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Curriculum Notes 
 
 

The ESTUARY curriculum consists of three major activity areas. 
a 

 
Element     Contact hours  

 
Classroom  
 
Slide/tape introduction     1  
 
reading booklet     2  

 
Laboratory       4  
 
Field trip b       5  

 
a - A teacher's manual providing discussion guides, master work- 
sheets, tests, answer keys, an annotated bibliography, and 
additional information is included.  

 
b A field trip to the South Slough Sanctuary is strongly 
recommended and can be arranged by calling the sanctuary to 
schedule field trip dates and overnight housing accommodations 
if needed.  
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How Estuaries Fit into the Water Cycle  
 
In this chapter you will learn  
 
- What causes different parts of Oregon to get different amounts of rain 
 - What the water cycle is  
- What an estuary is  
 
 
 
 
 

The Water Cycle 
 

The weather forecast calls for snow in the mountains lower elevations. Its winter and the 
Pacific Northwest is in for another  

 
In the winter it rains a lot along the coast and it mountains, but Burns or John Day hardly ever 

seems to get moisture. Where does this seemingly endless supply of co come from, and why does 
the Coos Bay area receive 150-200 (60-80 inches) of rain a year and Burns get only 25-50 
centimeters (10-20 inches)?  

 
Raindrops form when air saturated with moisture cool the cool, saturated air as clouds or fog. 

In the Pacific the source of moisture is evaporation from the Pacific Ocean (figure1.) The moisture-
laden air is made up of fresh water that is pushed eastward toward the shore by local winds, and as 
it rises over the 
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Figure 1. The water cycle. 

 
coastal mountains, the air cools. As the air gets cooler and cooler, more and more moisture falls in 
the form of rain or snow. The Coos Bay area lies at the foot of the coastal mountains next to the 
ocean and therefore experiences air masses nearly completely saturated with moisture, so that even 
slight cooling causes a lot of rain. As the air masses continue eastward, more moisture is lost each 
time the air rises over a mountain range. By the time the air gets to eastern Oregon, most of the 
moisture has been lost, so even with a lot of cooling, very little rainfall occurs. 
  

Some of the rain water evaporates right away. Steam rising from a hot road after a sudden 
shower is a good example of this. Much of the water is absorbed by plants. The remainder soaks into 
the ground or runs off directly into rivers, lakes, and streams. The ground water eventually filters its 
way through the soil into rivers. The final destination of all major river systems is the ocean, where 
the cycle starts allover again.  
 

But why isn't our rain salty? Even though the ocean is our source of rain, the rain is not salty. 
Heavy materials, such as dissolved minerals like salt, remain behind when water evaporates from 
the surface of the ocean.  

 
But isn't the ocean getting saltier? It would seem that since fresh water is continually being 

evaporated from the ocean, the ocean should be getting increasingly salty. We have to remember, 
though, that fresh water is continually being added to the ocean from rivers, rain, and other sources 
of water such as glaciers. At present scientists believe that the amount of fresh water removed from 
oceans by evaporation is about equal to the amount that is being returned.  
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Summary 
 

Fresh water evaporates from the ocean to the atmosphere, where it is carried over the land 
and falls as rain and snow. Rain water that is not used by organisms or lost by evaporation 
eventually finds its way back into the ocean. This process is known as the water cycle. t  

 
Estuaries and the Water Cycle 

 
The water cycle involves the continual evaporation of fresh water from the oceans and the 

return of that water to the oceans by the rivers of the world. This booklet takes a close look at one 
very interesting part of the water cycle--estuaries. An estuary is the place where the fresh water of a 
river or a stream meets and mixes with the salt water of the ocean.  

 
The change from fresh water to salt water occurs over an area that differs for each estuary. 

The exact size and shape of an estuary are influenced by two major factors. First, the size and 
shape of an estuary depend upon the amount of fresh water entering the estuary. For a large river, 
like the Columbia, the estuary extends many miles inland. The estuaries of small streams may be 
only a few hundred feet long because much less fresh water is involved.  

