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- INTRODUCTION
1John.Hoffhagle

' Salt marshes, the areas of vascular plants which are subject
to tidal flushing, constitute a unique habitat along the Oregon
coast. Being neither terrestrial nor marine, they have qualities
of both environments. They occur from mean tide level to extreme
tide level, which may be construed to be the spruce/alder vege-
tation line, and in this study have been further restricted to
those areas subjected to tidal flooding of at least 2 parts per
thousand salinity during the growing season (Jefferson 1974).

Soil on which salt marshes are located is usually poorly drained
and poorly aerated (Akin and Jefferson 1973). Starting from
slightly elevated tideflat, pioneer plants, once established act
as a trap, collecting more and more sediments. In time, dra1nage
channels become more distinct and with more species of p1ants in-
vading, due to now different conditions, the salt marsh rises
above the drainage channels and surrounding tideflat.(Redfield
1972). With each new plant species, more roots collect sediments
and organic matter from plant decomposition and in time, per-
haps hundreds of years, a mature salt marsh configuration two to
three meters above the surrounding tidef]at is formed.

‘Salt marshes occur world-wide in sheltered locations such
as protected bays, estuaries, on the landward side of offshore
islands and on low energy coastlines (Chapman-1960). In Oregon,
estuaries and sheltered bays are the only place where salt marshes
may be found‘due to the high energy of waves on the Pacific coast.
On the East coast offshore barrier islands shelter the coast
enough to provide coastlines capable of support1ng great expanses
of salt marsh vegetation.

Why salt marshes have been so intensely studied on the
East coast in recent years is a question answered by their contri-
bution to the estuarine environment. The estuary is one large eco-
system broken pecu11ar1y into several subsystems. In a terrestrial
system one thinks of primary production (photosynthes1s) and
herbivory as occurring at the same location. Cows grazing in a
field break down the grasses' high energy carbon compounds into
more simple components yielding energy which is utilized for
growth, maintenance, and eventually for consumption further up
the food chain. In the special case of the estuary, primary pro-
duction occurs in several forms. Although eelgrass communities
and salt marshes may be directly grazed upon as diatoms and algae
often are, a much more significant contribution comes from their
incorporation into the detrital food web. In this food web
excess plant material is broken down into detritus (dead plant
material) and along with associated bacteria and fungi responsible -
for the decomposition process, is shipped into the estuary. Or-
ganisms within the estuary, especially filter and deposit feeders,
utilize this detritus and associated bacteria as a major energy
source (Fenchal 1969, Newell 1965). In the words of Odum and




delaCruz (1963)
“Organic detritus is the chief 1ink between primary and
secondary productivity, because only a small portion of the
marsh grass is grazed while it is alive, the main energy flow
between...levels is by way of the detritus food chain.”
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Figure 1. Detrital vs. Herbivorous Food Web.

Other important functions may be ascribed to salt marsh com-
munities due to their special properties and location.

The salt marsh serves as an important settling and filling basin
for silt, organic material, and pollutants from marine, terrestrial,
and fresh water origin (Johnson 1969). Included in the function
of this settling basin are the biological and chemical oxidation
and reduction of organic compounds such as secondarily treated
sewage into nutrients directly useable by estuarine animals. The
fine substrate of the salt marsh has a great sorptive capacity
which makes it especially able to trap nutrients (Odum 1970,

Ranwell 1964). In this way important nutrients such as nitrogen.
and phosphorous are returned to the natural system to be reutilized,
after having been oxidized by bacteria associated with the salt
marsh. In a recent study in Florida a 1500 acre salt marsh was
shown to remove all of the nitrogen and one quarter of the phos-
phorous from the domestic sewage of 62,000 people, putting it into
the salt marsh for oxidation and slow release into the system




(Jahn and Trefethen 1973). : .

At times of flood and storm tides the salt marsh counteracts
the effect of high waters, serving as a water storage basin which
modegates both erosion and property damage (Akins and Jefferson
1973). n

In addition, the salt marsh serves as a breeding and nesting
ground for many forms of fish and wildlife (Akins and Jefferson
1973). Salt marshes and associated shallow tideflats serve to
moderate temperatures within the bay important to the rearing of
Juvenile invertebrates of economic as well as natural importance.
Certain species of fish are also known to need the moderating
temperatures of shallow estuaries for spawning as well as juvenile
survival. : ~

‘Migrating birds utilize the salt marsh areas in Coos Bay.
Especially important in this respect is Pony Slough, which serves
as a stopover spot for several species of migratory birds when
they are forced inland from the coast due to storm waves. Small
mammals and non-migratory birds utilize the salt marsh areas for
shelter and predator escape as well as nesting and rearing grounds
(Johnson 1969). '

~ Biological, physical and chemical factors contribute to make
the salt marsh a valuable and precious resource. Social benefits
make this area even more important when one considers open-space
and aesthetic qualities. In the words of Peter Johnson (1969)

"...the Toss of all types of wetlands in the U.S. has

been staggering and tragic. Effective measures are

~urgently needed to protect those that remain."

Seeing that salt marsh areas serve an important and necessary
function in a healthy estuarine ecosystem, how does one approach
them from a management perspective? If a great deal were known
about the system one would need only to assemble the various con-
tributing factors, attach specific values to them and conclude by
listing resource management options and alternatives by developing
some set of importance values and seeing how various options apply
to salt marsh areas. ‘

In an ecosystem where little is known (Pacific coast salt
marshes certainly qualify) the first step towards proper resource
management is the collection of baseline data from all available
sources both biological and social. The second step is the proper
recognition of these resource values within the ecosystem. In the
third step, resource management approaches and alternatives may
be outlined with proper weight given towards natural and social
systems, Qur research during the Spring and Summer of 1976 was
along these lines. An outline of our rationale is presented.

I.  BASELINE DATA COLLECTION

A. biological : B. Social
1. mammals : 1.  historical
2. birds 2. legal
3.  insects ' 3. economic
4, invertebrates 4, land-use
5. fish
6. plant species
7 primary production




IT. IMPORTANT FUNCTIONS ASSOCIATED WITH SALT MARSHES

A. biological B. social
’ 1. plant disappearance 1. economic
2., detrital importance 2. historical
3. bacteria 3. legal
4, - invertebrate feeding exper1ment 4, land-use ..
5. insect respiration
6. bird and mammal resource utilization

ITI. RESOURCE MANAGEMENT AND ALTERNATIVES
A. Biological importance of salt marshes to estuary
B. Social importance of salt marshes to community
C.. Legal perspective of laws affecting salt marshes
D.  Management and alternatives

It is our hope that this research will contribute a little
towards the knowledge of Pacific coast estuaries and will be a posi-
tive influence towards the biological and social well being of these
important natural systems. It was towards these ends that our
energies were directed.
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SITE DESCRIPTION
John Hoffnagle

Size, Location, Drainage

Coos Bay is the largest estuary wholly within the State of
Oregon. Its area is estimated at 12,380 acres (Akins and Jefferson
1973). It is located 260 miles north of San Francisco and 200
miles south of the Columbia River. It is an inverted U, 13 miles
long with an average width of 1200 feet at low tide (U.S. Corps of
Engineers 1975). It drains an area of 830 square miles (Percy
et al. 1974). Uplands consist of 90% forestland with limited crop
and rangelands. The upland forest zone is described as the Picea
sitchensis Zone, which stretches the length of the Oregon and
Washington coast (Franklin and Dryers 1973). This zone is noted
for its rich soil, mild climate, and some of the most productive
coniferous forests in the world (Fujemore 1971). Principle rivers
draining into Coos Bay are the Coos, South Fork Coos, and Millicoma.

Climate

The climate of the area is that of mid-latitude marine with
warm summers, wet cool winters, and high humidity most of the year.
Average annual precipitation ranges from 50 inches on the coast to
100 inches at the headwaters of the Millicoma River (Oregon State
Water Board 1963). Little rain falls in the summer months of June,

~July, and August. Temperature extremes vary from 16-100°F. In
reality these extremes are seldom approached with average January
daily temperatures at 45°F and average July temperatures at 59°F.
Freezing weather is uncommon and of short duration. Winds are -
generally from the Southeast during the winter and from the North
and Northwest during the summer, responding to the changes in
drift of the California (urrent and the northern movement of the
Davidson Current (U.S. Department of the Interior 1971).

Geo]ogz

The Coos Bay drainage basin is composed of rugged and highly
dissected terrain with unstable slopes. On these slopes the sta-
bility of the various soils are rated moderately unstable using
the Forest Service's Cutbank Stability rating (U.S. Dept. of
Interior 1971). This instabjlity is evidenced in estimates of
sediment transported into Coos Bay at 72,000 tons annually (OSU
Oceanography 1971). Deposition in coastal streams has kept pace
with the rise in sea level along the Southern Oregon Coast (Baldwin
1964). Currently all estuaries in Oregon are silting up from heavy
downstream sediment transport as well as marine sediments entering
the Bay mouths (Jefferson 1972). This siltation process along
with poor logging practices is responsible for creation of marsh
areas (termed progradation) in undisturbed tideflat areas in the




last century.

Coos Bay is a drowned river mouth bounded on its western side
by North Spit, a naturally created spit formed due to the presence
of prevailing winds from the North and low flows in the summer dry
periods. The remainder of the Bay is bordered by steep coniferous
forests or flat marshlands, including area that was once marshland
that is now d1ked or filled.

Population and_Industry

Population of the principle towns located on the bay--Coos Bay,
North Bend and several smaller communities--was near 32,000 in 1970.
Lumber and fishing are the principle employers in the area. Wood
and wood products account for nearly 60% of the area work force
(Coos Bay Chamber of Commerce 1972). Extreme use of the estuary
is made in floating logs to mill sites and in transporting them on
ocean-going ships. Fishing accounts for $9,000,000, valued at
$1,934,000 in 1971 (Fish Commission of Oregon 1972). Other industries
include dairy products, poultry, and cattle. ' ,

Salt Marsh Areas of Coos Bay

The salt marsh areas of Coos Bay have been 1dent1f1ed as to
extent and community structure only in recent years (Akin and Jef-
ferson 1973, Hoffnagle and Olson 1974). Prior to this time no
complete analysis of the salt marshes within the estuary was com-
pleted. = Peripheral mention or mapping of salt marsh areas has been
well documented. The first map produced by the United States Coast
and Geodetic Survey in 1892, clearly shows distinct marsh areas,
“but only on the channelward side, since navigation was their prin-
ciple concern. These maps were drawn out in the field on plane
tables and have been shown to be fairly accurate. They have also
been the source of some conjecture as to the extent of salt
marshes late in the last century and their progradation (Eilers 1974).
In 1914, H.D. House collected 13 species of salt marsh plants adja-
cent to North Slough, but noted that the species present were much
more extensive (House 1914). Primarily, vegetational studies have
been carried out on the marsh at Pony Slough directly east and
adjacent to the airport. Johannesson in 1961 and MacDonald in 1967
and 1969 base data on this marsh (Johanneson 1961, MacDonald 1969).
Marsh communities were studied on Bull Island in 1971, but the
research was of limited scope (U.S. Dept. of Interior 1971).

Drawing from the work of Jefferson in her Ph.D. thesis
(Jefferson 1974), salt marshes along the Oregon coast may be con-
veniently divided into several marsh "types" based on elevation
of marsh, substrate composition and especially plant communities.
These marsh types approximate ecological communities in species:
composition and ecosystem function. Jefferson lists f1ve marsh
types of consequence in Coos Bay: :




I.  Low Sandy Marsh
, characteristics:
Located on inland s1de of baymouths, sandspits or -
inlands, Substrate is of sandy texture. Marsh
surface is only slightly elevated above the sur-
rounding tideflat and has a gentle slope. Almost
no channelization occurs. o
principle plant species:
Salicornia virginica, Distichlis spicata, Jaumea
carnosa, Plantago maritima, and Scirpus americana.
Less often Carex lyngbei, Glaux maritima.
II. Low Silty Marsh '
O0f ‘minor occurrence in Coos Bay.
III. Sedge Marsh
characteristics:
intermediate between low silty marsh and more mature
stages or on edge of islands and dikes. Surface may
be one foot or more above tideflat.
- - dominated by Carex lyngbei
- IV, Immature High Marsh ’

characteristics: : o
Substrate is silty and highly organlc. Interrupted
by deep dendritic channels. Marsh rises abruptly
2-3 feet above surrounding tideflat. Inundated by
many h1gher h1gh tides.

plant species: ‘
Deschampsia caespitosa, Distichlis spicata, Triglochin
maritima, Salicornia virginica, and Carex lyngbei.
V. Mature High Marsh
Of minor occurrence in Coos Bay.
VI. Bullrush-Sedge Marsh '
characteristics:
“Found along tidal creeks and channels where fresh
water dilution.is evident. Low, unchannelized surface.
principle plant species: ‘ :
: Scirpus validus, Carex lyngbei.

Based on the above classification scheme, which is somewhat
arbitrary and designed principally for management purposes, Hoffnagle
and Olson (Hoffnagle and Olson 1974) catalogued the entire Coos Bay
Estuary in 1974, finding little difference with Carol Jefferson's
much broader work on a state-wide level for the Oregon Coast Con-
servation and Development Commission (Akin and Jefferson 1973).
Using Hoffnagle and Olson's estimates the Coos Bay salt marshes are
broken down into the following:

Table 1
Total Und1ked Marsh 1951.1 acres
Immature High Marsh 1000.5 acres
Low Sand Marsh , 289.1 acres
Low Silt Marsh 71.6 acres
Sedge Marsh o 353.8 acres
Bullrush Sedge Marsh - - 149.8 acres -

Mature High Marsh 87.4 acres




On an estuary wide level, the following generalizations may
be noted. Scirpus validus occurs most extensively up North Slough
while large stands are present up Catching and Isthmus sloughs.
Vast acreages of immature high marsh occur opposite the town of
Coos Bay, including Bull Island. Expanses of low sandy marsh
occur adjacent to and east of the airport at Pony Slough. Fringing
marshes,occur,up South Slough very much similar to the immature
high condition. Extensive areas of diked marsh occur throughout
the bay estimated to approach 90% of the salt marshes present in
1892 (Hoffnagle and Olson 1974). :

The Salt Marshes of Coos Bay in Relation
to Other Oregon Estuaries

The salt marshes of Coos Bay are typical of salt marshes
occurring in other estuaries along the Oregon coast. It is hoped
that findings presented in this report may be applied to other
estuarine systems, bearing in mind the 1nd1v1dua]1ty of ‘each
estuary. Table 2 presents a list of plant species and estuaries:
in which they were found along the Oregon coast. It is the collected
data of several researchers at different time periods and with
different competences. The table is taken from Eilers' Ph.D. thesis
(Eilers 1974), with data added from Hoffnagle and Olson that supports
the notion that the longer time one spends at a study site the more
species may be collected. A1l but three species on the list have
been collected in Coos Bay. In addition, several additional salt
marsh plant species appear both in our data as well as that of .
Jefferson (1974). If one chooses only the dominant plant species
of the Oregon salt marshes and checks for their presence in these
studies (e.g., Salicornia virginica, Deschampsia caespitosa,

Carex lyngbei, and Distichlis spicata) an even more homogenous
situation appears.

If salt marsh plant communities are in general similar in
estuaries along the Oregon coast, man's impact on them has not
been. Different sources of man's influence seem to affect salt
marsh areas taken from the system to a great extent. Eiler (1974)
has constructed a quantitative rating scale in order to assess
the disturbance of man in salt marsh systems along the Oregon
coast. His system takes into account disturbances such as
agricultural fills, road fills, urban industrial fills and others
and computes the acreages each has taken from the system. Coos
Bay's disturbance rating is a 5 out of 5, while 5 of the 14
estuaries had ratings of 2 or lower. Only the Siletz and Yaquina
estuaries had 4 ratings. This points to the fact that while all
salt marshes may be rough]y similar ecologically, and may have
roughly the same function in the ecosystem, they may be much more
or much less maligned depending on the estuary they are in, due
to man-caused effects.

Study Sites

At the inception of this study eight study areas were chosen
for consideration as potential study sites to be used throughout
the spring and summer. Criteria for sites included (in order of
importance): ,
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1) community type: a wide variety of salt marsh communities

were necessary in order to assess the possible function
: of each marsh type in the system.

2) proximity: two marshes of equal suitability would be
chosen by distance from our laboratory.

3) previous studies: any areas having previously been
studied would be given priority in order to compare our
information with existing information.

4) special natural features: areas with narrow drainage
areas would facilitate our detrital studies.

0f the eight potential areas chosen, six were utilized for the final
study. Henderson Marsh was not chosen because it has a flora dif-
ficult to put into salt marsh classification. Shinglehouse Slough
was not chosen because it was far from our laboratory and s1m11ar
marshes were closer.

The six marshes chosen for study can be classified as follows:

Marsh Name Initial Salt Marsh Type Special Features
South STough SO “immature high minimal human impact
Metcalf Marsh : SA - Tow sandy . enclosed marsh, one
: : ~_marine channel
Pony Slough PO low sandy ’ close to open bay
: : : shorebird migratory
' ' : area
North Slough _ NO bullrush, sedqe’ moderately saline, bullrush
Bull Island - BU immature high minimal human impact,
o ‘ : large marsh area
Coalbank Slough co ~ sedge semiterrestrial,

greatest human impact,
septic tank leakage

South Slough Marsh (S0)

The South Slough marsh is located at the end of the South East-
ernmost arm of South Slough. It is in Township 26 S, Range 13 W,
section 24, It is accessible by motorboat only at high tide. A
logging road not passab1e by automobiles goes nearly to the marsh
from Highway 101 and is a pleasant hike during the weekends. The
salt marsh area has had 1ittle human influence except that from
Togging and limited agriculture much earlier in the century. Rem-
nants of this are hard to find.

The marsh itself is quite extensive with only limited channel-
ization for a salt marsh so high above the surrounding tideflat.
Large channels carry the bulk of the waterflow into these upper
South Slough marshes, rather than the intense channelization one
would normally expect in an immature high marsh. This may be due
to the steepness of the surrounding hillsides and the narrowness
of the flood plane. Water samples taken during an outgoing tide
were highly saline grading to near fresh water, pointing to the
contribution of fresh water flow into this marsh.

The vegetation of this marsh is predominantly Carex lyngbei
with Distichlis spicata a subdominant, Channels into the marsh are
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Figure 3. South Slough.
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vegetated with. the eelgrass Zostera marina. As the channel steeply
rises to the salt marsh surface, Salicornia virginica and Triglochin
maritima constitute a majority of the cover. At the terrestrial

ends of the marsh Agrostis alba, Atriplex patula, and Juncus balticus
are seen, Near the terrestrial vegetation line Grindelia integrifolia
is present. Carex obnupta can be seen here. At the upper ends of
the marsh, fresh water influence can be noted. '

Henry Metcalf Estuarine Preserve (SA)

~The Salicornia marsh, directly to the east of the docks at the
end of Roosevelt Street in Charleston, is unique in several ways.
It is completely enclosed by a man-made dike on its seaward side
except for a 20 meter channel, through which all water from the marsh
must pass. It is also the closest salt marsh to the ocean entrance
- to Coos Bay and for this reason should be highly marine in nature.
It is a low sandy marsh with a substrate of very coarse sand. The
man-made dike, which was not present in aerial photographs of the
area taken in 1939, is presumed to have altered the character of
‘this marsh immensely. In our sampling of the salinity of the water
at this marsh, it was always saline relative to the outer marshes,
pointing to limited fresh water inflow. This salinity will, of
course, become more dilute with winter rains, as is the case in
all salt marshes. B E ‘ o

- The vegetation of the Metcalf Marsh is undoubtedly the most -
diverse of our study sites, in spite of the fact that it is also
our smallest study site. In the main channels that cut through the
marsh, Ulva sp., Enteromorph sp., Cladophora sp., and Ruppia maritima
are all very abundant. As one rises into the marsh, Salicornia
virginica and Triglochin maritima become dominant. A great amount
of Fucus sp. is present as an understory to this Salicornia
virginica, pointing to the marine character of this marsh. With
increasing distance from the main channel, Distichlis spicata breaks
in abruptly occupying the dominant position in this low marsh,
At the terrestrial edge, a 15 meter band of Carex lyngbei appears.
Within this band is Deschampsia caespitosa, and two species of
~duncus, Juncus lasuerii and Juncus balticus. In the highest zone
of Juncus lasueurii, Potentilla pacifica and Grindelia integrifo]ia
occur. Plants Tess abundant incTude Eleocharis palustris, Plantago
maritima, Rumex occidentalis, Jaumea carnosa (quite abundant),
Speroularia marina, Cordylanthus maritimus, and Orthocarpus castillejoides.
Cordylanthus maritimus has only been cited in two places in Oregon,
in North Slough, Coos Bay and in Sauth Slough, Coos Bay. Judging
from its abundance.this year at the Metcalf, it may be rapidly
expanding its range. At the higher zone Agrostis alba and Hordeum
brachyantherum are found. Cuscuta salina, a parasitic plant found
on Salicornia virginica is common. Its orange color and yellow
flowers give a beautiful contrast to the marsh. - Scirpus americanus
can be found colonizing in channels in the marsh. '

Pony Slough Marsh (PO)

The Pony Slough marsh is located adjacent to the North Bend
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airport on its eastern side. It has been severely altered due to
the construction of the North Bend airport in the early 1940's.
Prior to that time dredge spoils had been piled at the mouth of
Pony Slough forcing the channel into this salt marsh to completely
change directions. Pony Slough has been recognized as a bird
sanctuary by the state since the construction of the airport. It
is important to migratory birds seeking shelter from winter storm
tides. This very wide, low sandy marsh is next to an expanse of
water and is enclosed only on its airport side.

This study site is undoubtedly the most extensively studied
in Coos Bay. Carl Johannessen (1961) described the plant species
present and Keith MacDonald used this location in 1969 as one of
his study sites while surveying marshes on the entire Pacific coast.

. The marsh 1is composed of Salicornia virginica and Distichlis

spicata across most of its width., The Distichlis spicata once
again changes abruptly with the Salicornia virginica at a junction
created by a channel. Deschampsia caespitosa as well as Triglochin
maritima may be considered subdominants. Also seen in some quantity
1s Jaumea carnosa. Glaux maritima and Sperqularia marina are less
frequently seen. Agrostis alba and Hordeum bracheantherum are seen
in the higher half of the marsh. Hodeum brachyantherum is seen,
especially on the banks of channels. In the last 10 meters of the
marsh Carex lyngbei and Atriplex patula predominate. In the very
upper reaches of the marsh Grindelia integrefolia occurs.

Johannessen noted the species composition of Pony Slough marsh
in 1961.

~ Pony Slough Species Composition of Marsh F]ora
(Johannessen 1961)

locatidn Agrostis Carex - Deschampsia ysaiicornia' ~Scirpus  Triglochin

NW~margin of
marsh east of ‘ ‘ ‘ .
airport trace 5 -5 30 45 15

South‘of,first ‘ Selalo .
lacation 300 yd. -- 25 5 25 30 15

S. end of marsh

on W, side, S.

of above site 700 ‘

yd. - 20 5 30 , 45 --

It is evident from our studies, to be presented under plant
descriptions and zonation, that the composition of the marsh has
changed a great deal in 16 years. Carex lyngbei, Deschampsia
caespitosa, Agrosis alba, and Salicornia virginica are still present
in approximately similar proportions. A great deal less Scirgus
americana is present, which makes good sense since it is a colonizer.
Of special interest is the complete lack of Distichlis spicata
in Johannessen's study, since it occupies dominant position in a
great amount of our marsh. Perhaps the Distichlis spicata has
invaded at the expense of the Salicornia virginica as the salt
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marsh has slightly risen.

‘North Slough (NO)

_ Located approximately 3.3 miles north of the McCollough

bridge, the North Slough study site was chosen for its almost pure
stands of bullrush, Scirpus validus. The slough itself js a narrow
channel channel trapped between sand dunes forming the beginning

of North Spit on the west end and higher cliffs on the east. The
8-9 foot tall Scirpus validus reflects the near fresh water condj-
tions of the salt marsh. A salinity transect taken in midsummer
from west to east across the study site reflected a gradient of 4
ppt salinity on the western side to 31 ppt salinity on the eastern
side, near the main channel into the marsh. As one grades into this
more saline area, Carex lyngbei replaces Scirpus validus, Driftwood
piles near the eastern edge of the marsh prevent a salt marsh com-
munity from being established up to the dike,

- The North Slough study site possesses some of the oddest plants
in any of our study locations. Cotula coronopifolia, a South African
plant species able to thrive in areas of high wood and bark accu-

~ mulation is quite common. Coexisting with the Scirpus validus was
Boisduvalia densiflora, a plant not noted as a salt marsh species,
but present nevertheless. As one grades to the western side of
the marsh, towards the sand dunes and a railroad dike, Juncus
balticus and Lileopsis occidentalis appear. Fresh water marsh
species are also seen near the raiiroad dike. o

The substate is very much different here than in our other

study locations.  The soil is very peaty, appearing to be totally
organic. An analysis of 1939 aerial photographs shows no signa-
ture of Scirpus validus. This complete change in plant communities
may have been due to the deepending of the channel next to Highway
101 and the placement of a long narrow dike directly to the west
of this channel at some past time. :

- If one goes south of our study site, North Slough offers some
of the most diverse and beautiful salt marshes in the estuary.

These marshes were intensively studied by Carol Jefferson (1974).

Bull Island (BU)

, In contrast to other salt marshes on the eastern side of Coos
Bay, Bull Island is pristine. The salt marsh around these islands
has been unchanged by direct human processes in the past 80 years
(Herman Lillienthal, personal communication). Not an island at all,
our study site is located across from the northernmost island and

is next to the road that follows the eastern side of the bay. Al-
though untouched by direct human contact, Bull Island has been shown
to be experiencing rapid progradation(Johannessen 1961, Hoffnagle
and Olson 1974). Comparing maps of the 1895 Coast and Geodetic
Survey with current aerial photographs and aerial photographs of
1939, it can be shown that rapid expansion of salt marsh areas at
the expense of tideflat has been occurring. This is thought to be
due to increased siltation. Johannessen estimates that the island's
extent has increased 50% since 1890. Hoffnagle and 0lson show
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extreme progradation amounting to 1-2 acres during the period from
1970-1974. These estimates must be tempered due to the obvious
inaccuracies involved in comparing navigational charts and aerial
photographs. If one looks at aerial photographs taken at different
seasons, the late yearly. emergence of some salt marsh pioneer plants
may be very misleading.

The study site itself is 200 meters w1de and is amaz1ng]y uni-
form across this distance. It lies high above the surrounding
tideflat and is channelized deeply only at its landward edge. Most
of the marsh contains a community of Carex lyngbei, Deschampsia

caespitosa, and Tr1g1och1n maritima as a subdominant. At the sea-
ward edge, Sa11corn1a virginica and Distichlis spicata have some
influence. ~At the terrestrial edge, Agrostis alba and Hordeum
brachyantherum occur. Atriplex patela, Rumex occidentalis, and
even h1gher up Grindelia 1ntegr1fo]1a occur. Jaumea carnosa is
present in some quantity in the higher reaches.

Bull Island represents the most unchanged of our salt marsh
study sites, in spite of its proximity to the industrial pressures
of Coos Bay. It is also perhaps the most un1form and unchang1ng
over 1ts wide, 200 meter range.

Coalbank Slough (CO)

" The .section of Coalbank Slough chosen as our study site is-
located near KVAL-TV. It is a completely enclosed salt marsh that
is connected to estuarine water by a four foot culvert, whose tide-
gate was removed one year ago after a complaint was filed by the
Division of State Lands against Coos County for placement of a
tidegate on estuarine salt marsh without a permit. The four foot
culvert through a dike constructed in 1973 provides inadequate cir-
culation into the salt marsh and it is becoming terrestrial. In
addition to impaired circulation, the salt marsh area seems to be
subjected to septic,tank 1eakage,;as evidenced by excessive foam
in the water coming from the salt marsh and in brown, burnt plant
material near the h1gher reaches of the marsh. The lower, back
portion of the marsh is a sedge marsh with a great predominance of.
Carex lyngbei and a fair amount of Deschampsia caesp1tosa. The area
is separated from our study site by a low dike present in aerial
photographs taken in 1939,

On this Jow dike many higher salt marsh plant species are
present. Griddelia integrifolia, as well as Atriplex patula and
Rumex occidentalis are present. In addition to these salt marsh
species, several terrestrial species occur on this low dike.

Vices gigantea, Stellaria calsantha, Plectritis congesta,

Cardamine pensylvanica, Cytisus monspessulanus, and Rumex Crispus

are all present. As one goes Tower toward the main channel,

Juncus lesueurii is present, as well as Hordeum brachyantherum

and Hordeum jubatum. The main salt marsh level contains a great

amount of Carex lyngbei as well as a good amount of Agrostis alba

and Deschamps1a caespitosa. Distichlis spicata and Salicornia
virginica occur near channels and in lower sections of the marsh.

Sc1rpus americanus is present as a colonizer in lower channel

regions. Glaux maritima is sometimes found in the marsh. Tolerating




Figure 8. Coalbank Slough.
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the lessening salt water conditions and invading into the salt marsh
are Holcus lanatus and Boisduvalia densiflora.

Coalbank Slough is the study site most 1mpa1red by man-caused
environmental changes. Being the site of a coal mine in the last
century, it is surprising that this area had not been developed
prior to strict state and federal regu]ations. With additional
culverts and proper sewage disposal there is no reason why this
unsightly, low productivity salt marsh could not return to near
its natural state.
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SALT MARSH PLANTS AND MARSH ZONATION

K.J. VanderZanden

Introduction

The vegetation of salt marshes is universally similar., Ranwell
(1972) has suggested that two physical restraints--silt and saline
water-~-control the type of plant growth in marine environments.
Given these restrictions, the plant species that can grow in a
given area are governed by climate. Whether the plants actually
occur depends on the chance factors of migration or introduction.

Climatic factors, especially temperature, may affect the world
wide distribution of salt marsh plants. Many maritime plants. are
sensitive to winter frosts and require summer warmth for successful
seed germination (Ranwell 1972). Thus, salt marshes are primarily
associated with mid and high latitude regions. In the tropics,
salt marshes are replaced by mangrove swamps (Chapman 1960). Mari-
time marshes tend to occupy narrow fringes bordering raised por-
tions of land or else form, in estuarine waters, extensive tracts
several miles wide. Several universal features of salt marsh areas
have been noted. Gradation in height from the sea to the land ac-
companies a change in vegetation. Depressions (salt pans) and
winding creeks form the main physiographic features of marshes though
in some parts of the world, salt marshes are associated with sand
spits or off-shore islands (Chapman 1960). = ' '

Salt marshes occur in all the major Oregon estuaries. They
form behind sand spits, at river mouths and along shallow bays
through the accumulation of organic debris and air or waterborne
sediments (Jefferson 1974). Particles rich in nutrients are
trapped by plant obstructions, increasing the size of the marsh
laterally and vertically (Keefe 1972). Coastal marshes are typi-
fied by a small but distinct flora that is tolerant of inundation
by saline or brackish water. - o g

Adams {1963) states that the two outstanding characteristics
of salt marshes are immediately apparent to the observer: 1) the
universal influence of the tides and 2) the zoned pattern of seed
plant distribution. Most previous ecological studies have ex-
plained the latter in terms of the former. This section focuses
on the adaptations of salt marsh plants to their environment with
descriptions of species found in our study locations. In addition,
a discussion is presented on the various factors affecting the
distribution of vegetation--both static zonational and successional
patterns--within the salt marsh.

