sea
birds, waterfowl, and fur-bearing mammals. It ctanket and
smother whole communities of shoreline and intattatganisms,
kill the eggs and larvae of fish and shellfish, #adt entire
colonies of adult shellfish.

In the confines of an estuary, even relatively smiakpills can

wipe out whole populations of certain organismasthpsetting
the food chain there for years to come.

62



Although oil is a toxic substance, difficult to ¢gam and clean up
in the estuary, the sooner cleanup crews can gespill or
detected slick, the better their chances of altevgeat least some
of the harmful effects. So it's important to imnedly report spills
to the local Coast Guard or other authorities.
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Nonpoint-Source Pollution

by Kenn Oberrecht
|

In recent years, agencies contending with all tlagsv
we've found to foul our planet's waters have begun
focusing their attention on a major source of ptdo
that, well, you can't really put your finger on.éyhcall it
nonpointsourcepollution and define it as "all pollution
entering the surface-water system other than from

pipes.”
According to the National When pollution comes from a single point, usualpjie, it's
Oceanic and Atmospheric called_pointsourcepollution. Examples are pulp-mill effluents,
Adpuinistration, the sonrces sewage discharges, and most industrial wastegéaumped into

You can't point to "contribute our rivers and estuaries. You can point to them.
more than half of the

suspended solids, phosphorns,— According to the National Oceanic and Atmospheric
chrominm, copper, lead, iron, Administration, the sources you can't point to 'tcitiute more
xinc and fecal colsform than half of the suspended solids, phosphorusnulira, copper,

bacteria" that pollute our
rivers and estuaries.
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Streets that end at the edge of
an estuary can be particularly
harmful, providing a fast and
direct route for polluted runoff.
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lead, iron, zinc and fecal coliform bacteria" tpatlute our rivers
and estuaries.

They include soil eroding into creeks and riveosrfrfarms,
ranches, construction sites, and logging areas. 3dil buries
valuable gravel spawning grounds in our streamacieases
turbidity, which diminishes sunlight penetratiordaetards plant
growth. It also causes lakes to fill in and agereqmdly.

Runoff in rural areas usually contains harmful cloats, fertilizer,
livestock manure, and waste oil. Runoff in urbagaarisn't much
different, carrying, as it does, fertilizers andfp&des used on
lawns and gardens, pet wastes, and oil leaked vedntles.

Toxic chemicals, heavy metals, and oil also rehetrivers and
estuaries in the leachings from mine tailings amdgifills and
runoff from scrap heaps and wrecking yards. Radhranlting
snow also flush highways, streets, and parkingdbtead salt, oil,
metals, and other pollutants. Marinas and boahba®ntribute
untreated sewage and fish wastes. They add cleanomgounds
and anti-fouling paints to the pollution brew, aslivas
contaminated runoff from nearby parking lots.

Nonpoint-source pollution is a severe problem oatently
recognized. Both federal and state agencies thautghe United
States are now working to find solutions.

A major contributing factor associated with urbaavgth and
industrial development is the vast and rapid regteent of
vegetated, undeveloped land with such imperviousses as
highways, streets, parking lots, and sidewalkees¢rthat end at
the edge of an estuary can be particularly harrpfalyiding a fast
and direct route for polluted runoft.

A number of states now require new constructiobe@et back
from waterways for distances of 50 to 200 feet orenleaving
vegetated buffers between structures and the wabene have
redesigned street ends to alleviate the runofflprobOthers
encourage planting new buffer zones where noné¢egkisefore.
The buffer areas filter rainfall and snowmelt runoémoving
much of the harmful contamination from it beforegches rivers
and estuaries.

These measures, coupled with strict permit systamseview of
all new development near rivers, estuaries, aral wwetlands will



go a long way toward cleaning up our coastal wadatskeeping
them clean.
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The Estuary as Pollution Trap and Filter

by Kenn Oberrecht

Much the same way estuaries trap nutrients andigeov
rich and productive nurseries and feeding areas for
numerous organisms from the bottom to the topef th
food chain, so do they trap pollutants that canrhar
estuarine residents and others dependent on them.

The wedge of salt water characteristically undagythe layer of
fresher water in an estuary tends to move sedimerts unusual
way. As the denser salt water moves along the tvotbovard the
head of the estuary to replace water carried awdseshwater
surface flow, it takes with it some of the nutriettte river has
brought downstream, thus dispersing them over amvadea in the
estuary.

Some salt-marsh and tidalflar  Similarly, if the river is polluted, contaminantarcbe carried
plants are capable of filtering downstream in the fresh or brackish surface lapen back
harmful pollutants from the toward the head of the estuary after they setilend into the
water and storing them

beneath the bottom sediments

in their roots and systems of 69
runners known as rbizomes.



Studies indicate that salt
marshes can receive some
sewage without adperse effects
on the marsh environment.
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deeper salt water. Valuable nutrient-bearing sedimare also
capable of carrying and dispersing a variety ofggaous
pollutants, including pesticides and heavy metalsch some
estuarine organisms are known to store and coratentr

Some salt-marsh and tidal-flat plants are capaliétering
harmful pollutants from the water and storing theeneath the
bottom sediments in their roots and systems ofetsiknown as
rhizomes In this way they function as valuable filterstthbeanse
the estuary's waters of contaminants.

Some pollutants, however, such as mercury, the haxstrdous of
the heavy metals, make their way to the plantsegavhere they
either directly return to the water or enter thedahain when
plant-eating organisms consume the leaves or bedtles called
detritus

Studies indicate that salt marshes can receive semage without
adverse effects on the marsh environment. Addiliprsome
polluting substances that end up in the marsh suswill break
down and be rendered harmless.

In these investigations, nitrogen and phosphorwghath sewage
contains large amounts had no apparent detrimefiéaits on the
marsh. Phosphorus apparently did not retard planwty, and the
nitrogen fertilizer used in the experiments actualtreased the
growth of higher plants.

These and similar discoveries are leading to tdolgies that show
promise for the future in ways we might come tol eath
increasing sewage and pollution loads that ovedsualir
treatment plants and waterways.

One fine example of such technology at work is tedan the
outskirts of Arcata, California. The college toviesl west of U.S.
101, 92 miles south of the Oregon state line. Arédarsh and
Wildlife Sanctuary, a lush wetland at the northedge of the
Humboldt Bay estuary, annually attracts more thab dpecies of
sea birds, shorebirds, and waterfowl.

First-time visitors to the marsh find it difficuld believe that the
beautiful area, teeming with wildlife, is actuafigrt of the city's
sewage-treatment facility. Such created or impdovetlands
might be ideal in many parts of the nation. Notyardn they help
us dispose of our wastes, but they also becomabkdwvildlife



habitat in the process. Moreover, they represeatsomall way that
humans can begin paying back their environmenkalgaguered
planet.
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Monsters of the Estuary

by Kenn Oberrecht

In a single sweep of its powerful
tail and a subtle turn of the
tail's long upper lobe, the huge
fish overtafes its hapless prey
and consumes it in one slurp.

Cars, motorhomes, and tractor-trailer rigs ride the
rising arches of the McCullough Bridge over CooyBa
their occupants unaware of the life-and-death drama
unfolding in the dark depths below. Beneath théysur
surface swirls of water ebbing ever seaward, a¢oq
shaped monster in search of its next meal glidestdy
and effortlessly, like something oiled, past brigggrs
and rip-rap.

Characteristic of its species, which developed 4bom years ago,
this sleek predator displays a single dorsal fapat muscular body
wrapped around a skeleton of resilient cartilagee Margest of its
kind in North American waters, the great white mofreely from
the depths to the shallows and back again. Inglessweep of its
powerful tail and a subtle turn of the tail's lamgper lobe, the
huge fish overtakes its hapless prey and consumesime slurp.

Slurp? Slurp! Is this the right word to depict thayhem of a
marauding great white shark with enormous jawsdiiteeth best
described as indestructible self-sharpening shahd=®, no. Our
great white's mouth is more like a vacuum-cleasehWhile it
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This is a brute of a fish,
capable of growing to 16 feet or
longer and weighing more than
1,500 pounds. It's a slow
grower, though, and often a late
breeder, characteristics that call
for special measures to assure
the survival of the species.
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shares some characteristics with sharks and camasthe same
geological era, its habits and habitats are corsldie different.
Our bay monster is the white sturgeon. Its preyhiniave been a
smelt, herring, or ghost shrimp.

Sixteen known species of sturgeon swim the fresdcKkish, and
salt waters of the northern hemisphere, seveneoh ttesidents of
the United States. Here on the West Coast, we travspecies:
the white and the smaller and rarer green sturgeon.

Most sturgeon are anadromous fishes, moving fifeety the
ocean into the estuaries and rivers to feed anarspBhe green
sturgeon, however, which grows to about sevendeet350
pounds, seldom enters fresh water and seems fter pinef brackish
estuaries.

The white sturgeon is tolerant of a wide rangeatihgy. From
Monterey, California, to the Gulf of Alaska, it mes/from the
ocean and edge of the continental shelf, into sheagies of large
coastal rivers, and often far up the rivers. Somakeviduals spend
most or all of their time in the estuaries and nsvén fact, dam
construction on the Columbia and Snake rivers &waglbcked
whole populations of white sturgeon many milesndié&rom the
ocean.

This is a brute of a fish, capable of growing toféét or longer and
weighing more than 1,500 pounds. It's a slow groeugh, and
often a late breeder, characteristics that calspacial measures to
assure the survival of the species.

Like other sturgeons that flourished for milliorfsyears, the white
was nearly wiped out in a brief span from the 1880be 1920s.
No laws protected the great fish then, when comialeiishermen
took so many for their tasty flesh and valuabletha the brood
stock was nearly depleted.

White sturgeon seem to be holding their own now dmly
persistent efforts will ensure their survival. Weted to continue
our studies of these ancient creatures, strictigrea the laws that
protect them, and preserve the estuaries thatrehfeed them.
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How Sturgeon Depend on Estuaries

by Kenn Oberrecht
|

Of the two species of sturgeon found in Oregon's
estuaries, we know more about the habits and ig®ty
of the white sturgeon than its smaller cousin. Tifoze
mysterious green sturgeon seems to spend most of it
time near the mouths of estuaries, moving intdfres
water only to reproduce during the fall and winter.

White sturgeon, however, seem to rely much mortherestuaries.
In fact, some spend most of their lives in the &sés of Oregon's
largest coastal rivers, such as the Coos, UmpauiCalumbia.

When schools of smell, Feeding migrations vary from one locale to ano#ret can be
herving, or other forage species influenced by movement of forage species. Althowgite
migrate into the estuary, sturgeon feed on both plant and animal matter titrout their
sturgeon move in _from the lives, adults are opportunistic predators, shovairystinct
ocean to feed on them. preference for fish and other animals.

When schools of smelt, herring, or other foragesgsemigrate
into the estuary, sturgeon move in from the ocededd on them.
Lampreys and ghost shrimp are other favorite fodtiey consume

77



Male white sturgeon mature
sexcually any time between 11
and 22 years of age, females
between 26 and 34.
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many kinds of fish, dead or alive, and even movéheqivers to
feed on carcasses of spawned-out salmon. Thegatstulpins,
sticklebacks, suckers, and even their own kind.

White sturgeon grow slowly but live long. Althoughowth rates
vary from one estuary to another, most young fislwgo about 20
inches in five years and add two inches in lengithdollowing
year, to about age 35. After that, they grow marbulk than
length.

Spawning in fresh water, usually in May or Junep8bind
females lay nearly 700,000 eggs, while the largpstimens of
800 pounds or more can produce three to four mikiggs, with a
mass weight exceeding 200 pounds. Poor parentagdilies leave
eggs unattended and let young fend for themselves.

Juveniles consume mainly insect larvae, mysid ghrimy
crustaceans, mollusks, and other freshwater anchenar
invertebrates. After about five years, their prefee turns to fish,
which then make up about half their diet.

Male white sturgeon mature sexually any time betwkeand 22
years of age, females between 26 and 34. Theywsuspawning
and may reproduce several times during their ligéepugh
intervals between spawning get longer as the figh While
younger females spawn every four years, olderrigiht spawn
only once every decade. So it's important to ptdteebrood
stock.

Toward that end, Oregon enforces strict size atchdamits,
permitting anglers to keep two sturgeon a day:lmte/een 40 and
48 inches, and one between 48 and 72 inches. Largenaller
fish must be released unharmed.

Old photographs survive showing white sturgeonigdhey had to
be hauled out of the water with block and tackléeams of mules.
Many fish of 800 to 1,000 pounds or more were caagbund the

turn of the century. By the 1920’s, the biggestelders were gone.

Sturgeon of such huge size have lived for 60 tge&l's or more,
so replenishing the brood stock is a slow prodesstecting them
and the estuaries they depend on is essentiasetgreat fish are
to survive.
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Geological Time Capsule, Part |

by Kenn Oberrecht

In geological terms, earth's history unfolds in a
succession of human-defined time divisions thatraceb
thousands, millions, even billions of years. Theida
unit of geologic time is the perip@hich comprises two
or more_epochsAn erais a major division consisting of
two or more periods. There are longer and shorter
divisions, but these three serve well in any desiom of
the features and events that helped shape the gdaah
the planet we know and formed the environment iclwh

we exist.
Earth's earliest life forms Beginning some five billion years ago, the Archa@oZ®eriod is the
appeared during the Proterozoic  €arliest division of the Precambrian Era. Duringttime, the
Period. earth's crust gradually solidified. The barren gwnits that formed

then were about only one-eighth the size of curtentinents. The
atmosphere had excessive carbon dioxide, no frggeox and no
ozone to mitigate the effects of the sun's fielt@awolet radiation.
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The age of marine invertebrates
dawned, and shellfish flonrished,
as did echinoderms, early
ancestors of the sea stars, sea
urchins, and sea cucumbers.

The Devonian Period
marked the age of fishes,
405 million years ago.
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The Proterozoic Period of the Precambrian Era bagant 2.5
billion years ago. During this time of relative walcontinents
increased to nearly their present size and formgeat
supercontinent. Huge bodies of molten matter knagsmagma
were trapped inside the earth's crust. As theyechahinerals
crystallized and settled out, and great layers etiatformed in the
crust.

Earth's earliest life forms appeared during theéd?ozoic Period.
Blue-green algae began thriving, photosynthesizang, pumping
free oxygen into the atmosphere. Bacteria and prieni
multicellular life forms appeared.

The Cambrian was the first period of the PaleoEva; occurring
570 million years ago, when the earth's landmassiied in a
broad equatorial band. The largest, which geolsgiasti
Gondwana, comprised what we now know as South Arageri
Africa, India, Australia, and Antarctica.