 
The second factor that changes the size and shape of estuaries is the geologic history of the 

area where they are located. Geologic movement of the earth's crust has elevated and lowered 
coastal areas. These changes cause the average sea level to change. The changing sea level alters 
the size and shape of estuaries by altering the water depth and extent of submerged coastal areas.  

 
The scouring action of glaciers has formed some estuaries that are very deep and have 

nearly vertical rocky walls. Puget Sound in Washington State and many of the estuaries in British 
Columbia and southeast Alaska are examples of this type of estuary.  

 
Most of Oregon's estuaries are shallow bodies of water with narrow exits into the sea. They 

are known as the drowned river valley type of estuary. The drainage basins of the rivers having this 
type of estuary were formed when the sea level was much lower than it is today. The sea level was 
lower because the polar ice caps were larger then and more of the world's water was trapped in 
these ice caps. Changes in climate thousands of years ago began melting the ice caps and caused 
the sea level to raise to the level we see today. The rising sea level flooded valleys of the coastal 
drainage basins, forming the drowned river valley type of estuary.  
 
t Underlined words can be found in the Glossary.  
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To assist ship navigation into some estuaries, a row or large boulders or concrete slabs is 
placed along each side of the mouth of the estuary. The boulders or slabs may extend several 
hundred feet into the sea. These structures, called jetties, extend above the surface of the sea and 
help to protect the mouth of the estuary from large waves. Even with the construction of jetties, it is 
very difficult and dangerous to navigate ships into and out of estuaries. Seamen call the area at the 
mouth of estuaries the bar. Many vessels have been lost "crossing the bar."  

 
Not all estuaries have restricted mouths like those found in Oregon. Some estuaries have 

complicated, fan-shaped mouth systems called deltas. The Mississippi River delta is an example of 
an estuary with a delta. A comparison of the mouth of the Mississippi River with the mouth of the 
Columbia River is shown in figure 2.  
Deltas are created by millions of tons of sediment from erosion in the basins drained by large rivers.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. A comparison of an estuary with a restricted 
mouth, represented by the Columbia River, and an estuary 
with a river delta, represented by the Mississippi River.  

 
In Oregon many of the drowned river valley estuaries are formed by very small rivers, such as 

the Elk, Sixes, and Pistol rivers in southern Oregon. In the summer these small rivers may have very 
little freshwater flow. At this time such an estuary may get blocked off partially or completely by sand 
deposited by ocean waves. When that occurs we say it has a closed bar. Then as the winter rains 
fall, the increased runoff reopens the mouth of the estuary and it is said to have an open bar.  
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SUMMARY 
 
 An estuary is an area at the mouth of a river or stream where the fresh water meets and 
mixes with the salt water from the ocean. The shape of an estuary is influenced by two major factors: 
first, by the amount of fresh water entering the estuary and second, by the geologic history of the 
coastal area where the estuary is located. 
 
 
 

Short ð Answer Questions 

 
1. What is fog? 

2. Why is the east side of the Cascade mountain range drier then the west side? 

3. Briefly describe the water cycle. 

4. What two major factors influence the size and shape of estuaries? 

5. What do scientists think was the primary purpose of the prehistorical great change in sea level. 

6. What general types of estuaries are discussed in this section? 

7. What is delta? 

8. What is an estuary? 
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Physical Factors in Estuaries  
 
In this chapter you will explore some of the important physical phenomena in the estuary.. These 
include  
.  
~ the physical processes and materials of the ocean and the river ':'the causes and the main  
characteristics of tides  
- the reason the mouth of the estuary is sandy whereas the upper part is muddy  
- the different, ways fresh water and salt water can mix in an estuary  
 
 
 
 

Tides--A Contribution from the Ocean 
 
The physical properties of estuaries are a result of the interplay between the physical 

processes of the river and those of the ocean (figure 3).  
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 3. Physical contributions of the river and the ocean to the estuary. 
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The two features of a river that have the greatest influence on the physical properties of the 

estuary are its suspended sediments and its freshwater input. Those features of the ocean that most 
influence the estuary are the salt water, the tides, and the sand the ocean transports.  