Characteristics of Salt Marsh Plants

Plants that are able to grow in places where there is an excess
of common salt or alkali in the soil, whether submerged or not,
are known as halophytes. Chapman (1960) defines three degrees of
the halophytic condition. Obligatory halophytes require for growth
some salt present in the soil during all seasons for growth, Pre-
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ferential haloophytes supposedly grow best in saline soils but will
survive in the non-saline state. However, Eltringham (1971) states
that most salt marsh plants do not "need" salt to grow. Recently,
Jeffries (personal communication, June 1976) demonstrated that

several species of salt marsh plants (Juncus sp., Plantago sp.)
exhibit more vigorous growth on soils less saline than their pre-

sent habitat in the salt marsh and show best growth in non-saline
"potting soil." Chapman (1960) goes on to describe supporting
halophytes which are capable of 1iving on saline soils but are not
aggressively competitive with more tolerant species. Further research
is needed to clarify plant strategies in relation to salinity stresses.

It is the salinity of the soil and not that of tidal water
that affects the growth and distribution of halophytes. Plants exist
that are capable of growing on saline soils containing from .3 to 20
percent salt .. Most halophytes grow in soils with salt percentages
2.-6. percent (Strogonov 1962). Average salt content of the open
ocean is 33 to 34 parts per thousand, or 3.3 to 3.4 percent. The
high salt content in soils increases its osmotic pressure to a value
greater than that in normal plant tissues. Therefore, plants are
unable to absorb water for respiration and photosynthetic functions.
Halophytes have developed various mechanisms for coping with such
salinity stresses. S . .

Some plants internalize small amounts of salts into their tis-
sues, thus increasing their own osmotic potential to overcome that
of the soil. Other plants, such as Glaux maritima, perform this
function by accumulating salts in special glands. Excess salt may
be excreted by glands or removed by leaf abscission or root excre-
tion (Strogonov 1962). The water expenditure (transpiration) of
plants decreases during the vegetative period with increasing soil
salinities. This is accomplished primarily by decreasing the plant's
surface area so less area is exposed for evaporation. Thus, many
halophytes have round-shaped stems and leaves such as Salicornia
and Triglochin. Reduced vegetative parts (especially leaves) also
lessens exposed surface area. ' ' ‘

Succulence is an important adaptive mechanism for survival on
saline soils. The development of special internal water storage
tissues has been related to the presence of certain ions, especially
the chloride ion, in the soil. Water storage in aerial plant
portions overcomes the problems of the extremely high osmotic
pressure in the root environment (Chapman 1960). The succulent
leaf shape is also better resistant to mechanical damage inflicted
by wind and tides (Ranwell 1972). Glaucous stems and leaves
(those covered with fine, waxy powder) and those with a coating
of soft hairs aid in the external absorption and storage of water.
Jaumea and Atriplex exemplify these characteristics (Chapman 1960).

Besides directly affecting plant structure, the conditions
created by high salinity concentration in the soil change the
relation of the plant to its environment. Such factors as temper-
ature and 1light, which exert favorable influences under normal
conditions, may exert damaging effects in the saline situation
(Strogonov 1962). , '

Salt marshes are often thought of as open habitat. One would
then expect a high proportion of annuals in the marsh flora. Two
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open zones in the marsh are maintained by the high incidence of wave
break at MHW of neap tides and the smothering of vegetation by
Titter at MHW of spring tides. In addition to the pioneer zone
of mud flat on the seaward edge, a few species of annuals are ,
abundant 1in these locations. However, it is mostly perennial spe-
cies that have adapted to the true salt marsh habitat (Ranwell 1972).
The majority of annuals are members of one family--Chenopodiaceae--
characterized by a degree of tolerance for saline and alkaline con-
ditions. Herbaceous perennials such as grasses are the most common.
Woody perennials such as Salicornia virginica often have woaly root-
stocks and stems with succulent or fleshy Teaves. Ranwell {1972)
describes emergent marsh as new or young salt marsh appearing on
the seaward margins of older marsh. Emergent salt marsh species
have either dense woody root stocks or highly compacted rhizomatous
growth. These characteristics offer a competitive advantage over
other marsh species by creating a relatively impenetrable dense
growth cover in theememwnﬁtmarsh as the entire salt marsh becomes
more diversified in later stages of succession. On a broader scale,
halophytes have a competitive edge over other plants through their
ability to grow in a harsh environment. Many of the species pre-
sent in the salt marsh are not there because conditions favor vigor-
ous growth, but rather that these plants cannot successfully compete
in terrestrial habitats (Chapman 1960). :

A 1ist of plant species“found in our study locations and those
previously noted in the Coos Bay salt marshes follows: :

Fami1y--POLYGONACEAE

Rumex occidentalis Wats.

. Dock is a stout plant with thick, ribbed stems and wrinkled
leaves that become reddish in later summer. Flowerparts are in
threes. This species of dock, growing in immature high marshes,
is also found in the upper zones of other marsh types and in ter-
restrial habitats. Rumex maritimus is also common in the salt
marshes. . , o ' S

Family--CHENOPODIACEAE

Atriplex patula L. _ .

Salt bush is a herbaceous annual with spade-shaped leaves, oppo-
site below and alternate above. Leaves are covered with inflated
balloon-like hairs that serve for water storage. Salt bush has
separate male and female flowers, with female flowers naked. Plants
grow from (1) 2-10 dm, are never found in dense stands, but are scat-
tered through immature high and sedge marshes.

Salicornia virginica L. '

Pickleweed or glasswort is one of the most widespread of all
salt marsh plants. Jointed fleshy leaves shoot upward from woody
stems. Flowers are found in the depressions of joints in fleshy
spikes. It is most abundant in low sand marshes; in sedge and im-
mature high marshes, it is found in patches along drainage channels.
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The succulent perennial requires salt water for growth; roots, in
particular, need aeration and good drainage. See Figure 1.

Fami1y--CARYOPHYLLACEAE

Sperqularia marina (L.) Griseb.

Salt Marsh Sand Spurry has five petaled, 1ight purple flowers
and opposite fleshy leaves with prominent papery stipules. It
grows to 2-3 dm. and is found in low sand marshes. See Figure 2.

Stellaria calycantha (Ledeb.) Bong. var. sitchana (Steud.) Fern.

Northern Starwort has five petaled white flowers borne in
cymes with leafy bracts. Leaves are ovate, opposite and sessile.
This variety along with Stellaria humifusa Rottb. is found along
the coast generally in upper zones of immature high marshes.

Family--ROSACEAE

Potentilla pacifica How.

Pacific Silver weeds has so]1tary ye]]ow flowers with five parts
‘and pinnately compound leaves. It is unique among salt marsh plants
being broad-leaved. Strongly stoloniferous, it resembles a straw-
berry plant. Pacific Silver weed grows in the higher zones of
marshes, rarely submerged during its growing season. It blooms in
late May-June. ’

Family-~FABACEAE (LEGUMINOSAE)

Cyt1sus monspessulanus L.

Resembling the familiar Scotch Broom, French Broom a1so has -
1ight yellow flowers, but they are born in racemes rather than in
leaf axils. It is distinguished by hairy seed pods. The terrestrial
plant is found on the upper margins of immature high marshes and
on the low d1ke extending through the Coalbank marsh.

Trifolium wormskJold11 Lehm.

Marsh Clover is leafy-stemmed, rhizomatous and flowerheads are
axillary on short stems. Flowers are reddish to purple and.often
white-tipped. It is found on margins of immature high marshes or
in interior meadows and streambanks.

Family--ONAGRACEAE

Boisduvalia densiflora (Lindl.) Wats. var. salina (Rydb.) Munz.

Spike Primrose has pinkish flowers with four bi-lobed petals
and eight stamens. The fruits are slender, fusiform capsules.
The annual herb has softly hairy stems with alternate oval leaves.
Not considered strictly a salt marsh plant, it was noted in imma-
ture high marshes with Hordeum, Agrostis and Deschamgs1a, and in
the upper zones of Tow sand marshes.

Family--APIACEAE (UMBELLIFERAE)

Conium maculatum L. v ‘
Poison Hemlock is noted by its purple spotted, hollow stem‘and




30 -

Salicornia rirgin z'c,a’ L

Figure 1., Salicornia virginica L.
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Spergularia marina V(L.) Griseb

Figure 2. Spergularia marina (L.) Griseb
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white fTowérs‘borne in compound umbels. A terrestrial plant pre-
ferring moist places, it is found in the upper margins of low sand
and higher marsh types in association with Juncus and Potentilla.

Lileopsis occidentalis Coult. and Rose R o
Lileopsis is a small (to 10 cm.) creeping perennial that grows

from Tong rhizomes in clumps. Leaves are reduced to 1ight green,

linear structures with transverse partitions. The small white

flowers borne in umbels appear from June to August. It is found

in Tow silty marshes or muddy channels within other marshes.

Oeanthe sarmentosa Presl.

‘ Water-parsley is actually a terrestrial plant found in the upper
zones of the salt marshes with freshwater influence. Water-parsley
is a tall (1-2 m.) plant with pinnate leaves. White flowers are borne
in a compound umbel and bloom in August. It was noted on the edge

of the North Slough buTkrush stand. '

Fami1y--PRIMULACEAE

Glaux maritima L. :

Sea-milkwort, another low fleshy perennial, has five-merous,
bell-shaped flowers with only sepals. The white flowers are single,
sessile in leaf axils and bloom in June. Oblong leaves are . oppo-
site below and alternate above. It is commonly found in Tow sand -
marshes and was also noted in Coalbank Slough. R

Family--CUSCUTACEAE

Cuscuta salina Engelm. var. major Unck. ' ,

Salt: marsh Dodder is an orange colored, leafless parasite that
twines around its host sending little knobs ("haustoria") into it -
to obtain nourishment. The pale flowers have five fused petals
and. have short pedicels. It is commonly found on Salicornia and
infrequently on Jaumea. v A ,

Fami1y--SCROPHULARIACEAE

Cordylanthus maritimus Nutt.

Salt Marsh Bird's Beak, a branched annual, grows more or less
prostrate and has hairy stems and leaves, some hairs being glandular
tipped. The greenish to purplish tubular flowers are approximately
2 cm. long, It is rare in Oregon and is reported in the low sand
marsh of North Slough and South Slough. It is more common in
Northern California. See Figure 3.

Orthocarpus castillejoides Bent

Paintbrush orthocarpus has clubbed-shaped terminal flowers with
four stamens. Bracts surrounding flowers are tipped with white and
yellow. The sender annual grows as a single erect stem with upper
leaves dissected and lower ones less so. It is found high in low
sand marshes with Distichlis, Jaumea and often Juncus and Deschampsia.

It is believed to parisitize other plants' root systems.
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Cordﬂanﬁzus rﬁari/imus | Nut

Figure 3. Cordylanthus maritimus Nutt.
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'Family--PLANTAGINACEAE

Plantago maritima ssp. 1unco1des Eam.

Seaside plaintain is a small upright p]ant with f]ower1ng
spikes borne on leafless stalks. The papery sepals and petals are
four-merous. Leaves are more or less linear, seldom 1 cm. wide,
and are all basal. It is found in many situations, bu:ma1n1y
in low sand and immature high marshes. See Figure 4.

Famlly--VALERIANACEAE

Plectritis congesta (Lindl.) D.C.

- Rosy Plectritis has five-lobed p1nk flowers with the corrolla
tube spurred and are born in tight clusters. Square stems bear
tongue-shaped oppos1te leaves. Commonly found in moist areas,
Rosy Plectritis is found in upper zones of low sand marshes and
immature high marshes as well as on the low dike in Coalbank.

Fam1]y—-ASTERAFEAE (COMPOSITAE)

Cotula coronoplfolla L. ’

"~ Brass Buttons has a bright ye]]ow, button ]1ke compact head
and leaves (1 -6 cm.) entire or with a few coarse teeth. The peren-
nial plant is more or less succulent. It has been introduced from
South Africa, and is often found on driftwood in upper portions
of "high marshes. It is able to survive on substrates that have
been impregnated with various chemicals 1eached from logs during
storage.

Grindelia 1ntegr1fo]1a D. C

~ The Gum Plant is a woody stemmed perennial named for its gummy
flowers, with bright yellow petal recurved at the tips. It grows
in immature high marshes and on the upper margins of other marsh
types. It is reported in coasta] marshes from Coos to Monterey Co.,
Ca11forn1a. : .

Jaumea carnosa (Less ) Gray.

Fleshy Jaumea is a rhizomatous, succulent perenn1a1 that grows
to 3 cm. It has opposite narrow, entire leaves and yellow terminal
flowers that bloom in late July or August. It is commonly found
in low sand marshes. Figure 5. :

Family--JUNCAGINACEAE

Triglochin maritima L. ‘ - o
Seaside Arrowgrass grows 8-12 dm. in he1ght. The terminal flow-
ering spikes bear green to purplish flowers with parts in three's
and six stigmas. The fleshy leaves appear semi-circular in cross
section. Triglochin shoots grow close together in clumps with inter-
twined roots irh1zomes) It often establishes itself on previously
unclaimed mudflat and creates circular, elevated hummocks. Senes-
cence strikes center plants as new shoots appear on the outer margins
of the clumps. New shmts appear in late April, flowern May and
reach full matur1ty in Ju]y. Triglochin lacks strong internal




e T T T -4
DN PUE el

e e TR

o AT

Plantage maritima

Salt Marsh
Charleston, Oregon
July 20, 1976

Plate V
James L. M. Morgon

Figure 4. Plantago maritima.
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- Jaumea carnosa

Figure 5. Jaumea carnosa.
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fibers and so decomposes readily. It is ffequent]y found in Tow
sand marshes though often grows in silt, immature high and sedge
marshes as well. See Figure 6. L

Family--TYPHACEAE

Typha latifolia L. A ‘

FTowers of the Cat-tail are borne in familiar brown, cylind-
rical and terminal, spikelike inflorescences. The tall perennial
herbs grow from extensive rhizomes and have alternate linear leaves.
Cat-tails grow in slow moving or standing fresh water and usually
indicate the boundary between fresh water and salt marshes. TXEha
was noted in the upper portions of drainage channels in Coalbanl
indicating considerable fresh water influence.

Fami1y--JUNCACEAE

Juncus balticus Willd. , ‘ _
Flowers of the Baltic Rush are found in a loose lateral panicle
on the shoots. Plants grow to 1-12 dm. and are a brighter green
than J. lesueurii. New shoots appear from rhizomes in early fall.
By April, young plants have grown above the litter and reach matur-
ity in July. The Baltic Rush is found where creek density is high--
usually at the headwater of the small drainage channels. Thus, it
requires well drained soil with few depressions. It is found on
the upper margins of low sand marshes and on the terrestrial edge
of the bullrush marsh in North Slough. : -

Juncus lesueurii Boland. e ‘

Rushes can usually be distinguished from sedges and grasses. .
by their often round, non-noded stems; flowers are never in spikes
or spikelets. The Salt Rush attains height of 2-6 dm. The hard,
dark green stems have a sharp point and many small brown flowers.

The lateral inflorescence is sphere-shaped. The Salt Rush grows-

in dense stands and in immature high marshes and above low sand
marshes. Able to successfully compete outside the salt.marsh,

it is also found forming tight clumps in diked marshes and pastures.

Family--CYPERACEAE

Carex lyngbei Hornem. :

Lyngby's sedge is an important constituent of Coos Bay salt
marshes. Sedge flowers are much reduced, borne in spikes or spike-
lets and the stems are usually triangular with leaves W-shaped in
cross section. Lyngby's sedge has shorter spikes (1.5-5 cm) than
Carex obnupta, which is also reported in upper reaches of the es-
tuary.  Spikes are borne on penducles, with the lower ones at least,
noding. New shoots of Carex appear in fall but rapid growth is
delayed until spring. This species reaches maturity in early July
then assumes the color of straw. Seeds are released by late August
and early September. Eilers (1975) reports a tall and short form
of Carex lyngbei and noted that the tall form found at higher ele-
vations in the marsh becomes prostrate in late summer while the
short form remains standing. Carex has a wide salinity tolerance;
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Figure 6. Triglochin maritima.
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the major factor in limiting its distribution is its location on
well drained soil. See Figure 7,

Eleocharis palustris (1.) R. and S.

Common Spike-rush has a solitary terminal spikelet. Flowers
have two stigmas. The round stems grow to 4 dm. and leaves are
reduced to mere sheaths or scales. It grows in upper portions of
low sand marshes with Juncus, Carex and Deschampsia. Eleocharis
parvula (R. and S.) Link. (Small Spike-rush) grows to 5 cm. and
is also reported in Tow sand marshes. :

Scirpus americanus Pers.

Three-square Bulrush has notable triangular stems with con-
cave sides. Spikes are sessile in a cluster. This sedge is a
colonizer on bare mud and also appears in the upper portions of
drainage channels in low sand marshes in late July.

Scirpus maritimus L. , . '

Salt Marsh Bulrush has a triangular stem and is highly similar
to Scirpus americanus. The flowering parts are in a terminal-appear-
ing head rather than lateral spike or spikes. It is also salt marsh
colonizer,

Scirpus validus Vahl.,

Round stemmed American Great Bulrush has sessile spikes, reddish
brown in color. The dark green stems grow to a height of 2 m, or
more, This bulrush grows where thereis considerable fresh water in-
fluence and forms an almost pure stand in the North Slough study
location. : :

Family--POACEAE (GRAMINEAE)

Agrostis alba L. var palustris (Huds.) Pers.

Creeping bentgrass has one flowered spikelet with bent or
twisted awns, Spikelets are born in open panicles. The plant
grows along the ground sending up thin leaves after some dis-
tance (1-1.5 m.). This sod-forming grass is often an important
component of pasture lands. It usually joins Carex, Deschampsia
and Triglochin at MHW, increasing in dominance at higher elevations.
Creeping Bentgrass prefers well drained soils, areas of high creek
density and lesser tidal stress.

Deschampsia caespitosa (L.) Beauv., var. longiflora Beal.

" Tufted Hair grass is a tussock and not a sod-forming grass.
The spikelets of this grass grow in semi-open panicles that are
often glistening or purplish. Awns are twisted or bent. Young
blades are folded or curled, 1.5-2 (4) mm. wide and first appear
in May. Marked by rapid growth, Tufted Hair grass peaks early
in July. Deschampsia becomes established after invaders such as
Triglochin have raised the marsh surface somewhat. It often
occupies a transitional zone between the lowe and upper portions
of the salt marsh. Growing to a height of 1-2 m., it forms an
upper story on low sand, sedge and immature high marshes.




Figure 7.

Carex lyngbei.
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Distichlis spicata (L.) Greene

Seashore Salt grass is a rhizomatous perennial (1-2 dm.) with
solid stems and open sheaths. Stiff hairs are present at the top
of the sheath margins. Terminal spikelets grow in compact, green
to purplish pan1c]es and bloom in July. The stiff, two-ranked
leaves are rolled in the bud. Distichlis is common in low sand
marshes and often forms a dense Tow mat or is mixed with Salicornia
and Jaumea.  See Figure 8.

Holcus lanatus L. . _
Common velvet grass has softly hairy nodes and stems. Spikelets

are borne in a whitish congested panicle; awns are hooked. The

tufted grass was probably introduced from Europe as a meadow grass

but has since become a pernicious weed. A terrestrial grass, it

has 1nvaded the Coalbank marsh proper.

Hordeum brachyantherum Nevski

Hordeum sp. have terminal spikes with 1ong awns, open sheaths
and short membrane-like ligules. The spikes of Meadow Barley are
much longer than broad, often noding and purple-tinged at maturity.
This perennial is found in lTow sand marshes and 1nfrequent]y w1th
Carex and Deschampsia in higher salt marshes.

Hordeum jubatum L.

Foxtail or Squirrel tail barley has spikes general]y as thick
as long. The perenn1a1 grows 2-6 dm. in height and is found in
immature high marshes in association with Carex, Deschamps1a and

Agrostls.

Zonation and Succession in the Salt Marsh

Many authors have recognized the distribution of salt marsh
vegetation along environmental gradients (Chapman 1960, Ranwell 1972,
Jefferson 1974, Eilers 1975). Increase in elevation of the marsh
surface, usually expressed as height above MLLW, is often employed
as the independent variable in such studies. Elevation itself is
not a causative factor in determining plant distribution. Rather,
variations in submergence, tidal action, soil salinity, etc., asso-
ciated with elevational changes directly influence floral zonation.
The occurrence of salt marshes and various smaller communities
within the marsh have been explained primarilyon the basis of inun-
dation or a complex of several factors of which salinity and inun-
dation are considered to be most important (Adams 1963).

H.P. Eilers (1975) in his study of plant community distribution
in Nehalem Bay salt marshes, commented on problems inherent in the
design of community studies. He believes that if researchers go
into the field in hope of finding discrete units of plant associa-
tions, the methods chosen will necessarily report the desired in-
formation. If one hopes to describe plant communities in a con-
tinuum, one will design an experiment to clarify this relationship.
Most past work on the Pacific Coast involved plotless methods and
observation which tended to support theidea of discrete community
units. Vogl (1966) completed a thorough sampling of vegetation in
Upper Newport Bay, California, and his results supported the con-
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Distichlis spicata

Figure 8. Distichlis spicata.
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tinuum philosophy. Jefferson (1974) and Eilers (1975), both working
in Oregon estuaries, also reported the blending of communities from
lower o higher elevation in the salt marsh as well as in changes

in a particular marsh site over time. I

Salt marsh organisms are zoned according to the conditions they
can withstand, conditions dominated by tides at lower levels and
almost independent of them at higher elevation (Ranwell 1972). It
js difficult to explain marsh zonation by any one factor. Climatic
factors such as temperature, light, rainfall and wind may be altered
by tidal inundation. Tidal influences include: intensity and fre-
guency of mechanical disturbance caused by tidal action; the vertical
range over which the tide operates which in turn controls the tidal
flood depth and the vertical extent of the marsh; the form of tidal
cycle which affects the frequency and duration of submergence;
water quality--itself determining available light and salinity con-
centrations (Ranwell 1972). »

Climatic effects on a world wide basis were discussed above,
Chapman (1959) states that local climatic variability tends to be
unidirectional across the marsh surface from seawards to Tandwards
and is-a contributing factor to the marked zonationapparent in this-
direction. Much work has been done on light intensity correlated
with plant zonation (Chapman 1930, Adams 1963, Hinde 1964). Ranwell
(1972) reports that the effect of reduced light on salt marsh plants
is noticeable beneath the shade of overhanging oaks in Hampshire,
England estuaries. The growth of Glaux maritima and Triglochin.
maritima become scraggly and reduced. Little other work has been
done on individual species. Not all plants require high light in-
tensities. The turbidity of water covering the lowermarsh and the
shade provided by taller plants creates various micro-habitats
within the marsh. - _

It has been difficult to obtain a clear indication of how
temperature affects plant zonation. Complex interactions between
temperature, photoperiod and salinity obscure absolute effects of
this variable (Ranwell 1972). Rainfall influences salinity con-
centrations especially in the upper zones of the marsh. Chapman
(1960) has shown that seed germination of most plants occurs. at
times of reduced salinity, that is, when low temperatures combine
with high rainfall. The effect of wind on salt marsh plants has
not been investigated, but Ranwell (1972) believes it must limit
the height and extent of plant growth in exposed salt marsh sites.

Mechanical disturbance is greatest at higher marsh levels
near MHW of spring tides. Wave presence often persists, prolonged
by onshore winds delaying the ebb tide. Tidal litter accumulates
here, crushing weak growth and temporarily reducing Tight supply.
Open ground is thus produced near the- landward 1imit of marshes
favored by colonists such as Atriplex.

Several studies have shown soil salinities probably do not
linearly increase or decrease as one moves landward in the salt
marsh. Squiers and Good (1973) suggested that the stunting of =
Spartina in thehigher zones of a Spartina marsh may be due to higher
soil salinities caused by increased evapotranspiration due to the
decrease in the extent and frequency of tidal flooding. But the
highest zone in the salt marsh, marked by terrestrial invaders
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and semi-halophytes, has much lower soil salinities caused by a high
degree of rain and fresh water runoff influence. o

Tidal curve, an indicator of the extent of land covered by tidal
ebb and flow, steepens as one proceeds upstream in the estuary.
Ranwell (et al. 1964) noted that the lower limits of a Spartina
angelica marsh in Poole Harbour, England, were higher at successive
intervals up the estuary though the differences were small. Boeftnik
(1966) has shown on the Scheldt estuary in Holland that different
species do retreat to higher levels upstream, apparently in proportion
to the steepening of the tidal curve. ‘

The vertical range of the elevational levels of salt marshes
is primarily related to the tidal range (difference between the high-
est high and the lowest low), and secondarily to the turbidity of
the water. Highly turbid water thus reduces the potential vertical
range of salt marsh plant growth by limiting available 1ight. Marshes
~contained within large tidal ranges tend to be more steeply sloping,
have clearly zoned vegetation and sharper drainage systems that run
perpendicular to the shore. Those marshes contained within smaller
ranges have less clearly zoned vegetation, sluggish drainage that
produces a complex network of winding creeks. Long established
mature marshes flatten at the elevational 1imit where tidal sub-
mergince is insignificant and zonation becomes indistinct (Ranwell
1972). ‘ :

Though plant communities do not exist as discrete units, these
zones represent fairly definite ranges of tolerance of certain en-
vironmental factors (Jefferson 1974?. Eilers (1975) further explains
the limits of species' vertical ranges in terms of competition.

“In general, species inhabiting the upper portion of the

elevational gradient are more restricted in vertical range

‘than those of the lower seaward section.  This supports the

belief that salt marshes exhibit a successional sequence

from low to high elevations. Further, the species-ele-

vational curve reveals what might be termed 'elevational

niche structure,' that is, even though considerable over-

lap. is present among species, elevations of maximum: dry

weight aenot coincident. This would appear to be an

attempt to minimize the competition among species with

similar affinities and is perhaps the result of compet-

“itive exclusion interactions (Guase 1934, Whittaker 1965)."

Eilers (1975) found that the lower marsh community is 1less
efficient in area utilization in terms of net primary production
that the higher communities. With tidal inundation stress greater
in the Tower zone, a larger portion of the plants' available energy
is used for self-maintenance than compared to the amount used by
higher zone plants for this purpose. In addition, photosynthetic
activity is partially curtailed by submergence.

Observers have questioned whether the static zonation pattern
of a salt marsh at a given point in time reflects the same se-
quences in plant succession. Carol Jefferson (1974) cautioned
that zonation cannot be presumed to reflect succession unless the
same patterns are also found in plant debris in marsh sediments
and validated by a study of community change over time in fixed
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plots. Her study, involving the examination of soil profiles and
the use of C-14 dating, has shown the patterns to be similar.

The type of tide flat sediment and soil salinity determine
the initial plant sequence. Algae and species of eelgrass such as
Ruppia and Zostera colonize the mudflat. This area is still consi-
dered a barren zone and so these plants are not included in a salt
marsh species list. On silty soils, pioneer species invade the
mud flat, either forming coalescing circular colonies as does
Triglochin maritima or sinuous line fronts as in Scirpus americana.
Salicornia colonizes sand or sandy silt substrates. Smaller plants
with spreading rhizomes and roots begin to anchor the substrate.
Plants, characterized by rapid propogation by runners or rhizomes,
including Carex and Distichlis, invade the stabilized soil. The
die-back of the center portions of circular colonies allows several
species such as Deschampsia and Carex to invade these higher barren
islands. Juncus lesueurii establishes in the hollows. ‘

As sediments accrete and the drainage patterns become more al-
tered, the marsh changes to allow for the diverse vegetation of a
mature high marsh. Salicornia-Distichlis-Juncus is the usual climax
community for silty soils, barring diking or a change in the sea
level. (Jefferson 1974). This relative stability of vegetative cover
is rarely attained. Most sea coasts are either rising or sinking
and there is no real opportunity for any vegetation to develop that
is in equilibrium with the surrounding environment (Chapman 1960).

- Diking or other alterations of the tidal flow can cause a marked
increase in fresh water influence in upper portions of a salt marsh.
In this case, an interruptive community could develop consisting of
Scirpus validus, or Typha latifolia. Succession on sandy substrates
differs from that on silt. The sequence is again dependent on soil
salinity and wave action. Fewer species are involved in the sand
sequence.  Succession begins with Salicornia and progresses through
Distichlis~Jaumea~-Triglochin-Plantago communities to a climax com- -
munity of Juncus lesueurii-Grindelia-Potentilla.

Summary

The world wide distribution of salt marsh plants is largely
controlled by climate. Most salt marshes are Tlocated in the mid
to high latitudes. As halophytic plants capable of tolerating high
soil salinities, salt marsh plants exhibit several structural
adaptations for coping with their saline environment: reduced
surface area, succulence, salt storage and excretion glands, hairy
or glaucous vegetative parts., Most salt marsh plants are herba-
ceous perennials; annuals commonly belong to the Chenopodiaceae
family. , :

The zonation of vegetation from the seaward to Tandward mar-
gins of the salt marsh has been well established and is caused by
a number of climatic and tidal factors. The relative importance
of individual factors is still debated; however, inundation and
soil salinity are probably the most influential. The zoned
pattern of plant communities is believed to reflect change in
marsh community composition over time. Succession begins with
the invasion of bare mud flats and climaxes in a diverse mature
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high marsh community. Species composition of the successional se-
quence and climax community is determiend by the initial substrate
and soil salinity. Stable salt marsh climax communities are seldom
seen,due to the disruptive influence of land and sea level changes,
as ‘well as the civilizing effects of man.
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Distribution of Vegetation in Coos Bay Salt Marshes

The following vegetational maps indicate the general distribu-
tion of piant species within each marsh. The maps were constructed
to aid the reader in understanding the location of plant communities
and vegetation sampled via the transect method in each marsh. The
coded zones do not indicate absolute elevational boundaries of
community types.