Extensive seafloor spreading created high mid-ocelges that
displaced water and raised sea levels worldwiderdathing
waters flooded continental lowlands, forming vasirm, shallow
seas, conducive to the development of new spekigeeater
abundance of free oxygen gave rise to the emergdmoany new
life forms. The age of marine invertebrates dawiaed, shellfish
flourished, as did echinoderms, early ancestoteefea stars, sea
urchins, and sea cucumbers.

About 450 million years ago, during the OrdovicReriod, Europe
and North America began to drift nearer each otinegthe ocean
that eventually developed into the Atlantic, islamdllided and
crumbled, creating jagged peaks along the contahshelf. Fungi,
seaweed, and the first primitive fishes appeared.

The Silurian Period began 435 million years agmri@zwas
accumulating in the upper atmosphere then, forraitayer dense
enough to filter most of the sun's harmful ultrdeioays. The first
land plants appeared and began to colonize. Mddeqi
appeared, and shellfish became abundant.

The Devonian Period marked the age of fishes, 4®myears
ago. Earth's first amphibians appeared then, alotigprimitive
insects and land animals. The earliest trees bggaving in the
lowlands and colonizing to form earth's first fases



Earth had aged billions of years and had becomgitaiie enough
for complex plants and animals to exist. But mbiant340 million
years would pass before the primitive ancestoraadern humans
would leave footprints in the volcanic ash of A&''e Great Rift

Valley.
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Geological Time Capsule, Part Il

by Kenn Oberrecht

Earth was characterized by lowlands and shallowssea
in the Mississippian Carboniferous Period of the
Paleozoic Era, 345 million years ago. Fern forests
appeared then, and the age of amphibians began.

During the Pennsylvanian Carboniferous Period, twvhiegan 35
million years later, North America and Europe waligned along
the equator. The southern and central Appalachianntéins were
forming then.

During the Permian Period, As polar ice caps advanced and receded, worlcesets|
290 million years ago, all the fluctuated, and inland seas formed. Silt-laderutaby rivers
continents except what is now transported sediments and built swampy deltas wiresa forests
China were a single landmass ~ flourished in the steamy climate and eventuallyrfed huge coal
the geologists call Pangaea. deposits.
Near the end of the Carboniferous Period, earitisisreptiles
appeared.

During the Permian Period, 290 million years adiaha
continents except what is now China were a sirajidinass the
geologists call Pangaea. By then, colliding cruglales had thrust
the Appalachian Mountains to great heights, blogkainfall and
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The age of the reptiles
dawned during the Triassic,
and the first dinosanrs
appeared. Mammals also
began to show up.
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creating deserts and arid grasslands where the gpabforests had
stood.

The merging of landmasses forced many differerdumgyns to
compete, and thousands of species disappearean@lsl@ans
declined, reptiles began to prosper. Many marinertebrates
became extinct. The first conifer forests appeared.

The Triassic Period ushered in the Mesozoic Erar@dlibn years
ago. Earth was warm then and free of glaciers.htluge,
northward-drifting continent of Pangaea includedrheall the
planet's land. It was mostly flat and dusty, witmes, well-worn
mountains, and occasional oases. The climate wasad fairly
uniform, volcanoes were numerous, and oxidized caored the
soil red.

The age of the reptiles dawned during the Triassid, the first
dinosaurs appeared. Mammals also began to showaipgaea,
the supercontinent, began straining under tectionees during the
Jurassic Period, 205 million years ago. North Ageestarted to
separate, and the North Atlantic began to form.

This was the age of dinosaurs. Flying reptiles thiedfirst birds
appeared. Mammal populations started increasing.

During the Cretaceous Period, 140 million years &gmgaea split
into two continents: Laurasia in the north, Gondavanthe south.
The two landmasses were separated by a narrow cedlad the
Tethys. South America and Africa began to sepaGsafloor
spreading raised sea levels dramatically 1,600Mekter than they
are now, inundating 85 percent of earth's surface.

Cretaceous plankton proliferated in the tepid watéithe Tethys
Ocean and sank to the bottom as they died. THesg gradually
transformed into petroleum and eventually formezrtbh oil
fields of North Africa and the Middle East.

Dinosaurs, also destined to become crude oil, mwedlto
extinction. Modern insects and flowering plantsegmed as the
Cenozoic Era was about to commence, 65 millionsyago.
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Geological Time Capsule, Part
by Kenn Oberrecht
.|

Earth's most recent era, the Cenozoic, began 6fomil
years ago and continues to the present. It's dovid&o
two periods, the Tertiary and Quaternary, compigsin
seven epochs.

As continents converged during The age of the mammals dawned and the first prsregipeared
the Oligocene Epoch, 40 million  during the Paleocene Epoch, when the earth's @dinaaiged from
years ago, monntains were mild to cool. As the climate warmed during the Boz&poch, 10
created thronghont much of the million years later, modern birds and mammals @adtdirds
world, appeared.

As continents converged during the Oligocene Epd8hmillion
years ago, mountains were created throughout miuitie avorld.
The Mesozoic ocean known as the Tethys was greatiyished,
and the North American and South American contmenifted
toward their present positions.

Wildlife populations became isolated in the comntitad breakup

and evolved separately. Saber-toothed cats ane baayvsing
mammals appeared.
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The Holocene or Recent
Epoch, which began 10,000
_years ago, is marked by the
appearance of modern humans,
Homo sapiens, who have since
colonized earth, overpopulated
it, and abused it by every
means at their disposal.
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By the onset of the Miocene Epoch, 25 million yesge, grazing
animals proliferated on widespread grasslands. Appsared on
land, whales in the oceans.

The Pliocene Epoch at the end of the Tertiary Bed0® million
years ago was a time of change, variety, and cststrgarth's
climate cooled, and mountain ranges uplifted. Mamsnmzreased
in size and numbers.

In the later Pliocene, about three million years, agjate
movement caused ocean floors to collide and rasésthmus of
Panama, bridging North and South America and atigvainimals
to migrate in both directions. Many species, inoigda host of
South American marsupials, were unable to sunhee t
competition and eventually died off. Some, sucthasopossum
and armadillo, thrived in their new northern ranges

Homo habilis considered the evolutionary link to modern humans
appeared in the Great Rift Valley of East Africdlet end of the
Tertiary Period, 3.6 million years ago.

The Quaternary Period began with the Pleistocermelitwo

million years ago, during which other hominid sgsciollowed
Homo habilis Homoerectusoamed the earth and left remains for
modern humans to find in such far-flung places @®ge, China,
and Indonesia.

Neanderthals, Homsapiensieanderthalensignhabited Europe
and western and central Asia from about 100,000 #®.@0,000
B.C. The Cro-Magnons, Honsapiensapiensconsidered the
prototype of modern humans, lived on earth at titeca# the
Pleistocene Epoch, from 40,000 B.C. to 10,000 B.C.

The Pleistocene is also known as the glacial egoetause this
was the time of the ice ages. Periods of glaciatidren ice
covered much of the earth, alternated with peraidelative
warmth. Glaciers also transformed much of the |lgediged out
lakes, and scoured mountains and river mouths.

The Holocene or Recent Epoch, which began 10,086s\ag0, is
marked by the appearance of modern humans, Hsap@nswho
have since colonized earth, overpopulated it, dnded it by every
means at their disposal.



Humans have polluted earth's land, water, and by have
squandered the planet's resources and harmeditspiiere. In
the fouling of their environment, they've managedeed up
geological time, accomplishing in a few hundredrgea
nanosecond on the geological clock changes in tapbg and
plant and animal species that might otherwise taken
thousands of years, possibly millions.

It has been said that humans are the only aninagiglde of
suicide.
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The Geology of Coos Bay

by Kenn Oberrecht

Just over half of Coos Bay's
12,380 acres consist of tidal
flats.

Geology is the science concerned with the physical
history and dynamics of earth. It's not only a stofithe
rocks and sediments that form our planet, but afso
past and present physical, biological, and chemical
processes that have shaped and reshaped earth and
continue to do so.

The major geologic processes in Coos Bay includditial
movement of salt water, the inflow of fresh wateater mixing,
and sedimentation. Flood tides transport sandti@@stuary;
rivers and creeks carry in silt, sand, and claynd¥ialso erode
dunes and blow loose sand into the bay.

Deposition of sediments in Coos Bay has createdlshtidal flats,
and tidal marshes. Bottom material of the upperibayainly silt,
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On the east side of the bay,
along East Bay Drive, are
older deposits of deltaic
sandstone, siltstone, and beds
of coal, covered by sandy or
silty loam or loamy sand.
These deposits are from the late
to middle Eocene Epoch, 40 to
55 million years ago.
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fine sand, and mud. Downbay, the bottom is predantlyg sand
and shell fragments. Sand is abundant in the nfanreel.

Just over half of Coos Bay's 12,380 acres conkisdal flats.
These areas, exposed to air during low tide, amgosed of mud,
silt, sand, and clay. Content of organic matteregtbut can be
high, and sediments are compacted in some places.

About 1,400 acres of lower Coos Bay are eelgrastamnds--
critical habitat for many organisms, including {heeniles of
various commercial species. Of like importancethes2,700 acres
of tidal marsh--consisting of organic soils madeofisand, silt,
and clay--which support lush growth of vegetation.

The North Spit is mainly deflation plain and beaelmd with areas
of both unstable and stable sand. Where natuiatrmduced
vegetation thrives, the sand has been stabilized.

Flood plains of the Coos River and major bay tidipigis--Ross,

Catching, Stock, Willanch, Kentuck, Larson, Palguséerth, and
South Sloughs--drain sandstone and siltstone terggdiments
there are mostly alluvial deposits of sand, si&ycand mud.

Most of the sediment deposits in the estuary amn@ fhe Holocene
or Recent Epoch, which dates from 10,000 yeard@goesent.
Much of what borders the bay along the south sHoye North
Bend to the ocean, however, is made up of ancianine deposits
of sand, silt, and gravel, from the PleistocenedBpdating back
two million years.

On the east side of the bay, along East Bay Darkeplder
deposits of deltaic sandstone, siltstone, and bedsal, covered
by sandy or silty loam or loamy sand. These dep@sé from the
late to middle Eocene Epoch, 40 to 55 million yeags.

Human activity also greatly affects geological @m®ses in the bay.
Manmade structures, for example, can alter or iraplkd flow of
fresh or salt water, or can influence the way weateulates
through the estuary and how sediments are depo€itets Bay is
a complex environment where countless organismerakpn its
well-being, and humans are the only ones who caangthing
about it.
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The Theory of Continental Drift

by Kenn Oberrecht

The earth was cooling,
according to the theory, and in
the process it was contracting,
cansing sea levels to rise and
cover the land bridges.

Rl Lk T 5 oy -
Aty S

German meteorologist Alfred Wegener wasn't the tors
observe similarities among the continents that sstgd

the landmasses might have once been connectedagie w
the first, however, to gather ideas and evidente @
palpable theory, which he turned into a treatisétkad

"The Formation of the Major Features of the Earth's
Crust (Continents and Oceans)."

In 1912, at age 32, Wegener must have seemed enbugstart to
the esteemed members of the Geological Associatierankfurt
and the Society for the Advancement of Natural ISmen
Marburg when he delivered lectures on his theoay defied the
geological thinking of the time, which was basediosn
contracting-earth theory.

Continental similarities were being explained awéiyr the notion
that the continents had once been connected bybladiges. The
earth was cooling, according to the theory, antthénprocess it
was contracting, causing sea levels to rise andratwe land
bridges.

Like others before him, Wegener noticed that treteza outline of
South America fit the western outline of Africadilpieces of a
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Plant fossils indicated that

tropical forests once existed only
a few hundred miles from the
North Pole.
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jigsaw puzzle. He later noticed similar, if impetiefits among the
other continents.

Geologists, paleontologists, and other scientigtsdollected a
good bit of evidence of matching but misplaced spakicovered
fossils in places they shouldn't have been, arzbdeyed evidence
of astounding climatological changes.

Fossil remains of a prehistoric reptile known asNMesosaurus
had been uncovered on both sides of the South tht]aet the
creature was no great swimmer. Plant fossils indétc¢hat tropical
forests once existed only a few hundred miles ftoenNorth Pole.

Glacial sediments were found in sub-tropical ar€asl seams and
sedimentary rock formations on one continent matt¢hese on
another. Mountain ranges that ended at one coastiamed to
begin again on another.

Wegener theorized that a single supercontinenaledcPangaea
existed sometime during the late Paleozoic Era,8#itbn to 225
million years ago. He maintained that the landntmeke up and
that its pieces dispersed and drifted, eventuaklyghing their
present positions. Although Wegener's theory taadieak points,
his arguments were compelling. The idea of contadedrift
certainly would explain many mysteries and answlet af
guestions. Nevertheless, the scientific communénted no part
of it, and Wegener's theory was rejected from adirtprs.

Prominent geophysicist Harold Jeffreys attacked &eds theory
as specious. In his rejection of the theory, Jgéffecused on its
greatest weakness: Wegener's failure to explaindontinents
could move across the hard ocean floor.

Few scientists outside his native Germany everedéNegener's
theory or his later additions to it and explanagionfit. In fact, by
the time of his death in 1930, Wegener's theoryngelewell on its
way to obscurity.

It would be several decades before new technology,
discoveries, and new thinking would lead to theohetionary
theory of plate tectonics, which incorporated Wegntheory of
continental drift and improved upon it.

P Pt Pt



99



100



The Theory of Plate Tectonics

by Kenn Oberrecht

The word tectonics derives
from the Greek tektonikos,
meaning "pertaining to
construction.”

Plate tectonics, possibly the most important geickg
theory ever developed, incorporated the earlieotiyeof
continental drift, espoused by German meteorolcayist
lecturer Alfred Wegener in the early 20th century.
Although the scientific community of the time nidiéxl
Wegener and flatly rejected his theory, current-day
geologists, geophysicists, and oceanographersve
much of what he had to say about our planet.

Dr. Robert D. Ballard, associate scientist at Wdddke
Oceanographic Institution, wrote in Exploring Ouvihg Planet in
1983: "Plate tectonics not only vindicated Wegeritéransformed
geology as profoundly as the theories of evoluéind relativity
transformed biology and physics."

The word tectonics derives from the Greek tektosjkneaning
"pertaining to construction.” In geology, tectonamncerns the
formation and structure of the earth's crust.