 
The oceans are huge bodies of water that cover almost three-fourths of the earth's surface. 

Because the earth and the oceans are so large, it took people hundreds of years to understand the 
forces responsible for the tides. We now know that the oceans, as large as they may be, are affected 
by the physical forces of gravitation and centrifugal force.  

 
The moon's gravitational force does not have a noticeable effect on the solid parts of the 

earth, such as the continents. But the oceans are a liquid, and the moon's gravitation is strong 
enough to pull the surface of the ocean into a huge bulge called a tidal bulge. On the opposite side of 
the earth from the moon is a second tidal bulge resulting from the centrifugal force of the earth's 
motion.  

 
When a tidal bulge is located in the middle of the ocean, it is difficult to detect. But as the 

earth rotates, a land mass passes through a bulge and the bulge can be detected. Land masses of 
the earth rotate through these bulges because the earth makes one complete rotation on its axis 
every 24 hours. We detect the bulges as rhythmic, local changes in sea level which are known as 
tides.  

 
The rotation of the earth causes the Oregon coast to be affected by two tidal bulges every 24 

hours and 50 minutes. When the coast is located in the middle of a bulge, it is high tide. When the 
coast is located in the area between the two tidal bulges, it is low tide. The average difference in 
height between the high and low tides is the mean tide range. At Coos Bay the mean tide range is 
about 1.7 meters (5.6 feet). Since the Oregon coast rotates through the two bulges every 24 hours 
and 50 minutes, there are two high tides and two low tides every 24 hours and 50 minutes. The 
changes in tide level which occur during that period are called a tide cycle. 

 
The height of the tides is influenced by many secondary factors. Some influences--for 

example, the extremely high tides that occur during major storms such as hurricanes--affect the tides 
for only a few hours. Other influences are due to secondary factors that are essentially permanent. 
Three such factors modifying tide heights are the effect of the sun's gravitational force, the shape of 
the ocean basin, and the shape of the coastline in the area where the tide is measured. The shapes 
of the ocean basin and the coastline are important because in some areas they amplify the height of 
the bulges, resulting in a daily average sea level difference in excess of 13 meters (42.9 feet).  

 
When the moon is new or full, the sun and the moon form a straight line with the earth. At 

those times the gravitational forces of the moon and sun combine to make one of the bulges larger, 
and thus the height difference between high and low tides is greater than the  
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average tide height. Spring tides describe the tides that occur at new or full moons. Spring tides in 
Coos Bay may have an average tide level difference of 2.2 meters (7.4 feet) or more. The term 
ñspring tide" has nothing to do with the season of the year but is just a name given those tides. 
Figure 4 shows the relative positions of the earth, sun, and moon during spring tides.  

 
When the moon is in an intermediate state--that is, when it is in its first or third quarter--the 

moon and the sun are 90° from each other. Because the gravitational forces of the sun and moon 
are not in line with each other, the sun's gravitational force reduces the height of the tidal bulges. 
Consequently, the height difference between the high and low tides during quarter moons is smaller 
than the average tide height. These tides are called neap tides. Figure 4 shows the relative positions 
of the earth, sun, and moon during neap tides.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. Spring tide conditions     b. Neap tide conditions  
 

Figure 4. The approximate positions of the earth, sun, and moon 
         during spring and neap tides. 

 
 
The moon circles the earth once every 27.5 days. During this time the sun and moon are 

aligned with each other twice and are 90° to each other twice. This causes two sets of neap tides 
and two sets of spring tides every 27.5 days. Figure 5 shows the height of typical tides at Seattle, 
Washington, over an eleven-day period.  
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Figure 5. The height of typical tides at Seattle, Washington, over an eleven-day period. 
 
