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Plastics in the Ocean: More Than a Litter Problem

Kathryn J. O'Hara
Center for Marine Conservation

Abstract

The Center for Marine Conservation (CMC) has established a
National Marine Debris Database to involve citizens in the collection of
standardizedinformation on marine debris. This information, collectedover
time, will serve asa means to monitor theeffectiveness oflegislative andother
efforts to reduce marine debris. During the second year of this program,
more than 65,000 volunteers in 25 U.S. states and territories recorded detailed
information on the types and quantities of debris collected during one
three-hour period in the fall of 1989. Additional cleanups in Canada and
Mexico also contributed information to the data base. All completed data
cards were returned to CMC for analysis and comparison with similar data
collected in 1988.

The 1989 data showed that the composition of trash found on
America's beaches has remained relatively unchanged since the first national
beach cleanup in 1988, even though an international ban on ocean dumping
of plastics took effect prior to the 1989 cleanup. Comparisons with the 1988
data showed that plastics still account for most ofthe trash, or approximately
63% of the 3,013,778 debris itemsreported. The most common debris items
were fragmented pieces of plastic and foamed (styrofoam-like) plastic.
Approximately 60% of all debris was packaging and disposable plastic
products that can be generated by a diversity of ocean- and land-based
sources. Using indicator items, it was found that approximately 6.1% of all
debris reported was indicative of dumping ofgalley wastes by vessels, 6.7%
was fishing and boating gear, 1.6% was operational wastes generated during
activities conducted by cargo vessels and offshore petroleum operations, and
0.5% was sewage-associated wastes indicative ofinadequate sewage treatment
practices. The presence of these indicator items suggest that some of the
untraceable items may also begenerated by these sources. Only 0.09% of the
debris was categorized as medical wastes, suspected to be from illegal
dumping, storm water runoff, or inadequate sewer systems. More than 2,000
items were traced to 55 countries; more than 70 items were traceable to
specific cruise line companies. Volunteers also reported 65 cases of wildlife
entanglement or ingestion of debris, most of which were birds entangled in
plastic fishing line.
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Introduction

The world's oceans have long been used as a receptacle for various
wastesincluding oil,organic chemicals, heavymetals,sewage, and solidwastes.
In addressing the many pollutants entering the marine environment, solid
wastes have been considered to be a problem of mere aesthetics. Recent
findings, however, have shown that these solid wastes, or marine debris, are
much more than a litter problem.

In 1984, an event took place that would provide the impetus for
future scientific, government, andcitizen effortsto address the marine debris
problem-the Workshop on the Fate and Impact of Marine Debris. For the
first time, individuals met to discuss the impacts of marine debris. One
scientist had compiled worldwide documentation that debris impacted all
species of sea turtles through either entanglement or ingestion. Another
determined that 50 of the world's280 species of seabirds were known to eat
everything from plastic resin pellets to cigarette lighters. Studies of the
northern fur seal population in the Pribilof Islands of Alaska indicated that
entanglement in debris items, such as fishing nets and plastic strapping bands,
could be causing anannual mortality of 50,000 northern fur seals. In addition,
several scientists reported that lost or discarded fishing nets and other gear
had the ability to "ghost fish," thereby wasting fishery resources (Shomura and
Yoshida, 1985).

Subsequently, in 1985, the Environmental Protection Agency
commissioned the Center for Marine Conservation, formerly the Center for
Environmental Education, to prepare a comprehensive assessment of the
extent of the debris problem in the marine and Great Lakes waters of the
UnitedStates. The studyshowed thatthisisa nationwide problem for wildlife
andhelped to redirect attention from general marine debris to thoseproblems
caused specifically by plastic items. It also identified the major ocean- and
land-based sources of debris. For instance, the National Academy of Science
estimated that 14 billion pounds of trash are dumped at sea each year by
commercial fishing vessels, merchant ships, passenger cruise lines, recreational
vessels, offshore petroleum industry rigs and platforms, and naval vessels. The
world's merchant shipping fleet alone discards more than 5.5million plastic,
metal, andglass containers each day. Finally, the studynoted the absence of
appropriate laws to address the plastic debris problem (O'Hara and Iudicello,
1987).

The lack of laws to prevent overboard disposal of trash was
highlighted in 1986 by a statewide citizen beach cleanup conducted in Texas
during the fall Coastweeks celebration. At this time, the CMC introduced a
standardized method for citizen volunteers to record information on the types
and quantities of debris collected. The resultant data indicated that the
problem of marine debris was not caused merely by beachgoers who
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disregarded litter laws on land. Rather, it was the result of the centuries-old
practice of tossing trash over the rail of ships.