The theory of plate tectonics--formulated by AmancCanadian,
and British geophysicists--attributes earthquakekanoes, the
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Continental plates are composed
mainly of granite, while oceanic
Pplates are mostly basalt, which
is considerably heavier.
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mountain-building process, and related geophygltahomena to
movement and interaction of the rigid plates forgniine earth's
crust.

According to the theory, the earth's surface lagelithosphere,
consists of seven large and 18 smaller platestbat and interact
in various ways. Along their boundaries, they cogeediverge,
and slip past one another, creating the eartlssngeand volcanic
activities. These plates lie atop a layer of gartblten rock called
the asthenosphere. The plates can carry both eo$imnd oceans,
or exclusively one or the other. The Pacific Pl&deexample, is
entirely oceanic.

Continental plates are composed mainly of gramitele oceanic
plates are mostly basalt, which is considerablyieeaEssentially,
the continents are lighter and more buoyant; heheg, float
higher on the earth's mantle than the ocean's dogst.

When plates converge, one slips under the othersasald to be
subducted. At depths from 185 to 435 miles bendetlearth's
surface, the subducted parts of the plate melbaedme part of
the molten mantle. As new plate material is beorgied
continuously, and the excess is melted into magnesgarth's
rocky crust is constantly recycled.

If both converging plates have oceanic edges, reithe might slip
beneath the other. But when a plate carrying ament converges
on an oceanic plate, the more buoyant continetase plways
slides over the heavier basaltic oceanic plate.

When two continental plates converge, howeverhpeitan
subduct. Instead, the two interact to create maumnsmges.
Consequently, all subducted plates are oceanighkeaeps the
ocean floor in a constant state of change; whetkagontinents
change ever so slowly in geologic time.

After Wegener's death in 1930, geological reseanthtechnology
progressed rapidly, and new discoveries lent creglemmuch of
what his theory of continental drift embodied. lRertresearch and
findings over the past 40 years advanced the thefquiate
tectonics and allowed scientists to unlock someh@fimysteries
enshrouding the formation of continents and oceans.
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Plate Tectonics at Work

by Kenn Oberrecht

They found that along the
earth's ocean ridges, which form
along rift zones on the ocean
floor, magma continunously rises
and adds new lava to each side
of the ridge in equal amounts,
forming series of concentric ridges
on each side of the rift.

Imagine the earth's surface as a mosaic of tiles--
irregular in shape and size--set in a mortar thatrains
hot and soft, allowing the tiles to move toward ameéy
from one another. This is a simplification of thaian
with which scientists were coming to grips durihg t
1950s and 1960s, as they were formulating the thebr
plate tectonics.

New technology and discoveries following World Wigsosed
some questions that caused geologists and geostysic begin
rethinking the whole concept of moveable continemsring this
time, scientists discovered the earth's largedbgexal feature: the
Mid-Ocean Ridge, a continuous range of volcanic mtans
uplifting from the ocean floor to a height of 1200f@et. The
1,200-mile-wide range extends 46,000 miles thrahghworld's
oceans.
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As oceanic plates age, they
compress and become denser
and heaver.
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Harry H. Hess, a Princeton geologist, theorizetl960 that the
ocean floor itself moves, and he offered persuasigaments to
support his theory of seafloor spreading. He ahérogcientists,
with the aid of oil-exploration equipment aboard tesearch
vessel Glomar Challenger, found that the sea fiabindeed
spread outward from mid-ocean ridges and took ¢iméirments
with it.

They found that along the earth's ocean ridges;iwform along
rift zones on the ocean floor, magma continuoushksrand adds
new lava to each side of the ridge in equal amodotsiing series
of concentric ridges on each side of the rift. 8tgts knew that
the mid-ocean ridges were creating new crust nadfdnt
wondered where the excess was going.

The 1953 invention by British physicist P.M.S. Batt of the
astatic magnetometer enabled scientists to deteatthe weakest
magnetic fields in rocks--a great aid in deterngngeologic age,
which unlocked many of earth's mysteries, but etatfew as
well. For example, geologists found rocks on lamat tvere
determined to be 3.8 billion years old, yet theestdocks on the
ocean floor are only 200 million years old.

When Hess theorized that the excess oceanic catstiad was
disappearing in deep ocean trenches, he mightdlageshed light
on the age disparity between rocks found on landimathe sea.
Remember, ocean-floor plates consist largely ofyhéasalt. As
an oceanic plate moves and converges with a lightanitic
continental plate, the edge of the former slidedeunhe latter, or
subducts. The subducted material gradually sinlettsmmand
becomes part of the earth's magma.

As oceanic plates age, they compress and beconserdamd
heavier. So when two oceanic plates converge,Ithex slab slides
beneath the younger, lighter, more buoyant onal&er oceanic
crustal material is being continuously recycledylag nothing on
the ocean floor older than 200 million years.

These are the kinds of discoveries and thinkingutiemately led
to the development of the theory of plate tectaricgust a few
decades, we have greatly changed our view of atidnsoabout
our planet and the sciences that attempt to expgtaxistence and
development.



As Dr. Robert D. Ballard of the Woods Hole Oceaiapiiic
Institution wrote, the drifting of continents "diobt just rearrange
the map; plate movement also helped ice ages cothg@ seas

rise and fall, and deserts spread and retreatett shaped life
itself."
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Food Chains and Food Webs

by Kenn Oberrecht

Photosynthests is the
Sfoundation of all food chains.
I#'s the basic building block
for life on earth.

Life on earth, no matter what form it assumes, ddpe
ultimately on sunlight. Whether on land or in thater,
green plants use their chlorophyll and energy frtbie
sun to turn carbon dioxide, water, and inorganittsa
into complex organic materials--mainly carbohydsate
and proteins. This process, called photosynthasss,
produces oxygen as a by-product.

Humans and other animals benefit directly and euadiy from
photosynthesis. Some animals, the plant eaters ebegusively on
plants and are said to be herbivorous. Meat etgedsonly on
other animals and are said to be carnivorous. Nvaegators,
including humans, are opportunistic feeders thasame both
plants and animals. They're called omnivorous.

In one way or another, animals are dependent oripfar
nutrition. They also rely on plants for valuableygen, essential to
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Plants are able to convert no
more than about 20 percent

of the light energy they receive
into photosynthetic materials.
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the respiration process. As they breathe, aninaliks inh oxygen
and give off carbon dioxide. Plants, in turn, use ¢arbon dioxide
in photosynthesis, and the cycle goes on.

Photosynthesis is the foundation of all food chalirsthe basic
building block for life on earth.

A food chain is a series of organisms that areielated and
dependent according to their feeding habits, Wwithdmallest or
lowest form fed on by a larger one, and that onterin eaten by a
larger one, and so on to the top of the chain.

A food web is more complex than a food chain.dtfseetwork of
food chains interrelated by predator-prey and comstresource
interactions representative of an ecological comtgum system.

The leaves of land plants are the parts best egdippcarry on
photosynthesis. They contain chlorophyll, trap gnilfor energy,
and absorb carbon dioxide through hundreds ofgorgs known
as stomata.

In deep water, plants must float in order to stagunlight. Such
plants are extremely small, but their surface &¢arge compared
to their volume, which helps them float and absesbential
materials from the water around them. Most are osi@opic algae
called phytoplankton.

Plants need materials other than those essenhldimsynthesis--
among them, carbon, hydrogen, and nitrogen. Laadtplare able
to absorb these and other materials through thetraystems.
Floating plants, however, must absorb them fronr the
surroundings. So where concentrations of theseraigand
elements are low, the growth of phytoplankton midished.

Plants are able to convert no more than about &&peof the
light energy they receive into photosynthetic matsr Some are
even less efficient because of a lack of essemiiaxrals. For
example, low phosphorus levels often inhibit thewgh of water
plants. Despite apparent inefficiencies, thouga,dgarth's plants
still produce 328 trillion pounds of organic matteyear.

Plants are the primary food producers in food chaimd food
webs. Plant eaters, herbivores, are the primarguwuaers, which
ingest plant material directly. Consumers highethiachain obtain
plant material directly and indirectly--carnivoreslirectly,
omnivores both directly and indirectly.



Plants depend on sunlight for energy, which isndtely converted
into essential nutrients for all the consumersoiwdf chains and
webs.
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Estuarine Food Chains and Webs

by Kenn Oberrecht
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The ways in which food is
consumed--that is, the pattern
of consumption and how it
changes with time--is called
trophic dynamics.

Where the fresh water of a river meets and mingids
the tidal flow of the ocean's salt water, an esyuar
formed. This is a highly complex environment where
resident and visiting organisms must be able tertik
frequent and rapid changes in salinity, currents,
temperatures, and water levels.

Food chains and food webs here are similar to teisssvhere.
They have primary producers, primary feeders, stayfeeders,
and tertiary feeders, ranging from single-celleghealto the highly
efficient predators at the top of the chain.

Ecologists refer to these increments as trophiel$ev he term

trophic derives from the Greek trophikos, which msgaimply,
"pertaining to food."
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Estuaries are not only areas
of great diversity, with
complex: and interrelated
trophic patterns, but they also
support a large number of top
predators, including humans.
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The ways in which food is consumed--that is, thiégpa of
consumption and how it changes with time--is calteghic
dynamics. Inasmuch as an estuary is an environaomamécterized
by rapid and frequent change, which leads to bio&gliversity,
food chains and webs and trophic dynamics in amaegtre
complex.

Unlike the open ocean, where phytoplankton arestibe primary
producers, estuarine systems usually contain deypes of
primary producers. In addition to phytoplanktoreytinclude
algae, sea grasses, and salt-marsh plants.

Zooplankton graze on phytoplankton in the estuimgse, in turn,
become food for plankton-eating fishes, such asrgrsmelt, and
the larvae and young of larger fishes. These, thecome food for
carnivores and omnivores nearer the top of the tadn.

Some animals graze on the larger estuarine plantsuch plants
are probably more important food sources after theyand begin
to decompose. Here, bacteria and fungi enter the ¢bain to
promote the breakdown of the dead plant matertak ®rganic
detritus, as it's called, is an essential sourgautition for detritus-
eating animals and supports a detrital food web.

Benthic, or bottom-dwelling, and bottom-orientedamisms are
other important links in estuarine food chains amths. Clams, for
example, reside in the bottom sediments and feqaasrkton and
other organic matter by filtering it from the wat@ysters and
mussels are other filter feeders.

Deposit feeders, such as the various kinds of wdounsd in the
estuary, move over and through bottom sedimentsenthey find
food deposited in or on the sediments.

Shrimps, crabs, and other invertebrates are walptad to bottom
feeding, as are many of the estuarine fishes, asidtulpin,
flounder, sole, and sturgeon. In fact, most fiskcsgs that reside in
estuaries or move into them on feeding forays at®m oriented
in their feeding patterns.

Near the top of the estuarine food web are vanausivores and
omnivores. Some show marked food preferences, wthlers are
opportunistic feeders. These include diving biwiading birds,
waterfowl, gulls, terns, pelicans, ospreys, trpetch, striped bass,
sharks, and salmon.



At the top of the web are seals, sea lions, andamsialthough
seals and sea lions are preyed upon by killer vgreatel the larger
sharks, which sometimes enter estuaries and freégueharger
ones.

Estuaries are not only areas of great diversitih womplex and
interrelated trophic patterns, but they also supadarge number
of top predators, including humans.
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Salmon in the Estuary

by Kenn Oberrecht

In the Pacific Northwest, salmon are the most ingoatr

of all commercial and sport fishes, yet we seehaiee
tried our best to place every conceivable obstarctn

the path of their survival. We've destroyed thaibilat,
built barriers to their migration, polluted theiraters,

and overfished them. Oregon author Anthony Netlasy h
called salmon the world's most harassed fish.

Al Pacific salmon are Of the six species of Pacific salmon, five occangl the Pacific
anadromons, meaning that Northwest coast: pink, chum, sockeye, coho, andodk. Of

they spend most of their lives  those, coho and chinook are the most plentiful iegdn waters,

in the ocean but return to but chum salmon use several of our coastal riBwskeye seldom

fresh water to spawn and die.  appear south of the Columbia River, and thereuhe have been
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Like the cobo, chinook fry

remain in _fresh water until they
become smolt and head for the

estuary.
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all but wiped out. Pink salmon don't spawn in Orebat are
sometimes part of the offshore catch.

All Pacific salmon are anadromous, meaning that fpend most
of their lives in the ocean but return to freshevab spawn and
die. In as much as estuaries are the lower readflemstal rivers,
where salt and fresh water mix, all Pacific salmea the estuaries
to some extent. They must pass through them onwasi to
spawning grounds. The migrating young, known asltsmust
also move through the estuary on their way to dz Bany use
the estuaries in other ways as well.

Although some generalities apply to each speci¢zacffic

salmon, certain stocks or races within a specighdiffer
considerably in one or several habits. For exanwpdesay
generally that all Pacific salmon spawn in frestiergbut some
races of chum salmon actually spawn in estuametsdal areas
near upwellings of ground water. Most other chutmsa spawn
only a short distance from the estuary, and thaiing spend about
three months feeding in the tidal marshes and asdgoeds before
migrating to the ocean.

Sockeye fry normally migrate into freshwater lalkdeere they
spend one to three years feeding before headintydéavcean.
Some stocks, however, instead of moving into theadlied
nursery lakes, head downstream to the brackistyskand
backwaters of estuaries, where they gorge on almifickad for
months prior to their seaward migration.

Coho fry remain in their birth streams until theydergo the
transformation that will enable them to adapt tbwater. Then as
smolts they descend to the estuary. Most lingeetfa a few
weeks, foraging and growing rapidly, but some ntay for as
long as a year.

Like the coho, chinook fry remain in fresh watetiuthey become
smolt and head for the estuary. Fall chinook mgg®nd only a
few weeks or months in the estuary, while springa@bk generally
remain as long as 18 months before migrating to sea

Pink salmon probably spend the least time in thaaeg on their
seaward migration. But they and others, studieg lsdown, spend
at least two weeks feeding and growing in the estuarine
waters.



Perhaps one of the greatest values of the estoiding$e young
salmon is the abundant food that enables themubldmr even
triple in size before migrating to sea. Size is ohthe best
defenses against predation. So estuaries are iessernhe very
survival of these fishes.
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Waterfowl on the Estuary

by Kenn Oberrecht

The Coos Bay estuary provides
such a rich and diverse
environment that nearly every
species of duck in the Pacific
fhway and several kinds of
geese are likely to visit the bay
sometime during the year.