 
The tides are responsible for the movement of ocean water into and out of the estuary. Twice 

each day millions of liters of ocean water flood into the estuary and mix with the water from the river. 
At high tide the maximum amount of water is present in the estuary. The flooding tide brings salt 
water, sediment, ocean animals, plankton, and nutrients with it. Twice each day millions of liters of 
diluted ocean water ebb out of the estuary and into the ocean. The ebbing tide carries estuarine 
animals and plankton, ocean animals and plankton, nutrients, sediment, and materials carried in by 
the river. Of course, any pollutants entering the river, the ocean, or the estuary are also carried by 
the flooding and ebbing tides.  

 
Summary 

 
The tides link the ocean with the estuary and are responsible for the transportation of animals, 

plankton, sediment, and various materials within the estuary. One tidal cycle occurs approximately 
every 24 hours and 50 minutes. The tides are caused by the passage of the coastlines of the world 
through two oceans. Tidal bulges created by the gravitational attraction of the moon and the 
centrifugal force of the earth. The height of the tides is influenced by three primary factors. The main 
ones are the shape of the ocean basin and the shape of the coastline. The third factor is the position 
of the sun relative to the earth and the moon. Spring tides are tides with greater than average tidal 
differences between high and low tides. They occur when the earth, sun, and moon are in a line. 
Neap tides are tides with less than average tidal differences between high and low tides. They occur 
when the sun, earth, and moon form a 900 angle.  
 

Sediments--Materials Transported by 
 Both the River and the Ocean 

 
 
One of the materials transported by water into the estuary is sediment. Sediment may be 

made up of large particles, such as  
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coarse sand, or very fine particles, such as silt and clay. Table 1 lists the particle sizes for various 
types of sediment.  
 

Table 1. Particle sizes for various types of sediments. 
 

Sediment Type     Particle Size 
 

Gravel and larger     Greater than 2.0 mm  
Very coarse sand     2.0.-1.0 mm  
Coarse sand      1.0-0.5 mm  
Medium sand     0.5-0.25 mm  
Fine sand      0.25-0.10 mm  
Very fine sand    0.10-0.05 mm  
Silt       0.05-0.002 mm  
Clay       Less than 0.002 mm  

 
 

The sources of sedimentary materials in rivers and streams include weathered and broken 
down rock, earth slides from various causes, and erosion caused by the loss of vegetative cover 
along streams and rivers. We are all familiar with the fact that fast-moving water will transport larger 
particles than will slow-moving water. Anyone who has hosed off a driveway or sidewalk has seen 
that principle in action. Swift-moving mountain streams have rocky beds because the smaller 
materials have been moved downstream. As the bed of the river nears the coast, most rivers level off 
and become wider. They also meander or form channels that loop back and forth across the valley 
floor. All of this means that the water slows down, and as it slows, smaller and smaller particles drop 
to the bottom. The river acts as a sediment sorter with the larger particles left upstream. The sorted 
sediments form a sediment gradient.  

 
A fine example of this can be seen on the Umpqua River between Reedsport and Elkton. 

Here, about 20 miles from the ocean, the Umpqua Sand and Gravel Company regularly dredge 
gravel from the river bottom. A few miles downstream, closer to the ocean, the same company 
dredges sand from the river bed. As long as the company doesn't dredge more material than the 
river supplies, there will be a continual supply brought by the river from further upstream. Figure 6 is 
a sketch of a dredge loading a barge of gravel.  
 
 
 
 
 
 
 
 
 

Figure 6. A dredge loading a barge with gravel removed from the Umpqua River near Reedsport. 
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In most cases, by the time the river reaches the estuary, the water has slowed so much that 

only the finest sediments remain suspended in the water. The river water stops completely when it 
meets the incoming and ebb high tides. This allows very fine particles to fall to the bottom. The upper 
end of the estuary therefore has very fine sediments on the bottom.  

 
At the mouth of the estuary the conditions are totally different. During the winter and spring, 

vicious storms erode the beaches and move the sand along the coast in the direction of the main 
ocean currents. This sand is then again deposited on shore. Remember that the bar is dangerous 
because of the rapid currents and heavy wave action. This rapidly moving water is laden with sand, 
and so the flooding tides carry the sand into the estuary. This causes the mouth of the estuary to be 
sandy.  