This information helped to mobilize public support and legislative
interest and on 31 December 1987 the United States ratified Annex V of the
International Convention for the Prevention of Pollution from Ships (also
known as the MARPOL Treaty). AnnexV prohibits the at-sea disposal of
plasticwastes and regulates the distance from shore that all other solid waste
materials may be dumped. Annex V became effective on 31 December 1988.
The Marine Plastic Pollution Research and Control Act of 1987 (Public Law
100-220, Title II) is the U.S. implementing legislation for Annex V and
extends its regulations to all navigable waterways of the United States.

Althoughlegislation was an important step in addressing the marine
debris problem, it wasrecognized that enforcement would be difficultbecause
of competing priorities and limited resources of the federal agencies involved
in enforcement. However, there was a growing awareness of the usefulness
of involving citizen groups to augment enforcement. By monitoring beach
debris, citizens could help to establish long-term trends useful in evaluating
the effectiveness of legislation. Moreover, the involvement of citizen groups
in monitoring beach debris would also serve as a means to educate the public
and promote citizen participation in solving environmental problems.

Recognizing the importance of citizen monitoring, the Marine Plastic
Pollution Research and Control Act required the Environmental Protection
Agency, the National Oceanic andAtmospheric Administration, andthe U.S.
Coast Guard to conduct a program to encourage the formation of volunteer
groups, designated as "Citizen Pollution Patrols," to assist in the monitoring,
reporting, cleanup, and prevention of ocean and shoreline pollution.

With support fromthese agencies, CMC initiatedthe NationalMarine
Debris Database. During the first cleanup in 1988, nearly 1,000 tonsof trash
were removed from approximately 3,500 miles of America's beaches by more
than 47,000 citizen volunteers. More than 60% of the nearly 2,000,000 litter
items recorded were plastics.

The following fall, volunteer participation in the annual cleanup
increased to more than 65,600. Cleanups were also conducted in two
Canadian provinces, Nova Scotia and New Brunswick, as well as Cozumel,
Mexico. Volunteers covered nearly 3,000 milesof North America's shoreline
(including Canada and Mexico) and collected more than 860 tons of debris.
Althoughthe total amount of miles andtonnage of debris collected was less
than in 1988, the methods used to measure beach and weigh debris varied
among cleanups, andtherefore these estimates were not exact. However, the
amount of trash collected was not the focus of the 1989 Beach Cleanup.
Rather, the questions thesevolunteers attempted to answer were: what kinds
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of trash are found on our beaches; where is it coming from; and what
progress had been made in the ten months since the MARPOL Treaty had
taken effect.

To determine the types and quantities of debris found nationwide,
volunteers use a standardized data card developed by CMC. This data has
been compiled since 1988 by CMC and is reportedeach year in a final report
with national, state, and local results. The following information represents
findings from the 1989 Beach Cleanup and has been published in a report
available from CMC entitled, "Cleaning North America's Beaches: Results of
the 1989 Beach Cleanup" (O'Hara and Younger, 1990).

Results

Duringthe 1989 Beach Cleanup, volunteers reportedfinding 3,013,778
debris items on U.S. beaches (Table 1). As in 1988, the amount of plastic
reported during this three-hour long cleanup surpassed all other categories,
accounting for 1,895,502, or approximately 63% of the total items collected.
The percentages of the remaining debris items collected were: 11.1% glass;
10.6% metal; 9.8% paper; 2.4%wood; 2.0% rubber; and 13% cloth.

Cleanups conducted in Canada and Mexico broughtthe total number
of debris items collected on North America's beaches to 3,089,341. Based on
these cleanups it has become evident that the prevalence of plastic beach
debris is not a problem limited to the United States. Plastics accounted for
approximately 67% and 58% of the debris collected in New Brunswick and
Nova Scotia, respectively, and 61% of the debris in Cozumel.