One crisp, sunny Sunday in January, as motoristsl sp
along U.S. 101 near Coos Bay, between Haynes Inlet
and North Slough, a solitary car eased off the higi.
Its two occupants stepped out of the vehicle agaldstd
binoculars on a spectacle no one else seemed fwenot

Mud flats were flooded with a foot or so of watenad-tide, and
strung out across them to the base of the dunes seseral
thousand ducks--feeding, resting, preening, swingmseemingly
oblivious to all the bustle about them. Hundredserdnzed on
shore in a pale patch of sunlight.

Nearly a dozen duck species were represented. Riualiprds
glistened green-headed in the water or stood sigepie-footed
on the mud. Redheads and both kinds of goldeneyas svith a
raft of lesser scaup. Spritely buffleheads--now gea 'em, now
you don't--dived among canvasbacks and ring-nedkets.
Gadwalls and pintails aplenty dabbled in the sknadlcand
countless widgeons filled in the blanks. Amid thagmificent
mayhem swam a gaggle of Canada geese and fiveaten@ns.

Although waterfowl don't gather on Coos Bay eveay th such

profusion, similar occurrences are common enougpédople to
drive by without noticing. The Coos Bay estuaryyies such a
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rich and diverse environment that nearly every igseaf duck in
the Pacific flyway and several kinds of geese iyl to visit the
bay sometime during the year. Others are year-roesidents.

Ecelgrass beds attract both diving Not only do the bay's abundant food and water messunvite

ducks and dabblers. Some feed  migrating waterfowl to rest and feed, but our matierclimate also

on vegetation, while others roof  entices many to overwinter.

Sor small animals and fishes the

grass beds harbor. White-winged and surf scoters spend the wintergiggron
plentiful mollusks and crustaceans. All three speaf mergansers
eat some of the same foods but mainly feed on disl#s--hence
the nickname, "fish ducks."

Eelgrass beds attract both diving ducks and dahifferme feed on
vegetation, while others root for small animals &sldes the grass
beds harbor. Similarly, tidal marshes provide vablet and animal
matter to nourish flocks of foraging waterfowl.

Coos Bay's waterfowl populations begin swellingwitie arrival
of darting and swerving flocks of green-winged ieabeptember,
followed shortly by the first pintails. Various spes of puddle
ducks continue arriving sporadically until the ffinsajor storms
move great numbers of waterfowl before them. Ddigzks pour
in by the thousands after Thanksgiving.

During spring migration, the bay's duck populatsevells again,
and by April most migrants and wintering ducksaneging north
to traditional breeding grounds in Canada and AlaSlome
mallards, wood ducks, teal, and Canada geese reamaast and
raise young in the bay's adjacent marshes anathstffringed
sloughs. In good years, some might even have sdonoadls that
will barely have learned to fly when the first teflautumn arrive
and the cycle begins anew.

As North America continues to lose its wetlandsdporate
agriculture, industrial development, and urbanwhr&oos Bay
and similar estuaries become increasingly impottathe
continent's precious but dwindling waterfow! poigas.
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Sediment Transport and Deposition

by Kenn Oberrecht

OcEAN ESTIARY KIYER

Sediments entering and settling in the estuarybaté
terrestrial and oceanic in origin. As rivers anceeks
flow seaward, they carry with them sediments froen t
land. Flood tides bring in sands from the sea. &ln
from rains and snowmelt carry sediments into nearby
streams. Removal of vegetation--as from agricultura
logging, and construction operations--promotes &mns
and increases the sediment loads of rivers andksree

Sediments ranging in size from small rocks andsmgravel to
silt and clay particles as fine as talcum powdeerethe water
where currents carry them downstream. The faseecdhrent, the
greater the size of sediment particles a streanmuare.

The faster the current, the
greater the size of sediment
particles a stream can move.

As a river or creek moves from the mountains aarndlareas
toward the ocean, its course broadens and velgagually
slackens. During this process, smaller and smpé#lgicles of
sediment drop out and settle toward the bottonthabthe larger
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Incoming tides and storm
surges bring ocean sands into
the estuary and keep the
bottom of the lower estuary

sand.
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rocks and coarser gravel are found farther upstiaahfiner
sediments downstream, creating what is known aslianent
gradient.

In the slower currents of a river's lower reacloedy the finest
sediments will remain suspended in the water. értidlewater
portion of the river, fine sediments begin settllg and are
deposited in several ways. In some cases, flaas @re of
sufficient size and force as to overcome rivereots and stop or
even reverse the course of the river for some riistapstream,
allowing even finer particles to rain out.

Another phenomenon affecting the way sedimentslepesited in
the estuary is a process called flocculation, whalses the tiny
particles to clump together, become heavier, atitbége the
bottom.

While in fresh water, these particles--kept in sungon by their
molecular motion--carry negative charges and tenepulse one
another. In the estuary, however, where the freslemmeets and
mingles with ionically charged salt water, negatiharges are
neutralized, and the particles become attractigeth&y collide,
they tend to coalesce or stick together, formimgdaaggregates or
clumps of sediments called flocs, which then seitieof the
destabilized suspension.

The process of flocculation depends on salinitglev
Consequently, it can change along the course aésheary. It
might vary from tide to tide and season to seaspaccording to
the amount of runoff or size of storm surge.

Incoming tides and storm surges bring ocean sartdghe estuary
and keep the bottom of the lower estuary sandy.s€danent
gradient from the mouth to the head of the estuben, ranges
from coarse to extremely fine. That's why tidatSlan the lower
portions of Coos Bay are sandy and relatively fwhile upbay
flats are muddy and soft.

Sediments are deposited wherever currents are dldethe
bend of a stream, for example, sediments will seitld create
shallows along the inside of the curve, becauseudh@nt is
slower there. Currents are also slowed as they dsv plants and
algal mats, causing nutrient-bearing sedimentgtots the
bottom where they nourish the vegetation.



Left alone, an estuary can build its own tidaldlahd marshlands
and deliver nutrients to countless organisms.

OeeAn ESTIARY RIVER
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Mixing Fresh and Salt Water

by Kenn Oberrecht

Circulation is the primary
mechanism responsible for
estuarine mixing, but at least
Jfour other forces affect the
process. They are tides, winds,
waves, and river runoff.

ESTUARY RIVER.

By definition, an estuary is a moving, dynamic bofly
water where fresh and salt water meet. Because of
characteristic differences between salt and freakew
however, the two don't always easily blend. Sonestim
they don't mix at all, but instead stratify or folayers.

Sea water contains about 35 parts per thousangdisgblved
salts, mostly sodium chloride and magnesium chéorashd is
denser than fresh water. That is, salt water igibe¢ghan fresh
water when the two are at identical temperaturak.\v&ater is a
better conductor of electricity, and light refraotsbends more in
salt water than in fresh water.

In most estuaries, the mixing of fresh and salewest determined
by checking the water's salinity level. This ishatively easy and
inexpensive test, accomplished in one of three waysneasuring
a water sample's density, electrical conductiwatyefraction of
light.
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Mixing processes are by no
means simple; nor are they
consistent. Tides, winds,
waves, and freshwater inflow
all vary and differ in their
¢ffects--from season to season,
even day to day.
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Circulation is the primary mechanism responsibtes&iuarine
mixing, but at least four other forces affect thegess. They are
tides, winds, waves, and river runoff.

The tides represent the most important force, aftarsing large-
scale turbulence and mixing in the estuary. Theyohigreatest
significance where and when tidal ranges--the diffees between
high and low tide--are greatest.

Winds are considered to be of lesser importancey Tan be a
major force, however, where tidal range is smalhd¥ also have
greater effects on shallow estuaries, especiatigetwith large
open areas. Winds also create various surfacenéewhal waves,
which can contribute to estuarine mixing.

River water is more buoyant than ocean water. Aews seaward
in the surface layer, and the denser salt watersflandward in the
bottom layer, some mixing can occur.

Mixing processes are by no means simple; nor agdtbnsistent.
Tides, winds, waves, and freshwater inflow all vang differ in
their effects--from season to season, even dagyo d

For example, the monthly cycle of spring and nédgstcan
greatly alter the character of an estuary wheestate the major
mixing force. During spring tides, when tidal rescare greatest,
increased currents and tidal sloshing can speedeumixing
process. During neap tides, on the other hanal, téchges are
smaller and might have little effect on mixing,ukg in
stratification of the estuary.

In a system known as dynamic classification, egtgaran be
labeled according to how they circulate and siyaff Type A
estuary is highly stratified; Type B, partly mixeahd Type C, well
mixed.

On Coos Bay, where tidal ranges are relativelydasgmmer
winds and winter storms can enhance mixing. Altlioug
occasionally in winter the bay is a Type B estuargst of the time
it's a Type C.

Studies have shown that vertical mixing can inczeas
photosynthesis and the production of phytoplanktahe estuary.
It also brings nutrients and food particles up fritlnv@ bottom into



the surface zone, and it delivers oxygenated seinfaaters to the
estuary's depths.

P Pt Pt

QAN ESTUARY RIVER.
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Aguaculture in Oregon's Estuaries

by Kenn Oberrecht

Aquaculture is a kind of water-based farming inaethi
aquatic plants and animals are cultivated in natwa
fabricated freshwater, saltwater, or brackish
environments. The practice, in its crudest formyma
have begun with the ancient Egyptians and was cdyta
underway during classical Greek and Roman times. It
subsequently spread around the globe, but is malsiyv
employed in Asia as a means of providing essential
protein to that grossly overpopulated continent.
Currently, Asia accounts for nearly 85 percentha t
world's aquaculture production, North America fes$
than two percent.

Commersial aguaclsure America’s first aquaculture operations begap inlliBﬁDs, but it
along coastal Oregon is took another century before large-scale cultivagohunderway.
solely devoted to the The history of aquaculture in Oregon's estuaries isocky as the
cultivation of mollusks-- Oregon coastline itself.

namely oysters and mussels,

the latter grown only on the

Umpqua estuary, near

Winchester Bay.
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The total worldwide
sustainable harvest of
commercial aquatic species is
estimated to be between 240
and 265 billion pounds a
year.
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Although major salmon-ranching facilities were aiarg on Coos
Bay and Yaquina Bay during the past decade, threra@salmon
ranches functioning now on any of Oregon's estsarie
Commercial aquaculture along coastal Oregon idysd&voted to
the cultivation of mollusks--namely oysters and sals, the latter
grown only on the Umpqua estuary, near Winchestgr B

Oysters seem to do well in Oregon's estuaries.e@Gtly; they are
under cultivation on Coos Bay, Winchester Bay, YaguBay,
Tillamook Bay, and Netarts Bay.

Native oysters are now nearly gone from Oregorestab waters.
A Japanese species commonly known as the PacHtenoy
(Crassostrea gigasnakes up the bulk of the commercial-oyster
harvest here.

Oregon's coastal waters are too cold for theseers/gd spawn
naturally, so oyster growers either buy spat (fiweniles) to seed
their oyster beds, or adult oysters are spawnsgecial tanks
under controlled conditions. After spat attach ltbayster shells,
the young oysters are allowed to mature in theaggtia process
that takes from two to three years.

Oysters are grown in a number of ways on an estdasctly on
the bottom, attached to stakes set in the bottahmsats, in trays
suspended from floats, in bags attached to raskantern nets,
and on lines suspended from floats, racks, orifigadocks.

The total worldwide sustainable harvest of comnat@iuatic
species is estimated to be between 240 and 26&ndbunds a
year. We are already taking more than half thatialiypand will
doubtless soon reach the maximum sustainable weékently,
aquaculture accounts for only about 10 percert@faorld's
seafood supply. Potentially, it could increasetttal worldwide
harvest by tenfold. For estuaries to play a roteydwver, they must
be kept clean and functional.

Water quality is extremely important to aquacullista, which is
one reason Oregon's relatively clean estuariestmpigive ideal for
various commercial operations in the future. Alsgadore than
half the commercial shellfish beds along the Aitanbast have
been closed because of pollution.

Depending on technological advances, public acoeptar
demand, legal issues, and our ability to presdrgerttegrity of our



estuaries, aquaculture could hold some promisthéofuture in
Oregon and elsewhere along the Pacific Coast.
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Altering the Estuary

by Kenn Oberrecht

We have straightened, deepened,
levied, and dammed thousands
of rivers and creeks, thereby
altering the quality and often
the quantity of fresh water that
eventually reaches our estuaries.

Whether in the name of progress, comfort, safety, o
greed, humans have a penchant for modifying the
environment to suit their immediate needs and wants
Nowhere is this more evident than along the nagion'
coasts and particularly in the vicinity of estuajevhich
have attracted people and invited settlement thinowd
the history of human wandering.

Consequently, our estuaries--especially the lavges--have
undergone considerable change that has largelgideith with
pioneer settlement and subsequent agriculturalisimial, and
urban development.

We have straightened, deepened, levied, and dartiraadands of
rivers and creeks, thereby altering the quality aftein the quantity
of fresh water that eventually reaches our estsavi&e have also
dredged and channelized the estuaries and ditditext], and

filled adjacent wetlands.

We have filled in, built on, and dredged out evajor estuary,
from Boston Harbor to San Francisco Bay. In so giloive have
tremendously decreased their sizes, altered thieurlation
patterns, impeded their cleansing and filteringatdgies, reduced
their biological diversity, and diminished theirpsal.
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Dredging, of course, greatly
affects the estuary bottom. It
disturbs bottom-dwelling
organisms, kills many of them,
and reduces or severely alters
their habitat. The deep
channels also influence
estuarine circulation and can
increase salinity by allowing
salt water to penetrate farther
upstream.
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In a few instances, human alteration of estuamelsveetlands has
been beneficial to certain wildlife species. Foample, some
marshes that have been ditched and diked suppategmumbers
and diversity of bird species than natural, unatlanarshes in the
same area. Some birds even prefer nesting in toeywegetation
found along narrow spoil strips adjacent to ditches

In general, though, alteration is detrimental tanpland animal
communities and larger ecosystems, of which huraams part.
Spoil banks and dikes, for example, impede esdewdimr
exchange and flushing. They inhibit or prevent st
deposition, and they interfere with or prevent nmoeat of free-
swimming organisms.

Dredging is an expensive, on-going, and never-gngincess
associated with navigable estuaries. Large essiasuch as Coos
Bay, that function as deep-water ports for largegfters, tankers,
and other ships require the deepest channels astifraquent
channel maintenance.

Dredging, of course, greatly affects the estuatyono. It disturbs
bottom-dwelling organisms, kills many of them, aaduces or
severely alters their habitat. The deep channstsiafluence
estuarine circulation and can increase salinitgllywing salt
water to penetrate farther upstream.

Dredging is destructive and expensive but has bec@mecessary
nuisance in Coos Bay and elsewhere. Many otheaéiftes also
appear to be permanent and irreversible, such eshemthat have
been filled and then highly developed for comméranal
residential purposes.