 
If you were to start at the mouth of the Coos Bay Estuary and travel into it taking bottom 

samples every mile or so, you'd find a sediment gradient starting with coarse sand, and then 
becoming fine sand, sandy mud, coarse mud, and finally, silt and clay.  

 
Other materials brought in by the water are nutrients. When rock and soil become broken 

down so much that they become silts and clays, the chemical components start to dissolve into the 
water as molecules. Some of the chemical components are nitrates and phosphates which become 
available to growing plants. Other sources of nutrients are agricultural fertilizers in the water draining 
from farmlands and organic materials that have broken down.  

 
Summary 

 
Both the river and the ocean carry sediments into the estuary. Since the most rapidly moving 

water carries the largest particles, the bottom of the estuary forms a sediment gradient with the 
largest particles at the mouth and the finest particles at the head of the estuary. When chemicals 
such as nitrates and phosphates dissolve from silts and clays into the water, they become available 
for plant growth.  

 
Fresh Water--A Contribution 

 from the River' 
 
 
Salinity is a measure of the amount of salts dissolved in water. In the ocean most of the salts 

are sodium chloride or magnesium chloride. Seawater contains about 35 grams of salts per 1000 
grams (one kilogram) of water, or 35 parts per thousand. Usually, it is abbreviated as 35 ppt or 35 
0/00.  
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Several different methods can be used to measure salinity. All the methods are based on the 

fact that water with salt dissolved in it has different physical properties than fresh water has. For one 
thing, salt water is denser than fresh water. That is, a given volume of salt water weighs more than 
the same volume of fresh water if both samples are at the same temperature.  

 
A hydrometer, which is a weighted glass 

graduated float, can be used to measure the 
density of water samples. Different densities at a 
specific temperature can then be converted to 
salinity. Figure 7 is a sketch of a hydrometer being 
used to measure the salinity of a sample in a 
graduated cylinder.  

 
Another difference in physical properties is 

that salt water conducts electricity better than does 
fresh water. Salinometer measures salinity by 
measuring the electrical conductivity of the salts 
dissolved in a solution. Figure 8 is a drawing of the 
control panel of a salinometer.  

 
 
 
 
 
 
 
         
 
 
 
 
 
 
Figure 7. A hydrometer in a graduated      Figure 8. The control panel of a 
                Cylinder containing a water         salinometer. 
      sample. 
 

 
Figure 9 is a drawing of a refractometer. Salt water bends or refracts light more than fresh 

water does. Consequently, by measuring the degree to which a solution bends light, we can 
determine the salinity of the solution. A refractometer can be used to measure the salinity of just a 
drop of water.  
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Figure 9. A refractometer. 
 
Although the ocean has a salinity of about 35 ppt, most rivers have less than 0.2 ppt. Knowing 

this, we can also define an estuary as a body of water with a salinity measuring between 35 ppt and 
0.2 ppt.  

 
If we consider the river to be a rather constant supply of fresh water going into the estuary, 

say on a week-by-week basis, then the salinity is going to vary hour by hour in most of the estuary as 
the tide level changes. In general, though, we would expect the area near the estuary mouth almost 
always to be nearly as salty as the ocean and the area at the upper end almost always to be fresh 
water. From our discussion of sediments, we recognize this to be a gradient, a salinity gradient in 
this case.  

 
There are different ways in which mixing can occur in estuaries, and this variety results in 

different types of salinity gradients. Figure 10 illustrates two types of salinity gradients. In an estuary  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Two types of salinity gradients found in estuaries. 
 
 
that has a homogeneous salinity gradient, the salinity decreases fairly constantly as you move up the 
estuary into the river. Also, at any given point in the estuary the salinity is nearly the same from the 
surface to the bottom. We say the estuary is well mixed. Some  
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estuaries have a salt wedge salinity gradient. In this case the less dense fresh water-or-the river 
flows over the top of the denser salt water, and the salinity changes abruptly where the saltwater and 
freshwater masses meet. In this type of estuary, in most places, the salinity difference is quite large 
between the surface and the bottom, and there is a very narrow zone where the salinity changes. We 
say this type of estuary is stratified.  