The majorityof debris items found onU.S. shorelines were packaging
and disposable plastic products. In 1988, twelve specific types of debris were
named the "dirty dozen" of U.S. beaches because these were the most
common items found. Essentially the same items were reported for the "dirty
dozen" in 1989 and included (in order of abundance): plastic pieces; small
foamed plastic pieces (styrofoam-like); plastic eating utensils including cups,
spoons, forks, and straws; glass pieces; cigarette butts; plastic caps and lids;
paper pieces; glass beverage bottles; metalbeverage cans; foamed plastic cups
(styrofoam-like); miscellaneous plastic bags; and plastic trash bags.
Collectively, these twelve debris items constituted nearly 60% of all debris
items recorded.
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Sources of beach debris

Since items in the "dirty dozen" may be generated by a diversity of
ocean- and land-based sources, they cannot be traced to a single source.
However, there are 28 debris items listed on the data card that are used as
"indicator items" traceable to specific debris sources. These itemsaregrouped
into five categories: 1) galley-type wastes generated by vessels; 2) fishing and
boating gear; 3) operational wastes generated by vessels and offshore
petroleum operations; 4) sewage-associated wastes indicative of inadequate
sewage treatment practices; and 5) medical wastes. An overview of 1989
findings and comparisons with the 1988 results are discussed below.

Galley wastes

The amount of trash attributed to galleys of ships has decreased, but
onlyslightly from 1988. This included findings of plastic trash bags, bleach
and cleaner bottles (including one 6-gallon plastic dish washing bottle from
the U.S. Navy), milk and water jugs, vegetable sacks, egg cartons, and meat
trays. In 1988, galley wastes were the most prevalent category of indicator
items reported, accounting for 7.8% of the trash collected nationwide. In
1989, galley wastes accounted for approximately 6.1%. It is hoped that this
is the beginning of a downward trend. Yet the prevalence of these items in
specific areas of the country has not changed; all states bordering the Gulfof
Mexico, the North Pacific, and islands such as those cleaned in Georgia and
the Virgin Islands appear to be the most affected by offshore dumping of
galley wastes.

Fishing and boating gear

The amount of fishing and boating gear showed little change. In
1988, wastes generated by commercial and recreational fishermen accounted
for 6.1% of the total number of debris items reported. In 1989, 6.7%, was
attributable to these groups. This includes plastic salt bags used by
commercial fishermen in preparing their catch, plastic fishing nets, light sticks,
floats and lures, buoys, fishing line, rope, motor oil and lubricant bottles,
rubber gloves, and metal and wood traps.

In both 1988 and 1989, the most commonly reported debris items in
this category were large and small pieces of plastic rope, followed by pieces
of plastic fishing line. Both are known to kill marine wildlife through
entanglement and ingestion. In Florida, beach cleanup volunteers collect
fishing line separately so that it can be weighed and measured; a total of 467
miles was collected on 911 miles of Florida coastline in 1989; 305 miles of
fishing line was collected from 915 miles in 1988.

In general, fishing and boating gear appear to be most prevalent in
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four regions: in states bordering the western Gulf of Mexico, particularly
Texas and Louisiana;the North Atlantic states of Maine, New Hampshire, and
Massachusetts; at the mouth of the Chesapeake Bay in Virginia; and the
North Pacific states of Oregon and Alaska.

Operational wastes

Annex V of the MARPOL Treaty also applies to wastes generated
duringoffshore operations, such as petroleum industryactivities, or gear and
equipment used on cargo vessels. These wastes, classified as operational
wastes, accounted for approximately 2.0%of the debris collected in 1988. In
1989, the amount of operational wastes wasessentially the same(1.6%). This
included 18,610 plastic strapping bands and 6,640 large pieces of plastic
sheeting used to bind boxes and crates, 1,693 wooden crates, and 2,099
wooden pallets used to transport materials and packages. Other items
attributable to offshore operations and vessels included the 8,095 glass light
bulbs and 2,531 fluorescent light tubes. Items specifically traceable to
petroleumindustryoperations includedthe 3,762 plastic pipethread protectors
and 4,204 plastic write-enable protection rings from computer tapes. In
addition,many of the 605 plastic hardhats found were probably generatedby
offshore petroleum operations.

Washington had the highest amount of operational wastes with
approximately 5.1%. Neighboring Oregon also had a high amount. Other
states with relatively high concentrations of operational waste included all
states bordering the Gulf of Mexico and Virginia. The abundance of
operational wastesin these areas is attributable to petroleum operations and
commercial shipping traffic in the Gulf of Mexico and extensive shipping
through the Chesapeake Bay.