We have the opportunity, however, to operate irfuliere with a
little more intelligence and to be less destructine
counterproductive. Now that we're aware of thepamance, we
can avoid destroying or damaging any of the remgitidal
marshes and can protect vital eelgrass beds. Weweancreate
new marshes and eelgrass beds to function as esrsed feeding
grounds for important commercial and sport fishas shellfishes.

Some of our ditched and diked coastal areas areajinal value
as pastures and croplands, whereas they could prareamely
useful functioning in their original capacity asastal wetlands.



Perhaps the time has come to supplant wetlandudésin with
wetland restoration.
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Marsh Succession

by Kenn Oberrecht
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As a coastal river flows toward the ocean, tidal
influences on riverine waters increase. From thacht®
the mouth of the estuary, the salinity gradienbals
increases. In other words, estuarine waters artiestl
near the estuary's outlet to the ocean and become
progressively fresher the farther upstream they are
salinity gradient also influences what sort of iagjen
is found on the estuary and in adjacent wetlands.

Low salt and brackish On the West Coast, eelgrass beds typically occtivariower
marshes occur along the edges estuary as subtidal and intertidal wetlands. Botsetiments here
of the estuary in areas that are are usually a mixture of mud and sand, heavily paipd with
inundated by high tides most  pottom-dwelling and burrowing animals.
days.
Low salt and brackish marshes occur along the edligie® estuary
in areas that are inundated by high tides most. daggending
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mainly on their locations, such wetlands can bgesuiéd to
broadly different salinity levels.

Where salinity is high, typical salt-marsh plamtslude pickleweed
and fleshy jaumea. Low brackish marshes, wheré freger from
the river has diluted incoming ocean water, arerottharacterized
by sedges and grasses, such as arrowgrass andylsyagtige.

Farther upland along the estuary, high salt andkish marshes
occur where they are flooded less than daily, igbglthe highest
tides of the month. Here, tufted hairgrass, comspmke rush,
meadow barley, and Pacific silverweed are oftenidant. A
number of other plants grow in the low and higlit, @ad brackish
marshes. Species also overlap a good bit, esperidahansition
zones between low and high marshes.

Al of these wetlands are Farther inland, as salinity progressively diminsharackish

complex: and highly productive, marshes give way to freshwater wetlands. Hereaitatind purple

They provide food and shelter loosestrife line the edges. Just beyond, bullrughes, often next

for conntless organisms and are 10 water lilies or spatterdock. Farther out, in tipen-water areas, a

vital components of the estuary  variety of aquatic plants flourish.

and coastal Zone.
We're still learning about the great number of algthat reside in
or frequent the marshes. Of course, fishes andfishek are the
main inhabitants of and visitors to the subtidal artertidal salt
and brackish marshes. Many species of waterfoal pgels,
shorebirds, and wading birds also depend on thesshas for
food and cover. Even birds of prey--including handspreys, and
eagles--hunt the marshes.

Mice and shrews live in the higher marshes, as doyminds of
insects. Abundant food attracts many songbirdschvim turn
entice owls and the smaller hawks.

Deer visit the salt and brackish marshes to feedoeother
mammals, such as skunks, raccoons, mink, andottenrs. These
same species also forage in and around the freshwatlands,
where beaver and muskrats are often year-roundemsi.

All of these wetlands are complex and highly prdokac They
provide food and shelter for countless organisnusaag vital
components of the estuary and coastal zone.
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Global Warming

by Kenn Oberrecht

ORI L

Deforestation and the burning
of fossil fuels are the chief
contributors to increased
atmospheric carbon dioxide,
up 25 percent since pre-
industrial times.
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Heat-trapping gases in the atmosphere create waat i
commonly called the "greenhouse effect" and consist
mainly of water vapor, carbon dioxide, methane,ous
oxide, and ozone. These are naturally occurringegas
that combine to delay the escape of infrared radrat
from earth. Without the greenhouse effect, our @lan
would be colder by 63 degrees Fahrenheit (33 deggree
C.).

So it's not the existence of such gases that kascientists to
speculate on the potential threat of global warming rather the
excesses that seem to have accelerated the wapnoiogss. The
effect is called "climate forcing."

The impacts of human overpopulation, leveling @f World's

forests, burning of fossil fuels, global industzation, the
introduction of chlorofluorocarbons (CFCs) to thmasphere, and

145



The phenomenon of global
warming can be traced to the
age of industrialization that
burgeoned in the late 19th

century.
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other destructive and disastrous practices assocvaith human
activity have combined to amplify the greenhoudeatfoy more
than 500 percent since the 19th century. Defaiestand the
burning of fossil fuels are the chief contributaysncreased
atmospheric carbon dioxide, up 25 percent sincenuhastrial
times.

CFCs are industrial compounds found mainly in gefrants,
solvents, and foam insulation. They're also usatléermanufacture
of semiconductors and were once widely used aseflesps in
many aerosol products, such as hair sprays, deadoend insect
repellents.

Although molecules of CFCs in the atmosphere aréefaer than
molecules of carbon dioxide, the experts tell @y ttan be 10,000
to 20,000 times more damaging. What's more, oreguh been
released into the atmosphere, they take about 483 yo break
down.

Rises in levels of atmospheric methane can bedracthe rapid
growth of human population, which, in the develapivations,
amounts to about a million more people every 4dbys. That's
equivalent to reproducing the entire U.S. poputaguery 56 days.

The more humans on earth, the more crops anddicleste raise,
the more garbage we create, the more petroleunugi®ae
produce, and the more mining we do. While methaneleased
naturally into the atmosphere during decompositonogs and
swamps, as well as during the digestive processrofites, it is
also released from rice paddies and landfills amihd the
digestive processes of cattle and sheep. Moreiteaks from
gas-production facilities and exposed coal seams.

Scientists aren't sure why levels of nitrous oxidee increased,
but some have suggested that greater worldwidefusiégrogen
fertilizers might be one cause.

The phenomenon of global warming can be traceddage of
industrialization that burgeoned in the late 13thtary. The earth's
temperature began to rise ever so gradually in B83@0Ohas
continued since. During the 1980s, a period ofeased

worldwide emissions of greenhouse gases, the tanperrise
accelerated.



During the past century, earth has warmed by atwoeitdegree
Fahrenheit. In the polar regions, the warming baged from four
to seven degrees. Granted, that doesn't sound fikeat threat, but
remember, much of that increase is recent andcamitinue. In

fact, some experts contend that even if it weresipbs to
immediately cease all production of greenhousegjagebal
temperatures still might rise another four to 1§rdes Fahrenheit
by the year 2020, with results that could be disastand certainly
will be costly.
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The Effects of Global Warming

by Kenn Oberrecht

While many of us might
think first of the discomfort,
inconvenience, and expense
we would have to bear as the
Pplanet's climate warms, the
greatest effects are likely to be
far more catastrophic.
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Global warming during the past century has been so
gradual as to be nearly imperceptible. Neither dives
adhere to a regular schedule or predictable pattern
which perhaps explains why doubters and nay-sayers
still dispute the whole idea. Their ranks are shiig,
however, in the face of a growing body of evidence.

Experts now tell us that if we do nothing to redtloe release of
heat-trapping gases into the atmosphere, we catexp
temperatures to rise during the next century fromt@ 8.1 degrees
Fahrenheit (1.5 to 4.5 degrees C.). Even theseases seem small
and no cause for alarm, particularly here on tfestwhere ocean
breezes usually temper even the hottest days.

The problem, remember, is global warming; the ajperavord

here is global. The increases will be in averagggratures, and
even then we'll still probably experience cool Epealold snaps,
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We can't solve these problems
overnight. In fact, even if we
were able to immediately take
the most drastic measures to
reduce emissions of greenhouse
gases, it wonld take several
decades to check the progress
of global warming.
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and years that aren't as hot as we might expeth Nging average
temperatures, however, come increases in the piipaid
warmer days and more of them.

For example, studies indicate that temperate-ziigs oow
recording maximum temperatures exceeding 90 degi@@®nheit
35 days a year will, by the year 2020, swelter usdeh heat for
an additional 50 days a year.

While many of us might think first of the discomifor
inconvenience, and expense we would have to baaegdanet's
climate warms, the greatest effects are likelyddds more
catastrophic. They include the dieback of forestsere drought,
possibly leading to crop failures and famine; am@in sea
levels, which could greatly alter our coastlinest, to mention our
lifestyles.

We have already done a great deal of irreversidheadje to our
atmosphere since pre-industrial days. For exann@esxpect
chlorofluorocarbons (CFCs) and related atmosplgggenhouse
gases to have doubled by the year 2050. Withoutalia
measures to decrease emissions worldwide, the goesees
could be dire.

Although developing nations now contribute aboup8€cent of
the global carbon dioxide released into the atmesglscientists
estimate that their dense populations and indligataon will
increase that amount to more than 50 percent byehe2025.

The United States and other industrialized natfense been part
of the problem for too long. If we are to persuddeeloping
nations to clean up their acts, we must becomegbdine solution.

We can't solve these problems overnight. In factnef we were
able to immediately take the most drastic meadoresduce
emissions of greenhouse gases, it would take dederades to
check the progress of global warming.

So some continued warming is inevitable. Most d@é&nagree
that one certain result will be a rise in the warkka level. In fact,
that process is already underway.
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The Effects of Rising Sea Levels

by Kenn Oberrecht
|

During the earth's long history, global sea levietere
fluctuated, falling during the ice ages and risithgring
periods of global warming. Our most recent ice age
ended more than 10,000 years ago. We are now
experiencing global warming, which has been
accelerated by an excess of heat-trapping gasesiin

atmosphere.
What matkes the current sea- Tide-gauge records dating back 100 years indicatean global
level rise so much more mean sea level that amounts to one to two inchey &b years

threatening than earlier ones is and is increasing. The Environmental ProtectionnsgdEPA)
the worldwide proliferation of now predicts a global sea-level rise of about 108anches by the
humans and their preferences year 2025 and an additional 20 inches to more $hafeet by

for living in and developing 2100.

coastal areas. Nearly 75

percent of Americans, for What makes the current sea-level rise so much theeatening

excanple, live on or within 50 than earlier ones is the worldwide proliferatiorhafmans and their

miles of the coast. preferences for living in and developing coastabhar Nearly 75
percent of Americans, for example, live on or witbD miles of
the coast.
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Rich and productive tidal
[lats, normally exposed on low
tides, might be drowned and
left inaccessible to various
animals, including humans.
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Rising seas will increase coastal erosion, poliytgiorm damage,
and flooding. They'll pose threats to coastal rohddges, jetties,
breakwaters, docks, piers, and waterfront propértguding salt
water might contaminate groundwater supplies arehtbn

landfill and hazardous-waste sites.

Many of the nation's 900 estuaries, where coastls merge with
the ocean, could be damaged in a variety of waysieSvould be
more vulnerable than others, mainly because of geslogy and
the amount of shoreline development. Consequesdiyaries
along the Atlantic and Gulf coasts would be patéidy hard hit,
whereas the deep, steep-walled fjord-type estuahasacteristic of
the British Columbia and Alaska coasts would bstleffected.
Here in Oregon, Coos Bay would be one of the egsiavith
potential for serious harm.

With higher sea level, salt water would intrudetiar into the
estuary, thus increasing salinity and moving thefsant farther
upstream. Such destructive organisms as shipwanirbles, and
barnacles--which require relatively high salinipysturvive--could
migrate farther up the estuary, attacking woodarcgires
wherever they thrive.

If the increased salinity were to alter the mixargl flushing rates
of the estuary, pollution could increase dramalfycaloss of
adjacent wetlands to encroaching salt water wooldpound the
problem.

Our tidal wetlands not only act as nurseries totrobsur
important marine fishes and shellfishes, but alserfmany
dangerous pollutants that rivers and creeks canmyndtream to the
estuary. They also buffer the effects of stormsféowtls.

Rich and productive tidal flats, normally exposedaw tides,
might be drowned and left inaccessible to varioumals,
including humans.

Even the deposition patterns of nutrient-bearirirsents could
be greatly altered, thus starving out whole poputet of bottom-
dwelling organisms.

The rise of global sea levels seems to be inewtarld the experts
are warning us to plan for an increase of 2.3 ligeghe year 2050.
The key word, here, is plan, because that's oursbegegy.



Even as we bear down on the 21st century, theod'sgh-tech
solution to these problems; we can't hold backst#as. Even the
EPA's best recommendations are to "retreat andatdg leaving
sufficient buffer zones between the water's edgeadirfuture
permanent structures.
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Prehistoric Settlement on Coos Bay

by Kenn Oberrecht
|

Radiocarbon dating, a process for determining tge a
of materials of organic origin, indicates that hunsa
have inhabited or regularly visited coastal Oredgonat
least the last 10,000 years. It's likely that peopkre
here long before that, but evidence of their resaye
may be locked up forever in the sediments of tkarc
floor, relegated there by the same rising seas liedped
create Oregon's estuaries at the end of the lasage.

Archeologists made one of the most interestingtabdsscoveries
in 1984 on the west side of Tahkenitch Lake, justimof
Reedsport. Materials found at the site in a rehesp, called a
midden, dated back to about 6000 B.C. Surprisirgiynes and
shells uncovered were from saltwater species amdycating that
Tahkenitch was not always a freshwater lake.

About 3,000 years ago, the Scientists now believe that Tahkenitch was onceepwater
estuary was almost completely — €StUary, where fresh water from feeder streams leingith salt
closed off from the sea by water from the ocean in a coastal embayment. Ghigdat-laden

encroaching dunes.
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Ancient, prebistoric peoples, as
well as the generations and
different races that followed,
including modern Indians and
early pioneers, were enticed to
settle along America's estuaries.
They offered abundant food
sources, transportation corridors,
and natural protective
boundaries.
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freshwater runoff and sand-bearing tides raisedtt®m and
created flats, transforming Tahkenitch into a sivelvater estuary,
perhaps much like Coos Bay.

About 3,000 years ago, the estuary was almost cteipiclosed
off from the sea by encroaching dunes. Eventutdly waters
freshened, leaving a sprawling lake with only alsmatlet to the
sea.

The Tahkenitch estuary was a rich fishing and mgndirea, its
abundant fishes, shellfishes, and marine mammiasctng the
early nomadic people who regularly visited andndtiely settled
there to remain for as long as 3,000 years. Weasanme that
other estuaries along the Oregon coast, includiagXoos estuary,
were equally attractive to other tribes, loose gatigs, or families
of these prehistoric humans.