 
There are many factors that combine to determine the type of salinity gradient an estuary will 

have. The amount of fresh water from the river is one important factor. Two other factors are the 
average depth of the estuary and the tide range for the portion of the coastline where the estuary is 
located. Some estuaries are well mixed during the summer and stratified in the winter. At other times 
the same estuary may have an intermediate salinity condition that is called partially mixed. The Coos 
Bay Estuary is usually well mixed with an occasional period of partial mixing during the winter.  

Summary 
 
The area where the fresh water from the river meets and mixes with the salt water from the 

ocean is an estuary. The type of salinity gradient in an estuary helps us to classify the estuary. 
Therefore, we need to measure the salinity of the water and to determine how much mixing is 
occurring. The estuary will have salinity between 35 ppt and 0.2 ppt. We can measure salinity using 
a hydrometer, a salinometer, or a refractometer. An estuary may have a homogeneous salinity 
gradient, a salt wedge salinity gradient, or an intermediate condition. An estuary may be well mixed, 
stratified, or partially mixed. The salinity gradient may change during the year in the same estuary.  
 

Short- Answer Questions 
 
1. What two features of the river have the greatest influence on the estuary? What three features of 
the ocean?  
2. What causes the tidal bulges?  
 
3. How does the sun affect the tides?  
 
4. What is a spring tide? A neap tide?  
 
5. What sediments come into the estuary mainly from the river? Mainly from the ocean?  
 
6. What is the natural source of nitrates and phosphates?  
 
7. What is the sediment gradient in the estuary? 
 
8. What is the salinity of seawater?  
 
9. What three tools can we use to measure salinity?  
 
10. What two main types of salinity gradients were discussed in detail in this chapter?  
 
11. What are the three types of estuaries as defined by their mixtures of fresh water and salt water?  
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Estuarine Habitats  
 
In this chapter we will look at the various habitats in the estuary. We will also  
- look at the characteristics of a salt marsh  
- learn ~hat detritus is  
- learn ~hat lives in the holes "in mud flats  
- investigate eelgrass beds  
- learn the difference between zooplankton and phytoplankton  

 
 
 
 
 
In this chapter, weôll look at three estuarine habitats: salt marshes, tide flats (or mud flats), 

and the channel areas (figure 11).  

 

 

Figure 11. Salt marsh, mud flat, and channel habitats of the estuary.  
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The areas of highest elevation are the salt marshes. Salt marshes are at least occasionally covered 
by the tides and the plants that grow on them are adapted to salt water. Tide flats, or mud flats, are 
those expanses of sand or mud that are of lower elevation than the salt marshes and that are 
alternately exposed and submerged by the tides. The channel areas are those parts of an estuary 
that even at the lowest tides are always covered with water.  

Salt Marshes 
 

Salt marshes are defined as wet grasslands growing along the edges of salty bodies of water 
and composed of plants adapted to salty soils. Such plants are called halophytes. The tide covers 
the estuary's salt marshes only during spring tides, but this is enough to create the necessary 
conditions for salt marsh growth.  

 
A salt marsh can be divided into zones, 

depending on how much time an area is covered 
by the tide. The zones are characterized by the 
different plant species typically growing there. The 
lowest zone of the marsh is covered with water 
much longer than is the highest zone. The 
halophytes in the low marsh zone include 
pick1eweed, Salicornia, which stores excess salt in 
its fleshy leaves, and salt grass,  
 

Diestichlis, which has special glands that 
enable it to rid itself of excess salt as it 
accumulates (figures 12 and 13). Some species of 
algae, such as the brown rock alga, Fucus, are 
also found there (figure 14).  