Community Code
Distichlis-Salicornia-Triglochin

Distichlis=-Salicornia-Iriglochin~Jaumea

Distich]is-Sa]icornia-Trig1ochin~Jaume§;Descthpsia__ 

22§>/. Carex-Deschampsia-Distich]is
7

<§§§ Deschampsia Hordeum4Agrosti§
Y~ =

el Care

-----

Scirpus validus

Juncus-Grindelia-Potentilla’

An elevational cross section (A-A') on each map closely approx-
imates the location of transect lines used for primary productivity
studies.  The A-A' cross section is graphically portrayed on pages
following each map. These cross sections show elevation, location
of channels, and changes in plant communities. Elevation is not
based on absolute elevation above sea level but rather the maps
have been adjusted from a local tide chart so as to indicate the
relative contours of each marsh. Plant species are noted as
follows:
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Agrostis @ | Hordeum @
Alise Jaunea @
Atriglle'x'- o Juncus @
Carex @ | Potentilla®
Cenium o ~ Rubus (sp.)e
dead material . | Salicornia @
Deschampsia o Scirpus ®
Distichlis & terrestrial plants g
driftwood 1 Triglochin ¢
Enteromorpha @ Typha ®
Glaux @ Ulva e

Grindelia @
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NET PRIMARY PRODUCTION IN COOS BAY SALT MARSHES

K.d. Vanderzanden, Barbie Van Ness,
~ Melanie Gant, John Hoffnag]e

Introduct1on

A]] animal life, including that of man, is directly dependent
on the growth of green plants. Only these and other autotrophic
organisms are capable of the fixation of solar energy through the
photosynthetic process and of chemical energy through the chemo-
synthetic process (Eilers 1975). Light energy is used in photosyn-
thesis by plants to convert carbon dioxide and water into carbo-

- hydrates which serve as the ultimate source of "food" for all other
organisms. :
_ Odum (1960) defined the pr1mary product1on of a commun1ty, or
any part thereof, as the rate at which energy is stored via these
processes. The terms biomass (standing crop) and primary production
are often confused. Biomass refers to the total weight of organ1sms
in a given area at any one moment. Thus, biomass measurements in-
clude a weight/area figure for a certain date or at a certain hour
The concept of increase over time (or rate) is excluded.

In contrast, primary product1on refers to changes in the amount
of energy stored or changes in_biomass during a given interval; it
is usually expressed as Kcal m¢/day or year or as grams/m¢/day or
year. Gross primary productlon reflects the total rate of photosyn-
thesis including that organic matter utilized by the plant in self-
maintenance: (resp1rat1on) during the measurement per1od Net prx-
mary product1on refers to the rate of storage of organic matter in
plant tissues in excess of resp1ratory utilization ?Odum 1960).

~ Methods exist for measur1ng gross productivity (Eilers 1975).
However, since this study is concerned with the amount of plant
material available for use by other organ1sms we have limited our
efforts to determining only the net primary production of the se-
lected salt marsh systems. The production of estuarine plants is
especially important. The synthesis of inorganic compounds into
organic matter that supplies nourishment and energy directly to
terrestrial herbivores, also provides the source of bacteria-rich
detritus utilized by estuarine filter feeders. Such organisms are in
turn eaten by higher order consumers such as fish (Udell, et al., 1969).

Net production figures are universally used to compare ecosys-
tems or communities. Thus, if cautiously used, they can be he]pfu]
indices for resource managers. They do not ref]ect the total vigor
or diversity of a community but only indicate comparative amounts
of energy made available by the floral component. Salt marshes have
been shown to be highly productive; more productive than the open
ocean or forest bounding the marshes, more productive than crop land
%g;r?ntly used by man for agricultural purposes (Hoffnagle & Olson

4
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Annual Ret Primary Production Estimates
of Selected Ecosystems

‘Plant Community _ Net Primary Productivity

o g/me/yr g/me¢/day

wheat (areas of highest yield) - 1250 3.43
corn (world average) : 412 1.13
hay (areas of highest yield) 940 2.58
forest (pine during years of most :

rapid growth) 3180 - 6.0
forest (deciduous, same as pine) 1560 3.0
Spartina salt marsh (Georgia 3300 9.0
infertile open ocean ; 182 : .5
shallow inshore waters (Long Island) 1168 3.2 :

(from Odum 1960)

eelgrass (Zasteka marina) ,
Humboldt Bay, California 4500 5.17 :
' (from Harding, et al. 1970)

Several factors unique to the estuarine environment contribute
to high salt marsh productivity. The moderating effect of ocean
waters on marine climates and locally on the micro-climate of the
salt marsh allow a Tonger growing season (Keefe 1972). Salt marsh
plants have adapted to the hostile environment of anaerobic marsh -
s0il and their ability to compete for growth space is best in saline
marsh (Keefe 1972). The vertical orientation of the leaves of most
marsh plants reduces intense heating (Palmer 1941). In addition,
vertical orientation enables the plant to expose maximum leaf sur-
‘face)to sunlight over the day and minimizes mutual shading (Jervis
1964). ‘
Due to the high water table in marshes, soil water is abundant
and can be directly used by plants, holding nutrients in a dissolved
state in the sediments. The high nutrient content of marsh soils and
waters helps maintain high primary productivity. As fresh water
flows into the marsh, topsoil silt from upstream is trapped by the
marsh plants and later utililized as soil (Ranwell 19645. In addition,
the tide moves nutrients from other locations onto the salt marsh
(Aurand 1968). - ' v T ;
: The watery marsh environment hastens the decomposition of organic

matter. The high concentration of organic matter in the soil leads
to the formation of colloids that absorb exchangeable ions necessary
for plant growth (Keefe 1972).

Most research on salt marsh ecosystems has occurred on the East
Coast of the United States. Numerous studies have been performed on
Spartina sp. and Juncus sp. stands in New Jersy, Delaware, Georgia
and Florida (Aurand 1968, Squiers & Good 1973, Boyd 1970, 1971, Udell
et al. 1969, Nixon & Oviatt 1972). ' \

Studies on the West Coast are more limited (Barbour & MacDonald
in Reimold 1974). A reconnaissance of Oregon salt marshes was made
in the early 1960's by C. Johannessen. Johannessen concentrated his
efforts on aerial photography, mapping and species description to
support his theory that Oregon coastal marshes are prograding (Johan-
nessen 1961). His conjectures have recently been questioned (Hoff-
nagle & Olson 1974). ' ;

For her thesis study, Carol Jefferson surveyed all major estu-
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aries in Oregon in order to describe salt marsh floral communities,
develop a model for salt marsh succession and designa classification
system for salt marsh types according to physical characteristics and
plant cover (Jefferson 1974). Information fromher thesis has been
utilized by the Oregon Division of State Lands in a pub11cat1on en-
titled Coastal Wetlands of Oregon (1975).

‘H.P. Eilers conducted a study on the West Island marsh in Nehalem
Bay. He 1nvest1gated the distribution of plant communities, diver-
sity, dens1ty and primary productivity along an elevational gradient.
His work is exhaustive and most similar to our productivity research
and thus, is often cited.

In the summer of 1974, Hoffnagle and Olson 1nvest1gated marsh
acreage, land ownership and classification of Coos Bay salt marshes.
They also conducted vegetational sampling and their standing crop
figures for aerial and root growth serve as bases for comparison
with our results.

Our primary productivity study was conducted from April 15 through
July 15, 1976, in six salt marshes contained within the Coos Bay
estuary. The overall objectives of the botanical studies were two-
fold: 1) To identify the plant species found in the six different
marshes and their general distribution within each marsh, and 2) To
determine the yearly net productionof plant material in each marsh.

The first goal is discussed under the section entitled "Marsh

Plants and Marsh Zonation." The second objective has been further
subdivided into the following study goals:

1) To determine the monthly growth pattern in terms of

_ average aerial biomass for ten salt marsh plant species.

2) To determine the monthly change in aerial biomass and
ash-free dry weight for five plant species in each of
five marshes. v

3) To compare the month]y changes in biomass and carbon

-~ content for six species.
4)  To determine changes in the biomass of dead stand1ng
- plant material during the four month interval for each
“marsh.
'5) - To determine the change in root b1omass during the four
month interval.
- 6) To calculate the average net aerial production for ten
marsh species. -

7) To calculate the net aerial product1on‘foreach of the
'six marshes. .

8) To determine if a difference exists between monthly
standing crops in salt marsh zones located in proximity
to the main water source and those near the terrestrial
edge.

9) To determine the changes in plant he1ght over time.

Site Description

The physical descriptions and Tocationof the study locations
are contained in the first section of this report. In addition,
“Marsh Plants and Marsh Zonation" contains information pertaining
to the general distributionof plant species in the six marshes
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(see vegetational maps). The A - Al cross sectional line on.the
vegetational maps approximates the area covered by transectsused
for plant sampling each month. Stakes marked #1, #2 #3 indicate
the location of plants used to monitor increase in plant height.

Methods and Materials

Several methods exist for estimating net primary productivity.
Existing techniques include the use of radioactive isotopes to mon-
itor the CO/02 balance, measurement of chlorophyll pigment change
and determination of plant biomass change over time. Because the
first methods mentioned require highly technical knowledge and
expensive equipment, the 1atter technique, known as the harvest method,
has been chosen.

Harvesting and weighing vegetation is a widely used method of
determining net primary productivity. It has been traditionally
used by farmers to report annual crop analyses. The harvest method
is well suited to annual or perennial non-woody vegetation which
exhibits seasonal growth and die back of aerial shoots (Eilers 1975).

Because productivity figures include the concept of rate, it .
is not sufficient to cut vegetation once a year. Milner and Hughes
(1968) state that samples should be cut at appropriate intervals
throughout the growing season. Successive samples should be taken
from the same general area. Our samples were cut on the 15th of
each month from April to July. No samp]es were taken at South
STough in April due to the difficulty in locating the site. Primary
production of salt marshes consists of aerial and root productlon
Each of these will be considered separate]y. ~

Net Aerial Primary Product1on ‘

In order to samp]e aerial growth a quadrat 0.5 x 0.25 meters
(encompass1ng 0.125 m2) was constructed with an open end to facilitate
placing it in dense herbage (Thilenius 1966). Eilers (1975) found
the rectangular quadrat shape most conducive to sampling representa-
tive vegetation. Quadrat samples were taken along a transect line
constructed in each marsh from the terrestrial edge to the main
saline water source during an ebbing tide. Sampling along the tran-
sect enabled us to obtain a representative sample of salt marsh plant
species and to collect along an environmental gradient (elevation
or distance from water) (Eilers 1975, Benton & Weiner 1958). Sample
points were located at constant intervals in each marsh (five, ten
or fifteen meters, depending on marsh width). There was some var-
jation in interval length where creek channels coincided with the
sample point. In this case, the point was shifted to the nearest
bank. Because only one transect was located in each marsh, not all
species were adequately sampled. In his more comprehensive study
of one salt marsh, Eilers employed six transects to cover the entire
study area more completely (Eilers 1975). Our main purpose, however,
was to determine salt marsh productivity on a broader scale; the
cross sectional transect served to sample plants in terms of relative
abundance.

A11 standing plant material with stems contained within the
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quadrat was clipped as close to the ground as p0551b1e (within 2
cm.). Material clipped from each po1nt was stored in a plastic bag
and labelled. Plant bags were kept in a refrigerator to minimize
weight loss caused by fermentation and respiration as recommended

by Boyer (1958) and Milner and Hughes (1968). Each bag of aerial
cuttings was sorted according to live and dead material of each
species. Such subsamples were then dried to a constant weight at
,approx1mate1y 100 degrees C. A dry weight figure: (g/m ) for each
species (1ive and dead standing shoots) at each pint in a marsh

was thus obtained.

. To determine the ash-free dry weight of each species, small sam-
ples of dry plant material were ignited at 600° C. The minimum time
required for complete combustion was determined by weighing the ash
of samples burned for 24 hours, then burning new samples for shorter
time per1od§ until a change in ash weight was noticed. Two hours proved
to be the minimum time needed for combustion of all plant species.
The ash we1ghts were subtracted from the dry weights of the burned
samp1es in order to determine percent ash-free dry weight for each
species each month for six marshes (Boyd 1971).

- In accordance with their suggestion that plant samples be taken

over intervals of time, Milner and Hughes (1968) presented the
c]ass1c formu]a for determining net primary product1v1ty

:2 (Bn - Bn- 1)

where PN equa]s net primary productivity and Bn-is the above ground
standing crop at the nth samp11ng period. Through successive sampling,
biomass is monitored and its maximum for a given area determined
(Eilers 1975). However, this method was criticized by Wiegert and
Evans (1964) who state that losses or gains in biomass before or

after peak standing crop is attained was not considered. There-

fore, they presented a better approx1mat1on of net pr1mary product1—
vity:

N=2 (Bn - Bn-1) + L + Pa + G

where L represents p]ant losses from death and shedding, Pa is biomass
added after peak biomass accumulation and G is loss of standing crop
due to consumer organisms. Methods for calcu]at1ng these variables
are discussed in "Results" below.

‘ In order to determine if biomass differed between salt marsh
zones closest to the saline water source and those near the terrestrial
edge (or "road"), a comparison of monthly mean biomass figures for
~water and road zones was made. The water zone constituted 40% of
the distance from the water to road or edge that was closest to the
water, The "road" zone comprised 40% of the distance closest to the
terrestrial edge. Those sample points falling within those two

areas were averaged to obtain a mean biomass figure for each. A com-
parison of two means analysis was used to determine if a significant
difference ex1sted _
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Root Biomass

- Root biomass at each month's sampling date was determined by
remov1ng a core of roots at each point along the transect. A galvan-
ized pipe (4 cm, inside diameter) was driven into the soil 40 cm.
After the pipe was in the ground, the top was sealed by hand to help
keep the root core inside while the pipe was being withdrawn. The
core was then pushed out of the pipe by a close-fitting rod into
a plastic bag and labelled. The method used is identicd to that
described by Hoffnagle and Olson (1974).

Root cores were stored under conditions similar to those for
plant bags. Cores were rinsed by hand over a wire screen, 60 meshes
to the inch, under tap water. A screen 35 meshes to the hch was
used for cores from Salicornia marsh to allow the passage of coarse
sand characteristic of this marsh's soil (Hoffnagle & Olson 1974).
Root cores were then dried to a constant weight, we1ghed and ignited
s1m11ar1y to the procedure for aerial plant samples. ' The root bio-
mass (g/M for each month was then calculated and recorded ‘

Plant Height

In an effort to monitor the change in p]ant height over time,
seven to ten plants of the dominant species in each marsh were labelled
with colored plastic beads in a numerical code. Heights of the indi-
vidual plants were first recorded April 29. Subsequent measurements
were made on the 28th or 29th day of May, June and July. Plant
- height was correlated with increase in time for each marsh.

Resu]ts

Not all salt marsh plant species attain their average peak stand-
ing crop at the same time. Table 1 reports the biomass (g/m2) of
ten plant species found in the six salt marshes studied. (See Table
1.) Our data reported: only Scirpus validus (bulrush) in North
Slough, though other spec1es are noted in different sections of this
marsh. Nine of the spec1es biomasses were averaged over five marshes
with Scirpus validus' values being drawn solely from North Slough.
Figure 1 compares monthly standing crops of seven of the ten species
(see Figure 1).

Agrostis alba, a sod forming grass, is late to start seasonal
growth and reportedly does not reach maximum standing crap until
September (Eilers 1973). Scirpus americanus, a colonizer on bare
mud, did not appear until late June. A1l species continued to increase .
in biomass from April to July, except Carex and Deschampsia, which
peaked in June. Table 2 shows variation in the time of species’
peak standing crops between marshes (see Table 2).

Ash-free dry weights and % ash-free figures are also listed
in Table 2, Scirpus validus and Deschampsia caespitosa appear to
have slightly higher ash-free dry weights than the other four species
listed. The ash-free dry weight represents the weight of organic
material in plant tissues. Approximately 45% of the ash-free dry
weight is carbon (Keefe 1972). Approximate carbon content has been
plotted against time and compared to monthly biomass figures for
five marsh species. Highest percentage of carbon content for all
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Table 1: ‘Monthly changes in plant biomass for ten species.

species April g/m2 ‘May g/m2 June g/m2 July g/m2
Atriplex patula 0 No data®* .32 2.0

Salicornia virginica 106.64 126.00 162.56 184.16
Triglochin maritima 4,72 84.4 7115.68 129,92
Juncus sp.. o 7.6 9.92 45,84 65.44
Carex lyngbei 28.88 156.28 206. 178.39
Scirpus validus - 45,92 | 204.96 717,12 795.36
Scirpus americanus 0 | 0 No data 22.48
Agrostis alba 0 13.2 37.52  153.2

Deschampsia caespitosa 1.34 17.96 105.84 43,36
Distichlis spicata 8.96 13.04 58.08 71.6

* presence not noted in marshes

** presence noted in -marshes but not collected in samp]e
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species is attained in July, though the slight peak is probably not
significant (see Figures 2-7). e

Biomass figures for standing live and dead shoots were calculated
for each marsh on a monthly basis (see Table 3). Figures 8 through
11 compare marsh biomass figures for each month. Salicornia marsh
and Pony Slough lead in live standing crops in April, but Salicornia
marsh drops to a median position in July while Pony Slough continues
to lTead. Coalbank biomass figures remain low throughout the growing
season (see Figures 8-11). : : ' :

No plant or root core samples were collected in April for South
Slough due to the difficulty in locating the marsh. Since Bull
Island and South Slough contain highly similar vegetation (predom-
inantly Carex lyngbyei), the Bull Island April biomass has been pro-
Jected for South STough. The reader must note that this figure is
an estimate only. S

~ Coalbank, Salicornia marsh, Pony Slough and North Slough all in-
crease in live shoot biomass from April to July. Bull Island and
South Slough show rapid growth from April to June, reaching their
maximum standing crop in the latter month. July figures reflect
decreases in live biomass. North Slough makes the largest ggin in
four months -- from 45.92% 53,13 g/m2 to 795.36% 204.32 g/mé.
July biomass figures reveai the following order from greatest to
least accumulation: North Slough, Bull Island, South Slough, Pony
STough, Salicornia marsh and Coalbank., (See Figure 11.)

Estimates of net primary production should include an indication
of root biomass change over time. However, problems exist in deter-
mining this rate; it is nearly impossible to separate live and dead
root stocks, yet alone those of individual species. In addition,

a representative sample of roots may not be attained by the pipe
method. Hoffnagle and Olson found no significant difference in the
dry weights of root biomass for samples taken 40 cm. and 50 cm.
below the ground surface. Therefore, the major portion of the roots
is probably contained within the top 40 cm. of soil (Hoffnagle &
Olson 1974).

Root productivity was not calculated because our figures would
have reflected a negative production rate for most marshes. In-
stead, biomass figures have been substituted. Table 4 lists monthly
root biomass and ash-free dry weight for each marsh.  Root biomass
was correlated with increa® in time. Table 4 shows a decrease in
root biomass during several intervals for all marshes (see Table 4).
Root biomass significantly decreased with time for Bull Island
(r=1.9 t=17.00 p< .001), Coalbank (r = .87 t = 5.13
p £ .001), Pony Slough (r = .98 t = 34.75 p < .001). Lack of sig-
nificant correlation for North Slough, Sough Slough and Salicornia
marsh could be due to sampling error or small sample size. Decrease
in root biomass with time proved almost significant for Salicornia
marsh--the scatter plot is given. (See Figures 12-15.)
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Pony Slough

May to July:
Best fit line:

Y = -,1338x + 18404.26
30} :
r=.,98
t = 34.75
K P < .001

Grams / m? x 10‘3

O 2 - . - vy .
o] .30 ' 60 90 Days
April ‘ - May June : July ’

Figure 12: Root biomass vs. increase in time.

Net Aerial Production

Net primary production must include the concept of rate. Biomass
is not a sat1sfactohy indicator. As stated above, we have chosen
the net primary productionformula modified by W1egert and Evans (1964)
in order to calculate marsh productivity: A
N
PN = 20 (Bn - Bn-1) + L + Pa + G
n=1

In his study of West Island Marsh, H.P. Eilers sampled vegetation

in May, July and September of 1974. Eilers noted that new green
- growth was already present at the time of the May sampling date. His

monitoring of species' biomass accumulation also revealed that dif-
ferent marsh plant species peak at various times throughout the
growing season,

In order to overcome these variables, Eilers substituted the sum
of each species' maximum standing crop for the (Bn - Bn-1) figure.

He reasoned that the maximum standing crop would include all growth
incurred during that year's growing season and it was probable that
little new growth would occur after the peak. His modified formula
is presented: e




Grams / m2 X 10'3

- Grams / m?2 X 10'3 '
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Coalbank

Best fit line: ,
Y = -.3414x + 32977.36

-.87
5.13

r
t
P .05

PR |
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O A 3 Y .
0 30 60 90 Days
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Figure 13: Root biomass vs. increase in time.

40 r

Bull Island

May to July:
Best fit line:
Y = -.09x + 1564,54

30 [ r= e 96
t =17.00
P < .001

20 ¢

O N ) 4

0 30 60 90 Days
April May June July

Figure 14:

Root biomass

vs. increase in time.
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Salicornia marsh
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Figure 15: Scatter plot showing decrease in root biomass
vs. increase in time. :
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PN=S S+L+Patg

Where S is the species' peak biomass (Eilers 1974).

Our data for aerial biomass shows the presence of green growth
in April. Two important salt marsh species also reach their maximum
standing crop before July. Therefore, any yearly production figures
calculated as Bn - Bn-1 or July biomass-April biomass would be under-
estimated. We were unable to sample marsh vegetation in September.
Therefore, it might be argued that July biomass for each species may
not. represent peak accumulation. However, with only two exceptions,
Eilers reports that Nehalem Bay plant species also found in the Coos

Bay marshes peak in July. Distichlis spicata and Agrostis alba both
peak in September (or perhaps in August; (Eilers 1975). These plants
constitute a small percentage of the monthly bjomass (Bull Island--
.02%, Coalbank--.09%, South Slough--.17%, Pony Slough--.18%,
Salicornia marsh--.38% and North Slough .0%). The productivity of
those marshes containing the two species will therefore be under-
estimated. No values for Scirpus validus are listed in Eilers.
Biomass accumulation seems to level off in North Slough between June
and July (see Figure 1) and a reconnaissance of the site in early
August revealed a great deal of die-back in live shoots. :
~Salicornia virginica, a woody perennial, presents a unique problem
for using species' peak biomass figures in the production formula.
A large portion of the biomass present in April has been accumulated
through many season's growth (some plants may be fifty years old!--
Jeffries, personal communication, June, 1976). We found it necessary
to subtract the April biomass from each succeeding month's figure
in order to obtain a more accurate picture of the current season's
growth in Salicornia. Again, marshes containing Salicornia will
have s1ightly underestimated production values due to the errors
involved in this method. It would be most advantageous to obtain
September biomass values for this perennial to be compared with fig-
ures obtained a year later in order to more accurately gauge yearly
growth., ~ ‘ : ’

The three remaining variables--L, Pa, and G have yet to be dis-
cussed. Several methods have been designed to estimate the loss
of biomass due to death and shedding. Wiegert and Evans (1964) used
a paired plot method and a variation of the 1itter bag technique
to calculate the rate of disappearance from the site. Eilers (1975)
collected the "litter" (dead standingand all non-humus plant parts)
contained within each quadrat. Samples were dried and weighed. Since
most species peaked in July, he considered only the additions to the
Titter (loss to production) between May and July. Once a species has
reached its peak, it will contribute more heavily to the litter. If
additions to the litter are considered after the peak of accumulation,
such materials would be counted twice.

Eilers states it is necessary to answer three questions in order
to estimate “L": How much litter remains on the plot from the previous
growing season? How many days are necessary to exhaust this supply?
How much Titter is attributed to the current season's growth? Eilers
designed a set of formulas to determine "a"--the amount of litter
accrued from this season's growth. Use of the complete set of calcu-
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lations involves sampling litter in September (Eilers 1975).  Since
this study's design did not involve sampling in September, Eilers'
formulas and concepts have been adapted in order to utilize the
information at hand. A decrease in dead standing material was noted
for all marshes between April and May. Present prior to a significant
increase in this year's new growth, this material likely represents
last year's crop. :

Eilers assumed that the rate of disappearance of dead material
to be constant (Eilers 1975). Realistically, winter storm tides
probably inflict greater damage on standing vegetation. If a constant
rate is assumed, however, the amount of dead material, derived from
the previous season's growth, that remains during the peak of biomass
accumulation can be estimated graphically. Figures 16-21 represent
estimates of dead standing plant material. The rate of removal (slope
~ of the line) is projected beyond the month of lowest dead shoot bio-
mass. If the “"removal" line intercepts line CB, the amount of dead
‘material remaining from the previous season is represented by AB.

" This season's crop loss due to death and shedding (L) is calculated:

CB - AB = L. Note that for Coalbank and Pony Slough, the value of

AB is zero and L = July or June's dead shoot biomass, respectively

(see Figures 16-21). L ‘

. ‘Biomass added after peak biomass accumulation (Pa) can be ignored
by use of the peak standing crop for each plant species. Only for
those marshes containing large crops of Distichlis spicata and Agrostis
alba will Pa pe of import. Therefore, for our purposes, Pa = 0.

It is also important to consider the plant material lost to herbi-
vore grazing. As Eilers mentions, no extensive work has been done
on the West Coast to determine the percent of peak biomass lost to
consumers. Smalley ( ), working on Spartina marshes in Georgia,
~ found that all insects grazed approximately 10% of the total bio-

mass. Our entymologist did study the assimilation of plant tissue in
one species of leaf hopper (order Homoptera) using Distichlis spicata -
from Salicornia marsh. His intake estimates range fom 10-15% with
5% of the plant energy being assimilated (see "Insects" section).
However, since efforts were limited to the intake rate of one insect
species of one plant, these figures will not be used to directly
adjust net primary productivity for each marsh. We will follow the
course of Eilers and assume the effect of herbivory to be zero
(Eilers 1975). Thus, the final net productivity figures presented
below should be 10 to 15% greater.

Individual equations have been written for each marsh or order
to calculate yearly net primary production (see Table 5).

Net primary production has been determined for each marsh during
the four month sampling interval (April to July) and is also pre-
sented in Table 5. Calculations were based on the formula (Wiegert
& Evans 1964): : -

N
PN =5 (Bn = Bn-1) + L+ 0+ 0
n=1

~_ Species' production was determined by averaging the values of
g/m2/4 mos. individual plant species over five marshes. Scirpus
“validus production is identical to that of North Slough since it was
the only plant sampled on that site. Since rate of disappearance
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for individual species was not calculated no adjustments have been
made for loss due to death and shedding. Average maximum standing
crop figures are also listed in Table 6. These should closely
approximate yearly production of each species (see Table 6). Scirpus
validus is by far the most productive, followed by Carex lyngbyei.
Despite its large total biomass, the current season™s crop of . '
Salicornia virginica is among the lowest of the six species listed.

. Data for the mean biomass of dead and live shoots in zones
located close to the water and those near the terrestrial edge is
represented in Table 7. Though figures for live shoot biomass in

the two zones appear to differ for South Slough, Salicornia and Bull
Island, none of these differences proved to be significant. Impli-
cations for differential zone production and a comparison with other
studies will be discussed below. Differential disappearance of dead
material in water and road zones for Salicornia marsh and Pony Slough
will be discussed in the "Detritus" section of this report.

Plant Height

Plant heights increased from April to July. Values were cal-
culated by averaging heights of plants at all three locations in a
marsh to obtain an average monthly height. Sets of Salicornia
beads in Pony Slough were lost in June; therefore, no data is avail-
able for this component. Plant height was correlated with increase
in time and was found to significantly increase for Carex--Bull
Island (r = .95 t = 13.40 p ¢ .001), Distichlis--Pony Slough '
(r=.,96 t=17.00 p ¢ .001), Carex--South STough (r = .09 t = 6.68
p ¢ .05), Scirpus validus--North Slough (4 = .98 t = 34.75 p ¢ .001),
Juncus~--Coalbank (r = .99 t =70. p ¢ .001). Only Salicornia did
not increase significantly in height (see Figures 22-26). T

Discussion

Spring and summer growing months constitute the growing season
for most salt marshes in the United States, though Boyd (1971) found
that the fall standing crop of Juncus effusus was greater than the
spring's. - The decline in biomass during late summer may be related
to a temperature conditioned increase in respiration in relation to
photosynthesis or a loss of dead or drying lower leaves through break-
age or tidal action (Talling 1961). For the remainder of the year,
marshes appear to be brown, mucky, wastelands. But the salt marsh
community is not stagnant. Tidal action scours the surface, exporting
dead plant shoots to the estuary proper. Marsh plants, then no longer
palatable to terrestrial consumers, can form the first link in the
detrital food chain. ,

That plant species found inithe salt marsh attain their maximum
standing crops at different times is readily apparent. Conditions
favoring the growth and reproduction of each species varies from the
wet, cold March months to the considerably drier days of late summer.
The senescence and death of each species is likewise distributed.
Decomposing plant tissues and nutrients are thus exported in intervals
throughout the growing season.

Biomass differs each month for the six marshes. Pony Slough
and Salicornia marsh biomasses remain relatively stable throughout
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Table 6: Net production of six species.

Species - Maximum Standing Crop

Triglochin maritima 129.92 g/m2

Salicornia virginica ~ 77.52 g/ml

Distichlis spicata 71.6 g/m@

Deschampsia caespitosa 105.84 g/m2

Carex lyngbei 206.00 g/mé

Scirpus validus 795.36 g/m2

*Net Prbduction/
April-duly

125.2 g/m2/4 mos.
77.52 g/m2/4 mos.
62.64 g/m2/4 mos.

Not sufficient daté.

177.12 g/m2/4 mos.

749.44- g/m2/4 mos.

*No adjustments made for plant biomass loss to death and shedding.
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South Slough

(Carex 1yngbyei

April to Jdune:
Best fit line:

Y = .718x + 57,51

r=.9
t = 6.68
P £ ,05
]
4t
21
o 30 60 | 90 Days
April May June July

Figure 22:

Plant height vs. increase in time.




Plant height (meters)

Plant height {meters)

North Slough

(Scirpus validus)

Best fit line:
= 1,098x + 62.73

-~
i

= .98
= 34,75
< .001

o 30 60 90 Days
April May June July
Figure 23: Plant height (meters) vs. increase in time.

16 | Coalbank

(Juncus leseurii)
14 |
Best fit line:
12} , Y= .467x + 48.09
1 | | r=.99 |
1.0} SRR - ' t =170,
1 P ¢ .00]
8} '
[ ]
*
2t
0 « 36 . 60 90 Days
April May June - © July

Figure 24: Plant height vs. increase in time.
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“ Bull Island
(Carex lyngbyei)

Figure‘26:

14}
' April to June:
~ Best fit line:
C1.2% "
Y = .267x + 39.58
101 r= .95 |
_ t = 13.40
P < .00t
8t
2
0 30 80 90 Days
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Figure 25: Plant height vs. increase in time.
16¢ Y
- Pony Slough
sl (Distichlis spicata)
o Best fit line:
12f Y = .1016x + 20.84
r=.9% -
10r t = 17.00
P <.001
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Plant height vs. increase in time,
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the Apr11 to July 1nterva1 High biomass values in early spring

and lack. of great increase over time may be exp1a1ned by the domi-

nance of the perennial, Salicornia virginica, in these marshes.