In the Gulf of Mexico, certain non-plastic debris items such as light
bulbsarea prevalent componentof offshore generated wastes. Unfortunately,
MARPOL Annex V allows for the discharge of non-plastic items beyond 12
miles from land. However, the Gulf of Mexico not only has a heavy
concentration of shipping traffic, it is also a unique repository of marine
debris, due to reduced flushing actions of tides and currents. For these
reasons, U.S. and international authorities are currently working to designate
the Gulf of Mexico as a "Special Area" where dumping of all garbage would
be prohibited.

Sewage-associated wastes

Sewage-associated wastes are a particular problem in the northeast
where antiquated sewer systems discharge plastic items directly into marine
areas. Many sewage treatment systems in this area of the United States are
combined with storm water systems, producing "combined sewage systems."
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In these systems, raw sewage mixes with runoff from storm drains. Under
normal operating conditions, these combined sewage systems trap pieces of
solid waste materials. However, duringtimes of heavy rainfall the treatment
capacities of these systemsare exceeded and the overflow-untreated sewage
and accompanying solid waste materials-is diverted directly into local
waterways.

Plastic tampon applicators are used as an indicator of inadequate
sewage systems. A total of 16,318 plastic tampon applicators were reported
from U.S. beach cleanups in 1989,0.5% of all debris items reported. Trends
in abundance of tampon applicators show, as in 1988, that this is a noticeable
problem in the northeast United States. The number of plastic tampon
applicators reported in New Jersey was approximately seven times greater
than the national figure. The number in Massachusetts was more than five
times greater. New York and Rhode Island also had comparatively high
numbers of plastic tampon applicators, and Connecticut was equal to the
national figure.

The 1988 beach cleanup data revealed thatinadequate sewer systems
are also present along LakeErie. Based on the data collected during the 1989
beach cleanup conducted at Presque Isle State Park in Pennsylvania, this
problem persists-the number of plastic tampon applicators reported is more
than two times the national average. Furthermore, as part of New York's
cleanup, a group from Oswego cleaneda beach on Lake Ontario. A total of
218 plastic tampon applicators were found, constituting more than 5% of all
the debris collected-almost 10 times greater than the national figure.

Medical wastes

Medical wastes were found invery small amounts compared to other
types of debris collected. In 1988, plastic syringes were used to indicate
medical wastes since they have been a major problem in some areas of the
United States, principally in the New York-New Jersey area during the
summers of 1987 and 1988. In 1989, syringes werereported in all but two of
the 25states; the2,678 syringes reported amounted to only 0.09% of the total
debris.

Foreign sources of debris

During the 1988 cleanup, more than 1,000 foreign label items from
49 countrieswere recorded on U.S. beaches. Although some of these items
mayhave been domestically generated, the majority were food packaging and
empty bottles of cleaning agents dumped by the international shipping fleet.
At the time of the 1988 beach cleanup, dumping trash at sea was not illegal.
However, even after the enactment of Annex V, more than 2,000 foreign
label items from 55 countries were recorded during the1989 cleanup including
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six international brands of bug spray and seven types of toilet bowl cleaner
bottles.

Texas had the largest amount and assortmentof international beach
debris, with more than 1,000 foreign debris items reported from36 countries,
with Mexican debris items were the most common. Among the Mexican
debris items reported wereat least 50 plastic bottlesof "El Pinador" cleaner,
100 plastic bottles of motor oil, and 260 plastic bottles of bleach.

The participation of Canada and Mexico showed that the U.S. is not
blameless-many of the debris items recorded as "foreign" by cleanup
volunteers in these countries were of U.S. origin. Although neither Canada
nor Mexico are parties to the MARPOL Treaty, countries that are signatory
to MARPOL Annex V must comply with the regulations in Canadian and
Mexican waters.

In addition to recording information on foreign labels, volunteers
reported 44 findings of cruise line trash consisting of more than 70 individual
items. Forty of thesecases werereported in Florida, primarily in southeastern
counties bordering the Atlantic. Many of thecruise lines operate ships out of
southeastern Florida to the Bahamas and the Caribbean.

Wildlife entanglement

Finally, volunteers were asked to note any cases of wildlife
entanglement or strandings found during the beach cleanup. In 1988, 42
animals affected by debris were reported, 38 of which were birds, primarily
entangled in plastic fishing line. The number of reported entanglements in
1989 increased to 67 animals. This number includes 46 entangledbirds, 25 of
which involved fishing line. Other entanglements that were discovered during
the cleanup butwere not recorded ondata cards included three sea turtles in
Florida found entangled in fishing nets; twoof thesewere still alive and were
freed by cleanup volunteers.