Whether they were descendants of the so-calledPadikans,
thought to have migrated from Asia to North Amen@athe
Bering Land Bridge, is a matter of conjecture. Horwe know if
the Paleo-Indians were the ancestors of modernialdadians. It
could be that later Indians replaced or displabed?aleo-Indians.

What we do know is that the south coast has bealiby
inhabited for thousands of years. Archeologistehawovered
ancient sites at Mule Creek on the Rogue RiveMgars Creek,
south of Gold Beach, near the Pistol River; neamtiouth of the
Umpqua River; and on the lower Coquille River ah@an and
Bullards Beach State Park.

Ancient, prehistoric peoples, as well as the gdimmraand
different races that followed, including modernints and early
pioneers, were enticed to settle along Americadlsgaegs. They
offered abundant food sources, transportation @ors, and natural
protective boundaries.

The Coos was among the richest of Oregon's essudiisevaters
teemed with fish and fowl. Its tidal flats held seegly unlimited
bounty. Along its shorelines grew berries and edgants. Elk
and deer roamed the woodlands and meadows. Safrresh
water were plentiful and always nearby. It wasraiiting paradise
with a temperate climate that promised an easy life



In searching for clues to early human settlemesgthe shores of
Coos Bay, "why" soon seems a foolish question.eBétt wonder,
"why not?"
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Indian Settlement on Coos Bay

by Kenn Oberrecht
|

During the centuries preceding American expansioa a
pioneer settlement of the western frontier, theas wo
written record of Indian life along the Oregon cbas
Much of what we know is pieced together from vaxiou
sources, augmented by the lore Indians passed on
verbally from one generation to the next. For tinget
being, we have to fill in the blanks with reasoned
assumptions (educated guesses).

British and American fur traders were probablyfil& to make
regular contacts with Indians of Oregon's soutlstd&/e know,
for example, that Alexander McLeod of the Huds@adyg

Company explored the south coast, including Cogs iBal826

and 1827.
On June 30, 1851, a In 1828, the Jedediah Smith Expedition reacheddith coast
bedraggled band of nine white and camped at various spots near and on Coos Baigkéy Run
men, flecing from Ewing on July 3, Cape Arago on July 4, Shore Acres oy SuSunset
Harbor (now Port Orford) Bay on July 6 and 7, Charleston on July 8, lowen<_Bay near
and a skirmish at Battle Empire on July 9, and the North Spit on July 10c@irse, none

Rock, broke through the
brush on lower Coos Bay to

be greeted by local Indians. 161



Because of the rich bounty of
the bay and adjacent lands,
the Coosans were a self-
sufficient people who lived in
relative peace and
tranquility.
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of these places went by those names then. Theraavas
community called Empire, and in place of Charlesamwe know
it today, was a large Indian village--probably laegest on the bay.

On June 30, 1851, a bedraggled band of nine whete fieeing
from Ewing Harbor (now Port Orford) and a skirmatBattle
Rock, broke through the brush on lower Coos Bdyetgreeted by
local Indians. John Kirkpatrick, leader of the balader described
the Indians as friendly, generous, and hospitabétsh-a report
that's consistent with those of the early exploasrd traders.

The Coos Indians, or Coosans, spoke two diffeaarguages.
Those who spoke Miluk lived on the lower Coquillwér,
northward along the coast to Coos Bay, on the |dagr and on
South Slough. Those who lived along the main ampeupart of
the bay spoke Hanis.

No one knows for sure how many Indians lived on<Bay, but it
was a popular and populated area that was algedisegularly by
Indians that normally resided farther inland. Tlestlestimates are
that 1,500 to 2,000 Coosans lived in plank houkesahe bay
shore in as many as 40 to 50 villages.

They relied on the estuary to provide most of theicessities.
They were hunters and gatherers, taking fish, f$telland marine
mammals from the bay and its many tributarieshinldordering
forests, meadows, and marshes, they hunted deeavatadowl,
pit-trapped elk, picked berries, and harvestedledilants. They
gathered reeds and grasses to make mats and bdsietsised
logs to fashion their dugout canoes and build thieink houses
and huts.

Because of the rich bounty of the bay and adjdesnls, the
Coosans were a self-sufficient people who livetkiative peace
and tranquility. They were variously described@sust and
healthy in appearance, good-natured and generalenieanor.
And why shouldn't they have been? Theirs was a ¢eatg
paradise.
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How Indians Used Coos Bay

by Kenn Oberrecht
|

Imagine a dawn on Coos Bay in 1790. No bridges span
the bay. No highways, causeways, or railways ctioss
inlets or sloughs or cut through the vast foreGieat
marshes, teeming with waterfowl, spread from the
mouths of creeks. The only hints of human habnaie
the feint, sweet smell of alder smoke mingled thigh
morning mists, and the occasional rustling of Miturk
Hanis women, who have left the sleeping mats af the
warm plank houses to bathe at the edge of theychill
waters before first light.

One archeologist estimated that 2,000 Coosan Iadraght have
lived along the shores of Coos Bay then: the M#pkaking
people on the lower bay, and those who spoke Hagiding on
the main body and upper reaches.

Coos Bay's waters, marshes, Coosans were hunters and gatherers who thrivediergear
and tidal flats provided them around. During seasons of plenty, they ate well agso preserved
with a tremendons bounty. food to see them through sparse times.

Great flocks of resident,
migrant, and over-wintering

terfow! provided food.
waterfow! provided foo 165



Constdering all the riches the
bay was able to lavish on the
people who dwelled on its
shores, it's easy to understand
why estuaries invite human
habitation.

166

Coos Bay's waters, marshes, and tidal flats providem with a
tremendous bounty. Great flocks of resident, migramd over-
wintering waterfowl provided food. Other birds wetdued for
their flesh, eggs, or some part of their anatomyngMones of
great blue herons, for example, were fashionednetxlles for
sewing reed mats and clothing.

Millions of chinook, coho, and chum salmon swamlaters of
the Pacific, gorging and growing fat on herring eftnsquid, and
other abundant foods. Seasonally, they migratettidoyundreds of
thousands into the bay and up its many tributadespawn.

The Coosans built weirs of alder and vine mapleap the
salmon, the flesh of which they consumed freshsamddried or
smoked for later use. They also speared salmofi@mnader, and
they sometimes did so at night, guided by lightrfriares they built
on beds of sand in their dugout canoes. In thenpgeand its
tributaries, they captured "eels"--actually eelligarasitic fish
known as lampreys--in basket traps, most of whigly preserved
for lean times.

They also pit-steamed clams, mussels, and oystens preserved
them by drying or smoking. Although they relishibd plentiful
crabs of the bay, they always ate them fresh idsté&rying to
preserve them.

They hunted sea mammals, and gladly took advarmtiite
occasional whale that entered the bay and becaamasd in
shallow water. They used the whale's flesh anddgubor food
and oil. Even the vertebrae from the whale's s&alserved as
comfortable camp stools.

In the forests and meadows on the fringes of tyethay hunted
deer and pit-trapped elk. Women and children gathand dried
the plentiful berries and a number of other edgtéants.

They also depended on the bay to supply most aftinger--the
drift logs washed down by winter floods--from whittey made
dugout canoes and planks for their houses and huts.

Considering all the riches the bay was able tcslawin the people
who dwelled on its shores, it's easy to understamglestuaries
invite human habitation.
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Pioneer Settlement on Coos Bay

by Kenn Oberrecht

Early white settlers on Coos Bay had a saying: "Whe
the tide's out, the table's set." The quaint apsrarmight
lead some to believe that the bounty of the bayhest
had attracted those first pioneers, as it had tgidns
and perhaps earlier prehistoric humans before them.
Such was not entirely the case.

On January 23, 1852, the Captain Lincoln, a coastaimer out of
San Francisco, wrecked on the North Spit, neantheth of Coos
Bay. The ship had been sent to provision militargposts in the
Oregon Territory. Soldiers and the shipwrecked ameade it to
shore and camped in the dunes. They salvaged ds ohtioe
wreckage and stores as they could, met the lod&rs, and
explored the bay.

During the summer of 1853, Two of the dragoons from the Captain Lincoln argt@up of
members of the Coos Bay pioneers from the lower Umpqua became the firstevbettlers on
Commercial Company found Coos Bay in 1853, after the Coos Bay Commercial gam

promising coal seams in the established Empire City, six miles above the Coag Bar. By
bay area and staked 19 coal-

mining claims.
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Meanwhile, homesteaders
cleared land around the bay
and up its tributaries. They
dug ditches, built dikes,
constructed tide gates, and
transformed marshes into
agricultural land.
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August, the town was divided into lots and wasma ¢&ty of 50
men. The first white women and children arrived tngtumn.
During the summer of 1853, members of the Coos Bay
Commercial Company found promising coal seamserbthy area
and staked 19 coal-mining claims. Mining beganftiiewing
year, but the original claim filers lacked the kneglge and
resources to make the mines work. It would requageilar
shipping, capital investment, mining equipment, ¢ars, trestles,
bunkers, and more. In short, it would take the wivhal of
wealthy men and outside investors.

In 1856, the first sawmills began operating on CBag. Henry
Luse built his mill at Empire City; Asa Simpson &bed his near
the big bend on the bay. Two years later, Simpsoih & shipyard
next to his sawmill, and so began another industry.

Sawmills burgeoned like mushrooms in the woodsraidbe bay.
Loggers soon had the lands near the mills denudédegan
moving farther into the hills in their attemptsféad the mills that
loaded the ships that hauled wood south to lumtaewed San
Francisco.

Meanwhile, homesteaders cleared land around tharhyp its
tributaries. They dug ditches, built dikes, constied tide gates,
and transformed marshes into agricultural land.

Boomtowns sprang up and died or were absorbedhettarger
communities. By the turn of the century, Marshfielas a town of
1,500 people. Boats and ships crowded the bay.t@ledeamers
made regularly scheduled runs between PortlancCaod Bay and
from San Francisco to Coos Bay. Coal steamers 2dieps a
month over the bar, and they were outnumberedrfpéur ships.
The industrial era had dawned.

Certainly, abundant fish and game, moderate clinvaigt lands,
and readily available building materials were esrients to the
early pioneers. But it took the promise of wealtld apportunity
for exploitation to draw large numbers of settlershe bay area. It
also took some missed opportunities, failed plaagstrophes,
and a smattering of good luck to keep their eardach from
becoming our later nightmare. Coos Bay did not bexthe
second San Francisco, as so many thought it would.
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Industrial Settlement on Coos Bay

by Kenn Oberrecht

By 1903, the year North Bend was incorporated bine
was a busy place, with sternwheelers, sidewhedaers,
steam-powered propeller craft carrying goods, farm
products, and passengers up and down the rivers and
sloughs, throughout the bay, and along the coast.
Gasoline launches scooted across the water in great
numbers and soon became known as Coos Bay's
Mosquito Fleet. The Reverend G. Leroy Hall even
conducted Baptist Church services aboard his launch
the Life Line.

In 1916, the Southern Pacific Railroad completedlitie
connecting the Coos Bay area with the WillamettdeyaNot only
did this present new opportunities for the transpbfreight and
passengers, but it also stimulated the local grafttommercial
fishing, because fresh seafood could now be shippeafrigerated
cars.
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From 1924 to 1928, the World War | brought boom times to Coos Bay in 19hd 1918.

south jetty was built at the Logging, wood-products manufacturing, and shipboddvere
Coos Bay entrance, the better than ever. The end of the war, however,athas abrupt
north jetty was rebuilt, and downturn in these industries. Within a few weelssany as 800
the channel was dredged to families packed up and left the area.

accept a new generation of

decp-drat steam ships. From 1924 to 1928, the south jetty was built atGloes Bay

entrance, the north jetty was rebuilt, and the nkawas dredged
to accept a new generation of deep-draft steans sAgpa result,
the sluggish economy began to stir. Harbor impraveisialso
helped the commercial-fishing industry, and Chaolestarted to
grow and prosper.

By 1930, a network of good roads connected the coniies of
the bay area. The North Bend Airport opened that gad later
received a federal grant for improvements. In 1986,
McCullough Bridge and the Oregon Coast Highway were
completed--perhaps the most significant growth eweéthe 20th
century.

Coal mining began declining in 1916 and ceasedjetter in the
1940s. By 1915, wood products had become the le@ysamain
export, and by 1946, Coos Bay was shipping morégrmthan

Portland.
The bay has been altered The sprawling Weyerhaeuser complex at North Beraheg in
tremendously since the 1951, and other wood-products companies followeth&are still
arrival of the first pioneers in business, while others have long since ceasethtipn. Wood
in the 1850s. products remain the area's economic mainstayhleubisiness has

always alternated between riding the crest andytrai the
industrial wave.

While industrial growth and urban development ead|to
economic health, they can also threaten the watlgoef the
estuary, which could eventually wreak financial baen the bay
area in a variety of ways.

The bay has been altered tremendously since tivalaof the first
pioneers in the 1850s. About 50 percent of its alale marshes
and tidal flats have been filled or drained. Dradgiroad
construction, and shoreline alteration have chartigedvay water
moves through the estuary, carrying nutrients émtsl and
animals, flushing and filtering urban and industwaste.
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To the early developers and many who succeeded thetlands
were synonymous with wastelands. The estuary wagtong to
be exploited without regard to consequences.

We know now that estuaries represent the richesst productive
habitat on earth. The bay area's second most iamgdrtdustry--
commercial fishing--depends on them. So do tourisamy forms
of recreation, and the quality of life of those wive along or near
their shores.
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Spring on the Estuary

by Kenn Oberrecht

Spring often roars into Oregon in the form of a pding
storm, something many call an equinoctial storm.
Contrary to popular belief, however, such stormseha
nothing to do with the equinox. The spring or vérna
equinox is one of two times during the year whenstin
crosses the plane of the earth's equator. Thismsccu
about March 21, when days and nights are of
approximately equal length around the world.

Though the day itself might be no different frore time that
preceded it or the one to follow, it marks the begig of a gradual
awakening in the estuary. If the winter has bedd,rsbme signs
might already be pointing to that awakening, dkéfsnooze alarm
had been going off every few days.
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Clams reproduce in the

spring, and as free-spawners

send their larvae to join the

great clouds of g00plankton
drifting and swimming in the
offshore currents, where they

will remain for 60 to 80
days.

Some estuaries are hosts to
spring migrations of
anadromous fishes, moving
through on their way to
[freshwater spawning
grounds. For example,
spring chinook usually
arrive in May, and
American shad from late
April throngh May.
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During spring, the estuary literally comes to lifes days grow
longer and temperatures rise, plant growth incieasem the
single-celled phytoplankton thriving in the estusuryutrient-rich
waters to the lush plants foliating in the marstyed the trees
rising above them.