 
In the high marsh zone are found Pacific 

sedges, such as Deschampsia and Carex, which 
cannot silverweed, Potentilla, and also grasses 
and tolerate prolonged submersion by the tides 
(figure 15).  

 
An estuary is one of the most productive 

natural areas in the world in terms of primary 
productivity (table 2) 

 
 
Figure 12. The low salt marsh plant pickleweed, Salicornia  
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   Figure 14. The brown rock alga.      
Fucus, often found in the low salt marsh. 

 
 
 
 
 
 
 
 
 
 
            Figure 13. The low salt marsh plant 
                              salt grass. Distichlie. 
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Figure 15. High salt marsh plants: Pacific silverweed, Potentilla; 
A rush, Carex; and tufted hair grass, Deschampsia. 
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Primary productivity is the number of grams of plant ( Biomass) material produced per square meter 
of area per day by the process of photosynthesis.  
 

Table 2. Mean annual primary production of major regions of the earth 
                                                                                                   
 

  Grams Dried Weight/  
Region      Meter2/Vear  

 
Oceanic attached  
algae and estuaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2000  
Swamp and marsh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .            2000  
Tropical forest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .           2000  
Temperate forest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .          1300  
Boreal forest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .           800  
Savanna  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .          700  
Agricultural land . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .          650  
Woodland and shrub land . . . . . . . . . . . . . . . . . . . . . . . . . .          600  
Lake and stream . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .           500  
Temperate grassland. . . . . . . . . . . . . . . . . . . . . . . . . . . . .           500  
Continental shelf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .           350  
Tundra and alpine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  140  
Open ocean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125  
Desert Scrub. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70  
Extreme desert, rock, and ice. . . . . . . . . . . . . . . . . . . . . . .   3  

 
Photosynthesis by plants is the basis for almost all life on earth. Only plants can use the energy of 
the sun to   produce organic materials from inorganic materials. To do this, plants use carbon 
dioxide, water, and the energy of the sun to form sugars. Sugars are composed of carbon and 
hydrogen. Oxygen is a waste product from this     reaction. Photo- synthesis is responsible for the 
level of oxygen found in the air. There would be no  

oxygen- breathing animals on 
earth if it weren't for the 
oxygen from photo- 
synthesis.  

 
Salt marshes form the base 

of a large food web. (figure16)Some 
of the plants in the marsh are eaten 
by animals, but most of the 
vegetation  

 
 
 
Figure 16. A salt marsh-based food web. enters the food web  
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as detritus. Detritus is the term given to dead bits and pieces of organic material such as the dead 
and decaying salt marsh plants. The flooding and ebbing tides transport the detritus from the marsh 
into the estuary where it further decomposes and forms the base of the food web. Some of the 
detritus is further broken down into chemical nutrients and is used by other plants of the estuary.  

 
Bacteria grow on the detritus, and the bacteria, in turn, provide an important source of food for 

small animals such as worms and clams. These small animals are eaten by larger ones such as 
birds, fish, and  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17. The approximate locations of lost or altered salt marshes and  
mud flats of the Coos Bay Estuary as of 1983. 
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people. We can see that even though the salt marshes occupy only a small part of our estuaries, 
they have a significant influence on the whole estuarine system, particularly by directly or indirectly 
providing food for many of the animals that live there. Reduction of the amount of salt marsh in an 
estuary by such processes as filling in a marsh for building sites or dredging out channels in the 
marsh for boat moorage has an effect not only on the immediate area, but on the estuary as a whole 
because the base of a large food web is being reduced. The salt marshes also help keep the water 
quality of the estuary high by trapping pollutants and converting them into harmless substances. Of 
course, this is true as long as the amount of pollution is not too great. If the salt marsh becomes 
overwhelmed, the natural system breaks down and water quality suffers. Since the settlement of the 
Coos Bay area by pioneers in 1851, 90 percent of the salt marshes in the Coos Bay Estuary have 
been lost through filling, dredging, or diking (figure 17).  