However, Pony Stough contains more eschamgs1a and Carex than Salicornia
marsh; this is reflected by the surge in marsh biomass between May

and June. The sharp increase in plant matter during the April-June
interval for South Slough and Bull Island is most likely also a

function of the "boom" like growth of Carex during these months

(Eilers 1975). o

- ~The significant decrease in root biomass for three marshes during
the sampling period is of interest. Though values did not prove .
significant for the other marshes, al] July root biomass figures

are lower than April's (see Table 4). Hoffnagle and Qlson (1974)
report similar findings for root measurements taken in June and

eary August at Coalbank. The decrease in root biomass correspond. -
with a period of aerial growth. Plant's probably expend more energy
on aerial shoots than in root system maintenance; moreover, energy
stored in roots may be released to facilitate. grbwth South Slough,
cons1st1ng almost entirely of Carex, shows an increase in root b1o—
mass in July. The early die back of Carex may recircuit energy
stores once again to the root system. Greater plant diversity in
the Bull Island marsh may obscure this tendency. It would be bene-
ficial to sample roots in all marshes in September to c]ar1fy this
pattern,

Comparison of aerial and root biomass figures for each month ,
illustrate that by far the greatest portion of the plants' biomass
lies underground. Root biomass is nearly eight to ten times greater
than the aerial. Jeffries (personal communication, June, 1976)
has suggested that the large root system provides a strategy store—
house- for coping with a harsh, changing environment.

- -Figures 16 and 19 show a rapid rate of disappearance of dead
standing shoots in Pony Slough and Coalbank. Pony Slough, classed
as .a lowsand marsh, is indeed the lowest in elevation of the marshes
studied. Squiers and Good (1973) in a study on the production of
tall and short forms of Spartina patens, found that the tall form
grew in lower more regularly flooded areas and exhibited a steady
decrease in litter after September. The short variety grew higher.
in the marsh and had a more irregular pattern of litter disappear-
ance. Frequent inundation probably loosens and exports dead shoots
easily.

The extremely high figures for Coalbank's dead shoot biomass
in April is most likely a miscalculation or caused by errors in
sampling. This biomass is larger than the live standing crop
produced. It has been noted that Coalbnak does not receive good
tidal circulation--the water from the main channel rarely floods
the entire _marsh. Furthermore, Hoffnagle and Olson reported a
280 gram/m2 difference in July litter standing crop between the open
Coalbank sedge marsh and the diked marsh we studied. They esti-
mated that neraly 59,000 1bs. of dead material was not exported
from diked Coalhank to the estuary and thus lost to consumers
(Hoffnagle & Olson 1974).

Plant growth increased significantly over time for all marsh
species exhibiting seasonal growth and die back of shoots. Only
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Salicornia virginica proved not to significantly increase in height.
This plant forms a mat-like cover with new succulent shoots branch-
ing from an older stem.  Growth appears to be concentrated in lateral
spread rather than increase in vertical height. Scirpus validus
showed the greatest increase in he1ght (from .5 to 7.5 meters) cor-
responding to the greatest increase in biomass over time.

The six marshes studied produced over 1,053,630.94 g/acre/yr. of
plant material for the Coos Bay estuary. Again, production figures
are underestimated for several reasons: 1) Maximum standing crop
figures for several species are not available. 2) Adjustments for
the loss of plant biomass to herbivory have not been made. 3) Ac-
curate yearly production figures for Salicornia virginica are not
available. 4) Changes in root biomass over a yearly period have
not been monitored. 5) A portion of plant material is lost in the
processes of collection and sorting.

Production seems to vary according to the marsh type, wh1ch
itself is determined by elevation, drainage patterns and charac-
teristic vegetation (Jefferson 1974) "~ Factors mentioned in the:
"Introduction" of this article have varying degrees of influence on
each marsh's product1on.

Coalbank's productivity is exceed1ng]y low. This may reflect
the consequences of diking a salt marsh. The Coalbank marsh system
has been altered several times in recent years. Once flushed by a
free-flowing channel, it was then diked and tidegated for road con-
struction. The tide-gate was removed in 1974 in order to restore
the natural properties of the salt marsh., It appears, however, that
the culvert is preventing adequate tidal flushing, which should al-
low the inflow of estuarine nutrients and the export of litter.
Large amounts of litter on the ground surface also testify to the
fact that dead material is not being removed. In addition, the
marsh zone nearest the terrestrial edges are marked by splotches
--brown from apparent septic tank 1eakage. :

Hoffnagle and Olson (1974) sampling in summer months were able
to report only biomass figures for several marsh types within
Coos Bay. Their paper states that the peak standing crops of dif-
ferent marsh types are similar. But they also reported 100-200 g/mé
higher biomass values for low elevation marshes such as Pony Slough
than for the sedge and immature high marshes (South Slough and
Bull Island). However, their high July biomass figures for Tow
marshes have ignored the complication caused by Salicornia. Thus
their figures include not only th1s year's crop of Salicornia but
also that of many previous season's. Since our maximum standing
crop figures were adjusted for this species, our data is a hetter
indication of differential marsh productivity.

Low salt marshes appear to be the Jeast productive and the
marshes containing Carex, more productive. Hoffnagie and Olson
(1974) have also suggested that higher salt marsh plants may be
more valuable as detrital food resources. In contrast, our study
has shown Salicornia virginica as one of the most conducive to
bacterial/fungal growth and grazing (see "Bacteria" section).

Hoffnag]e and Olson's July biomass figures for the marshes in-
cluded in our study are 100-200 g/mé higher than our data.(Hoffnagle
& Olson 1974) H.P. Eilers reported a net primary production of
1364 g/mZ/year for the West Island marsh in Nehalem Bay (Eilers
1975). This figure should be most comparable to Bull Island data
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as both marshes are classed as immature high (Atkins & Jefferson
1975). Productivity was determined using similar techniques in all
three studies. The comparatively lower productivity values for

the 1976 study could be attributed to unusually dry summer conditions
in the Coos Bay area. Greatly reduced rainfall could alter avail-
able soil moisture and thus the overall vigor of plant growth.

Eilers (1975) completed an extensive comparison of the Nehalem
Bay marsh productivity to that of East Coast salt marshes. Nixon
and Oviatt (1972) have proposed that East Coast salt marsh produc-
tivity increases with decreasing latitude. Nehalem Bay far exceeds
the production of Delaware and Rhode Island marshes, which are found
at lower latitudes. The less severe winter cond1t1ons, rarity of
ice rafts, warmer water and a longer growing season may contribute
to the high productivity of Pacific Coast salt marshes. Eilers
suggests that for the Pacific Coast, salt marsh productivity may
decrease with decreasing latitude due to increasing summer drought
(Eilers 1975). This theory then would explain the lower productivity
of Coos Bay marshes located 190 miles south of Nehalem Bay on the
Oregon coast.

Adequate flushing is deemed necessary for healthy salt marsh
growth (Keefe 1971). Because a greater proportion of new shoots,
especially for Salicornia, were noticed near the main water source
in the marshes, it was decided to test for a significant difference
in marsh zone biomass. Though values for the zone closest to the
water are higher than the road zone values in most marshes, the
differences did not prove significant. The large standard devi-
ations probably reflect variability within the vegetation cover
present, density, as well as sampling error.

Distance from the water can also be correlated with elevation.
Eilers' study focused on vegetat1ona1 d1str1but1on along an e]e-‘
vation continuum, ‘

“It is at once c]edr that the plant species charac-.
fter1st1c,to the West Island marsh have well defined ele-
‘vational ranges. Triglochin maritima, Carex lyngbyei,

- Juncus balticus and Agrostis alba occur throughout
broad elevational ranges while Salicornia appears more

restricted." (Eilers 1975)

He found that production actually increased with increasing
elevation (distance from water).

Eilers described two broad floristic units--intertidal and
extratidal--and lTisted plant species for each. The channel bank
elewtn of West Island marsh is very similar to that of Bull Island,
1.,2-2.22 m and 1.76 m, respectively. He reported a rapid increase
in productivity with elevation in the intertidal zone, a slight
drop in the transitional zone, and a stabilizing increase in the
extratidal. Analysis of Eilers' vegetational descriptions of the
Nehalem marsh, indicate Coos Bay study locations contained little
extratidal marsh. Cotula coronopifolia, Grindelia integrefolia
and Atriplex patula, characteristic of the extratidal marsh, are

found only in extreme]y narrow belts adjacent to terrestrial vege-
tation.
Our transects, then, were located in marsh sect1ons equivalent




99

to Eilers' ‘intertidal and transitional zones with one sample point,
at most, in the extratidal. Such-a comparison reveals that our
theory is not inconsistent with Eilers' productivity findings.
Eilers' also noted an increase in plant diversity with greater
elevation (Eilers 1975). Though diversity was not calculated in
our study, the greatest species number/samples was noted for the
point closest to the terrestrial edge. This phenomenon reflects
the mixing effect of ecotonal areas in which one community grades
into another. \ R

Seasonal Changes in Nutrient Values

Boyd (1971) and Boyd and Hess (1970) questioned the adequacy of
biomass net primary production (or caloric equivalents) figures
for determining the value of a particular marsh system. They pre-
sent data which indicates a fundamental difference between the quan-
tity and quality (chemical composition) of primary production.
Chemical analyses have been made on several marsh species (Stras-
kiaba 1966, Lawrence 1968, Boyd 1968, 1970, 1971). Data is used to
_estimate amounts of chemical constituents per unit area of plant
and to compare nutrient values of different plant species. -Because
nutrient analyses were not performed on plant samples in our study,
a brief summary of the literature on the nutrient content of all
salt marsh plants is presented below. K st

The ash-free dry weight of Coos Bay salt marsh plants did
attain slightly higher values in July than in April, though the
differences are not significant. Squiers and Good (1973) reported no
seasonal variability in ash-free dry weight of Spartina from June
to November though highest values were attained in early -July.

The caloric content is a function of the live plant standing
crop (Squiers & Good 1973). There is little difference in the
caloric content between live and dead plants (de la Cruz & Gabriel
1974). ' The caloric content of the leaf, stem and inflorescence -
show a slight significant seasonal increase that may be attributable
to higher percentages of structural carbohydrates or the high fat
content of seeds. Squiers and Good (1973) concluded that organisms -
using Spartina alterniflora as a food source consumed an amount
of total energy that is roughly proportional to the quantity of
dry matter intake. '

Nitrogen, carbon and calcium peak at the time of maximum stand-
ing crop (Boyd 1971). Our estimated carbon contents reached slightly
higher values at this time. Nutrient concentration (P, K, Mg, S?
peak within two weeks of peak biomass,(goyd 1970, 1971, Stake 1967,
1968). - Total quantities of nutrients/m¢ decline faster than dry
matter in late summer (Boyd 1969, 1970). But nutritive values of
plants based on crude protein did not peak at the time of maximum
standing crop (Boyd 1971). Squiers and Good (1973) also reported
highest protein values in April decreasing to mid-summer. Similar
patterns of protein levels have been reported for forest herbs
(Kieckheger 1963) and alpine species (Hadley & Bliss 1964). Boyd
and Hess (1970) suggest that this pattern reflects environmentally
regulated differences in protein synthesis that is not related to
peak standing crop. Boyd goes on to explain, :
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"...that plants absorb a store of this potentially
Timiting nutrient at the beginning of the growing season
and then use it as needed when growth conditions are
optimun. This implies that nitrogen is limiting during

- the summer, or that some other factor, such as high salin-
- ity, inhibits the plant's ability to synthesize protein
or accumulate it in the above-ground parts rapidly enough
to keep pace with growth." (Boyd 1970) , -~

Once dead material begins to decompose, nitrogen values change
rapidly. Both Boyd (1971) and de la Cruz (1974) noted a marked
increase in nitrogen and a decrease in carbon as material begins
to decompose. This is easily understandable in light of detrital
food chain processes. Carbon plant tissues are metabolized by bac-
terial and thus converted to protein-rich food for consumers, This
bacteria, Protozoa grazing on detritus creates a better, more nutri-
tious food than the Tiving plant from which it was derived (Odum
1969). This concept will be more fully discussed in the following
section.

Summary

Different species of salt marsh plants reach their maximum
standing crops at various times throughout the growing season. Most
species peak in July, while Carex peaks in June and Agrostis and
Distichlis in September. Scirpus validus and Deschampsia have
slightly greater ash-free dry weights (and thus possibly higher
carbon contents) than the other marsh plants. The perennial habit
of Salicornia virginica affects the seasonal picture of plant growth
-in Salicornia marsh and Pony Slough. Though both marshes show very
high monthly biomass figures, these salt marshes actually produce
less net plant material in one growing season than do the other
four marshes studied. North Slough (pure bulrush stand) proved
the most productive (1118.89 g/mZ/yr.) with Bull Island (1007.86
g/mé/yr.), South Slough (764.81 g/mz/yr.% Pony Slough (599.103
g/m2/yr.), Salicornia marsh (560.346 g/mé/yr.),and Coalbank
(378.867 g/mé/yr.].

- Scirpus validus (bulrush) had the greatest net primary produc-
tion of five major plant species. Carex was also highly productive
and those marshes dominated by this plant (Bull Island and South
STough) Tikewise reflect a large increse in plant biomass over time,
Productivity figures are underestimated for the several reasons dis-
cussed above. '

Though none of the differences in mean biomass for "water"
and "road" zones within one salt marsh proved significant, comparison
of our data with other studies suggest that salt marsh growth is
vigorous on the seaward side. It sharply increases in the narrow
transitional zone and drops to the lowest values in the less fre-
quently submerged portions of the upper marsh.

The significant decreasc in root biomass over time in several
marshes may reflect a re-direction of energy to aerial shoot growth
with less energy available for carbohydrate storage in underground
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organs. Except for Salicornia virginica, plant height significantly
increases over time. Growth of this perennial appears to be con-
centrated in lateral spread rather than an increase in vertical
height. : :
As primary producers capable of fixing the sun's energy, salt
marsh plants exist as valuable components of the estuary ecosystem.
However, any comparison of salt marshes on the basis of productivity
alone would be highly dangerous. Too little is known about the
functional interactions within the marsh, between the marsh and
water, between the marsh and land.

Much more work is needed, especially of longer duration, in
order to determine the roles of the salt marsh system throughout
the year. North Slough, containing large stands of Scirpus validus,
is highly productive. Yet the palatability to consumer organisms
and efficient export of Scirpus has been questioned (Hoffnagle &
Olson 1974). Though the Tow marshes such as Pony Slough and
Salicornia marsh appear to be the least productive, the dominant
plant, Salicornia virginica, is a highly important detritus resource.
Furthermore, the woody plant's mat-like growth habit performs a
year-long function of soil stabilization. ' ' -

It is hoped that tho® involved in resource management will
proceed with caution with decisions affecting the future of this
unique resource--the salt marsh. :
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- DETRITAL PRODUCTION IN COOS BAY SALT MARSHES

Melanie Gant, John Hoffnagle,
Karla Vanderzanden, Barbie Van Ness

Detritus plays a central role in estuarine ecosystems, yet there
is so Tittle information concern1ng it, that its importance is
often totally neglected, or is ment1oned only cursorily. The func-
tion of detritus within the estuary has been elucidated on the
Eastern seacoast (Darnell 1961, 1967a, 1967b, Odum and dela Cruz
1967), but ro conclusive studies concerning the importance of
detritus to estuarine organisms lave been conducted on. the Pacific
coast.,
' Darne]l (1967) defines detritus as all types of biogenic
material in various stages  of microbial decompos1t1on which repre-
sent a potential energy source for consumer organisms. This strict
definition excludes microbiota, primarily bacteria and fungi. Most
studies concerning detritus use a looser definition, which includes
the organisms associated with the plant fragments, simply because
the two are virtually impossible to separate. The distinction
- seems to be of fundamental importance since a number of investi-

gators have shown that invertebrate filter feeders assimilate, -
primarily, associated bacteria and- fungi, leaving the detrital
materials unaltered as they pass through their feces. This impli-
cates detritus as both a reuseable substrate and as a source of
nutrition for associated bacteria and fungi.

Material concern1ng detritus and its assoc1ated organ1sms and
their importance in the ecosystem will be found primarily in three
sections in this study. This section deals with plant disappear-
ance and the entry of detritus into the estuarine system. The
bacteria section deals with the microbiota associated with the
detritus and nutritive aspects of detritus. The invertebrate feed-
ing section deals with detritus and its associated organisms as
an energy source for various estuarine invertebrates.

Plant Disappearance

Our purpose in measuring plant disappearance was to measure
the rate of breakdown of several species of salt marsh plants common
to the Oregon coast from whole plants down to particulate form and
to monitor the entry of this particulate material into the estuary.
In approx1mat1ng the amounts of breakdown material entering the
estuary one is taking the first step in measuring energy flow through
the salt marsh-estuary ecosystem.

Methods

‘Litter Bag Rate of Disappearance

In situ decomposition of several species of salt marsh plants
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was measured using the litter bag method. The species included Carex
1yngbei, Triglochin maritima, Salicornia virghica, Juncus lesueurii,
Deschampsia caespitosa, Distichlis spicata, and Juncus validus.
In each case plant material was collected and dried to constant
weight at room temperature (22°) for 36 hours. With each species
equal weights of plant material were placed in hair nets in repli-
cates of 6 or 12 to allow for monthly collection April through
September. These nets were tied with fishing lines to permanent
wooden stakes set approximately in the low, middle, and high portions
of each study area. Bags were allowed to rest on the surface of
the marsh in order to simulate natural conditions, although this
caused problems with collection of mud and silt in some samples.
Other studies have suspended litter bags above the marsh surface
near the line of mean water (Boyd 1971), but this seems to simulate
standing dead decomposition rather than litter decomposition. Hair
nets had openings of 1.3 cm. This large opening size was chosen
with reference to the work of investigators in Florida salt marshes
(Heald 1971), but has been criticized by dela Cruz and Gabriel
(1971) for allowing whole plant fragments to escape. Wiegert and
Evans (1964) believe that small openings(1.5-2.5 cm) do not allow
litter and mud invertebrates to enter the nets and beg1n the de-
composition process.

-~ Bags were collected monthly from each location and were
rinsed gently with water only if excessively dirty. Samples were
dried to constant weight at 112°C for 12 hours and sub-samples
were combusted in a muffle furnace at 1000°C for 2 hours. Weights
were compared with the April sample which had been weighed and
muffled initially as a control.

In order to differentiate between mechanical act1on and

bacterial decomposition, a similar in vitro experiment was con-
ducted. This work is presented in the Bacteriology section.

Whole Plant Export

: Ind1v1dua1s of several common salt marsh p}ant species were
tagged with small colored beads organized in a roman numerical code
that were attached to the plant's central stock with thread. Mea-
surements were taken monthly from April to August of the length of
the longest leaf and of the general condition of the plant. Al-
though this method may be criticized as being injurious to the
plant, all p]ants experienced rapid growth during at least a portion
of the growing season and several flowered. Comparisons with
other unlabelled plants showed normal heights at different loca-
tions. This method has been used successfully in other marsh
studges to note the general condition of individual plants (Boyd
1971).

Dead Standing Crop

In order to ascertain whether the litter bag and labelling
methods were successful, a third method was employed. In.conjunc-
tion with the primary product1v1ty study all dead standing material
was collected from 1/16m2 quadrats along transects of 50-200 meters
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through each study area. Material was placed in a plastic bag and.
refrigerated prior to sorting anddrying. Samples were dried to con-
stant weight at 100°C for approximately 12 hours. Comparisons were
made of monthly differences as well as differences from quadrats
close to the water and close to the upland each month. This is not
to be confused with the work of Eilers (1975) in which all

material, including litter, was collected. Our dried material was
collected as standing dead material. Litter lying on the ground
was not collected. This method was an estimation of the appear-
ance of standing dead material, which is related to the growing
season of the plant in each salt marsh. Eilers' method is more
directed towards the entry of detritus into the estuary, a differ- -
ent question. Williams and Murdoch use a similar rate of disap-
pearance approach in an eastern coast salt marsh (1972).

Suspended Particulate Material

In order to calculate the exportation rate of detritus into
the estuary, two methods modified from Odum and dela Cruz (1967)
were used. The material referred to as detritus should properly
be referred to as seston, since it contains detritus, phytoplankton,
zooplankton, and sediments. To obtain a complete picture of detrital
export throughout a complete tidal cycle (12 hours), water samples
were taken hourly at the channel entrances to the Coalbank and -
Salicornia study sites during a neap and a spring tide. Predicted
tidal heights for these tides were July 7: 7.1--0.3 ft. and
July 30: 6.1-0.2 ft. In order to sample a representative portion
of the water column in these relatively shallow channels, the
following arbitrary system was used. When the depth of the channel
was less than 1/2 meter, one liter sample was taken at 10 cm below
the surface. When the water in the channel was between 1/2 and 1
meter in depth, two samples of one liter were takem one 10 cm below
the surface and one near the bottom.

Resu]ts '

Litter Bag Decomposition

Figures 1 and 2 and Table 1 show the rates of decomposition
of seven species of salt marsh plants from April to August 1976,

- a 120 day period. Originally all sets of replicate bags were of
a different weight, but have been presented as a percentage of
their April weight for comparison. The decomposition rate is the
average of the high, low, and middle decomposition bags from each
salt marsh because few trends were noticed from 1ow—m1ddle high
locations within a single salt marsh.

The rate of decomposition of different spec1es is very inter-
esting, and in large part unpredictable. Triglochin maritima
seems very succulent and without much rigid internal structure.
This 1s borne out by its rate of decomposition, which is nearly
90% in only 90 days. Carex lyngbei, on the other hand, seems

hearty and would not be expected to rapidly decompose, yet it
lost nearly 70% of its weight in a 90 day period. Scirpus
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Table 1: Disappearance of material from litter bags.

North STough
Scirpus validus
dry wt. (gms)t std.
dev.
ash-free wet. %
Coalbank Slough
Deschampsia caespitosa
dry wt.
ash-free wt.
Juncus lescurii
dry wt.
ash-free wt.
Salicornia
Salicornia virginica
dry wt.
ash-free wt.
Pony Slough
Distichlis spicata
dry wt.
ash-free wt.
Salicornia virginica
dry wt.
ash-free wt.
Bull Island
Triglochin maritima
dry wt.
ash-free wt.
Carex lyngbei
dry wt.
- ash-free wt.
Sauth STough
Carex lyngbei
dry wt.
ash-free wt.

April

3.28+.5

92.5

7.62%.5
94.4

16.5%.5
9.9

May

3.37+.42
91.1

5.5611.3

81.7

11.9%1.5
93.1

6.2%1.0
92.2

6.211,2

- 91.7

10.3+1.6
89.4

June

4.9612,
89.0

10.442.5
88.2

6.1¢1.4
92.0

5.5%.4
85.7
0.8%1.1
6.2
1.24%.4
67.6

6.8t1.4
70.9

7.9+2.4
7.9

3.46%.87
84.7
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validus exhibits another trend. This tough, fibrous plant did not
show any decomposition over the 90 day period and actually gained
some weight due to accumulated mud and silt that collected. This

is supported by our finding that large amounts of Scirpus from last
year are present in April, undecomposed from the previous growing
season. This is something that one does not expect to see in a salt
marsh situation. . : : '

Salicornia virginica, Deschampsia caespitosa and Juncus lesueurii
exhibit a pattern similar to studies with Juncus roermerianus on
the East coast. Dela Cruz and Gabriel (1974) state thatthis rate
of decomposition observed was 24% in 100 days, and that this rate
was quite rapid when dealing with Juncus roemerianus. Annual rates
of decomposition of 35%, 47%, and 37% have been reported by dela Cruz
(1965), Waits (1967), and Heald (1969) for the same species. These
rapid rates of decomposition have been attributed to soluabilization
and leaching of nutrients from within the plant by Boyd (1970), .
although Kirby (1971) finds mechanical fragmentation a more reason-
able factor in such rapid decomposition. It is interesting to note
that our species decomposed 60% in 90 days on the average. This
is very rapid decomposition, which may be due in part to the large
m$sh of our Titter bags, or to the season in which our study took
place. i R K S

The ash weights presented in Figure 3 show trends reinforcing
our litter bag decomposition figures. The Triglochin maritima
remaining in the hair net loses a great deal of its carbon in the
first month and large portions in following summer months. Carex
lyngbei, surprisingly, loses much of its carbon (40% in 90 days),
wﬁiie other species remain much more intact throughout the summer.
A11 other species, including Salicornia virginica, show very little
degradation of carbon compounds throughout the sampling period.
Salicornia virginica data from figures 1 and 3 point to it as a
plant that degrades internal substances slowly, yet loses relatively
large amounts of material initially through the export of large
fragments. ' , ' : ' .

Our ash weights, along:with the litter bag data for the summer
months, point to Kirby's (1971) conclusion that mechanical fragment-
ation is responsible for the large plant losses in the first month
for Salicornia, but for Carex and Triglochin both processes seem
to be occurring since leaching of substances within the plant cannot
account for the large weight loss shown by the two species.

- Whole Plant Export

Looking at Table 2, all marked individual plants showed rapid
growth throughout the first three months of the study. (Using our
method of labelling, it is impossible to label a plant much smaller
than 30 cm, For this reason initial growth rates have not been
reported.) Notice how Salicornia and Carex start out in May at

similar heights and in July Carex has grown 20 additional cm while
Salicornia has not grown appreciably. , :

ragmentation appears to be a significant factor in vascular
plant energy contribution to the estuary. Although we were certainly

not Tooking at the height of the export season, which must be in
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Table 2: Plant growth and fragmentation of three plant species along
longest axis from May through August (1n cm).

May June July August
Carex lyngbei : : , '
1. 31.3 - 45,2 53.3 52.0
2. 33.5 50.4 59.2 60.6
3. 29.5 44.6 51.1 52.0
4, 26.5 40.1 51.2 50.5
5. 28.5 43.7 55.1 55.0
6. 33.2(F) 42.2 41.1 37.0(d)
7. 18.6 33.6 46.1 45.0
8. 37.6 53.2 ~57.5 58.0
9. 35.3 50.0 - -
10. 29.4 44.5 - 47.9 43.0
Salicornia virginica , : ,
1. ~ 35.0 34.5 - 32.5 32.0
2, 40.3 33.3 49.0 40.5
3. 35.5 38.8 40.0 42.5
4. 35.7 35.7 36.0 37.6
5. 33.0 . 33.5 34.3 33.5
6. 33.0 33.7 34.4 34.6
7. 26.0 26.7 26.0 1 26.8
8. 30.7 30.3 - 26.5 - 26.4
9. 28.1 24.3 29.0  29.0
10. 25.1 24.7 30.0 27.4
Scirpus validus ,
1. 55.0 107.3 167.7 186.8
2. 42.0 45.0 148.5 40.2(d)
3. 72.2 118.2 . 154.0 170.5
4. 23.7 - 78.0 151.9 -
5. 69.5 109.0 127.5 -127.2
6. 84.1 130.3 142.0 147.9
7, 37.0 ~ 87.9 '146.8 173.2
8. 74.5 121.1 149,2 168,2
9. 50.2 102.9 148.9 159.5
10. 41.9 94.9 153.0 12,7




115

the fall and winter, fragmentation, measured by the shortening in
length of the plants, was noticed. Sixty percent of the Carex
lyngbei, 50% of the Salicornia virginica, and 30% of the Scirpus
validus experienced some shortening by August. These rates must.
increase dramatically in the fall and early winter.

- Whole plant export, surprisingly, occurred in 15.2% of our
samples. Subtracting the chance that an observer might miss counting
a beaded plant by looking at "rediscovered" plants/# plants counted,
one gets an exportation figure of 12%. It is difficult to get a’
credible estimate of this process, however, since we have seen beads
that have fallen off intact plants. Based on our collected data,

a whole plant disappearance rate of less than 5% between the period
of May and August would probably be an over-estimate.

Dead Standing Crop

Table 3 and Figure 4 show dead standing crops for each study
site, both near the water and near the terrestrial vegetation line
for the months April-July. An M next to a number indicates that
the month's live standing crop figure was the maximum live standing
crop during the growing season. Dead standing crops seem, in
general, to be coincident with peak 1live standing crops, or in some
cases occur the month following peak live standing crops. Notice
in Pony Slough and Salicornia marshes that dead standing material
increases throughout the growing season. This is not the case with
Bull Island and South Slough, where a certain amount of dead material
from the previous growing season is still present in April. Dead
standing crops finally reach a minimum in May and then increase
with increasing plant growth and subsequent death throughout the
summer. In North Slough and Bull Island the:dead standing material
near the water has already peaked in April, although the quadrats
near the road have not. This points to a greater mechanical break-
down of plant materials near the mean tidal ranges.. This conclu-
sion is supported by several authorities (Ranwell 1964). These
findings are also in agreement with Eilers (1974) finding that
litter accumulation decreases with lower elevation within a marsh.

Coalbank Slough, which experienced a stunted plant growth
this season, seemed to follow the reverse pattern, although it is
really only the same patternwith a large lag period. Instead of
increased dead material with plant growth, dead material from last
season. was still disappearing as late as May at a much greater rate
than in our other study sites. This is reasonable in light of the
impaired circulation in this salt marsh, which makes the mechanical
action of the tides unable to effectively transport plant materials -
into the estuary. The increasingly organic soil is purely a
function of dead plant material standing in place rather than being
exported into the estuary. : -

It is unfortunate that our experimental design did not include
Titter collection as in Eilers (1974). This would have given us
some indication of the amount of material leaving the salt marshes
and entering the estuary, rather than just the amount of dead
standing material present.
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Suspended Particulate Matter

" Table 4 shows the average of the import and éxport of seston
from Sa]igornia and Coalbank study:sites on two different dates.

Table 4
Average Incoming and Outgoing Detrital Weights.
(height x weight)

July 7 ‘Average Incoming Average Outgoing

 Salicornia : 3.14 mgM 1.02  mgM
Coalbank 0.0405 mgM - 0.03466 mgM.
u]z 30 :

. Salicornia , 1.63 mgM ; 8.83  mgM

~ Coalbank 2.059 mgM - 2.06  mgM

Data has been weighted by multiplying tidal height by the weight

of the samples on the millipore prefilter in order to get an indi-
cation of the volume of water present when the sample was taken.
Although this is a crude estimate of the volume of water actually
passing the sampling location, it gives us an idea of the relative
importance value of the sample. Figures 5 and 6 show both the tidal
height and the weighted seston values. - Note that the two aes are
independent.  One could be moved without affecting the other. . Only
curve shapes and relative minima and maxima are important. - Seston
weight closely follows tide height. Notice how the July 30 neap
tides are more variable than the July 7 spring tides. This is
especially true at the Salicornia study location. '

In order to verify whether height may be a good indicator on
velocity, simultaneous height and flow readings were taken on July 20
at the Coalbank study site. Seston weight times flow seems a much
more accurate indicator of the actual material imported and exported.
Notice the large minimum during slack tides as well as the relative
minimums at mid-ebb and mid-flow. These (seston weight x flow)
readings seem a good indicator of tidal exportation of suspended
materials.

The particle size of the seston determined from our 6 liter
samples taken at mid-ebb and mid-flow are shown in Table 4. Per-
centage values of 6.9% for the coarse fraction, 5.6% for the fine
fraction, and 87.7% for the nannofraction show similar composition
to Odum and dela Cruz's studies on the East coast (1968). They
reported callections using nearly the same techniques with values
of 1%, 4%, and 95% respectively. Odum and dela Cruz went further
and measured oxygen consumption rates of the three fractions and
found that the nanno fraction is consuming oxygen at five times
the rate of the other fractions. This points to the active bac-
terial metabolism in this smallest fraction.