The number of animals found affected by debris during 1989 is
alarming not only because the number of reports has increased, but these
animals werenotedon just a fraction of ournation's coastline and within just
three hours.

Conclusion

In general, thecomposition of trash found onAmerica's beaches has
remained relatively unchanged since the first national beach cleanup in 1988.
Despite the fact that an international ban on ocean dumping of plastics took
effect prior to the 1989 cleanup, plastics still account for most of the trash
found on our coasts and shorelines.
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Realistically, however, a dramatic change inthe composition of beach
debris was not expected. Effective implementation andenforcement of the
treaty will take time. In addition, it is not known how long the plastics
collected in the fall of 1989 were afloat at sea, or how much of the beach
cleaned had not benefited from previous cleanups. As was reported, the
percentage of items traceable to the galleys and operations of vessels, and
othermaritime activities, including those of petroleum industries, commercial
and recreational fisheries, and pleasure boats, has changed very little. But
with the ability to compare two years of data, certain trends are becoming
apparent, suchas the concentration of offshore-generated wastes on beaches
in the Gulf of Mexico, the North Pacific, and New England. Hence, if a
decrease intheamount of plastics collected during beach cleanups occurs over
the next few years as a result of Annex V, it will be these areas where it will
be most evident.

Turning attention to land, it is clear that coastal municipalities
contribute to the marine debris problem specifically with regard to sewage
associated wastes. Tampon applicators are an aesthetic problem that can
negatively affect the economies of coastal communities. This type of impact
was clearly demonstrated as a result of the medical debris wash-ups of 1987
and 1988 which contributed to $600 million in lost tourism revenues in New
Jersey (Doherty 1990). Repeated findings of plastic tampon applicators will
certainly not enhance the image of states that fail to address this problem,
primarily New York, New Jersey, and Massachusetts, and to shoreline areas
of Lakes Erie and Ontario. Moreover, plastic tampon applicators are just the
"tip ofthe iceberg." In essence, applicators not only indicate inadequate sewer
systems, but also the presence of less visible forms of pollution discharged by
these systems.

Finally, it was noted that citizens arc becoming very adept at data
collection. Attention to accuracy has improved, the level of detail has
increased, and many volunteers are becoming very specific in their
identification of beach debris. While these people are volunteering three
hours of their weekend to pick up someone else's trash, most do so because
they realize the importance of individual action in solving the debris problem.
Now it is time for governments, industries, private organizations, and other
individuals to usethis information to implement solutions to the marine debris
problem.
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Table 1. Total number of debris items collected during 1989 US. beach cleanups.
PLASTIC STYROFOAM
Bags:

bath
Ml
other

Bottles:
bevorago, soda
bleach, cleaner
oILlube
other

Buckets
Caps, Uds
Ggaretto Butts
Cups, spoons.Carlo, straws
Diapers
Disposable Lighten
Biting Uno
Fishing not

longer than 2 feet
2 feet or shorter

Floats le hues
Hardhals
Light sticks
Milk orwater gallon jugs
Pieces
Pipe thread protector
Rope:

longerthan 2 feet
2 net or shorter

Sheeting:
longer than 2 feet
2 feet or shorter

Six-packrings
Strapping bands
Syringes
Tampon applicators
Toys
Vegetable sacks
"Write protection" rings
Other ^

CLASS

Bottles:

food
other

Flourescent light tubes
Light bulbs
Pieces
Other

CLOTH (clothing, pieces)

93,184
3.983

98,078

78,015
24,782
17,597
28,008
8,557

145,938
164,141
170,605

7741
H747
21,902

5,773
8,430
9,109

605
14,052
30,759

242,119
3,762

32779
S8.9S5

6,640
13/122
35,090
18,610
2,678

16718
U896

8,625
4701

48,805

1357S2
10^09
4793
2731
8,095

167^57
6761

39733
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Buoys 11713
Cups 106701
Egg cartons 8,968
Fast-food containers 32,095
Moat trays 17746
Pieces:

large 48730
small 197764

Other 16745

RUBBER

Balloons 18751
Cloves 8,137
Tires 5,191
Other 28759

METAL

Bottle caps 68749
Cans:

aerosol 14,462
beverage 125,512
food 9707
other 9,405

Crab/fishtraps L575
55 gallon drums

rusty 2756
new 328

Pieces 21.807
Pull tabs 26,732
Wire 11,869
Other 29,434

PAPER

Begs 27,530
Cardboard 22^16
Cartons 20775
Cups 34,503
Newspaper 14792
Pieces 142,110
Other 35728