Clams reproduce in the spring, and as free-spavaesid their
larvae to join the great clouds of zooplanktontohgf and
swimming in the offshore currents, where they waliain for 60

to 80 days. Fittingly, the first good clam-diggitides of the year
occur in spring, exposing acres of tidal flatsite morning sun and
to eager predators, mostly birds and humans.

Zooplankton populations explode in the spring amatioue to
flourish well into summer. Among them are the h¢dofton,
which spend their entire lives in the estuary asktion and
include copepods and mysids; meroplankton arearegtuary
temporarily in this form as the embryo and larvabes of such
diverse species as clams, shrimps, crabs, seasgararchins, and
fishes.

Flocks of migrating birds and waterfowl swell tlamks of resident
and overwintering populations. Some, such as ciomai@al, stop
only briefly on the estuary to feed and rest. A fenger longer
before heading farther north, while others remaijoin resident
populations that will court and build nests in tharshes,
meadows, and forests on the fringes of the estivogt will be
rearing fledglings by season's end.

Some estuaries are hosts to spring migrationsadramous
fishes, moving through on their way to freshwatsvening
grounds. For example, spring chinook usually arivslay, and
American shad from late April through May. Some imaispecies
spawn or bear live young in the estuaries duriegsgpring. Most
popular with anglers are the perches, especiatiythped
seaperch and redtail surfperch.

Sunny days invite hikers and nature observers jioex the
estuary's edges, canoeists and kayakers to pasdtlackwaters
and sloughs. Fickle weather delights the outdootgdrapher,
whose subjects, large and small, are endless iedfuarine
environment.



Spring on the estuary is a time of vitality andiest. As it ages
toward summer, it often seems a reward for ourrgaput up with
winter.
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Summer on the Estuary

by Kenn Oberrecht

Coos Bay's plankton
population continues to
mushroom until July, when it

begins to drop off dramatically.

One theory is that by mid-
summer they have depleted the
supply of nutrients in the
estuary.

Were it not for calendar and clock, summer woukelly
sneak up unnoticed on the Oregon coast. Its officia
arrival, about June 21, is heralded by the summer
solstice, when the sun reaches its northernmosit [poi
the celestial sphere, 23.5 degrees north of thestiall
equator. This is one of two times during the yelaenv
such distance exists between sun and equator,sand i
marked by the longest period of sunlight of angcdar
day.

By the time summer comes to the estuary, manyeptbcesses
and activities of the season are already underRawfall has
greatly diminished or ceased altogether. Summepéeature
patterns have taken over. The volume of fresh whteing into
the estuary declines and becomes warmer. Watétydlareases,
allowing for greater sunlight penetration.

Aquatic and terrestrial plants respond by growistdr than at any
other time of the year. Plant-eating organismsniike thrive.
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Lingeod, cabezon, and
rockfish--normally
assoctated with offshore
reefs--frequently move into
the bay during the summer
months to feed.
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Coos Bay's plankton population continues to musiraatil July,
when it begins to drop off dramatically. One theisryhat by mid-
summer they have depleted the supply of nutrientse estuary.
On the marshes and in the backwaters of the esgjamniallard,
wood duck, and merganser parents trail trains zéyiwucklings
behind them. Ospreys hover and dive, hover and divéheir day-
long fishing forays, catching food for their hungmyd growing
broods.

Brown pelicans, so graceful on the wing, make arashpectacles
of themselves when they spot forage fish swimmielgw. They
tuck their wings, stretch their necks, and simplygravity take its
course. They're a summer delight, and their numdeszm to be
increasing on the bay--a hopeful sign for a speitiats been on
earth for 30 million years, but nevertheless bageslyaped
extinction in the 1970s because its food was staceimated with
DDT.

Salinity of the estuary's waters is higher in tamser and early
autumn than the rest of the year, causing the atdtwoundary to
migrate farther landward, sometimes coaxing esteand marine
animals farther up the bay. Lingcod, cabezon, ackHfish--
normally associated with offshore reefs--frequentlyve into the
bay during the summer months to feed. Young lingmod
rockfish move well up the estuary in search of fd&den adult
sharks cruise the bay miles from the ocean andscnually
surprise a perch angler.

Sea-run cutthroat trout move into Oregon estuamiéste August
and early September, feeding as they migrate tofvestt water to
spawn. Summer steelhead also move through somariestand
into the rivers in September. Crabbing is ofteadjon the estuary
during summer months, but the catch will includebsrin the soft-
shell stage, which must be released. Cycles ojeh€s lowest
tides occur throughout summer, exposing many aifradal flats
for clam digging.

Summer is also a good time to learn about the Bstural its
inhabitants. The Oregon Institute of Marine Biol@yCharleston
offers courses to the public during the summer. Sbeth Slough
National Estuarine Reserve has a bevy of workshaganized
nature hikes, and canoe trips on the slough. Fasethivho prefer to
go on their own, trails at the South Slough arencgdedaylight
hours.



Summer's a great time to pack a lunch with the duters and
camera, and get to know Oregon's estuaries.
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Autumn on the Estuary

by Kenn Oberrecht

Marsh plants also begin to
die back and decompose, an
important process that
recharges the estuary's
nutrient supply.

Although autumn is generally the most dramatically
changeable season on the Oregon coast, early autumn
seems only a continuation of summer patterns and
processes. Indeed, the streams feeding Oregon's
estuaries run clear and low then. Air temperatures
remain warm and are sometimes the highest of the ye
Correspondingly, estuarine waters are relativelyrma
and salty.

By the end of autumn, the estuary will have chargewiderably.
Tributaries will be running colder and might bethand roilly.
The estuary's salinity will have decreased, andé#tisvater
boundary will have migrated seaward.

Autumn arrives at the point of autumnal equinoxewlthe sun
crosses the plane of the earth's equator for ttensetime of the
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Minus-tide cycles swing to
the graveyard shiff, and
most clam diggers just give

up till spring.
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year. That happens about September 22, when ddysigints are
of approximately equal length.

Warm weather usually continues through Septembeearly
October, and might proceed on to November. As thedof
daylight decline, however, the bay begins to cool.

Foliage changes color and dies. Alders lose teawds. Those
that fall into the rivers, creeks, swamps, and messlarken the
water as they decompose, reducing sunlight perairdflarsh
plants also begin to die back and decompose, aortant process
that recharges the estuary's nutrient supply.

Roughly coinciding with this process is a seasaopalelling
offshore. Flood tides rush into the estuary beanuigients from
the ocean bottom, triggering an autumn planktootl@n the bay.

Abundant berries in the thickets along the edgdeketstuaries
continue to ripen, providing food for many birdsammals, and
humans.

Waterfowl and other migratory birds begin arrivifigny green-
winged teal are the first to show up, usually ipt8eber, in their
sporadic, darting-and-diving flocks. The first badather up north
drives other puddle ducks down--the mallards, fsjtand
gadwalls. After Thanksgiving, the diver ducks pouwith every
storm front.

The rains of autumn change the estuary's salinilystggnal the
salmon schooling offshore. During times of drouglotne coho
and fall chinook seem to grow impatient and meantdea few at a
time, rain or not.

Minus-tide cycles swing to the graveyard shift, amast clam
diggers just give up till spring. Crabbing, on tither hand can be
best of all in the fall, with the catch hard-shd|lplump, and tasty.
Torrential rains, however, freshen the estuaryding the crabs
downbay to water of higher salinity.

Autumn at the South Slough Estuarine Reserve isiwhe
educational programs get underway for the acadgeac During
the months that follow, the reserve hosts as mar8;@00 students
from throughout the state who come to take advantéghe

formal programs offered. Thousands more will Visé reserve on
an informal basis, hike the trails, and learn airtbwn with



materials available at the interpretive centerhdltgh summer
hours no longer apply at the interpretive centes,Hiking trails
remain open all daylight hours all year.

Like spring, autumn offers tremendous variety anehtuary. It's a
busy time, too, with opportunities abounding farsa who will
take the time to observe and patrticipate.
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Winter on the Estuary

by Kenn Oberrecht

Winter's high volume of
freshwater inflow greatly
decreases salinity in the
estuary, driving the saltwater
boundary seaward.

Winter has earned a bad reputation on the Oregasto
but if it ever lived up to its full potential, fest us would
find it bearable, year in, year out. Sometimes annt
lashes the jagged coast and turns the bay a |dajeay.
Storm on storm, wave on ceaseless wave. Treestoppl
taking power lines with them. Rivers spill theimka.
Occasionally we even get a hard freeze, or the bitref
snow. But not every winter, and not all winter long

We get breaks, respites from the storms and nobfg-holes in
the skies of our discontent, wisps of warmth cdroa foreign
breezes, shafts of slanted sunlight that seemotoethe bay for
signs of life, reminders of Junes gone by. Johre@eaf Whittier
called winter the mother of spring. Hold that thbyglohn.

Winter solstice is the pistol shot that startsdbason. This occurs

when the sun reaches its southernmost point, 28)feds south of
the celestial equator, about December 22. It'siftyeof the year we
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Water quality can suffer from
the exccessive runoff of winter.
Waterborne sediments carried
in the currents of creeks and
rivers often bear the pollutants
of industry, agriculture, and
human habitation.
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get the least amount of sunlight. We usually ttohk as the year's
shortest day or longest night.

Winter's high volume of freshwater inflow greatlgaleases
salinity in the estuary, driving the saltwater bdary seaward.
Many estuarine and marine animals react in kindyingpfarther
downbay or even into the ocean.

Swollen tributaries also carry an increased sétlacreating
turbidity in the bay and decreasing sunlight peat&in, impeding
photosynthesis. Plankton production plummets.

Coos Bay remains fairly well-mixed all year, butwvmter, mixing
of fresh and salt water are enhanced by the amamdturbulence
of the fresh water entering the estuary. Consetyyentygen-rich
surface waters are churned toward bottom to beaweiimals
dwelling there.

Marsh vegetation dies back and is broken down tofoe part of
the detritus supply of the bay and nourish the ndetyitus-feeding
organisms.

Local flooding is common during the winter rainyasen. When
storms combine with high spring tides during peesiswesterly or
southwesterly onshore winds, lowland flooding mas$t assured.

Water quality can suffer from the excessive rumdfivinter.
Waterborne sediments carried in the currents aksrand rivers
often bear the pollutants of industry, agriculted human
habitation. One problem on Coos Bay, for examgl¢he increase
of fecal coliform bacteria often associated witlanerainfall and
usually caused by animal wastes being washed irdaras feeding
the estuary. When levels are too high, the locallfskhery must be
shut down.

With overwintering and migrating flocks joining rdent
populations, bird and waterfowl numbers peak dutirgwinter on
Coos Bay. Birders and photographers find the gseéataiety and
concentration on Pony Slough and North Slough.

The winter months offer some of the best crabbinty® year
between storms. During periods of heavy rains andff, though,
crabs migrate downbay.



A few hardy anglers, crabbers, wildlife watchers] autdoor
photographers get out on the estuary during théewirfFor the
most part, though, we hunker under the season attoinbup
against it, waiting for her to give birth to spring
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Nature Study for Beginners

by Kenn Oberrecht

Oregon's coastal region is endowed with a rich mhitg

of wildlife and habitat types. The landscape is
characterized by a splendid variety of biologicatla
geological features. Forests and farmlands, dumes a
headlands, mountains and meadows, parks and gardens
rivers and creeks, marshes and estuaries, tidespaadl
beaches--all combine to form an ideal setting fa t

study of nature. What a wonderful opportunity toe t
budding naturalist.

Getting started in nature study in a place liks thieasy. The first
step is to determine where your interests lie, th@m you want to
approach them.

One possibility is a general approach that wouddlide the study

of a variety of organisms and their relationshiphwne another
as well as with their environment. We call thacgne ecology.

193



Getting started in nature
study in a place like this is
easy. The first step is to
determine where your
interests lie, then how you
want to approach them.

Periodicals on nature,
conservation, and ecology
abound and range from
broadly general to highly
specialized. Good ones for
starters are National
Wildlife, Audnbon, and
Natural History.
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Perhaps you would prefer a more specific approaali;-the study
of insects (entomology), birds (ornithology), figbhthyology),
amphibians and reptiles (herpetology), or plantdgiby). Some
even further narrow their studies to become experta specific
family, or even one species.

The next step is to head for one of our three libsa Coos Bay
Public, North Bend Public, or Southwester Oregom@umnity
College. There you can browse electronically thiotige files in
the COASTLINE computer, punching in such subjestaature,
birds, mammals, fish, waterfowl, trees, wildflowarsects,
reptiles, amphibians, fossils, geology, zoologyather,
astronomy, tidal marshes, and estuaries.

You'll find enough volumes to keep you reading anirysubject
area for years. If you're unsure of what approadiake, start with
a general book about nature, such as Joy of Nadied by Alma
E. Guinness, or A Practical Guide for the Amateatuxalist,by
Gerald Durrell.

Periodicals on nature, conservation, and ecologyiad and range
from broadly general to highly specialized. Goo@®for starters
are_National Wildlife Audubon,and_Natural History

You will eventually want to build your own readiagd reference
library. Visit local bookstores and browse the saslfor both new
and used books. In addition to general books omreand those
on specific subjects, you'll want a good field guidlfred A.
Knopf publishes the Audubon Society's series dd fipiides,
available at most bookstores. They cover subjeots f
wildflowers to whales, are vinyl covered, and \itllin a parka
pocket.

Nature study is a relatively inexpensive form ofdmor recreation,
but you will need some gear when you go afield. oadypair of
binoculars is indispensable. Carry a pocket krifemall magnifier
or hand lens, a notebook, and pen. All of thisgamto a fanny
pack or rucksack, along with rainwear and any faod beverages
you care to take on day trips.

This should be a good start for anyone interestetture. As you
learn more and your interests gain momentum, censaking
some courses and enrolling in nature workshopas. aloiational



conservation organization, and become active atal lchapter or
club. Volunteer to work with local conservationanted groups.

Few pursuits allow us to combine education andeagan in such
an enjoyable and important way. Nature study, atiewel, is
uniquely rewarding.
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Non-Consumptive Uses of the Estuary

by Kenn Oberrecht

As they approach the sea, most coastal rivers form
estuaries: partly enclosed bodies of mingling frasd

salt water where a tremendous array of organisms
thrive. Throughout history, estuaries have attracte
humans and invited settlement and development. Many
have provided safe havens for ships and navigable
waters for moving freight and passengers inlandwar

to sea.