Determining the composition of the seston was exceedingly
difficult. Particles counted under a compound microscope at
20X seemed, in general, to be amorphous with the exception of
rare diatoms occurring 1-2% of the time. Other particles
seemed to be either too small to be accurately identified, or in
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most cases seemed to be squarish pieces of vascular plant detritus
on the order of a few cells in size. Odum and dela Cruz found the
following in their East coast study (1968):

Table 6 .
Odum and dela Cruz's Mean’ Part1c1e Compos1t1on '

Particles/Liter Detritus "Phthp1ankton Zooplankton

Mid-flood 5,185 4,660(89.9%) 444(8.5%  81(1.6%)
Mid-ebb 24,615 24,038(97.7%) 422(1.7%)  155(0.6%)

These values seem credible in our system, except that no.
zooplankton was noticed in any of the samples. It is unfortunate
that Odum and dela Cruz did not explain their methods more clearly.
More recent studies use burning upon dignition in order to separate
the relative amounts of sediment and 1iving and dead organisms in
sea water samples (Cruz and Orozco 1970, Mulkana 1968, 1969). It
seems that some kind of stain would make it easy to ident1fy vascular
plants and separate them from algae and phytoplankton, but none.
was identified as a potential candidate.

We1r Net -

Estimates of : detrital export from our macroseston net show
interesting trends. The Salicornia marsh is highly marine and highly
saline, as well as being relatively small. These facts are reflected
in our findings. The relative components collected are shown in
Figure 5. Algae, which made up the bulk of the material collected,
was primarily Ulva sp., Enteromorph sp., Cladophora sp., Fucus sp.,
and Zostera marina. Detritus was primarily Salicornia, with some
Carex and Jaumea being found occasionally. Alder leaves and alder
catkins made up the terrestrial plant category. Floating bark,
Tooking well weathered and coming presumably from the bay, was
separated in some cases for clarity.

Incoming tides captured great amounts of Enteromorph sp.
while outgoing tides captures Ulva s _E;. This may be due to the
ease of capturing floating nteromorp at higher tides. The
Weir net data points to the importance of algal component in
the salt marsh-estuarine ecosystem.

Conclusion

Energy flow within the salt marsh-estuarine ecosystem is one
of the most complex imaginable. In addition to production and
consumption processes being separated in.time, they are also.separated
spatially. . Any measurement of detrital standing crop is a product
of complex events separated in time and space. Material produced
decomposes at a fluctuating rate; some is exported to the estuary
and some returns to the salt marsh soil. Putting any one event
in this complex web in perspective requires knowing something about
many events, and we do not have this knowledge. With these limita-
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tions in mind, the foT]owing seemingly contradictory findings must
be addressed in order to give us a general view of the salt marsh-

estuarine ecosystem.
1. Plants decompose rap1d1y, both in weight and in internal

. substances.
2. Fragmentation accounts for the loss of some live plant
material.
3.  Whole plant loss is not a large factor in summer
decomposition.

4. Dead standing crops do not completely decompose until
the fo]]ow1ng year. By July, dead material is accu-
mulating in salt marshes that will not be comp]ete]y

, decomposed until the following April.

5. Less material was collected near the estuary than

- the terrestrial vegetation line.

6. Net imports of primarily small (2-6 micron) material in
both neap and spring tides occurs throughout the summer.

7. Huge excess of algal material account for the largest
amounts of material in some estuarine waters during
the summer months.

~The salt marsh ecosystem may experience two genera]
seasonal phases. The. production component occurs in the spring and
- summer and is characterized by high productivity of vascular plant
materials and 1ittle export of these materials into the estuary.
Low rates of fresh water runoff and relatively low tides as well
as warm days account for this. During this time seston may accu~
mulate within the salt marsh areas leading to some deposition of
materials. Macroalgal components, Ulva, Enteromorph and eelgrasses
experience growth and consumption during this time.
' The second phase is the consumption phase. Dur1ng the fall,
winter, and into April, estuarine organ1sms utilize the dead mater1a1
and associated bacteria from the past growing season in order to
exist when production of algae and vascular plants is at a stand-
sti1l. During this time, high winter tides and great amounts of
fresh water runoff wash accumulated litter from the salt marshes
into the estuary. This mechanical action accounts for smaller
dead standing crops near the water in the summer months as well
as in the winter months. Odum and dela Cruz (1968) state that
slower decomposition rates in the winter, when peak detrital
standing crops occur, help to balance the import of detritus into
the estuary. Smaller detrital import in summer months is offset
by faster decomposition rates.

Due to the shortness of the study period, this detrital sec-
tion is at best inconclusive, but it is hoped that the questions
generated and the techniques developed may be utilized in an
annual study that may provide much sorely needed 1nformat1on on
detrital inflow into the estuary.
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A COMPARATIVE STUDY OF HETEROTROPHIC MICROBE-MEDIATE
DECOMPOSITION RATES AND NUTRITIVE VALUES 0F '
VARIOUS SALT MARSH PLANTS

Laura Stunz

‘Introduction

Microbes play an important part in the ecology of sa]t marshes,
Bacteria in the sediments, particularly those of the sulfur cycle,
are important in the recyc11ng of nutrients and in the regulation of
estuarine pH (Wood 1967). Additionally, heterotrophic bacteria are
present at virtually every trophic level of the salt marsh ecosystem
(Paviour-Smith 1955). The focus of this particular study has been
those heterotrophic microbes which comprise the second trophic level,
those which feed directly on plants.

The implications of microbial decomposition of salt marsh plants
are of great significance in terms of estuarine energy flow. First,
salt marsh plant breakdown rates are accelerated by microbial action,
and aided by this the nutrients trapped in the plants are made avail-
able to the estuary. Secondly, microbial decomposition of plants
converts plant materials, including cellulose whichis virtually unusable
by most estuarine animals, into utilizable microbial prote1n (de 1a
Cruz 1965, 1974; Heald 1969; Gosselink & Kirby 1974). It is the
seston, decompos1ng plants p]us associated mwcrobes, which forms
a nutr1t1ona]1y rich diet for many of the estuary's filter feeders
(Baier 1935).

- The purpose of this portion of the study has been (1) to
establish that microbial action is important in the breakdown of
plants found in the salt marshes of the Coos Bay estuary, (2) to
. determine relative in vitro microbe-mediated decomposition rates for
Carex ]yngbe1, Salicornia virginica, Scirpus validus and Zostera
maritima, and (3) to investigate the relative nutritive 1mportance

f these different plants.

Materia]s and Methods

Plant Decomposition

Green, growing Carex lyngbei was collected from the field and
dried at 100°C for 24 hours. The dried plant materjal was ground
in a Waring blender and the resulting particles were separated via
passage thrcugh screens of various mesh sizes. The particles which
passed through a 60 mesh/inch screen but were retained by a 230
mesh/inch screen were collected, weighed into paper packets and auto-
claved. Special attention was pa1d to the uniformity of particle
size because of the findings of Gosselink and Kirby (1974) which
indicate that bacteria utilize different-sized particles with
differing efficiency.

Acid-washed 250 m]l erlenmyer flasks were filled with 50 ml
filtered seawater and sterilized. The contents of the paper packets
were poured into the flasks, weights of the flasks being measured
before and after to determine the actual weight of plant material
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added. The flasks were sealed with a sterile cotton plug.

A freshly collected sample of decomposing Carex was used to ini-
tiate a culture of bacteria on Difco nutrient agar made with sea-
water. The plate was incubated at 25°C for three days and then 0.60 -
gm of the mixed bacteria were added to 25 ml of sterile seawater,
and 1 ml aliquots were added to each experimental flask. No bacteria
were added to the control flasks.

Three of the controls were filtered immediately through a large-
pored Buchner funnel lined with gravimetric grade filter paper. The
recovered Carex sample was then transferred to a beaker and dried
at 100°C for six hours. The remaining flasks were incubated at 25°C
in the dark on a rotary shaking table. Three inoculated flasks plus
one control were removed at intervals with the last four samples
being removed on Day 14. Weight loss of samples was attributed to
bacterial metabolism and to decrease of particle size due to
microbial action. The controls were for the purpose of discerning
whether mechanical action was causing particle size decrease, but
they became contaminated. :

A second variation of the above experiment was used ‘to determine
breakdown rates for samples of Salicornia, Zostera, and Scirpus,
following closely the method of Burkholder and Bornside (1957).

The differences lie in the method of inoculation, the processing
of the samples, and the controls. Inoculate consisted of 1 ml of
finely filtered (filter of 4.5-5.0 « size), aged estuarine water.
The controls were the time zero samples. The tared flasks plus
samples were removed from the shaker table at approximately two
day intervals, dried at 100°C to constant weight, cooled in a desic-
cator, and weighed. Loss of weight was attributed to microbial
metabolism. Additionally, three flasks containing just 50 mls of
seawater were dried and weighed in the same manner as the samples
to determine the amount of residue left by the water. The average
salt water residue value was subtracted from the final weights.

Nutritidna] Experiment

~ The methods used for this section follow closely those of
Burkholder and Bornside (1957).

Plant media were prepared by weighing out 15 g of dried plant
-material which had been ground in a Waring blender and passed through
a 230 mesh/inch screen, mixing the powder with 500 ml seawater,
boiling the mixture for'5 minutes, filtering the mixture through
Whatman biological grade glass fiber filter paper, and autoclaving
the filtrate,

Mud samples were taken at 10 meter intervals along lines tran-
secting each of the three marshes: Salicornia, Bull Island and
North Slough. Equal portions of mud mixtures from each marsh were
mixed together to total 20 gm, diluted with filtered seawater to
100 m1, boiled 5 minutes, filtered through glass-fiber paper and
a scintered glass filter of pore size 4.5-5. O/Ai The filtrate
was autoclaved.

Crude mud bacterial samples were obtained by mixing 10 m]
sterile filtered sea water with 15 g mud samples, centrifuging
the mixture and retaining the supernatant. A crude mud bacteria
sample was amde from the mud of each of the three marshes. Salicornia
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marsh is hereinafter referred to as Low Marsh, Bull Island as Middle
Marsh, and North Slough as High Marsh (as in the introduction to
this report)

The bacterial mixture used in inoculation was obtained from
samples from the decomposition experiment which had been plated on
Difco nutrient agar made with seawater. 0.05 g of bacteria were
mixed with 50 ml sterile filtered seawater.

. A fifth bacterial source for this experiment was finely fil-
tered, aged estuarine water.

The reaction vessels were acid-washed, autoclaved 50 ml erlen-
meyer flasks. Two concentrations of plant extract were used, one
consisting of 20% plant extract and 80% sterile filtered seawater,
and theother consisting of 10% plant extract and 90% seawater. 20
ml samples were used, with 1 ml of bacterial source being added
to each one. The mud extract was used in just one concentration,
80% seawater to 20% mud extract. Thirty-five reaction vessels were
used altogether, two concentrations of each plant extract inoculated
with each bacterial source, and one concentration of mud extract
was inoculated with 1 ml of each bacterial source. The reaction
vessels were sealed with parafilm and kept in the dark at 25°C be-
tween readings. Changes in turbidity were read at 620 Mmu on a
Perkim-E]mer_spectrophotometer. Increases in turbidity were attri-
buted to the increasing numbers of bacterial bodies present. Read-
ings were made at time zero and every four hours for 48 hours, rather
than just once, as in Burkholder and Bornside's experiment (1957)
in response to a criticism by Gosselink and Kirby (1974). Optical
densities of samples without bacteria added did not vary significantly
from beg1nn1ng to end of the 48 hour period.

Resu]ts and Discussion

Decompps1t1on Exper1ment

The results from the Carex exper1ment are shown in F1gure 1.
Salicornia is in Figure 2, Zostera in Figure 3, and Scirpus in
Figure 4. The points shown “are the averages of the results from
three flasks, and the vertical bars denote + 1 standard deviation.
It is interesting to note that the Carex experiment shows the
smallest standard deviations overall despite the increased amount
of mechanical manipulation involved in the method used. The large
standard deviations are usually due to the unexplained aberrant high
or lTow reading from one of the three samples.

Examination of the graphs shows that in every case an increase
in weight occurred between the first and second readings. After
the initial increase, the plants showed regular loss of weight
with the exception of Scirpus, which continued to ga1n weight.

Carex (Figure 1) showed a gross loss of 31.62% in 14 days.

This value cannot very well be compared to the others because the
difference in recovery technique would tend to prejudice the results
to read in favor of a more ranid breakdown rate.

Final values for the other three plants for 9-10 day periods
show gross Tosses of 19.46% for Salicornia (Figure 2), 21.20% for
Zostera (Figure 3), and 18.59% for Scirpus (Figure 4).
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Figure 1. Carex decomposition.
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, Net losses using the second reading as a starting point show
the following results: Salicornia, 13.83% (6 days), and Zostera, .
4.29% (8 days). The Carex value should be valid for comparison in
this case as it is a net value. Carex shows a loss of 7.60% in 6
days, but this loss started with the eighth day of incubation. Up
until the eighth day, Carex showed a net gain of 8.97% for the
length of the run. It is possible that both Scirpus and Carex
have a lag period before they begin to decompose. Both of these
plants are quite fibrous and initial breakdown could be difficult.

For the short time span involved in the experiment, it appears
that Salicornia and then Carex are quickest to decompose via micro-
bial action. Comparing the in vitro figures to those obtained in
the field (See Detritus Section, Figures 1 and 2), Scirpus in both
cases showed a small gain in weight, Salicornia showed a 40% loss
in the first month, levelling off after that, and Carex showed a
35% weight loss over the first month with the rate of loss being
sustained over the summer. Thus the in vitro experiments are com-
parable to those done in the field. S

Gosselink and Kirby obtained a gross loss of 25% in seven days
in an in vitro decomposition of Spartina alterniflora (1974). De la
Cruz and Gabriel obtained a gross loss of 25% in ten days in a
similar experiment with Juncus roemerianus. These similarities are
encouraging, but no real conclusions can be drawn from this sort
of comparison due to the variability of techniques.

Another area of interest in this set of experiments is the
initial solubility of each plant type. Carex showed a 25.14% initial
weight loss. Again, this value is probably high compared to the
others due to differing techniques. Salicornia showed an average
1oss of only 6.42%, with a wide variation among the samples.
Zostera showed a loss of 21.19%, not surprising in light of the
papery, brittle quality of the dried plant. Scirpus showed an
initial solubility loss of 27.56%. A comparison of these values
to the gross loss values indicates that Salicornia is very possibly
broken down largely by microbial action. By the same reasoning,
microbial actionapears to be comparatively unimportant in Zostera .
breakdown,; and of intermediate imporance in Carex decomposition.
Again, the results are baffling, but simple observation in North
Slough reveals there such a dense Scirpus litter layer that the
results obtajned in vitro are not surprising.

Nutritive Experiment

The results from the nutritive experiment appear in Table 1.
The mud samples show the least change in optical density. This
agrees with the results obtained by Burkholder and Bornside (1957).
The mud results coupled with the fact that bacteria are growing on
the plant samples is evidence in support of the hypothesis that .
microbes from the mud are subsisting on something supplied by the
plant.

Concentration effects are intriguing. The second number in
each box in Table 1 corresponds to the reaction flask with the
higher concentration of plant extract. The Salicornia reaction
flasks definitely showed the presence of a limiting concentration
of some substance which discouraged bacterial growth. Concentration
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Table 1. Max1mum changes in opt1ca1 density over a 48 hour time
span for plant and mud extract samples inoculated with bacteria
from various sources. Low and high extract concentrations of p]ant
-extract are given for each inoculant source.

Carex Salicornia Scirpus Mud

Low Tow )

Marsh ﬁonﬁ. 0.056 0.147 050 8 0,620

Bacter nig ‘

1 conc.. 0,058 0.090 0.135

Middle Tow

Marsh ~ |conc. 0.043 0.172 ~0.050 0.0t

Bacteria high ' - .
conc.| 0-000 0.070 0.075

High Tow 0

Marsh conc, 0.060 0.150 0.095 o

Bacteria high _ .
conc.- 0.063 ‘0.103 0.055

Bacterial |[low :

Culture conc. 0.060 0.170 0.041
high : 0.022
canc 0.080 0.078 0.085

Salt Tow ]

Water conc. 0.126 0.19% 0.040 e
high .
conc. 0.155 0.115 0.072
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effects were not so noticeable in the figures for the other extracts
which suggests that the bacteria had an ample amount of food.

The salt water was consistently the source of the most proli-
ferate bacteria. The reaction vessels contained mostly salt water
and it could be that this environment was most conducive to salt
water bacteria growth.

On the whole, examination of Table 1 shows the Sa11corn1a
medium to have been the most productive. This could have been due
to a comparatively high nutritive value but not enough information
is available to confirm this hypothesis. Carex, with Scirpus fol-
lowing closely, were not as productive media as was Salicornia,
but both were still more productive than mud extract.

Conclusion

The results of this study cursorily point out some of the
differences in microbial breakdown rates and provide support for
the reasons behind them. Carex lyngbei can be characterized as a
plant which breaks down moderately slowly but continuously to. pro-
vide nutrition to the estuary, from the time of itsksummer peak '
production well into the winter. Salicornia virginica is a plant
of lower peak productivity than Carex (See Primary Production section),
but which continues to produce plant matter throughout the winter.
The apparent high nutritive quality of Salicornia and its rapid
decomposition rate, as well as the frequency of Salicornia marsh
inundation indicate that Salicornia could well be of importance to
the estuary in prov1d1ng a constant source of utilizable food.
Scirpus validus is highly product1ve, is of moderate nutritive value
and decomposes very slowly. It is a high marsh plant which is
washed into the estuary only at times of very high water.

Zostera maritima is highly soluble, constantly available,
and may well be a )ear-round nutrient source although its 1mmed1ate
microbial breakdown rate is neg]1g1b1e.

The diversity of these plants' nutritive values and decompos1-
tion rates indicates that the salt marsh plants provide a nutrient
pool which can provide the estuary with food year round. Bac-
teria, when associated with the decomposing plant matter as seston,
serve to dramatically increase the rate of release of nutrients
and improve the nutrient quality of the plants' contribution.
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THE NUTRITIVE VALUE OF SALT MARSH DETRITUS FOR
ESTUARINE INVERTEBRATES

Robin Hall
Introduction

The invertebrates in an estuarine ecosystem form a major step in
the detrital food web, not only for quaternary consumers such as
salmon, but ultimately for humans as well. The role taken by such
seem1ngly insignificant animals is essential in a complete study of
salt marshes and their utilization. Mac Ginite (1932) and Baier (1935)
were among the first to hypothesize that it is the bacteria involved
in plant decomposition which are-associated with detritus particles
that form the mainstay of the diet of plankton and detritus feeders.
As they die, salt marsh grasses may be used by the heterotrophic
community in at least four ways: (1) dissolved organic substances —>
micro-organisms — higher consumers (2) dissolved organic substances —
sorption on sediment particles —shigher consumers (3) plant mater-
ial—»higher consumers (4) plant material—sbacteria and fungi
higher consumers.

Of the methods above, the first two depend on the rapid loss to
the environment of the water-soluble organic compounds contained in
the plant. These substances may be used by bacteria and other micro-
organisms directly from the water. or they may become sorbed on other
organic or inorganic particles in suspension, or in other sediments.
These part1c1es may then be 1ngested by invertebrates or fishes and
the organic substances removed in the digestive tract and assimi-
lated. The third method of degradation of salt marsh plants is im-
mediate direct 1ngest1on by higher consumers, and although this does
occur, large plant pe1ces appear to be more an accidental food of
scavengers than a primary food socurce. Finally, the last route of
energy exchange to be considered which is also hypothesized to be
the most important in a detrital system, depends upon bacteria and
fungi to break down the plant substances that are not digestible by
most higher organisms.,

The primary aim of the invertebrate study has been to determine
if certain higher consumers can indeed utilize salt marsh plant
detritus with its associated micro-organisms as a single source of
nutrients. A second goal was to take a survey invertebrate species
living within and in close proximity to various salt marshes, and
it is this aspect which will be considered first. Since this is a
major undertaking in itself, this survey was limited to a single
transect in each of three major types of marsh.

Invertebrates Frequently Occurring in Three Major Salt Marsh Types,
the T1da1 Creeks That Disect Them, and Immediate Adjacent Areas

Three of the salt marshes were chosen for this survey as being
representative of all marsh types in Coos Bay. These include the
Salicornia Marsh, the major plants being Salicornia virginica and
DistichTis . spicata; the Bull Island Marsh, dominated by plant species
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Carex lyngbei, Deschampsia caespitosa and Triglochin maritima; and
the North Slough Marsh , essentially containing only Scirpus validus.
A detailed analysis of the plant communities of each salt marsh may
be found in the Site Description and Primary Product1on sections of
this report.
o One transect was run in each marsh perpendicular to the line of
terrestrial vegetation out to the main salt water channel feeding
the marsh. Samples were taken every ten meters, the first being
located at the terrestrial edge. The study area was determined by
p]acing over the vegetation a quadrat 0.5 x 0.25n{encompassing
0.125m¢) constructed of wood with an open end to facilitate placing
in dense herbage (Thilenius 1966). The site was then carefully
observed for signs of invertebrate life. After capture of the less
elusive of these animals, the plant cover was removed to within a
few centimeters of the substrate. Once again, any animals observed
were collected. Finally, a sample of the substrate 0.10m3 was col-
lected and placed in a plastic bag. The various samples were then
returned to the lab and, when appropriate, stored under refrigeration
until identification could be confirmed. In the lab, substrate
samples were wet sieved through two sets of screens, the first con-
fining large animal and plant debris, the second retaining the small
specimens while allowing most of the sediment to be washed away.
The portion of sample remaining in the sieves was carefu]]y examined
for both 1iving and dead faunal material,

The distribution of species due to the effect of increasing el-
evation was found to be insignificant due to the small sample size.
An important environmental factor is the structural form of the veg-
etation on the marsh surface. The size and growth forms of marsh
plants, the density of plant cover and the presence or absence of an
algal mat, plant detritus or tidal flotsam all modify the environ-
ment (Macdonald 1969). The significance of these factors to the
salt marsh invertebrates are mainfold: protection from predatory
animals, presence of an adequate source of food, and the buffering
effect of wave action that would otherwise prevent inhabitation of
the area. Other, more direct effects such as "shading" may modify
relative humidity, air temperature or dessication rates (Chauvin
1967). Therefore, a comparison of invertebrate distribution between
marsh types is of interest (Table 1).

It should be noted that insect species are treated separately
in a following report. However, it was observed that although
insects were found in all marshes, a much larger number was found in
the North Slough Marsh, where noticeably fewer other salt marsh
invertebrates were collected. Perhaps this is an indication that this
particular marsh is further on its way to becoming terrestrial than
the other marshes considered. Although soil composition analyses
were not conducted in this study, the substrate of this marsh con-
tained considerably more decaying humus matter than the other marshes.
For example, the Salicornia Marsh substrate is sandy-clay and mud,
with a 40 cm reducing layer, while the Bull Island Marsh consists of .
coarse mud and sand with a 13 cm reducing layer and a layer of wood
chips occurring in the tidal creeks about 10 cm under the water-
sediment interface (Interdisciplinary Study of Coos Bay, 1970).

Obviously, not all invertebrate species from any marsh are
represented in Table 1; however, it is believed that the comparison
between relative numbers of species is accurate. The salt marshes
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Table 1: ‘Occurrence of various invertebrates in representative
salt marshes.

Invertebrate Salicornia Bull North
Species Marsh Island Slough

Marsh .Area Marsh Area Marsh Area

Phylum Cnidaris
Class Hydrozoa

Polyorchis sp. +
A. equorea sp. +
Class Anthozoa :
Nematostella sp. ' +
Phylum Nemertea
Class Anopla

arinoma (rubia) mutatalis + .
Lineus ruber + + -
Class Enopla -

Tetrastemma pigrifrons +
Phylum Annelida :

Class Polychaeta
Nephtys a@liforniensis
Nephtys caecoides
Platvnereis agassizi
Nereis vexillosa
uerel ]1mnco1g +
Nereis brandti
1esperonqg complanata
Pista pacifica -

Abarenico]g pacifica +

Heteromastus feliformes
Glycera americana

Lumbrineris zonata
Phylum Arthropoda

Subclass Crustacea

Class Malacostraca

Hemiqrapsus nudis

Hemigrapsus oregonensis +

ancer magister +
Cancer productus

Pagarus hersulesculus

Pagarus samuelis

Fugett1g producta

Pinixia faba

Callianassa californiensis
ugogeb]g nggttens1§

Loihynchus cinspatus

Crago francescorum ‘ +

Subclass Pericarida

Order Isopoda
Ligia pallasii, + + +
Idotheg wasnasenskii +
Gnorimosphaeroma Qreqonensis

+ 4+ + +

+
4+ +++ 4+

++F o+ F

lutea + +




Table 1: (cont.)

Invertebrate
Species

Order Amphipoda
Orchestoidea corniculata

Orchestia traskiana
Amphithoe valida
Corophijum sp.
Atylopsis sp.
Subclass Cirripedia
Order Thoracica
~ Balanus sp.
Phylum MoTusca
Class Lamellibranchia
Cryptomya californica

Mya arenaria
Macomg nasuta
Protothaca staminea
Tellina salmonea
Clinocardicem nuttallii
Mytilus edulis

Class Gastropoda
Littorina planaxis

Acmaea sp.

Hermessenda crassicornis

Littorina scutulata
Assiminea californica
Phylum Bryozoa
Alcyonidium sp.
Phylum Echinopermata
Class Asteroidea ;
Pycnopodia helianthoides
Pisaster ocraceous
“Evasterias troschelij
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Salicornia  Bull
Marsh Island
Marsh Area Marsh Area
+ +
¥ +
+
+ +
+
+
+
+ + +
+ + +
+
+ + +
+
+
+ +
+
+ +
+
+
+
+
+

North
Slough
Marsh Area
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of Coos Bay, and the tidal creeks that dissect them display a char-
acteristic community structure; one or two species are common through-
out one particular marsh, while the remaining species are randomly
distributed and few in number. This is in agreement with Macdonald
(1969) who found in a survey of Molluscs in eleven west coast marshes,
that in each set of marsh or creek samples two or three species contri-
buted over 90% of the live animals collected.

Laboratory Feeding Experiments
Materials and Methods

Feeding preference studies were carried out in the laboratory to
determine whether particular species of salt marsh plant detritus are
more condusive to growth of certain invertebrates than others. Three
faunal species were chosen for these tests on the following criteria:
suitability to 1ife under laboratory conditions, availability, and
potential commercial importance. Mytilus edulis, the bay mussel, was
collected off floating docks in the bay and was therefore not hab-
ituated to daily tidal fluctuation. At the time of collection, the
age of these pelecypods was approximately 3 months (Fox & Coe 1943).
The Japanese oyster Crassostrea gigas was obtained in cultchless
form (to facilitate growth measurements) from Oregon State Marine
Science Center, Newport, Oregon, at an age of 4 months (Malouf,
personal communication). Adult Corophium sp. were included in this
study since they are a principal food of Oncorhynchus kisutch, a
commercially important salmon. (Holliday, personal communication.)
This species was collected with large amounts of substrate in plastic
bags and returned to the lab where the animals were separated out by
careful washing through a sieve. , ‘ .

Detrital food particles were prepared from four main salt marsh
plants: Salicornia virginics, Carex lyngbei, Distichlis spicata, and
Scirpus validus. In addition, a mixture of these four plants was
prepared. Along with the marsh grasses, a common mud flat plant
Zostera marina was included as a food source for comparative gurposes.
Live sampies of these grasses were collected and dried at 100°C for
24 hours. This material was then broken down in a Waring blender with
sea water which had been filtered through filter paper to remove most
particulate matter, while allowing the passage of bacteria.

The sludge thus formed was coarsely filtered through a 240 meshes/cm
nylon net in an aspirator apparatus. This filtrate was filtered once
more through a five micron mesh Gaf filter to a size ingestible by
all species, Jorgensen and Goldberg (1953) have shown that graphite
particles of 2-3u are completely filtered from water of the oyster
Ostrea virginica and 80% or more of particles 1-2u are passed through
the gills, Mytilus edulis almost completely strains from the water

graphite particles 1-2u in diameter. Jorgensen (1954) further states
that particles 1-2u can be ingested by filter feeding copepods. The
prepared food solution was placed in flasks and kept covered at room
temperature in the dark in an attempt to prevent photosynthesizing
organisms from dominating the culture. The detritus-water mixtures
were cultured at least two days before being fed to the experimental
animals, to allow adequate time for bacterial association and regen-
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eration, - In addition to these food sources, phytoplankton was col-
lected from the surface of the bay in a net which retained particles
larger than 10w . This source was incJuded in an attempt to repre-
sent the natural food of these invertebrates. "

. The amphipod Corophium builds small tubes in muddy sediments,
SO 1t was necessary to proyide this species with a substrate, ideally
one which would not contain an additional food supply. Since even
gutoclaved mud contains the nutrients of the bacteria originally
11ying within this substance, it was decided that a substrate of
detritus from the four salt marsh plants and Zostera would be pre-
pared. The procedure used was the same as for the food solutions,
except that ground plant material was filtered through a sieve; the
supernantent was then removed by aspiration through the nylon net
so that particles 30 to 70u in size were retained. This material
was placed in 1000 ml beakers to a depth of 1 cm, Filtered sea
water was then added so that the tota? volume was 700 mls. Ten -
individuals were then added to each of the six beakers. Survival was
used as an index to determine whether this species ingested various
food sources, since size and weight measurements vary only slightly
among individuals, and it is known that they must eat almost steadily
to maintain themselves. Corophia were fed the food solution cor-
responding to the appropriate substrate every other day.

The initial length of each oyster was recorded along with the
total weight of the ten individuals which were placed in each of
eight 1000 ml1 beakers containing filtered sea water. These animals

~were fed approximately 0.04 gm of the Salicornia, Distichlis, Carex,
Scirpus or Zostera solutions; another beaker was fed the same amount
of phytoplankton; and finally as a control, the animals in the eighth
beaker were not fed. The water in each container was replaced, and
the animals were fed every other day for the entire 42 day experi-
mental period. After this time, the wet weight, dry weight, and ashed
weights were determined for the Crassostrea. The body tissues and
shells were treated together, since separation at this age is nearly
impossible. The animals were meagured with a calibrated hand lens,
accurate to 0.01 mm, dried at 100°C for approximately 12 hours to a
constant weight, then ashed in a muffle furnace at 600°C for 24 hours.
These figures are reported in Tables 4 & 5.