 
Summary 

 
Salt marshes are highly productive. Most of the plant material produced in salt marshes 

enters the estuarine food web as detritus which supports bacterial growth and, when further broken 
down, serves as a source of nutrients for other estuarine plants. Tidal movements carry the detritus 
and nutrients to other parts of the estuary. The loss of marshlands ultimately affects the whole 
estuary by reducing the base of a large food web and removing a habitat that helps maintain good 
water quality.  

 
Mudflats 

 
Tide flats are usually called mud flats because most tide flats are composed of mud. But the 

sandy areas near the mouth of the estuary can properly be called sand flats. For our purposes, 
however, we will also call these areas mud flats.  

 
At low tide, large expanses of mud flats can be seen in the Coos Bay Estuary. At first glance, 

or even with a good long look, it appears as though not a lot is living there. However, a careful 
examination will show that many different plants and animals are present.  

 
Digging down into the mud, you will find that just below the yellow-brown surface the mud is 

black and smells something like rotten eggs. Such color and smell indicate the absence of molecular 
oxygen. We call this layer anaerobic, meaning it is without molecular oxygen. Surprisingly, though, 
there are organisms that can live in this black mud; in fact, some can live only there. The animals 
that burrow into the estuary bottom are sometimes called infauna. Some of the animals have ways of 
getting oxygen from the water overlying the mud flat.  
For example, clams have long, elastic siphons which they extend up to the surface. Figure 18 is a 
diagram of two animals of the mud flats.  
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Figure 18. A soft-shell clam, Mya" and a mud shrimp, Upogebia" burrowed  
into the black, anaerobic layer of a mud flat. 

 
Organisms in the black sediment that do not need molecular oxygen are called anaerobes. 

The most common type of anaerobe in the mud is bacteria. These bacteria produce a gas, hydrogen 
sulfide (H2S), which is responsible for the rotten egg smell. Some of the hydrogen sulfide reacts with 
the iron salts in the sediment, producing iron sulfide (FeS), which is black and which gives the mud 
its characteristic color. When molecular oxygen is available, it reacts with the iron sulfide to produce 
mainly hematite (Fe203), which is a yellow-brown color. Because of the presence of hematite in the 
upper layers of the sediment, the surface of the mud flat is a yellow-brown color. Also produced is a 
small amount of magnetite (Fe304). If a magnet is used to stir the mud flat sediments, bits of 
magnetite will be attracted to it, confirming the presence of that mineral.  

 
Why would an animal ever adapt to living in a hole in a stinking, oxygen-poor environment? 

There are several advantages to living in the mud. For one thing, animals burrowed into the mud are 
not as exposed to predators as are animals in a less sheltered environment. For another, they're not 
subjected to the drying effects of the sun at low tide. And for another, the salinity of the mud is more 
constant  
 

 
 
 
 
 
 

24 
 



than that of the overlying water. Some animals that always stay in the mud, like mud shrimp, feed by 
filtering food from water currents they create in their burrows. Clams feed by filtering food from the 
water passing through their siphons. Some animals--for example, many of the worms living in the 
mud--are deposit feeders and digest the bacterial and organic coatings from the sediment particles 
passing through their digestive system. Figure 19 is a drawing of a lugworm, Abarenicola, which is a 
common mud flat worm, and a bent-nose clam, Macoma nasuta. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 19. A lug worm, Abarenicola (a common mud flat worm),  

and a bent-nose clam,. Macoma nasuta 
 
 
Still other burrow- (figure 20), 

leave their burrows at high tide and 
forage over the mud flat.  

  
The animals of the higher 

levels of the food web also have 
various feeding strategies. At low 
tides wading birds such as egrets 
and great blue herons feed on the 
fish in pools of water left by the 
receding tide. Shorebirds can be 
seen probing the sediment with their 
bills. The length of a shorebird's bill 
determines how deep the bird can 
probe (figure 21). This, in turn, not 
only determines 

Figure 20. An arrow goby, Clevendia ioe. 
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