As it has for several thousand years, the CooseBayary
continues to provide food for locals, mainly in feem of fish and
shellfish, but it also offers a variety of opporities for non-
consumptive uses, some of which many of us takgrimted or

overlook.
A few hardy souls even The most obvious non-consumptive recreational fisigecbay is
keep in shape by skimming boating, with power or sail. Sailboards have insegbin numbers
their rowing sculls across the and popularity in recent years, and a growing nurobpeople are
bay. enjoying canoeing and kayaking, especially in tloearprotected
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The estuary also provides
artists and photographers
with unlimited subject
matter, any time of the year.
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waters of the sloughs and inlets. A few hardy seutn keep in
shape by skimming their rowing sculls across the ba

Family hiking along the edge of the estuary cabdi@
recreational and educational, especially if you enakconcerted
effort to observe and study the plants and aniy@ldl encounter
along the way. At the South Slough Reserve, yoyaarone of
the organized nature hikes, or pick up trail guidethe
interpretive center and go on your own. On the N&pit are
beaches, trails, and old roads to hike. You cam lailee the
railroad right-of-way along the North Slough or thée-long road
that skirts the west side of Pony Slough.

Jogging and fitness walking are other ways for ¢esipnd
families to regularly enjoy the estuary. Whethen ywrk out in
town, upriver, or downbay, you can be assured eritylof wildlife
and shipping activities to ward off boredom.

Similarly, bicycling is another superb way to enjbg bay and
reap the benefits of healthful exercise. With gdle you have the
added advantage of being able to haul extra gebaryou or pack
along food and beverages on daytrips.

Most of us enjoy picnics, but we needn't confirentito the
occasional summer weekend or holiday outing. Comhisunrise
breakfast with a birding trip to the bay during ahd spring
migrations. Or break up a stressful work day wigaek lunch or
deli takeout at the bay's edge. Some people evaaucd business
lunches this way.

The estuary also provides artists and photographgnsunlimited
subject matter, any time of the year. Opportunitgegye from
sunny scenics with big skies and puffy clouds tselps of
wildflowers, or the muted moods and pastels of yegmprning
ship shapes and waterscapes.

Those of us fortunate enough to live here sometiosessight of
the fact that the Coos Bay estuary is one of themadtractions of
the south coast. Tourists and other visitors genjoy it only
briefly, temporarily. It's there for us any time wleoose to use it.
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Having a Wetland as a Neighbor

by Kenn Oberrecht

...between the 1780s and
1980’s, 53 percent of the
original 221 million acres of
wetlands in the contignous
states were destroyed. That
works out to an astounding
60 acres an hour for 200
years.

Ty
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For too many years, Americans have labored under th
misapprehension that they knew something about
wetlands. What they thought they knew was that the
word wetlands was synonymous with wastelands. They
had no respect for wetlands and tried every feasnay

to destroy them. They ditched, diked, dredged neidhi
and filled any wetland that got in the way of wtredy

saw as progress. Consequently, we have lost maise of
nation's wetlands.

According to the U.S. Fish and Wildlife Service tidaal
Wetlands Inventory Group, between the 1780’s ar80’s) 53
percent of the original 221 million acres of wetlann the
contiguous states were destroyed. That works oa tastounding
60 acres an hour for 200 years.
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Most urban areas have lost
more than 90 percent of their
wetlands, and what remains
has been isolated and
degraded. Most such areas
probably don't perform many
of their original functions.
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In terms of percentages, California is the big¢estr, with its
original five million acres of wetlands reducedéss than a half-
million acres, representing a 91-percent losseims of acreage,
Florida is the worst of 50 states, having destrd@/@&dmillion acres
of wetlands.

Florida, Louisiana, Minnesota, and Texas are tagestwith the
greatest acreage losses. Ten other states haveyaelsat least 70
percent of their original wetlands. In fact, Alaskiew Hampshire,
and Hawaii are the only states that have losttless 20 percent of
their original wetlands. Oregon and Washington Hase38 and
31 percent, respectively.

Most urban areas have lost more than 90 percdhteofwetlands,
and what remains has been isolated and degradesi.ddch areas
probably don't perform many of their original fuiocts.

The most sobering and unfathomable statisticsl @ralthat
despite federal, state, and local attempts tothalplunder of one
of the nation's most valuable assets, we continukestroy
300,000 to 400,000 acres of wetlands every year.

Wetlands exist in a variety of types. They inclss#eamps, bogs,
sloughs, freshwater marshes, salt marshes, veoodd,pvet
meadows, and forested wetlands. Many exist as phdasmplex
ecosystems and function as highly productive habita

Too many people continue to wonder about all tlss fwver a
bunch of smelly swamps and marshes. Well, theigagtetlands
are the best neighbors we can have.

They offer protection against erosion by anchoshgreline soils.
They trap sediments, filter pollution from air andter, and retain
nutrients with which they support food chains arebs:

They provide critical habitat for fish, shellfisimphibians,
reptiles, birds, and mammals. Many are drinkingewaburces for
all sorts of wildlife.

Some store ground water and even recharge grouadsigiplies.
In times of excess, they store damaging flood vsates well.

Wetlands foster tourism and many forms of recreatecause of
the tremendous variety of plant and animal lifeythepport, they



are natural laboratories for every level of inquand education,
from grade-school studies to post-doctoral research

So wetlands are good neighbors. Want to know howeta good
neighbor to wetlands? Just leave them alone.
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Wetland Restoration and Creation

by Kenn Oberrecht

Faced with the fact that less than half of Amesca'’
original wetlands exist today, and armed with mader
scientific knowledge and technological abilitieanave
successfully restore some of the lost habitat asmeh e
create new wetlands? Well, maybe. We think so.dffe h
So.

A term that has gained currency among land-usenplans
mitigation. The authors of Wetland Creation andt®@gion: The
Status of the Science (Island Press, 1990) defitigation as "the
actual restoration, creation, or enhancement ofwes to
compensate for permitted wetland losses."

When we level a forest and Here's how it's supposed to work. Let's say a catfm has

replace harvested trees with acquired a piece of bayfront property to develdp ammotel-
seedlings, we aren't restoring restaurant-marina complex. Assume the plans wis@dl the

the forest, with all the usual tests and permits will be granted. Part efidind, however,
Junctions, complexities, and is marsh that must be drained and filled. Elsewberthe bay is
dynamics of a forest. another piece of property where no marsh existpediaps where

a marsh once existed but was drained and fille@doicultural
use. In exchange for the marsh that constructidindestroy, the
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We don't know how to plan
[for permanence, because we
don't know what
combinations of functions will
ensure resilience.
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developers agree to buy the other property andgyayreating, or
re-creating, a comparable marsh there. Althoughdbunds like a
fair trade, it doesn't always work out so simpliy.fact, attempts to
restore or create wetlands aren't always successful

When we level a forest and replace harvested wehsseedlings,
we aren't restoring the forest, with all the fuans, complexities,
and dynamics of a forest. We're creating a tremfgulanting a
crop.

Similarly, there's more to marsh creation or regton than
acquiring the land, seeing to hydrology problerhentplanting
grasses, sedges, and other wetland vegetatiorucbeed, it must
perform as a marsh. Specifically, it must functeswell as or
better than the marsh lost in the mitigation prec¥githout the
functions, complexities, and dynamics of a marsWijll be little
more than an expensive garden.

Dr. Joy B. Zedler of San Diego State University hsted nine
reasons why wetland functions are so difficulteéplace, even
though we might have the best intentions:
= Original wetlands were not manmade.
= We don't have blueprints to follow.
= We don't know everything nature used as building
materials.
= Species don't stay put, as buildings, roads, amek ot
structures do.
= We don't know how all the components of a wetland
interact and depend on one another.
= We find it difficult to plan for a system that'stagally
dynamic.
= We don't know how to plan for permanence, because
we don't know what combinations of functions will
ensure resilience.
= We don't know enough about wetland configuratioth an
distribution to be sure that there will always be
sufficient habitat to serve as refuges from thneiatg or
harmful conditions.
= It's difficult to plan a wetland when we can't potd
problems that might arise during construction.

Land-use planners, managers, and scientists aliengan these
and other problems, but it will take time to sotliem all.
Meanwhile, we need to preserve existing wetlandiscamtinue to
look for ways to restore degraded ones. Mitigatsoa step in the
right direction, but it's no panacea.
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The Nation's Imperiled Estuaries

by Kenn Oberrecht

Estuaries are our most vital,
productive, and important
environments; yet, they're
also among our most
threatened habitats.

The purpose of the system is to
safeguard our estuarine resources
and provide educational and
research facilities, that we might
learn to better protect these
critical habitats, perhaps restore
some of the wetlands and
tidelands we've abused and
degraded, and even create new
habitats in place of those we've
destroyed.

Eventually, the waters of all the nation's streasech
the ocean, most by way of partly enclosed bodies of
brackish water near the river mouths known as
estuaries. Many of our rivers and creeks rise fdamd
and drain thousands of square miles of agricultural
lands, forests, mining operations, constructiorsit
densely populated cities and suburbs, and highly
developed industrial areas.

Consequently, these waters enter the estuariesmbehe silt and
sediments eroded from the land, as well as tremtddintreated
sewage, animal wastes, pesticides, chemical ftd| heavy
metals, caustic acids, poisons of various kindd,ewery manner
of industrial discard. The estuaries themselvediqudarly the
large ones, are usually flanked by dense populstiodustry,
farmlands, or some combination of all these.

Estuaries are our most vital, productive, and irtgpar
environments; yet, they're also among our mosatereed habitats.
Years of abuse have seriously degraded them: &efagboliticians
and bureaucrats seemed aware of or concerned mtitl1870.
That year, the U.S. Department of Interior releasegport entitled
The National Estuary Studwhich documented how rapidly and
vastly our estuaries were being damaged or destroye

Subsequently, Congress passed a slew of relatisthlgon,
including the Federal Pollution Control Act; the e Protection,
Research, and Sanctuaries Act; and the Coastal Management
Act. One result of the last-named was the estabksti of the
National Estuarine Research Reserve System, undewuspices of
the National Oceanic and Atmospheric AdministraiN®AA).
The purpose of the system is to safeguard our @séusesources
and provide educational and research facilitiest, We might learn
to better protect these critical habitats, perhhaptore some of the
wetlands and tidelands we've abused and degradedven create
new habitats in place of those we've destroyed.

The South Slough National Estuarine Research Reserv
Charleston, Oregon--created in 1974--was the dush sanctuary
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The South Slough
National Estuarine
Research Reserve in
Charleston, Oregon--created
in 1974--was the first such
sanctuary in the nation.

in the nation. There are now 22 others along tlegiEaAtlantic,
and Gulf coasts, as well as in the Great Lakes,dilaand Puerto
Rico, with four proposed sites under consideration.

South Slough's sister facilities on the West Casstat Padilla Bay
on Puget Sound; Elkhorn Slough, between MontereySamta
Cruz, California; and the Tijuana River, south ah®iego. San
Francisco Bay is one of the proposed sites.

The Clean Water Act of 1987 established a Nati&salary
Program, administered by the Environmental Pratactigency
(EPA), with the purpose of identifying nationaligsificant
estuaries and improving their quality and vitalifp date, EPA has
given "priority consideration” to 11 of the nati®mhajor estuaries
and has initiated programs on six of those.

More than 20 years after the Department of Inteetgased The
National Estuary Study, our estuaries are scarogdyoved. In
fact, most are in the worst shape ever. A framewakbeen
established, however, and legislative tools patuatdisposal, that
we might begin to reverse some of the processésdva
deteriorated the quality of the nation's most Vial@avaterways.

Perhaps one day we'll be able to look with pridallahe estuaries
we helped bring back from the brink of destruction.
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Romancing the Estuary

by Kenn Oberrecht
|

One day during the summer of 1991, the mail broaght
intriguing invitation from the South Slough Natidna
Estuarine Research Reserve in Charleston, Oregon: a
request for proposals "from qualified contractoos t
research, write, and produce 52 newspaper feature
articles." The project would entail writing about
estuaries--those special places where river anénce
waters meet and mingle--and how these complex
environments fit and function in nature's grandestle.
The successful bidder would have approximately six
months to finish the job.

The opportunity seemed custom-made for me. | hadea
lifelong interest in wildlife, particularly anythgnthat lives in, on,
or near water. | earn my living as a writer, ancchnaf my work
for the past 20 years has been about nature.

1 have had a lifelong interest Nevertheless, | realized the proportions of th& tasild prove

in wildlife, particularly overwhelming, especially in light of my already pdieelance
anything that lives in, on, or schedule. It could be like hugging an elephant-imgossible, but
near water. 1 earn my living something requiring careful planning and a big heac

as a writer, and much of my

work for the past 20 years A few weeks after | submitted my proposal, MartyeS;j

has been about nature. Education Coordinator at the South Slough, phooddlt me | had

been awarded the contract. Within days | was histindl chores,
setting up files, and planning my research.

| was interested not only in Oregon estuariesglad others along
the Pacific, Atlantic, and Gulf coasts. So | sewvtwrk writing
letters to the fish-and-game agencies, Cooper&tension
Services, and Sea Grant College Programs in eacthraoastal
states. Next, | wrote to various federal agendesh as the U.S.
Army Corps of Engineers, Environmental ProtectiageAcy, U.S.
Fish and Wildlife Service, and National Oceanic atehospheric
Administration.

The National Wildlife Federation Conservation Diay provided

most of the addresses and phone numbers | neeaed.the same
volume, | also gathered information about variagzl, regional,
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It was, from the beginning,
a labor of love and a

commitment to our estuaries:

an on-going project that may
well occnpy a sizeable
portion of the rest of my life.

and national organizations concerned with consenvand
management of coastal and estuarine resources.

I'm a writer, not a scientist, but over the yeatsgve interviewed
and corresponded with hundreds of scientists arthumeavorld, on
topics ranging from astronomy to zoology. They hiagen willing
subjects, often eager to share their knowledgénsght pass it on
to my readers. The estuary project was no excepfoan,
teetering stacks of estuary-related literature cev@early every
square inch of horizontal surface in my office.

| spent hours at the North Bend and Coos Bay lisapunching
keys at computer terminals and later poring overdbzens of
volumes my search turned up. | also increaseditgeof my own
library by about 50 books and book-length repdvisre than 100
new files now crowd two drawers of my file cabinetad I'm
about to assign another drawer to the task of hgubie ever-
growing body of literature.

This has been much more than a job of researchvatidg that
might have ended with the submission of my 52nidlert It was,
from the beginning, a labor of love and a committrierour
estuaries: an on-going project that may well occugizeable
portion of the rest of my life.

_— N N
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