Mytilus edulis was raised in a similar manner; however, each in-
dividual was color coded with enamel paint so that growth of individ-
uals could be recorded. Ten mussels were placed in each of eight
four-Titer containers with 1500 ml of filtered sea water. Each jar
of animals received about 0.04 gm of the detritus-bacteria mixture:
either Carex, Distichles, Salicornia, or Scirpus, a mixture of these,
Zostera, or phytopTankton. ~The animals in the eighth jar served as a
control and were not fed. The water was changed and the mussels fed
every other day. This was observed to be the amount of time necessary
for Mytilus to filter all of the water (Fox and Sverdrup 1937). At
the termination of the feeding experiments, the mussels were weighed
(wet weight), the animal tissues separated from their shells and each
was dried to constant weight at 1000C for approximately 24 hours.
Finally, both tissues and shells were ashed in a 600°C muffle furnace
for 243hours. The tabulated results of these processes appear in
Table 3 .
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Results

Mytilus edulis

The feeding experiments on Mytilus were conducted for 42 days,
and after 30 days none of those fed on Scirpus or Zostera had sur-

.~ vived. At the end of the period, only T0% of the mussels fed on
phytoplankton remained; 30% of those raised on a mixture of the marsh
grasses survived; 50% of the Salicornia-fed lived; 70% of the Mytilus
that were fed Distichlis remained, and of those raised on Carex and
those that were not fed, 80% survived. Figure 1. .

- Overall, the experimental Mytilus decreased slightly in length.
However, they were still somewhat Targer than 50 field animals picked
at random from the same location at the end of the summer. The initial
average weight for the experimanetal mussels was slightly higher than
for the field animals, but the average final weight of the experimentals
had dropped substantially. For mussels fed on two of the marsh
grasses, Scirpusvalidis and Salicornia virginica, a decrease in length
and weight was observed. Mytilus raised on Scirpus decreased signif-
icantly in weight (0.054 P< 0.025) and those fed Salicornia show a
highly significant weight loss (0.02< P< 0.01). Mussels raised on.
Carex decreased in weight (0.5¢ P< 0.4) as did those feeding on phyto-
plankton (0.005< P< 0.001). When these animals were fed Distichlis,

a mixture of the four marsh plants, or Zostera, no significant weight
decrease was observed. Most intriguing was the weight gain of Mytilus
which were raised for the entire experimental period without food.
Table 2. . g ‘

The percentage of water and ash in the tissues of Mytilus edulis

was determined for each food source as was the percentage of ‘ash in

the shells. Table 3.

Crassostrea gigas

The experimental oysters, Crassostrea gigas, exhibited an over-
all average decrease in length and a slight increase in weight. Over
the same period, 50 "field" oysters were raised in an open beaker in
an outdoor laboratory with a steady flow of unfiltered sea water.
Various algaes became associated with the container and were removed
twice during the 42 day period. These "field" animals were, on the
average,somewhat smaller than the experimentals, but each grew approx-

~imately a millimeter in length. A small gain in weight was also noted.
Table 4. :

Crassostrea which were fed Scirpus, Carex, a mixture of the 4
marsh grasses, Zostera, and those which were not fed, showed a small
decrease in length. Those fed Distichlis, Salicornia and phyto-
plankton exhibited a slight increase in length. Those oysters which
gained a substantial amount of weight include those raised on Scirpus,
Distichlis, and Salicornia. Oysters which were fed on phytoplankton

increased s1ightly in weight, and those fed Carex and the control
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Average Wet Weight

Food Source Avera?ﬁm§he]1 Length %GM)
initial final initial final
Scirpus validus 5.29 5.19 0.023 0.031
Distichlis spicata 4.89 4.91 0.016 0.023
Carex lyngbei 5.31 5.08 0.025 0.022
Salicornia virginica 5.24 5.19 0.016 0.025
phytoplankton 5.02 5.24 0.025 0.028
none 5.58 5.34 0.025 0.023

mixture of 4 marsh

plants 5.46 5.41 - 0.022 0.014
field oysters 5.8 | 5,02 0.020 0.014

Table 4: Growth of CrassoStrea gigas‘as a function of seston food

source,
Average Dry Percent Percent | Percent

Food Source ' Shell 1gth Weight Water Ash Organic
Scirpus validus 5.19 0.140 45.16 | 85.00 15,00
Distichlis spicata 4.91 0.116 64.44 90.52 | 9.48
Carex lyngbei 5.08 0.154 70.00 78.57 21.43
Salicornia virginical 5.19 0.118 59.00 89.83 10.17
phytoplankton 5.24 0.104 52.00 90.38 9.62
none 5.34 0.174 75.65 ~91.95 8.05
mixture of 4 marsh

plants 5.41 0.130 92.86 - 91.54 8.46
Zostera oysters 5.02 0.123 87.86 91.87 8.13
field oysters - 4,77 0.017 94,32 94.04 5.96

Table 5: Composition of whole Crassostrea gigas as a function of seston
food source.
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group which was not fed decreased slightly in weight. The Crassostrea
which decreased substantially in weight include those fed a mixture
of the four marsh grasses, and Zostera.

The per cent of water, ash and organic material for each food
source is shown in Table 5. The average per cent water for the exper-
imentals was 68%, and for the field animals 94%. The average per cent
ash for the experimental oysters was 89% and for field oyxters 94%.
The per cent organic materials as determined by ashing was found to
be 11% for experimentals and 6% for field Crassostrea.

‘Discussion

, The probable fate of marsh plant debris is that its carbon is
gradually diminished by a population of micro-organisms (further dis-
cussed in the Bacteria section of this report) which are in turn
periodically digested by various invertebrates (Baier 1935). It has
been demonstrated that bacteria have the capacity to survive and mult-
iply on substrates at concentrations of one part in ten million
(Zobel] & Grant 1942, 1943). In such considerations, the importance
of adsorbing surfaces is evident. Bacteria which aggregates on large
masses Of minute particles of detrital substances are the lytic
agents responsible for the derivation of organic solutes from such
material. An important source of food for .estuarine invertebrates
is marine detritus, existing in finely divided, partly even colloidal
condition. To become utilizable by a multicellular organism such as
the mussel, organic solutes (e.g. amino and other organic acids,
monosaccharides, and dissolved nitrogenous waste products) must first
be convertable into particulate matter by bacteria and other micro-
organisms, which assimilate the raw materials into protoplasm (Fox

& Coe 1943). This population of micro-organisms is digested during
passage. through the gut, so that fecal material is returned to its
original composition, except that there has been a slight loss of
carbon through the activity of the associated bacteria and fungi.
This was demonstrated in experiments by Newell (1964) which reveal
that the original percentage of carbon is slightly reduced during
culturing but remains constant during passage of the material through
the gut. The nitrogen percentage, however, rises rapidly during
culturing, irrespective of illumination, and falls off rapidly

during passage through the gut. From this he concluded that the
nitrogen represents a population of bacteria and associated micro-
organisms which abstract nitrogen from the sea water (and also
possibly from the air) and oxidise the carbon of the fecal pellets
thus obtaining necessary energy.

Mytilus Edulis

Mytilus edulis is a mucus feeder and secretes sheets of this
substance over the gills, which entraps all microorganisms and
detritus particles drawn by the action of cilia into the mantle cav-
ity. This material is then either ingested or rejected as pseudofeces
from the mantle cavity. Examination of the stomach contents, diges-
tive diverticula and feces of the mussels reveal that the digested
material includes dinoflagellates, bacteria, flagellates and other
protozoans, other microorganisms, invertebrate ova and spermatoza,
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unicellular and filamentous algae, algal zoospores together with
detritus consisting of chloroplasts, fragments of cellulose, granules
of starch and glycogen, 0i1 globules and protein particles from the
disintegrated cells of dead animals and plants (Coe & Fox 1942).

As further proof of the actual digestion of seston (detritus with
its associated microorganisms), Zobell and Landon (1937) have demon-
strated the presence of digestive enzymes which lyse bacteria.

_ Feeding experiments on both species of Mytilus (californianus
and edulis) have been attempted with varying degrees of success.

In 1937 Zobell and Landon reported that in a nine month study they
observed a 12.4% weight gain on coccus-fed Mytilus californianus,
bacillus-fed mussels gained an average of 9.7% and the fasting
controls lost an average of 6.8%. _ :

Scheer (1949 found that California mussels raised in aerated
vessels supplied with various artificial diets, including one group
fed on a pure culture of the diatom Nitzschia, invariably showed a
Toss of tissue weight after a month or more. The loss was smallest
on those mussels fed on this diatom.

Fox and Coe (1943) carried out extensive feeding experiments
on this same species, including in one group as nutritional sources
Ulva, corn meal, mussel flesh, and calcium carbonate in various com-
binations, and they observed at the end of a three month period no
growth in length (or change in shell weight) and a 6% loss of tissue
weight. Control animals 1iving in their natural habitat gained an
average of 22 mm in length over the same period.

, In a second experiment, freshly ground eelgrass (Phyllospadix)
and Eisenia arborea, a brown kelp and calcium carbonate were used

in differing amounts as foods and decreases in tissue weights of

47.2%, 51.7%, and 42.4% were reported with no change in shell weight.
In this study a control group was kept in aerated water only, without

food or added calcium carbonate, and these mussels sustained smaller

losses in tissue weight than any of the other groups. This fact.

was attributed not only to a failure to use the provided materials

as food but that from them decomposition products were formed which

were actually harmful. ' ' :

In the feeding experiments conducted on the Coos Bay salt marsh
plant detritus, a similar result was obtained: the control mussels
had a high survival rate and small loss of weight. It is possible
that these animals go into some form of "hibernation", (slowing all
life functions) under the unfavorable conditions imposed by the
experiment.

In a third study by Fox and Coe (1943), Mytilus were fed
mixed cultures of diatoms, scrapings from surface mud containing
algae and associated microscopic organisms and detritus, with occa-
sional additions of living spermazoa, crushed ova and ground desic-
cated annelid and mussel tissues. The water in the containers of
these animals was replaced each day, allowing for only eight hours
of feeding. In this experiment, which lasted three months, there
was an average monthly increment in length of about 2 mm. In a con-
trol group without artificial feeding, there was no perceptible
growth.

Starvation experiments were also carried out by Fox and Coe
(1943) and they reported a loss of from 54.5 to 83% of the dry weight
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of the mussels over a 4-1/2 to 6 month period. For the Mytilué-edulis

of my study, a 1 to 10% weight loss was observed over a 42 day period,
indicating that while growth was not usually evident, these mussels
were far from starvation. According to White (1937), about 83% of
the substance of normal living tissues consists of water. In this
study, the average water content was 57% for the experimentals, which
is still higher than the 44% determined for the field mussels. Fox
and Coe use percent water as an indication of health, with higher
percentages indicating a poor condition, but their numbers are more
similar to that reported by White. The dry weights and percent ash
of both shells and tissues are similar to those reported by Fox

and Coe (1943).

‘ The ecological effects of Mytilus relate to the organisms which
are secured as food and those the mussel supplies with food. The
latter include such animals as birds, fishes, Molluscs, Crustaceans,
and Echinoderms, which feed directly on the mussels; and those which
benefit from the metabolic activities of the mussel through its dis-
charge of waste products and more particularly its sexual products
(Fox & Coe 1943).

Crassostrea gigas

The oysters feed in a manner similar to that of Mytilus, sheets
of mucus are produced and are used to strain out small particles of
food from the water. The frontal cilia move these sheets to the
labial palps which "feed" the material into the mouth. Oysters and
other bivalves react to a variety of disturbing factors by stopping
the secretion of the mucus sheets, so that actual feeding is inter-
rupted (Korringa 1952). The gills, however, may continue to pump
water, so it is evident that the rate of pumping is not a measure of
feeding as has often been the case reported in the literature. ;

Loosanoff (1949 has demmstrated that the food of oysters is not
Timited merely by size and shape. Yeast cells are rejected as pseudo-
feces even when mixed with plankton of the same size which is known
to be readily ingested. This has led to the belief by this author
that chemoreceptors are located on the labial palps which are capa-
ble of recognizing inimical organisms.

Efforts of various research groups to fatten oysters for com-
mercial production have often failed, and Lossanoff and Engle (1947)
found that there are definite concentrations above which the density
of microorganisms begins to interfere with the rate of pumping.

This has not been caused merely by the clogging of the gills, leading
to suffocation, but is believed to be the result of the build-up

of toxins produced either by the plankton or bacteria which are asso-
ciated with the seston. The exact point between feeding the experi-
mental systems sufficiently and overfeeding to the point of killing
from the build-up of these toxins is difficult to establish. How-
ever, in my experiments, neither of these two extremes was reached.

Although the food source of oysters is still in hot debate,

a lot is known about growth. Shell growth occurs periodically and
has been found by Malouf (personal communication) to have an optimal
temperature of 17°C. This was, therefore, the temperature used
throughout this study of feeding in invertebreates. Other factors
influencing growth include presence of sunlight, leaner animals
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result from growth in the dark. In my experiments, the temperature
control box was not Tighted, nor was it open to room or sunlight.
The "field" oysters were, however, in the daylight continuously.
Another parameter affecting growth is water circulation (Kerswill
1949). In the estuarine system, the positioning of trays holding
oysters has an effect on shell production. In the laboratory, aera-
tion (which was occasionally faulty) was the only means of water
circulation. .

A probable cause of the "negative growth" which was observed
has been reported by Korringa (1952). The oysters excrete measur-
able quantities of lactic acid, which free COp from the animal's
shell. Further, excessive handling of each oysters was necessary
during the replacement of water (every other day), and very small
fragments of shell broken off the growing shell edge.

Corophium sp.

The Corophia raised in sediments prepared from Carex, Distichlis,
-Salicornia, Scirpus, a mixture of these marsh grasses and Zostera
survived only six days. This is best explained by the problems posed
by the sediments themselves. Finely ground plant materials do not
pack together to form a firm substrate, rather they remain partially
buoyant and do not allow these Amphipoids to build the tubes neces-
sary to support their fragile bodies.

The nature of the substrate and the salinity have been found
to be the two main factors leading to the localized distribution
of Corophium (Hart 1930). These Amphipods are common in coarse,
alkaline muds where small puddles cover most of the surface at low
tide. They form burrows or tubes (in soft muds) which are usually
less than 5 cm deep, and are U-shaped with two openings. They are
common in South Slough of Coos Bay, and do not occur in black muds
or in association with Zostera. Hart (1930) has attempted raising
these organisms in the laboratory on sterile mud, seived mud and

- mud from their natural habitat; the Corophium lived 2, 6, and 7

weeks respectively. From this and the negative results of feeding
experiments involving Ulva, Enteromorpha, and decaying deciduous
leaves, he has concluded that these amphipods, 1ike other detrital
deposit feeders common in estuarine muds demand a diet of seston for
survival, :

Corophia are, in turn, ingested by other animals further up the
food web, including flounder, salmon, wading birds and gulls.

Summary

The feeding expeirments carried out on Mytilus edulis, the bay
mussel, indicate the relative order of importance of those salt
marsh plant detrital and other food sources in order of decreasing
animal survival, as follows: Carex lyngbei, Distichlis spicata.
Salicornia virginica, a mixture of the four marsh plants, phyto-
plankton, Scirpus validus, and Zostera marina (Figure 1).

Similar experiments on the oyster Crassostrea gigas indicate
in order of decreasing experimental importance: Salicornia, Distichlis,
phytoplankton, Scirpus, Carex, mixed marsh plants and finally '
Zostera marina. :
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In summary, the detritus, which may consist of an entire 2.5 m

c1rgu p]ant or part1c1es a few microns in size, is attacked by
various microorganisms which begin oxidation, hydrolysis and assimila-
tion of its basic carbon structure. During thaprocess of microbial
breakdown, the bacteria are continuously grazed upon by protozoans.
The complex thus formed, seston, is of great potential nutritive
value, and it is this community which may be ingested by larger
organisms such as mussels, oysters and fishes. Most of the bacteria,
fungi and protozoa are digested off the particle. In addition, there
may be intestinal microbes which further reduce the particle and
provide the host organism with nutrition in the form of excreted
organic substances or the body of the microorganism itself. Once
the particle, or fragments thereof, is released as fecal matter into
the water, the entire process begins again. A single particle may
be ingested and reingested in this manner by a number of different
detritus feeders with the size of the particle decreasing with the
completion of each cycle. Eventually it reaches a very small size
and becomes joined together with a number of 1ike particles to form
a conglomerate, and the process begins again.

The invertebreates of the estuarine society compr1se a major
port1on of the detrital food web, and 1ink the bacterial and fungal .
microorganisms to other species wh1ch we recognize to be commercially
important. These include such invertebrates as clams, mussels,
shrimp and crab; and such vertebrates as salmon and tuna, which will
be dealt with in the next section of this report.
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DISTRIBUTIONS, TROPHIC RELATIONSHIPS, AND ENERGETICS
~ OF SALT MARSH INSECT POPULATIONS S

Joe Schrag

Introduction

Energy from the salt marsh is dispersed into two different
ecological systems., Some energy is exported into the bay, and
some is used by terrestrial organisms. The insects are among the
consumers in the terrestrial system and, therefore, must be con-

sidered in assessment of the importance of the salt marsh to the
entire estuarine system.

Few studies have been done on salt marsh insects, particu-
larly those of west coast marshes. Much of the work which has been
done has focused on insects found in Spartina marshes (Davis and
Gray 1966, Smalley 1959, 1960, Teal 1962, Marples 1966). Spartina,
however, is a plant species which does not occur in the present
study sites. The objective of this study is to determine both the
taxonomic make-up and the energetics of the insect communities in
this area. This will aid in evaluating the importance of the salt
marsh and will provide information for the comparison of insect
assemblages in east and west coast marshes and for comparison of
different marsh types., :

Materials and Methods

Samp1ing Procedures

Coverage of a large area is necessary in order to efficiently
describe the insect fauna. This study was limited in time, so the
sweep net method of sampling was chosen. This method allows coverage
of a large area in a relatively short time and is a good method for
comparison of populations (Beall 1935). Though Menhinick (1963) '
has shown that weather conditions can affect the results of sweeping
procedures, it was felt that an adequate description of the com-
munity could be attained. Weather conditions at the time of
sampling were recorded to minimize bias. A Turtox/Cambosco net
as used. The muslin bag was supported by a heavy metal ring and
was 50 cm deep and 30 cm in diameter. The handle was 65 cm long
and 3 cm in diameter,

Each of the marshes yas divided into three zones. Where
possible (Pony Slough, Metcalf Est. Pres.) the zones were
determined on the basis of dominant plant cover. Typical zonation
consisted of a low Salicornia stand, a Distichlis stand in the
middle of the marsh, and an upper sedge stand. Where plant
cover was somewhat uniform (South Slough, Bull Island) the zones
were separated on the basis of distance from the bay. _

Three sets of 25 sweeps were taken at each sampling station,
Stations were established in each marsh zone. A step forward
was taken after each stroke to prevent overlap. It was neces-
sary to move upwind to insure that the bag was open throughout
the stroke. The catch was taken to the lab and specimens were
keyed to family from keys found in Borror, Delong, and Triplehorn
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(1976). These samples were supplemented by samples from the tran-
sects done to determine the invertebreates present in the marshes
(see Invertebrate section for methods).

Energetics

Ingestion Rate

~ The leafhoppers (Homoptera: Cicadellidae) were found to be
among the dominant herbivores and were, therefore, chosen as subjects
for the energetics studies. Groups of ten individuals were weighed
and cultured on a known weight of Distichlis at room temperature
(22-24°C). This plant was chosen as a food source because the
largest numbers of leafhoppers were found in Distichlis stands,
indicating its use as a food source in the natural system.

The plant material was weighed daily, the difference in weight
being attributed to consumption by the insects and water loss.
Three controls were used to account for the dessication. Plant
samples with weights similar to those being used as a food source
were placed in culture bowls and weighed daily. Dessication was
the only source of weight loss, as nothing was allowed to feed on
these samples. Consumption was computed from the equation:

C=1-F FC)

where C is consumpt1on, Ia is initial weight of exper1menta1 samples,

Fe is final weight of experimental samples, and I. and F¢ are initial

and final control weights, respectively (Reichle 1967) The

average value from the three controls was used. .
The experiments were carried on for two days. A 1onger time

was desired, but problems were encountered which cut the experiment

short. The mortality rate of the specimens was high, dessication

being the suspected cause. Placing wet paper towels on the bottom

of the bowls reduced, but did not eliminate, the problem. Con-

sumption per gram per hour was computed by using the weight of

the individuals remaining alive at the end of the 24 hour feed1ng

It was assumed that the consumption by the individuals dying in

this time was negligible.

Respirometry

After determining the ingestion rate, it became necessary
to estimate the rate of assimilation. This was calculated from
the relationship '

assimilation = respiration + production ,

Respiration costs include energy used for maintenance of body
functions and energy used for activity. Production includes
energy used for growth and reproduction. The mortality probiem
precluded estimation of growth from successive daily weights of
experimental specimens. Production was then assumed to be
25% of the respiration costs (Teal 1958, Slobodkin 1960).

Determination of the metabolic rate provided an estimate
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of the energy cost of respiration.. Specimens were weighed and placed
in a 15 ml reaction vessel. A piece of filter paper 7.0 cm in dia-
meter was quartered and one section was saturated in 5% KOH and placed
in the vessel. The vessel was then sealed and a pipette graduated
in 0.01 ml was attached. Water was used as manometer fluid and
fluctuations in the volume of water in the pipette indicated the
amount of oxygen being consumed (Weigert 1964, Engelmann 1961).
For determination of the basal metabolic rate the flask was dark-
ened by wrapping with paper towels to reduce activity. The temper-
ature was kept at 23°C. :

The RQ was not calculated, but was assumed to be 0.82 for
the EMR (Roeder 1953) and 1.0 for the active insects. Oxygen con-
sumption was calculated in ml1/g-hr and converted to calories/g-hr
using conversion factors of 4.825 cal/ml 02 for resting metabolism
and 5.0 cal/ml 02 for active metabolism. The sum of active and
basal respiration is equal to the total respiration cost.

Calorimetry -

Consumption was calculated in grams Distichlis/g-hr. Con-
version to calories/g-hr was necessary in order to calculate
assimilation efficiency, making the determination of the caloric
equivalent of a known weight of the food source essential. A bomb
calorimeter was not available, so a simple calorimeter was con-
structed for a crude estimation of this value.

A 10 m1 beaker was placed inside a 50 ml beaker, with 20 g
(20 m1) of water being used as insulation between the two. A small
sample of Distichlis was burned in the small beaker and the temper-
ature of the beakers and the water were monitored. The amount of
heat Tost by burning the sample was equal to the heat gained by
the apparatus. This value was calculated from the equation:

| H=cymy t+cpmp t+cgmy t
Whére‘H is heat lost by the sample; C1» € and c3 are the specific
heats of the two beakers and the water; my, mp and m3 are the
respective masses; and t is the change in temperature. The specific
heat of water is 1.0 and that of the beakers was found to be 0.20

(Morey 1938). The mass of the small beaker was 8.44 g and of the
large beaker was 27.18. The equation thus has the form

H=8.44(.20) t+27.18(.20) t+20(1.0) t
Three samples were burnedand the avefage value was used.

Results and Discussion

Distributions of Insects

A total of 27 families representing seven orders (Diptera,
Homoptera, Hemiptera, Hymenoptera, Coleoptera, Lepidoptera, and
Orthoptera) were collected by sweeping. Only the first four orders
listed were consistently collected. Though never collected, members
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of the order Odonata were observed in the marshes. Collembolans
were collected in the invertebrate transects. : :

The Diptera and Homoptera consistently comprised the majority
of the catch, a result also found by Davis and Gray (1966). Table 1
shows the percentage composition of the insect populations at the
different study sites. The Diptera were first in abundance at seven
of the thirteen stations sampled and the Homoptera at five. The
Hemiptera were second at five stations, the Homoptera at four, and
the Diptera at two. The Hymenoptera were frequently collected, but
were seldom found in large numbers. , :

Figures 1 and 2 show the distributions of the common insect
families in different marsh types. Figure 1 shows the distributions
of insects in low marshes (Pony Slough and Metcalf Est. Pres.).
Figure 2 shows the distribution in immature high marshes (South
Slough and Bull Island). The frequency is determined by the number
of samples in which the family was present. The density is the
number of individuals in each sample.

The Diptera, represented by eight families, were common in
all zones of the marsh. The Dolichopodidae were by far the most
common family, comprising 48% of the fly population. The Chloro-
pidae were frequently collected, but never in large numbers. The
other six families (Muscidae, Ephydridae, Sciomyzidae, Otitidae,
Sciaridae, and Tephritidae) were only occasionally collected.

‘The Homoptera demonstrated the most nearly zonal pattern
of distribution. Large numbers were found in the lower zones of
the marsh and few were collected in the upper zone of the marsh
(Fig. 1 and 2). This pattern was also found by Davis and Gray
(1966) on the East coast. In view of the fact that similar distri-
bution patterns were found in differing marsh types, it is probable
that the organisms were responding more to distance from water
than to plant cover. . '

- The Cicadellidae were the most common Homopterans. They
were present in large numbers until themiddle of August. A
similar decline in abundance was also found by Marples (1966).
Other families represented were the Delphacidae and the Aphidi-
dae. Spittlebugs (Cercopidae) were observed on the seed pods
of Triglochon in mid June. They disappeared by late June and
adults were never collected. Perhaps this is associated with
the seasonality of the plant species (see Primary Production).

Four families of Hemiptera were collected. Large popula-
tions of shore bugs (Saldidae) were found near channels or on
mud flats. They eluded the net effectively and are under-repre-
sented in the data. The Miridae were most common in the middle
of the marsh (Fig. 1). The Nabidae were present in all marsh
zones, but were never found in large numbers. They were also
collected in the transects. The Gerridae were represented by
a single capture near a channel in the upper zone of the marsh.

Most of the common Hymenoptera were parasitic. The Ichneu-
monidae were the most common and showed no zonal pattern of
distribution (Fig. 1 and 2). The Perilampidae were also cal-
lected frequently. The ants (Formicidae) were most commonly
found in the higher portions of the marsh, Families occasionally




160

- Percentage Composition
| Stations . "n
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) +3 4+ )
Q (m o o |
+2 Q@ R [} (3}
o E £ £ =
o =] [} > +>
’ [am] €I X pus o [en]
Low Zone
Pony Slough 69.9 9.6 13.7 2.7 4.1
Metcalf 21.1  |73.7 | 0.0 5.2 0.0
Bull Island 6.3 78.1 9.4 6.2 0.0
South Slough 25.0 28.6 7.4 1{10.4 28.6
A1l Stations 42.1 35.5 9.9 5.3 7.2
Middle Zone
Pony Slough - 152.5 4.9 39.4 3.2 0.0
Metcalf 10.0 73.3 17.7 0.0 0.0
Bull Island 56.2 18.8 18.8 6.2 0.0
South Slough 12.9 54.8 0.0 9.7 22.6
A11 Stations 34.8 32.6 23.2 4.3 5.1
High Zones
Pony Slough 52.6 0.0 3.5 |21.1 22.8
Metcalf 25.0 25.0 8.3 | 8.3 33.3
{Bull Island 85.7 0.0 7.1 7.1 0.0
South Slough 47.1 129.4 0.0 |[17.6 5.9
| Coalbank Slough o /6.2 11.9 0.0 7.1 4.8
A11 Stations 9.8 9.2 | 2.8 [14.1 14.1

Table 1. Composition of insect populations from samples taken
in summer, 1976, '
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collected included the Diapriidae and the Colletidae (sub-family
Hylaenae). .

The remaining three orders (Coleoptera, Lepidoptera, and
Orthoptera) seemed to be rather scattered in their distribution.
The beetles were the most common of the three and the Coccinellidae
were the most frequently collected beetles. Many of the beetles
were found in Carex and Deschampsia stands. Families represented
include Canthariidae, Helodidae, Lathridriidae, and Staphylinidae.
Staphylinids were also collected in the transects. ~

, Two famTies of Lepidoptera (Ctenucidae, Gelechidae) and one
family of Orthoptera (Tettigoniidae) were found. Adult Ctenucids
were collected in the marsh, but the pupae were found in sedge
stands. The larvae feed on grasses and it was assumed that they
were using the marsh in this manner. The Orthopterans were col-
lected in sedge stands, but were also observed in other marsh zones.

Seasonal distribution patterns could not be studied, but
Davis and Gray (1966) report thatmost species of Orthopterans,
Coleopterans, ants, parasitic Hymenopterans, Hemipterans, and
Dipterans are absent in the winter. A few species of Dipterans and
some of the Delphacids are present throughout the year.

Trophic Relationships

~ Salt marsh insects display three distinct feeding habits.

The phytophagous insects feed directly on the standing crop of plants,
either by sucking plant juices or by chewing plant tissues. Sapro-
phagous forms feed on detritus and zoophagous forms are predaceous,
often on other insects. Parasitic insects are also zoophagous.

Marples (1966) has shown that there are four dominant herbi-
vores in Spartina marshes: - Orchelimum fidicinium (Orhoptera;
Tettigoniidae), Prokelisia marginata (Homoptera; Delphacidae),
Trigonotylus sp. (Hemiptera; Miridae), and Ischnodesmus sp. (Hemip~
tera; LygaeidEETZ The Delphacids, Mirids, and Lygaeids suck plant
Jjuices and the Orthopterans chew plant tissues. At the present
study sites the Cicadellids and Mirids were found to be the dominant
herbivores and Dalphacids and QOrthopterans were also present.

Littorina irrorata has been shown to be one of the most im-
portant detritus feeders in the marsh (Odum and Smalley 1959,
Marples 1966). Two species of snails, Littorina scutulata and
Assiminea californica, were found in the transects and probably
also feed on detritus. Dolichopodid and ephydrid flies, amphipods,
and Collembolans have also been shown to be detritus feeders
(Paviour-Smith 1956, Marples 1966). Amphipods and Collembolans
were found in the transects and both families of flies were present
in the sweep net samples, v

Marples' studies show that spiders are the principle carni-
vores in the salt marsh system. Three families were located in
the marsh (Lycosidae, Clubionidae, and Tetragnathidae). Many
predaceous insects also inhabit the marsh, though Barnes (1953)
has shown that spiders outnumber carnivorous insects. Nearly all
of the Coleopterans (Coccinellidae, Canthariidae, Helodidae, and
others), the Hemipteran families Saldidae, Nabidae, and Gerridae,
and the dragonflies (Odonata) prey on other insects. Berg, Karlin,
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and Mackiewica (1955) have shown that scyomizid larvae feed on snails
and snail eggs. Littorina and Assiminea may both be attacked by
these flies.

The Hymenopterans found in the marsh were mostly parasitic
forms. Ichneumons are known to attack nearly every kind of insect
and some spiders. The specific parasite-host relationships of the
species found in these marshes are not known. The Perilampids are
Hyperparasites and probably attack the Ichneumons. Other parasites
include Dipterous larvae, which bore into p]ant stems (Davis and
Gray 1966).

Figure 3 is a representation of the food web involving the
insects and invertebrates which were found in the marsh, Birds and
small mammals are the primary consumers of insects and invertebrates.
Swallows and shrews are both insectivorous and were commonly found
in the marsh,

Figure K
The Trophic Relationships of the Primary .
Terrestrial Consumers of Marsh Energy

Herbivores | _Carnivores
Cicadellidae Spiders

Delphacidae o * Coccinellidae
Aphididae : . ‘ Canthariidae
Miridae ' Saldidae

Nabidae
Saprovores: Parasites
DoTichopodidae Ichneumonidae
Collemba ' Perilampidae.
Amphipoda. : Diapriidae
Littorina ' :
KEETETEEE

Cameron (1972) has. shown that insect d1ver51ty is re1ated to
the availability of the food source being utilized. Herbivore
diversity is positively correlated with standing crop biomass,
saprovore diversity with Jitter accumulation, and predator diversity
with prey diversity. The first two correlations are significant.

An increase in standing crop biomass (or litter accumulation) is
followed by an increase in herbivore (or saprovore) diversity with

a two-three week time lag. The increased diversity is the result

of an increased number of species rather than an increase in the
number of individuals per species. The predators exhibit a diversity
increase of the latter type.

Energetics

Table 2 shows the caloric intake and respiration costs of
the leafhoppers (Cicadellidae) used in the energetics studies. From
the average respiratory cost figures, production was calculated to
be 70 calories/g-hr. Total assimilation (respiration + production)
was found to be 350 cal/g-hr and assimilation efficiency was 27.5%.




166

. Table 2
Consumption and Respiration Rates of Leafhoppers (Cicadellidae)
: Ingestion Respiration
Caloric Active BMR

Equivalent 1582 cal/g Distichlis 5.0 cal/ml 09 4.825 cal/ml 02

cons./g-hr caI/g-hr ml/g-hr cal/g-hr m]/h-hr cal/g-hr

Group 1 0.976 1544 50.14 251 3.78 18
2 1.170 1851 51.32 257 2.85 14
3 0.439 694 48.43 242 2.72 13
4 1.089 1723 61.54 308 3.87 19
5 0.352 557 - - - --
Average 0.805 1273 52.80 264  3.30 16

To estimate the amount of energy used by the entire leafhopper
population, the production of Distichlis was found for the period
between June 15 and July 15 and the absolute density of ths specimens
was estimated. In this time period 95.12 grams (209 cal/mé-hr) of
Distichlis was produced. One sweep of the net covered an area approx-
imately one meter long and 0.25 meters wide (0.25 m¢). The average
catch in 20 sweeps (5.0 m?) was about eight individuals 0,060 g).
From this the density was estimated to be about~0.012'g/m2. At this
density and the ingestion rate reported in Table 2 (1273 cal/g-hr),
15.28 cal/m2-hr or 7.27% of the Distichlis prgduction was being con-
sumed by the leafhoppers. Only 2% (4.2 cal/m-hr) of the production
was assimilated.

Similar values have been reported for insects in other marsh
types. Odum and Smalley (1959) have reported that Prokelisia
assimilates 6% of the Spartina production. Smalley (1960) reports
that Orchelimum ingests 2% of the Spartina production and assimilates
less than 1% with an assimilation efficiency of 27%. Teal (1962)
estimates tmt herbivorous insects assimilate 4.6% of their poten-
tial food.

Teal (1962) discusses two possible reasons for the limited
use of marsh energy by the insects. MacArthur (1955) has reported
two methods of attaining stability in an ecological system: 1) a
community in which many species have restricted feeding habits, and
2) a system in which few species have broad diets. The latter
arrangement is found in the marsh and is less efficient than the
former. This results in utilization of smaller amounts of energy
by the consumers. Teal also points out that a large portion of
the marsh production is exported into the estuary and removed from
the insects.
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Summar

The salt marshes in this area were found to have insect assem-
blages similar to those on the eastern seaboard. The Diptera and
Homoptera were the most prominent orders in both systems. Homopteran
populations were concentrated in the lower marsh zones. Hemipterans
and Hymenopterans were also commonly collected. :

The dominant herbivores were the Cicadellidae and the Miridae.
Common saprovores were the dolichopodid flies and the snails Littorina
scutulata and Assiminea californica. Spiders were the dominant
carnivores, but predaceous insects, primarily Coleopterans and Hemip-
terans, were also collected. Ichneumons and Perilampids were the
primary parasitic forms.

The energy flow through different marsh types appears to be
quite similar. The leafhoppers were found to consume 7.27% and
assimilate 2% of the Distichlis production with an assimilation effi-
ciency of 27.5%. Similar values have been reported for insects in
other marsh types.
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FISHES ASSOCIATED WITH THE SALT MARSHES
THE COOS BAY ESTUARY

Introduction

7 Salt marshes provide aquatic and terrestrial wildlife habi-

tats which are unique. This study consisted of a general survey

of fish species and their distribution in six marshes of the Coos

Bay estuary including: Salicornia Marsh, Coalbank, Pony Slough,

North Slough, Bull Island and South Slough. Additionally, gut analyses
of representative individuals were conducted in an attempt to deter-
mine the feeding habits of common fish species and their position

in the detrital food web.

Materials and‘Methods

Sampling was conducted in the major tidal creek which supplies
each marsh. Since these channels vary considerably in width,
population samples were taken using both large and small seine nets.
In some instances it was necessary to use both nets in conjunction
to adjust for channel size or configuration. Representative fish
were injected with a 5% formalin solution immediately upon capture
to arrest digestion processes and allow for laboratory analyses
of stomach contents. ‘ ‘ ' ' '

Results

Percent composition by species of the fish captured by
seining for each salt marsh is presented in Figure 1. The number
of fish caught is also noted. Figures 2 and 3 are length-frequency
distributions for the two dominant fishes of the marshes, Cymatogaster
aggregata and Leptocottus armatus, respectively. Table 1 summarizes
the resuTts of gut content analysis from the six study sites.

Discussion

The sampling procedures used are not completely unbiased. As
a result, the size distributions (Figures 2 and 3) and the percent
compositions (Figure 1) are admittedly low estimates of the true
salt marsh populations. The size-frequency distributions do suggest
that resident fish populations include more juveniles than adults,
Similar findings are reported in Coastal Rivers Investigation
Reports 70-11 and 74-11: "Fish in Coos Bay, Oregon, with Comments
on Distribution, Temperature and Salinity of the Estuary," and "Numbers
of Fish Captured in Beach Seine Hauls in Coos River Estuary, Oregon,
June through September, 1970." These observations verify the often
held claim that estuaries are essential nurseries for ocean and
river fish species, and the salt marshes provide the most protected
beds within estuarine systems.

Analysis of gut contents is a standard method of determination
of ingested nutrients (e.g., Pacific Fishes of Canada by J.L. Hart,
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1973). In th1s survey, a good correlation between ingested inverte-
brates and those invertebrate species observed and studied in this
project was found. For example, the Amphipod Corogh1um, which is
known to feed onseston formed by salt marsh plants, is ingested by
several very common species of fish, including the commercially im-
portant silver or coho salmon (Holliday, personal communication).

Conclusion -

1.  Leptocottus armatus dominate the observed fish popu]at1ons at
the Salicornia and Coalbank sites.

2. Juvenile Cymatogaster aggregata comprise the dominant species
at South Slough, Bull Island, North Slough and Pony Slough sites.

3. Amphipods, espec1a1]y Corophium sp., are the primary food source
of Leptocottus armatus for all marshes sampled.

4. A1l species sampled are predominantly carnivorous; plant
materials observed in the analysis of stomach content are
assumed to be the result of random ingestion and insignificant
in the overall diet.

5.  Harpactacoid copepods appear to be an important food item for
Jjuvenile Cymatogaster aggregata, while Amphipods. become increas-
: 1ng1y 1mportant for mature individuals.

6. In general, juvenile fish domlnate the study s1tes.
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SURVEY OF BIRD SPECIES IN AND AROUND THE
SALT MARSHES OF THE COOS BAY ESTUARY

Craig Magwire

The salt marshes of Coos Bay are of particular importance to
the many species of birds which are residents or regular visitors
to the bay and adjacent lowlands. Marshes provide shelter and
nesting habitat, and serve as the primary source of food in both
the detrial and terrestrial food chains.

v A survey was conducted to determine what b1rds use the differ-

ent marsh types. Observations were made on the abundance and behav-
jor of these birds. Because of the short duration of this study,
observations could not be made on the entire yearly cycle of bird
populations in the bay. This seasonal information will be provided
by combining the past observations of persons in Coos Bay.

Marsh Birds

During this study data were collected in each of the six study
marshes, representing the four marsh types. Due to the time limit-
ations of this study, observations could only be made from April
through the middle of August. While taking bird observations, a path
was always walked which traversed each marsh from the higher ter--
restrial edge to the mud flat. This enabled the observer to note
the different zones within the marsh in which birds are located.
This method also allows the observer to see or hear the less con-
‘spicuous birds which are often concealed within the tall grass,
and drainage channels of the marsh. The marsh area was divided
~into six observation zones, which 1ie parallel to the terrestrial
edge of the marsh (Figure 1). Species were rated according to
the following scale:

A -(abundant) species seen in numbers of 50 or more b1rds

per day/observer.

B - common) species seen in numbers between 1 and 50 per-
: day/observer.
U -(uncommon) species present but not always certain
to be seen each day.
R -(rare) species not observed every year.
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Fig. 1. Six zones used in recording bird observations.
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The species observed, their abundance, and the zones in which they
are most commonly found in each study marsh have been summarized
in Table 1. Only birds making use of the marsh proper, ~or the air
space over the marsh are listed. (See Table 1)

During the course of the study, 28 species of b1rds were ob-
served to make use of the marsh. This total does not include
birds found only in the shrubs and trees on the higher terrestrial
side of the marsh. Birds found solely along the mud flats and in
the water are also excluded from this total. The most common
marsh users are the swallows, great blue heron, song sparrow and
Tong-billed marsh wren. Other typical marsh species, the rail and
marsh hawk, were not abundant during our rather short period of
observat1on. Finches also made a few interesting appearances in
the marsh.

- Five different species of swallows (barn, cliff, rough-winged,
violet-green and tree) made extensive use of the air space over
the marsh, adjoining mudflat and water. These migratory birds
are locally common during the spring and summer months, generally
from April through August. Their large mouths and long whiskers
are specially adapted allowing them to catch flying insects over
the marsh and neighboring areas. The barn swallow, a species
found in all marshes studied, collects the mud at the edge of the
marsh, to build it home, usua]]y under the eves of buildings.

AN f1ve species of swallows build their nests outside the marsh.

~ The great blue heron is common to the estuary and is usually
seen in marshes having a substantial adjoining mudflat. This bird
will often seek refuge in the marsh to restore preen feathers.
Herons hunt for invertebrates and fish in channels and shallow
water around the marsh, Nests are constructed outside the marsh
in large rookeries. They are build predominantly in sitka spruce
and hemlock groves (McMahon, 1974).

The sorg sparrow was by far the most common bird using the marsh
surface during our period of observation. One could always count
on seeing this bird flying back and forth from the brush just out-
side the marsh, to the marsh grass and mudflat areas. Song sparrows
probe the ground in the marsh and marsh channels, in search of:
insects and warms. This bird has a wide distribution and is common
to many different habitats. It has been known to nest in the
dense marsh grass, and on snags and debris found in the marsh.

The long-billed marsh wren is another bird which nests and
feeds on the marsh. Though not as widely distributed as the song
sparrow, this bird is common only to marshes with taller vegeta-
tion, as found in the higher marsh types. The long-billed marsh
wren uses this vegetation to support its nest, which is built one
to two feet above the marsh surface, to avoid the flooding of high
tides. Nests are made of different types of grass woven into a
small spherical nest. This bird feeds on insects, sp1ders and sna1ls
found on the ground and on marsh grass (Beal, 1907).

The less common virginia rajl was a species found in this -
study only at the North Siough and South Slough marshes, near
sources of fresh water. Their thin bodies and muscular legs allow
them to run quickly through reeds and grasses. Because they are
so elusive, their numbers are difficult to estimate. Their nests
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Table 1. Summarized bird observat1ons in six study salt marshes,
15 April 1976-15 August 1976.

Location NO BU co SO SA PO

Sgecies_ ' Zone zone zZone Zzone . zZone Zone

Mallard C | 0-1
Turkey Vulture
Marsh Hawk
Red-tailed Hawk
Great Egret
Great Blue Heron ,
Green Heron U
Virginia Rail 0 | 2-4 0 | 0-4
Killdeer
*Peep Sandpipers
Band-tailed Pigeon
Common Nighthawk
Belted Kingfisher
- Barn Swallow C | 0-4
Cliff Swallow
Rough-winged Swal.
Violet-green Swal.0 | 0-4
Tree Swallow 0 4-5
Common crow
Long-billed
- marsh wren C2-4C |2-3 C | 2-4
Robin : U | 2-5
Starling 0 | 2-4 0| 1-5
Yellow Throat 0
Red-winged
Blackbird 0
0
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Purpie Finch
American Goldf.
Song Sparrow

C | 1-51C | 4-51C [1-5iC |1-56 W

*Peep sandpipers include: western sandpipers, least sandpipers,
white rumped sandpipers and Baird's sandpiper.
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are built close to the ground and are well concealed. One virginia
rail's nest, which contained as many as five eggs, was located at
the North S]ough~marsh The young are active when hatched and leave
the nest immediately, before their down is dry. The long curved
bill of theril probes the mud for worms and insect larvae. . Slugs,
snails, caterp11]ars, small fish, beet]es and occasionally grass
seeds, comprise their diet.

Sora rails have been observed by others in marshes of the bay.
Four sora rails, which are larger than the virginia rail, were
sighted at Jordan Cove (Hilda Richer, Coos Bay orn1tho]og1st)

They were also sighted on occasion in Henderson Marsh (Gorman, 1972)
Two different types of hawks (the marsh hawk and the red-
tailed hawk) were sighted during this study. The marsh hawk, which
hunts over grassland and marsh areas, was sighted only twice during

this study at Bull Island. It is apparently a common species at
the Henderson marsh (Gorman, 1972). This species makes a slow,
deliberate search for small mammals, hovering only a few feet

above the marsh surface. It typically nests in marshes, building
its nests directly on the ground. A red-tailed hawk, would occa-
sinally soar over the Bull Island Marsh from its more common hunting
grounds outside the marsh.

Finches were found in the marsh on re]at1ve1y few occasions.
However, when present they would feedon nothing but the seeds of
Triglochin. This behavior was observed from two types of finches
(American Goldfinch and purple finch), in both the low sandy marshes.

Salley (1976) has also reported goldfinches feed1ng on
Triglochin seeds ina South Slough marsh.

Three other typical marsh species which have been seen are the
American bittern (Richer per. comm., June 1976); the common
snipe (Ben Fawver, Professor Southwestern Oregon Commun1ty College);
and the short-eared owl (Gorman, 1972).

Birds of the Estuany

Salt marshes are particularly important to migratory waterfowl,
and many other birds of the Pacific Flyway (Thompson & Snow, 1974).
The bay provides a resting place, feeding area, and important
wintering ground for an important segment of the migratory bird
population (U.S. Department of the Interior, 1971). Because of
the limited duration of this study, only a small segment of the
yearly bird cycle on Coos Bay was observed. Past studies and other
observers (Wampole, 1959; Faurver & Wampole, 1971; McGee, 1976;
Hilda Richer per. comm. June 1976), have noted these annual popula-
tion changes. The observations made by these people have been com-
bined to provide information on the seasonal bird populations in
several areas on Coos Bay in Table 2. The location of these areas
on the bay is shown in Figure 2. The same abundance rating scale
is used here as was used for Table 1. The winter season is defined
to be October through March. Summer refers to observations made
from April through September. It is important to note that obser-
vations ;nclude sightings on water, mudflat and marsh areas. (See
Table 2.




- Table 2, Abundance of summer
locations on Coos Bay.

Location

Haynes

Inlet

Pony

Slough
Reserve
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Seasonal Status
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W

S

S

W

S
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S

- 1. Yellow-billed
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~ 2., Common Loon

3. Arctic Loon

4. Red-throated
loon

5. Red-necked

- Grebe

7. Horned Grebe

8. Eared Grebe

9. Pied-billed
GTebe _

10. 'Brown Pelican

11, ‘Brandt's
Cormorant

12. Double-crest-
ed Cormorant

- 13. Pelagic Cor-
morant

14.2Whistling
Swan : .

- 15, Canada Goose

16. Black Brant

17. Emperor Goose

18. White-fronted

~ Goose

19. Maltard

20. Pintail

21. Gadwall

22. American
Widgeon

23. European
Widgeon _

24. Shoveler

25. Green-winged
Teal

26. Redhead
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28. Ringed Neck
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29. Greater Scaup
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Pigeon
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Fossil cornia

Coos
Head

Other
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S

S W S

W

S_| W

S

S

W___S

32. Bufflehead C

33. Harlequin DuckR

34. 0ldsquaw

35. Common scoter

36. White-winged
Scoter '

37. Surf Scoter

38. Ruddy Duck

39. Common Mer-
~ganser R

40. Red-breasted
Merganser U

41. Hooded
Merganser

42, Turkey
Vulture ' 0

43.3Marsh Hawk

44, Bald Eagel: R

45.40sprey 0

46. Great White
Egret

47. Snowy Egret

48.5Great Blue
Heron C

49. Green Heron

50.%Virginia Rail

51.7Sora Rail

52. American Coot A

53. Black Oyster-
-catcher -

54, American
Golden Plover

55. Black-bellied
Plover

56. Simpalmated
Plover _

57. Killdeer U

58. Long-billed
Curlew

59. Whimbrel

60. Marbled Godwit

61. Spotted Sand-
piper

62. Wandering
Tattler

63. Greater Yel-
Towlegs

64. Short-billed
Dowitcher

65. Surbird
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Pigeon

Pt. to Sali-
cornia

Reserve Empire Fossil

Coos

Head

Other

W

S

W S

W S

W

S

W

S .

W S

W S

66. Ruddy Turn-
stone

67. Black Turn-
stone

68. Rock . .
Sandpiper

69. Pectoral
Sandpiper

70. Dunlin

71. Sanderling

72. Peep Sand-
pipers

73. Red Phalarope

74. Northern
Phalarope

75. Common Snipe

76. Glaucous-
winged Snipe

77. Western Gull

78. Herring Gull

79. California
Gull

80. Ring-billed
Gull

81. Mew Gull

82. Herman's Gull

83. Blacklegged
Kittiwake

84. Bonaparte's
Gull

85, Common Tern

86. Forster's Tern

87.80asp1an Tern

88. Common Murre

89. Pigeon
Guillemot _

90. Belted King-
fisher

91. Common Crow
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South S.
Jordan, Ross

Ross
Ross

South S.

- Larson,

Ross, Kentuck
Jordan, Larson

Seasonal Toté]
Total # of -

31

17

55 28

34 21

21

24

37 40

Species

34

62

37

22

251

46




185

Notes
Seen August through November. Six Brown Pelicans were seen at Pony
Slough August 10, 1938. Six White Pelicans were observed January
18, 1933 at Pony Slough (Richer).

Three hundred Whistling Swans were observed at Pony Slough February
30, 1933 (Richer).

Two Marsh Hawks were observed at Jackson Cover March 17, 1933.

An Osprey nest on the north side of Haynes' Inlet was occupied in
1955 and in 1959.

Observed at North Slough bullrush marsh, Henderson marsh, South
Slough sedge marsh, and Jordan Cove in numbers less than five.

Observed at Henderson Marsh and Jordan Cove in numbers less than five.

One seen in South Slough in July.
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The shorebirds, waterfowl and various other birds which fre-
quent the bay have a variety of feeding, nesting and migrational
patterns. A useful descriptive profile has been given by Robbins,
Bruun and Zim (1966) on the patterns characteristic of several
major groups of these birds found in Table 2.

Order Gaviiformes

Loons (family Gaviidae) are birds specialized for swimming
with powerful legs positioned far back on their body. They feed
on fish, crustaceans, and some marine vegetation. Four species
are found within the bay (species 1-4, Table 2). The common loon
is most often observed, and is most numerous during the winter,
These birds summer on northern tundra lakes. :

Order Podicipediformes

Grebes (family Podicipedidae) are swimming and diving birds,
which feed on fish. Spending their winters along the coast,
they summer on inland and northern marshes and lakes. Five species
of grebes have been. found within the bay (species 5-9, Table 2).
The western grebe is particularly common in a cove just south of
Pigeon Point (Fawver & Wampole, 1971, Figure 2).

Order Pé]iconiformes

Cormorants (family Phalacrocoracidae) are primarily fish
eaters. They are well-adapted to swimming and diving for fish with
their webbed feet. They nest in colonies or rookeries on the
sides of rock cliffs. These rookeries are usually found on the
large rocks that dot the coastline. Three species are found in
the bay (species 11-13, Table 2). , - S

The term waterfowl refers to aquatic birds with webs between
their front three toes. Unlike the loons, grebes, and cormorants
they have flattened bills with small peg or toothlike structures
that act as strainers. They are classified by one order and family
(Anseriformes Anatidae) and seven subfamilies. Six of these sub-
families are found in Coos Bay. :

Order Anseriformes, Family Anatidae

Geese (subfamily Anserinae) are heavy bodies birds with long
necks. They feed on grass, grains and marine vegetation. Four
species of geese have made use of Coos Bay during the winter months.
They summer to the north in Canada and Alaska. The black brant is
the only species common to the bay. Brant, which feed primarily
on eelgrass (Thompson & Snow, 1974), make use of the large eelgrass
beds in the bay. In the winter they are particularly common in an
area between Pigeon Point and Fossil Point (Fawver & Wampole, 1971,
Figure 2).
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Surface-feeding Ducks (subfamily Anatinae) have shorter necks
and are smaller than geese. They feed on aquatic vegetation by
tipping forward and submerging their head and upper body. They
have also been known to eat mollusks, insects, and small fish.
There are seven species of surface feeding ducks found in Coos
Bay (species 19-25, Table 2). A1l but two species (European
wldgeon and shove1er) are abundant in the winter. ,

Bay Ducks (subfamily Athyinae) dive from the surface and swim
under water to obtain their food. They are primarily carnivores
compared to the more herbaceous surface-feeding ducks. Mollusks,
mainly small clams, mussels and snails, were found to constitute
the main diets of these ducks (Ca11forn1a Dept. of_F1sh and Game,
1965). Seven of the eight species of bay ducks have been found to
winter in Coos Bay (species 26-32, Tab]e 2).

Sea Ducks (subfamily Athyinae) have shorter necks and are larger
than most other ducks. These diving ducks also feed on mollusks.
Seldom found inland, sea ducks winter along arctic coasts and
northern tundra. Two species (the white w1nged winged scoter,
and surf scoter) of the five species found in the bay are
common both summer and winter (species 33-37, Table 2).

Stiff-tailed Ducks (subfamily 0xyur1nae) are small diving ducks.
One of the two species has been sighed in Coos Bay. This species,
the ruddy duck, is most abundant ‘at Haynes Inlet during winter.

Mergansers (subfamily Merginae) differ from most waterfow] in
having long slender bills. These bills are specialized for
catching fish. All three species occur in the bay, though they are
not all sighted every year, and only the red breasted merganser is
common  (species 39-41, Table 2).

- Shore b1rds and gulls belong to the order Charadr11formes.~
This order is comprised of a varied group of wading and surface
birds.  Shorebirds are migratory, long legged birds which feed
along mudflats, rocky intertidals and sandy beaches. Two families
in ®is order contain the majority of the shorebirds found in Coos
Bay.

Order Charadriiformes

P]Qvers (family Charadriidae) have shorter necks and tails
than other shorebirds. The four species found in the bay can be
seen pr§b1ng mudflats and sandy beaches for food (species 54-57,
Table 2

Sandpipers (family Scolopacidae) vary in size from 5" to 19"
in length. They have long slender bills and legs. There are 17
types of sandpipers listed in Table 2 (species 58-72). Both
plovers and sandpipers within the bay feed principally upon small
clams, insects, snails, po]ychaete worms and other small inverte-
breates. Logically, there is a strong connection between available
food and the diets of shorebirds and several types of ducks (Calif.
Dept. of Fish and Game,1965).
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Gulls (family Laridae), are common heavy bodied birds, which
scavenge in many areas of the bay. Scavengers aid in the recyc11ng
of the energy contained within dead organisms. Nine different
spec1es)of gulls have been sighted within Coos Bay (species 76-85,
Table 2

Summarx

The marsh lands, mudflats, and bay water are prime habitat
for bird popu]at1ons. The larger, more diverse marshes support
the greatest variety and numbers of marsh birds. Marshes are
used for nesting, feeding and refuge by marsh species, including
rails, marsh wrens, and herons. Exposed mud flats are rich with
invertebreates upon which a diverse grup of shorebirds feed. The
open water is used by loons, grebes, cormorants, geese, ducks,
gulls and other birds. Collectively, the marshes, tidelands,and
water areas support large seasonal bird popu]ations. ,

Waterfowl of the Pacific Flyway make extensive use of the
food and shelter provided by the bay during winter months. As
many as 5,000 pintail ducks have made use of the Pony Slough
Reserve at one time (Fawver & Wampole, 1971). Haynes Inlet and
in particular the Pony Slough Reserve are used a great deal by
migratory waterfowl and shorebirds.

Each type of bird found in Coos Bay has its own m1grat1on
pattern, nest1ng habits, and feeding mode, and performs a un1que
funct1on 1n the estuarine ecosystem.
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MAMMAL POPULATIONS OF THE COOS BAY SALT MARSHES

Craig Magwire

Introduction

- In attempting to gain an insight into the salt marsh community,
a better understanding of the mammals which affect the marsh is
desirable. Past studies (Fisher 1961, Shure 1970, 1971, Hackaway
& Newman, 1971) have provided some information on the roles of mam-
mals in east coast salt marshes and salt marshes of the San Francisco
Bay. Little is known, however, about the mammal populations in the
Coos Bay marshes. This study is aimed at providing information as
to the composition, distribution, and function of mammals in the
salt marshes of the Coos Bay .region.

The main energies of this study and report are directed toward
a small mammal trapping survey of these marshes. Some mention will
also be made of the Targer mammals which frequent the marsh.
£
Large Mammals

In conducting the small mammal survey, evidence was found of
larger mammals in the Coos Bay salt marshes. Tracks of the raccoon,
Procyon lotor, were found in muddy areas at a majority of the marsh
sites. .This animal is an omnivore, feeding on fruits, fish, inver-
tebrates, small mammals and other small vertebrates and eggs.

A raccoon is believed to have taken eggs from the nest of a marsh
bird in the North Slough marsh. Of the larger mammals, the raccoon
appears to be the most common visitor to the marsh, The black-
tailed deer, Odocoilous hemionus columbjanus, was sightel at the
edge of the South Slough marsh. Its' tracks were found at both
South STough and North Slough marshes. This animal browses in
brush areas, mainly outside the marsh. From the extensive tracks
and large areas of matted grass in the marsh, it is apparent that
the black-tailed deer has used the South Stough marsh for refuge.
Beaver, Castor candensis, were also found living at the edge of the
South Slough marsh at a point where fresh water enters the estuary.
This animal feeds on the bark of primarily deciduous trees found at
the edge of the marsh.

Additional large mammals have been reportedby others to use
the salt marsh areas. In addition to the species already mentioned,
muskrat (Ondatra gibethica), mink (Mestela vison), river otter
(Lutra canadensis), and weasels (Mustela) were also reported to
exist in adjacent marsh and lowlands of Coos Bay in a 1971 publica-
tion of the U.S. Department of the Interior. The muskrat is an
herbivore while the mink, otter and weasel are carnivores. Only
the weasel is not primarily aquatic.  Shott (1974a) found evidence
of raccoons, river otter, grey fox, Urocyon cinereoargenteus, and
coyote Canis !atrans, in the marshes of the South Slough region.

He found the raccoon to be most abundant, with the river otter,
- grey fox and coyote being relatively rare. The scarce river
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otter has a potential economic value (Shott 1974b) as it feeds
mainly on rough fish, which feed on the eggs of game fish (Walker
et al. 1968). Sa]]ey (1976), also working in the South Slough region,
found black-tailed deer, muskrat, and a strong population of beaver
in a diked and predominantly fresh water marsh area. Duran (1971)
and Gorman (1972) observed these same species reported by Salley
at marsh, in addition to raccoon and bobcat, Lynx rufus. Henderson
marsh is predominantly salt water at this point, although parts
of it have been diked and fresh water in the past. This extremely
large and varied marsh supports an extremely diverse wildlife popu-
1at1on.~

These large mammals serve as primary consumers and predators
in the marsh community. In general, they are not restricted to the
marsh area. For many of the mammals mentioned, the marsh is probably
only a part of the animals' total range. For this reason, the many
factors of the area surrounding the marsh play a major part in de-
termining the abundance of these animals. Vegetation, fresh water
resources, and especially the proximity of human popu]at1ons are
undaabtedly important factors to be considered. This is seen by
examining the relative abundance of the larger animals in the
rather isolated South Slough, and Henderson marsh areas, as compared
to their scarcity in the more urban marsh areas of the bay.

Sma]] Mammals

The main effort of this study was directed toward a small mammal
survey. Systematic trapping was carried out in the 6 study marshes,
in an attempt to determine the abundance and distribution of small
mammals in the 6 different marsh types.

Methods

, - The trapping sessions for this study were conducted from 15
June 1976 through 10 August 1976. Each study marsh was sampled by
2 trapping sessions during this period. A trapping session con-
sisted of -3 consecutive nights of trapping.

Trapping grids of 20 to 60 traps were used, Single trap lines
~were used on two occasions. One side of each grid was always
placed at the edge of the marsh where marsh vegetation ends, and
higher terrestrial vegetation begins to dominate. Most grids
also extended to the opposite edge of the marsh where the mud flat
begins. The grids were composed of points spaced at 10 meter in-
tervals. Each trap was placed no further than one meter from its
point on the grid. This allows traps to be placed where they will
most likely result in a capture. Traps were checked once a day,
except for a few occasions when they were checked twice daily.

Sherman live traps (2" x 2-1/2" x g-3/4") and Havahart traps
(3" x 3-1/4" x 10") were used throughout the study. Peanut butter
and oatmeal served as bait. Animals captured were marked by either
toe clipping or permanent ink on the dorsal side of the tail.

Results
Species Composition

Trapping results indicate strong popu]atiohs of small mammals
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present in the 6 salt marshes studied. Ninety individuals were cap-
tured in a total of 1571 undisturbed trap nights, for an owrall
rate of 5.7 captures per 100 trap-nights. One trap, set in the
evening and checked the next day constitutes 1 trap night.

Six species of small mammals were captured. The most abundant
species trapped, comprising 71% of the captures, was the vagrant
shrew Sorex vagrans. The deer mouse Peromyscus mariculatus, was
moderately abundant, totalling 23% of adlcaptures. The majority of
these were the subspecies. P.M. rubflus. The Oregon meadow mouse
Microtus oregoni, the western red-backed mouse Clethrionomys
occidentalis, the black rat Rattus rattus, and the Trowbridge
shres Sorex trowbridgii were captured on rare occasions. The
total numbers of each species captured are listed in Table 1.

' Table 1: Small mammal capture resu]ts'forveach'study marsh.

species

study trap capture. totals
marsh. nights Sor. Per. Mic. C(Cle. Rat.
No 180 - 0 1 1 0 0
Bu. 255 14 5 0 1 0
Co 407 28 3 1 0 -0
So 255 9 1 -0 1 0
Sa 195 5 1 0 0 1
Po 279 8 0 0 0 0
Totals 1471 64 21 2 2 1
‘Distribution

Six different salt marshes, representing 4 main salt marsh types,
were sampled during this study. The data from all trapping periods
was pooled, thus averaging any temporal changes which might have
occurred. SR : o

- Figure 1 illustrates the mean captures per 100 trap nights,
of the 2 major salt marsh mammals species (the vagrant shrew Sorex
vagrans and the deer mourse Peromyscus maniculatus) in each marsh
type. The data were combined from the 2 immature high marshes, Bull
-Island and the previously diked Coalbank marsh. There was no sig-
nificant difference between the mean captures of either Sorex or
Peromyscus in these 2 marshes.

Trapping results were combined for the 2 low sandy marshes,
the Salicornia and Pony Stough. There was no significant difference
between the Sorex or Peromyscus captures in the 2 low:sandy marshes.

Peromyscus is most abundant in the high marsh. The number of
Peromyscus captures drops quickly at the immature high marsh and
then less severely in the lower, sedge and Tow sandy marshes (See
Fig. 1). A similar trend of decreasing capture rate with decreasing
marsh height, exists for Sorex, in the lTower 3 marsh types only.
Instead of increasing captures of Sorex in the high marsh, the rate
drops to zero. The differences in capture rates between high and
immature high marshes were found to be significant for both Peromyscus
and Sorex captures. (z = 2.7, p < .007; z = 6.6, p < .0001),
respectively. ,

In all marsh types there was a significant difference between
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Fig. 1: Captures of Peromyscus and Sorex U.S. salt marsh
type. ) :

Sorex and Peromyscus capture rates (see Fig. 1). In the lower 3
marsh types, immature high, sedge and low sandy, the number of Sorex
captures was greater than Peromyscus (z = 4.86, p < .0002; z = 2.54,
p €.01; z=3.24, p <.007). Peromyscus was more abundant in the
high marsh as no Sorex were captured there (z - 3.43, p < .0006).

The deer mouse Peromyscus maniculatus and the vagrant shrew
Sorex vagrans were observed to have different ranges within the salt
marsh. Peromyscus captures were associated primarily with the
higher terrestrial side of the marsh. The number of Peromyscus cap-
tures decreased significantly, with increasing distance into the
marsh from the higher terrestrial side. Seventy meters was the
greatest distance Peromyscus was found to venture from the higher
edge of the marsh. Sorex, on the other hand, was observed throughout
the marshes in which they were found. There was no correlation between
the number of Sorex captured and the distance into the marsh. Sorex
were found as far as 210 meters from high land at Bull Island, and
190 meters from high ground at Coalbank.

There -are some features in salt marshes, however, which do
affect the distribution of the vagrant shrew Sorex vagrans. At
the Bull Island marsh, more Sorex were captured in the vicinity of
logs and snags which litter the marsh, compared to open areas with
no debris. Sorex were also associated with a strip of high ground
which traversed the Coalbank marsh. This strip of land rises approx-
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imately 1 meter above the level .of the marsh, and is nearly isolated
by channels on both sides. This strip is covered with vegetation
similar to that of the surrounding marsh. The number of captures

of Sorex was found to be significantly greater on this mound than on
the connecting marsh area (z = 2.68, p < .008; see Fig. 2).
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Fig. 2: Mean capture rates of vagrant shrews Sorex vagrans
1n the vicinity of high ground at Coalbank Slough.

The western red-backed mice, the Oregon meadow mice, and the
Trowbridge shrew were all captured between 30 meters and 120 meters
into the marsh. The black rat was captured at the higher terrestrial
edge of the Salicornia marsh. Because of the small numbers in which
these animals were captured, little can be sound about their dis-
tribution in salt marshes. ”

Discussion

The small mammals found in the Coos Bay salt marshes serve as
primary and secondary consumers in the terrestrial food chain. The
most abundant small mammal overall, the vagrant shrew S. vagrans,
is an insectivore feeding upon mature insects, their larvae and
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pupae, as well as arachnids, snails, and worms (Ingles 1974). The
deer mouse P. maniculatus, a common mammal on the terrestrial side
of the marsh, is an omnivore. This animal feeds largely upon the
fruits, seeds of various plants (Williams 1959). It is also known
to feed upon Lepidopterus larvae and other insects in the spring
(Johnson 1963), The 2 species of small mammals from the subfamily
microture, the Oregon meadow mouse M. oregoni and the western red-
backed mouse C. occidentalis, are herbivores which comprised only
4.4% of all captures. They eat solely the vegetative parts of plants.
Usually these are grasses and forbs (Jameson 1955). The single black
rat, R. rattus, captured, eats a variety of foods, and is commonly
found along seaports in the vicinity of buildings (Ingles 1974).
The Trowbridge shrew, S. trowbridgii, has similar feeding habits
as the vagrant shrew S. vagrans, eating insects and their larvae.
Other studies have found a different composition of small
mammals in salt marshes. Shure (1970) found a greater predominance
of Microtus in a New Jersey Spartina salt marsh, with 23 Microtus
per 100 trap nights, as compared to 0.13 observed in our study
(see Table 2). This could be because of differing vegetation,
trapping technique, or other factors. There is a possibility that
the Microtus population of Coos Bay salt marshes was underestimated
by our study. Feeding platforms which are constructed by Microtus
(Harris 1953) were often found in South Slough, Coalbank, Pony
Slough, and occasionally at the edge of the North STough marsh.
Our trapping methods were virtually the same as those used by Shure.
Errors due to unequal sampling of different species trapping methods
were not tested. :

Table 2: Small mammal captures per 100 trép nights for a New Jérsey
Spartina marsh and representative salt marshes of Coos Bay.

~capture rates
Per. = Mic. Sor. Mus.* C(Cle.

New Jersey 0 32.3 0.5 0.4 0o
Coos Bay 1.4 0.13 4,0 0 0.13

*house mouse Mus musculus

Many factors affect the success of small mammals. Vegetation,
tidal inundation, and topography have been found to influence the
distribution and relative abundance of small mammals in salt marshes.
Our results indicate that both vagrant shrew Sorex vagrans, and v
deer mouse Peromyscus maniculatus populations change with different
salt marsh types, and with certain features found within those marshes.

The relatively low .capture rates of the vagrant shrew Sorex
vagrans, in the lTow sandy marshes, dominated by the low growing ,
Salicornia virginica, and in the high marsh, dominated by the sparse
Scirpus validus, may be due to the lack of cover provided by these
plant species. Fisher (1961), studying salt marshes in the San
Francisco Bay region, and Shure (1970) at a New Jersey salt marsh,
both reported on association of some small mammals (primarily Micro-
tus), to the greater cover of dense herbaceous areas. This associa-
tion appears to hold true for Sorex in Coos Bay marshes. This would
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also explain the increasing rate of Sorex captures in the sedge and
immature high marshes. The vegetation in these marshes is dense
and tall, as well as more varied in the case of the immature high
marsh. ‘ :
The deer mouse Peromyscus maniculatus was found to be greatly
associated with the higher terrestrial edge of the marsh. The dense
trees, shrubs and vines which are found just beyond this edge of
the marsh provide an excellent habitat for the Peromyscus. This area
provides thick cover, varied nest locations, and ample food in the
form of seeds and berries. Peromyscus have been associated in past
studies with increased shrub cover (Stickel & Warbach 1960) and food
availability (Pearson 1958). Pony Slough is theonly marsh where
Peromyscus was not captured. This marsh is backed on the terrestrial
side by a narrow strip of scotch broom Cytisus scoparius, a road,
and then an open field, providing almost none of the ideal habitat
found at othe marsh sites,. . :
Tidal inundation also plays an important role in the distribution
of small mammals (Shure, 1971). During inundation Sorex vagrans
was reported to stay within its own locale in the marsh, by clTimbing
up the emergent vegetation, ad by sifting of floating debris
(Johnston 1957). At Bull Island and South Slough, several pieces of
wood lightly covered with small mammal feces were found in the marsh
at several locations, indicating that they had probably been used
for refuge during high tide. Johnston (1957) also reported that
Sorex vagrans would swim when the tops of the emergent vegetation
was inundated, or when forced to flee by predators. On several
occasions during high tides at the South Slough marsh, small mammals
were observed to dive into the water from the emergent vegetation
when approached. Sibley (1955) and Fisher (1961) reported increased
patrols by marsh hawks Circus hudsonius and short-eared owls Asio
flammeus flammeus during tidal inundation. As expected, small mammal
mortality due to predatory birds increases during high tides (John-
ston 1957). The fact that the immature high marsh is inundated less
often than the lower marsh types (Akins & Jefferson, 1975), and pro-
vide more cover particularly during tidal inundation, helps account
for the greater abundance of Sorex in this marsh type.
Unlike the Sorex, the deer mouse Peromyscus maniculatus were
observed to seek higher ground during tidal inundation (Hadaway
& Newman 1971). This, along with a preference to shrub cover helps
explain the association of Peromyscus with the terrestrial side of
the marsh, where high ground and preferred habitat are close. The
effects of inundation no doubt also play some part in the increasing
capture rate of Peromyscus with increasing marsh height. The ex-
tremely high capture rate of Peromyscus in the high marsh at North
Slough may be a bias from our particular study marsh and trapping
method. The marsh used is relatively narrow, and is bordered on
3 sides by higher terrestrial vegetation, with no mud flat area.
~ Traps were set no further than 50 meters into the marsh, in an
area which has been found to have the highest Peromyscus density.
The capture rate would be expected to be high under these conditions.
Nesting is a special problem for small mammals in salt marshes.
The vagrant shrew Sorex vagrans nests within the salt marshes placing

its nest directly on the ground. Johnston (1957) observed Sorex
vagrans to build only 3 nests out of 45 at an elevation less than
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6 feet below the mean tide height. The Sorex then seeks not only
higher marshes with good cover, but tries to find higher places
within those marshes in which to build nests. This retationship
was observed in our study with a significantly higher capture rate
of Sorex, on the strip of high ground which traverses the Coalbank
Slough marsh., The deer mouse Peromyscus moniculatus, which moves
tohigher ground during inundation, builds its nests in rotten logs,
and dense vegetation, usually just outside the marsh. - The western
harvest mouse Reithrodontomys ravaventris of the San Francisco Bay
salt marshes, builds its nests by roofing over old song sparrow
nests located high in the vegetation (Johnston 1957). A similar
nest, found at the North Slough marsh, was occupied by a Microtine.
The few Microtus which were captured in this study and reported to
stay within the marsh during inundation (Harris 1953), and build
nests on the ground as Sorex does. v

In additionto finding adequate nest locations, salt marsh small
mammals have the unique problem of finding fresh water (Fisler 1962).
Fisler found that a deer mouse, Peromyscus maniculatus, from a
mountain region could not survive on a diet of dry food and sea water,
whereas a Peromyscus captured from a salt marsh region 1lived indef-
initely on this diet. However, L.L. Getz (1966) observed that salt
marsh Microtus are unable to tolerate water one-half the salinity
of sea water for even short periods of time. Microtus do have the
ability to obtain needed moisture for short periods, from the vege-
tation they consume (L.L. Getz 1966). The most common sources of
fresh water for salt marsh small mammals is dew, precipitation col-
lecting on vegetation and fluids from food.

Summary

Mammals serve as primary consumers, predators and scavengers
in the energy and food chain of the salt marsh community., A variety
of larger mammals frequent the Coos Bay salt marshes. For most of
these animals, the marsh is only a part of their total range. Their
abundance depends primarily upon how remote and undisturbed the
community is. : ' i Vo .

Several species of small mammals have been shown to exist within
the salt marshes of Coos Bay. Sorex vagrans was most abundant, with
Peromyscus maniculatus being less abundant. The abundance of Sorex,
a resident of the marsh, is enhanced by a combination of increased
herbaceous cover, higher marsh elevation, and refuge. Peromyscus,
an apparent visitor to the salt marsh, is more abundant on higher
marsh types, and does not venture far fromhigh ground and shrub
cover at the terrestrial edge of the marsh. '

These hpyotheses about the relationships between small mammal
distribution and features of the Coos Bay salt marshes have, in general,
resulted from the data collected during this study. Samples inde-
pendent of the present study should be taken in order to determine
if there is a real basis for their support.

It is difficult to assess and understand the value of these
mammals to the salt marsh and neighboring community. In discussing
the Peromyscus Ingles wrote:

Certainly a mammal that is so numerous must play

an important part in the ecology of any biotic community

in which it Tives. (Ingles 1973).
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AN these animals have a role in the delicate estuarine system,
which we still know so little about
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REGULATIONS AFFECTING THE MANAGEMENT
OF OREGON'S ESTUARINE SALT MARSHEST

Bonnie Cherick

As the body of this report indicates, salt marshes have gained
wide recognition for their value as major sources of marine food -
production, natural flood retention basins, recreational areas and
as sites for education and research.Z2 A1l of this attention has
stimulated such a vast array of federal, state and local regulations
that even minor coastal projects now require massive amounts of
paperwork and patijence. In spite of the numerous regulations, how-
ever, harmful work is still permitted. Because of these problems,
this analysis will: 1) discuss the existing federal, state and
local law affecting salt marshes; 2) discuss some of the legal terms
used in salt marsh cases of hearings; and 3) provide a basic check-
list of steps to spotting and stopping environmentally harmful
activities.

vExisting Federal, State and Local Laws

Federal

The federal government has been regulating activities in the
coastal area primarily under two acts: 1) the River and Harbor Act
of 1899,3 and 2) the Federal Water Pollution Control Act Amend-
ments of 1972.4 ~

1.' The River and Harbor Act of March 3, 1899
(30 Stat. 1151; 33 U.S.C. 401)

The River and Harbor Act of March 3, 1899 (1899 Act), contained
several sections (9 through 20) concerning the protection of the
nation's waterways. Congress was concerned over the proliferation
of uncontrolled developments along the nation's waterways and har-
bors and the 1899 Act acted to bring these developments under
control, designating enforcement responsibilities to the Secretary
of War (now the Secretary of the Army), all in the interests of
protecting and enhancing the nation's interestate commerce, which
is based upon the Commerce Clause of the Constitution.® The 1899
Act applies to "navigable waters of the United States."

The term "navigable waters of the United States" has been
administratively defined to mean those waters that have been used
in the past, are now used, or are susceptible to use as a means to
transport interstate commerce landward to their ordinary high water
mark up to the head of navigation as determined by the Chief of
Engineers, and also waters that are subject to the ebb and flow of
the tide shoreward to their mean high water mark (mean higher high
water mark on the Pacific coast).® "This defines the current juris-
diction of the Corps of Engineers in administering the 1899 Act.
Court decisions concerning the 1899 Act have been liberal in apply-
ing it to a broad area. However, this jurisdiction would include
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only those salt marshes below the mean higher high water mark--any
salt marshes above that line would not be protected by the Section 10
permit requirement of the 1899 Act.

A.  Section 10 (33 U.S.C. 403)

One of the most important sections of the 1899 Act is Section
10, which contains three general proscriptions:

1)  Any obstruction, not affirmatively authorized by Congress,

to nav1gab1e capacity of any of the waters of the United
States is prohibited;

2)  the construction of any structure in or over any navigable
water of the United States is unlawful unless the plan has
been recommended by the Secretary of the Army; and

3) it is unlawful to excavate or fill, or in any manner to
alter or modify the course, location, condition, or
capacity of any navigable waters of the United States,
unless the work has been recommended by the Chief of
Engineers and authorized by the Secretary of the Army.

The Secretary of the Army has authorized the Chief of Engineers
or his authorized representatives to issue or deny permits for con-
struction or other work in or affecting navigable waters of the U.S.
pursuant to Sections 10 and 14 of the 1899 Act. The instrument of
authorization is designated as a Department of the Army permit or
letter of permission. Activities requiring a Department of the
Army permit include, but are not limited to, piers, docks, wharves,
bu1kheads, piling, floats, dolphins, excavat1ons, dredging and fill-
ing operations, jettys, breakwaters and groins.

The Corps of Engineers' wetlands policy influences the issuance
or denial of permits. It identifies wetlands as those land and
water areas subject to regular inundation by tidal, riverine, or
locustrine flowage. Generally included are inland and coastal
shallows, marshes, mudflats, estuaries, swamps, and similar areas
in coastal and inland navigable waters, It also recognizes that
 these are environmentally vital areas and constitute a productive
and valuable public resource, the unnecessary alteration or
destruction of which should be discouraged as contrary to the public
interest. This wetland policy requires denial of a permit for work
in wetlands unless the public interest requires otherwise. This
policy, promulgated under formal rulemaking procedures and now
applicable to it as a matter of law, provides that:

1)  the benefits of the proposed alteration outweight the

damage to the wetland resource, and :

2)  the proposed alteration is necessary to realize those
benefits.

In determining whether a particular alteration is necessary, the
Corps 1is required to primarily consider whether the proposed
activity is dependent upon the wetland resources and whether feasi-
ble alternatives are available.

Department of the Army Permits. Since 1899 the factors con-
sidered on the issuance or denial of DA permits have changed from
a pure evaluation of effects upon navigation to a full public in-
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terest review. In 1968, the full public interest review was incorp-
orated into permit evaluations.8 Recent administrative interpreta-
t1ons,'3ud1c1a1 decisions, and Tlaws have required and encouraged
1nqu1ry into the_potential environmental impacts of projects requir-
Ing a DA permit. 9" The Corps regulations have included as factors
in the public interest review: conservation, aesthetics, general
environmental concerns, historic values, fish and wildlife values,
flood damage prevention, land-use classifications, navigation,
recreation, water supply, water quality, and in general, the needs
and welfare of the people. General criteria considered in each
evaluation are:

1)  the relative extent of the pub11c and private need for
the proposed structure or work;

2)  the desirability of using appropriate a1ternat1ve loca-
tions and methods to accomplish the objectives of the

~proposed work or structure;
~3)  the extent and pemanence ofthe beneficial and/or detri-

' mental effects that the proposed structure or work may
have on the public and private uses to which the area is
suited; and,

4) the probab]e impact of each proposa] in relation to the
cumulative effects created by other existing and anti-

: cipated structure or work in the genera] area.l0
No permit will be granted unless its issuance is found to be 1n the
public interest.

Penalties for Violations of the 1899 Act. The penalties and
remedies for violations of Section 10 are established by Sections
12 and 17 of the 1899 Act (33 U.S.C. 406 and 413). Violators are
~deemed guilty of a misdemeanor and fined not less than $500 nor

more than $2,500, or imprisoned up to one year, or both, in the
discretion of the court. Also, violating obstructions may be
removed by injunction proceedings and the court may order restor-
ation to the original condition. The inqunction provision has been
particularly useful in salt marsh cases,!! and has on occasion been
expanded to require appropriate remed1es to be fashioned when
violations occur.

Effectiveness of Section 10 (1899 Act) to Protect Salt Marshes.

1) Jurisdiction

Under the 1899 Act, federal jurisdiction extends only to the
mean higher high water mark on the Pacific coast--thus many salt
marshes are not covered by the Act. However, if they fall within
the area described, the Corps of Engineers will deny permits unless
there are overriding national interests which require their alter-
ation. Eco1o?1ca1 factors would weigh heavily in the decision to
deny permits.

2) Injunctive Remedies
On Apr1l 8, 1974, the Corps revised its lr'egula’cwns]4 to pro-

vide that no after-the fact permits will be issued until the judi-
cial proceedings have been accomplished. When work has been
started or even completed without the necessary authorizations,
the District Engineer immediately issues a cease and desist order
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and simultaneously begins an investigation of the facts surrounding
the alleged violation. If the District Engineer's investigation .
reveals that work was started or completed without proper authori-
zation, he must submit his report of the facts and his recommenda-~
tions to the U.S. Attorney for appropriate legal action. The
District Engineer is prohibited from accepting and processing any
permit application until final disposition of all prescribed penal-
ties and fines and/or the completion of all work ordered by the
court. If this Corps' cease and desist order is not obeyed, then

a U.S. District Court cease and desist will be obtained to stop

all work until the facts are obtained and the activity is found to
be legal or illegal. ' :

B. Section 9 (33 U.S.C. 401)

This section prohibits the construction of any dam or dike
across any navigable water of the United States in the absence of
Congressional consent and approval of the plans by the Chief of
Engineers and the Secretary of the Army. For intrastate navigable
waters of the United States, the dam or dike may be built under the
authority of the state legislature with prior approval of the loca-
tion and plans by the Chief of Engineers and the Secretary of the
Army. o ' ; S

C. Section 13 (33 U.S.C. 407)

Section 13 makes it unlawful to throw, discharge, or deposit
refuse matter of any kind, except liquid sewage, into any navigable
water of the United States or tributary thereto without a permit.

It is commonly known as the "Refuse Act." Permit authority under
this Act is now given to the Administrator, Environmental Protection
Agengy under Sections 402 and 405 of the FWPCA (33 U.S.C. 1342 and
1345). , ‘

2. The Federal Water Pollution Contfo] Act Amendhents»bf 1972
(33 U.S.C. 1251 et seq; Supp 1V, 1974)

The FWPCA was enacted "to restore and maintain the chemical,
physical and biological integrity of the nation's waters" by prohib-
iting the discharge of pollutants into the "navigable waters."

‘ The term "navigable waters" under this Act does not define the
same jurisdiction as the term "navigable waters of the U.S." of the
above-mentioned 1899 Act. "Navigable waters" does include the
traditional definition "those waters which are presently or have
been in the past, or may be in the future susceptible for use for
purposes of interstate or foreign commerce."1> However, this
definition was found inadequate in 1ight of congressional intent,
and the court called for its expansion in the leading case of
Natural Resources Defense Council v. Callaway.!6 Subsequent to
that decision, the Corps published regulations which describe
navigable waters jurisdiction for purposes of Section 404 of the
FWPCA. According to these regulations, "navigable waters" means
waters of the U.S., including the territorial seas with respect to
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the d15posa1 of fill material...and includes:

1)  coastal wetlands that are navigable waters of the u.sS.

- subject tothe ebb and flow of the tide, shoreward to
~their mean high water mark (mean higher high water mark
on the Pacific coast); and

2)  all coastal wetlands...and similar areas that are con-.

tiguous or adjacent to other navigable waters.
"Coastal wetlands" includes marshes and shallows and means those
areas periodically inundated by saline or brackish waters and that
are normally characterized by the prevalence of salt or brackish
water vegetation capable of growth or reproduction.

In essence, then, Section 404 prohibits the discharge of
dredge or fill mater1a1 except by permit at spec1f1ed disposal
sites. It does not cover dredging activities in the newly ex-
panded jurisdiction. It is valuable through the use of the permit
procedure but it confuses matters by covering fill activities separ-
ately from dredging activities and by operating over a broader juris-
diction than the 1899 Act. Dredging activities above the mean higher
high water mark are still not covered.

The Army Corps of Engineers is respons1b1e for the authorization
of Section 404 permits. Issuance of a permit is generally based on
an evaluation of the probable impact of the proposed structure or
work and its intended use on the public interest.1” This means
that the benefits which may reasonably be expected to accrue from
the proposal must be balanced against its reasonably foreseeable
detriments. The factors which may be considered relevant are con-
servation, economics, aesthetics, general environmental concerns,
historic values, fish and wildlife values, flood-damage prevention,
land-use classifications, and in general, the needs and welfare of
the people, The four genera] criteria for issuance of a Section
10 perm1t18 are also considered in the evaluation.

When applicable, the Corps will also consider some specific
policies in evaluating permit applications. One such consideration
is whether the project will cause undue interference with adjacent
properties or water resource projects.!9 The regulations state
that a landowner's general right of access to navigable waters is
subject to the similar rights of access held by nearby landowners
and to the general public's right of navigation on water surfaces.

In addition, certain Environmental Protection Agency regulations
affect the issuance of Corps permits. For instance, the EPA has
guidelines for evaluating proposed discharges of dredge or fill
material in navigable waters. Title 40 part 230.1(a)(2) makes it
clear that no discharge of dredged or fill material will occur at:
a proposed disposal site in a navigable water if the Administrator
determines after notice and opportunity for a public hearing and
consulting with the Secretary of the Army, that such discharge will
have an unacceptable adverse effect on municipal water supplies,
shellfish beds and fishery areas, wildlife or recreation areas.
Part 230.4 presents some approaches for technical evaluation of
discharges of dredged or fill material for the District Engineer.
Generally 230.4 says that the effects of discharges of dredged or
fi11l material on aquatic organisms and human uses of navigable
waters may range from insignificant disruption to irreversible
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change at the disposal site. More specifically, the degradat1on or
destruction of aquatic resources by filling operations in wetlands
is considered the most severe environmental impact... The gu1d1ng
principle in evaluating such an operation is that destruction of a
highly productive wetlands may represent an irreversible loss of a
valuable aquatic resource. Finally, wetlands are considered to
perform important functions if they:

1 serve important natural biological functions, including
food chain product1on general habitat, and nesting,
spawning, rearing and resting sites for aquatic or land
species;:

2) are set aside for study of the aquat1c environment or as

: sanctuaries or refuges;

3) are contiguous or adjacent to the above two lands, and would
harm natural drainage characteristics, sedimentation pat-
terns, salinity distribution, flushing characteristics,
current patterns...; or

4) are significant in shielding other areas from wave
action, erosion or storm damage;

5) serve as valuable storage areas. for storm and f]ood

: waters; and
6) are prime natural recharge areas. ‘ '
Part 230.5 explains the considerations that will be given to
permits that affect water quality standards. Generally selection
of d1sposa1 sites and conditioning of discharges of dredged or fill
material is based upon consideration of municipal water supply
intake, shellfish, wildlife, recreation activities, threatened or
endangered species, minimizing the damage to benthic life, the
presence of wetlands, and the size of the d1sposa1 site. ,
Each of the above mentioned considerations is wewghed by the
Administrator in determining whether to:

1) allow the proposed discharge with appropr1ate conditions
to minimize unacceptab]e effects on the aquatic environ-
ment,

2) deny it, or

3)  request additional information where necessary.

Penalties for Violation of the FWPCA. The enforcement provision
of the FWPCA is described in 33 U.S.C. 1319. This Section prov1des
the EPA Administrator with the authority to find a violation, give
30 days notice, and then issue a compliance order or bring a civil
or criminal action. Civil actions include any appropriate relief.
Criminal actions are dependent upon wilFul or negligent violations
of the water quality standards.

Implementation Phases of Section 404. The program for imple-
ment1ng Section 404 is divided into three phases. July 1, 1975, the
Corps' dredge and fill permit jurisdiction along the coast extended
to all coasta] waters subject to the ebb and flow of the tide, to
their mean h1ghe53 high water mark and also to cont1guous or adja-
cent wetlands.... September 1, 1976, the Corps' jurisdiction will

be extended to include primary tr1butar1es and fresh water wetlands.
Finally, effective July 1, 1977, discharges of dredged or fill material
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into any "navigable water" (as broadly defined) are scheduled to
come under the Corps' jurisdiction. o

Problems. As noted, Section 404 does not apply to removal pro-
jects and the Section 10 jurisdiction which does is more 1imited.
Moreover, Section 404 has been the subject of controver§¥ in the
courts and in Congress. There are currently amendments¢! in Congress
which seek to substitute a new definition of navigable waters for
the provision now in Section 404--in order to retain more state
control. It seems that many states already have programs to regulate
the disposal of dredged or fill material and therefore they consider
Section 404 an unnecessary encroachment on state authority.22 On
the other hand, some states want to retain Section 404 strengths
either because their coastal management programs are inadequatg or
because they feel a double permit system is doubly protection. 3
In view of Oregon's position that "...any expansion of the Corps'
permit jurisdiction should be delegated to the State of Oregon,"24
Oregon's regulations affecting wetlands will be analyzed after some
additional laws affecting salt marsh management are discussed.

Miscellaneous Laws Affecting Salt Marsh Management

1. - The Water Quality Improvement Act of 197025 (the FWPCA of 1972)

The WQIA is the forerunner of the FWPCA of 1972. Its provisions
were transferred to the later, more comprehensive, enactment. The
Act is generally administered through the EPA. The provisions with
particular effect on salt marshes are as follows:

Section 1252 requires the Administrator to prepare and develop
a comprehensive program in cooperation with federal agencies, state
water pollution control agencies, interstate agencies, and the
industries involved for preventing, reducing, or eliminating pol-
lution of the navigable waters and ground waters. Certain investi-
gations are authorized by this section as are administrative grants
to governors. Planning agencies receiving such grants are re-
quired to develop a comprehensive pollution control plan for the
basin (including estuaries) which "...(c) recommends maintenance
and improvement of water quality..."

Section 1255(n) states that the Comprehensive Plan for Water
Pollution Control should also "study the effects of pollution
including sedimentation in the estuaries and estuarine zones, on
fish and wildlife...” and on other beneficial purposes. Such
studies shall "also consider the effect of demographic trends...
land and industrial development, navigation, flood and erosion
control, and other uses of estuaries and estuarine zones upon the
pollution of the waters therein." (Estuarine zones are defined as
including salt marshes, coastal and intertidal areas, etc,) =

Section 1342 delegates most permit authority over discharge of
pollutants to states which have adequate programs. In Oregon the
delegatal agency is the Oregon Environmental Quality Council. How-
ever, the Secretary of the Army retains a veto aver permits which
he judges wouég impair the anchorage and navigation of any navi-
gable waters. Further, if the state is not meeting its approved
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program, the Administrator may withdraw his approval of the state
program if, after a hearing, corrective action is not taken. This
delegation section should be compared to Section 1344.

Section 1344 is the statutory section which governs federal
permits over the deposit of dredged or fill material into navigable
waters. In this paper it has been discussed as Section 404 of the
DWPCA. Basically, the Secretary of the Army is given authority to
issue permits using "qiidelines...applicable to the territorial seas,
the contiguous zones and the ocean" (including the effect of dis-
posal of pollutants on marine life and...changes in marine eco-
system diversity, productivity and stability.2/ As discussed
above, this section has been broadly interpreted in the federal
regulations. .

2. The National Ehvironmenta] Policy Act28

This congressional declaration of national environmental policy
strives for cooperation between federal, state and local govern-
ments, and other concerned public and private organizations, "to use
all practicable means and measures..., in a manner calculated to
foster and promote the general welfare..." It further declares it
the responsibility of the federal government to improve and
coordinate federal plans, functions, programs and resources to...

(3) attain the widest range of beneficial uses of the

- environment without degradation..., o
(4) preserve important historic, cultural, and natural aspects
of our national heritage, and to maintain, wherever
possible, an environment which supports diversity and
variety of individual choice. ' \

Section 4332 then requires the development of methods and
procedures, in consultation with the Council on Environmental Quality
(CEQ) to insure that environmental values will be given appropriate
consideration in interpreting the policies, regulations and laws.
Most importantly, Section 4332(c) requires, for every record or
report on proposals for legislation and other major federal actions
significantly affecting the quality of the human:environment, @ -
detailed statement by the responsible official on:

(i)  the environmental impact of the proposed action,

(i1) any adverse environmental effects which cannot be

- avoided should the proposal be implemented,

(ii1) alternatives to the proposed action, etc. .

The above requirements are essentiall procedural--ensuring that the
agencies following the procedures will be