WOOD

Crab/lobster traps 1,402
Crates 1,693
Pallets 2JC69
Pieces 58785
Other 8719

TOTAL- 3/113778



The Failure of Federal Regulations: An Analysis of Federal Boat Sewage
Regulations

Maureen E. Eldredge
National Ocean Service, Planning Staff
NOAA

Abstract

Federal legislation regulating sewage from recreational boats has
existed since 1972 (The Clean Water Act). Marine sanitation device (MSD)
regulations enacted by EPA and the U.S. Coast Guard to implement the
legislation have failed toprevent the discharge ofuntreated sewage discharge
from boats. The MSD regulations were evaluated using nine possible sources
of regulatory failure. Seven of the nine were found to be involved in the
failure ofthese regulations, including: lack oftechnology; lack ofenforcement;
inadequate issue salience; poor public perception; economics ofcompliance;
conflicting interest groups; and administrative errors. Analysis of regulations
for these types of sources of failure can be useful in identifying potential
problems and correcting them, prior to regulatory failure.

Hypothesis

The 1972 Clean Water Act (CWA) directed EPA to promulgate
regulations prohibiting the discharge ofuntreated sewage into the navigable
waters ofthe United States. Italso directed the U.S. Coast Guard to develop
regulations for the design and installation of marine sanitation devices
(MSD's) on recreational and commercial vessels and to enforce these
regulations.

This paper examines theregulatory system put in place by the CWA
(1972, as amended) for controling sewage pollution from boats. Nine possible
sources ofregulatory failure have been analyzed. It is hypothesized that given
the lack of compliance to MSD regulations, most if not all, of the nine
possible sources of regulatory failure have contributed to the failure of the
regulations preventing the discharge of untreated sewage from recreational
boats.

Methods

The Federal MSD regulations were evaluated using nine criteria for
regulatory failure. Existing literature, legislation, congressional reports,
interviews, and boater surveys were used to determine which, if any, of the
nine possible sources ofregulatory failure were acting in this case. The nine
sources considered are: (Meier, 1985)
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1) technology.
2) enforcement.

a. availability of sanctions
b. effort

3) authority, both to issue regulations and to enforce them.
4) issue salience.
5) perception of the regulated population.
6) economics of compliance and noncompliance.
7) interest group pressure.
8) the administrative process.
9) legislation.

Results

Of the nine possible sources of regulatory failure, seven were found
to be operating in the failure of MSD regulations.

1) The lack of adequate technology was a factor. Although
equipment was available to treat wastes to the required levels, efficient,
well-designed equipment was not. Type I devices treat sewage to primary
levels, but require a power supply not generally available on sailboats and
require significant space. No type II devices are suitable for boats under 65
feet in length. Type III devices have significant space requirements. These
devices require on-shore counterparts, pump-out stations, to be effective.
Pump-outs were never mandated in federal legislation. Where they are
installed, they have received infrequent use (Tanski, 1989; Rogers et al., 1982;
Strand et al., 1988).

2) Lack of enforcement was a major reason for the failure of MSD
regulations. Since boaters opposed regulations,voluntary compliance was not
likely.

All three categories of enforcement— availability of sanctions, level of
effort (i.e police per square mile, arrests per 1000, etc.), and visibility of
effort- were acting. Enforcing MSD regulations has not been a high priority
of the U.S. Coast Guard. In the early 1970's, some on the water enforcement
occurred in conjunction with routine patrolsand boardings for other reasons
(Ellison, 1989). Funding for most of these patrols wascut in 1980 (Hearings,
1983). In 1981, the U.S. Department of Transportation (DOT) reported to
the U.S. Commission on Regulatory Relief that MSD regulations were the
most onerous regulations they administered (Hearings, 1983). Given a limited
budget and a wide variety of responsibilities, the Coast Guard chose not to
enforce a program that was opposed by the regulated population and of
concern only in localized areas (Amson, 1989).

The lack of a wide variety of sufficiently stringent penalties
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contributed to the lack of compliance. Currently, the only sanction for
operator violations is a fine of up to $2000. However, this fine is rarely
applied. Ontario, Canada, has fines of up to $10,000 for offenders (JRB,
1981). The high fines reinforce the seriousness of the offence. Avalon, CA
has achieved a high level of compliance bycombining a fine with expulsion
from the harbor for one year (Harbormaster, Avalon, CA, 1989). Monetary
penalties may be less effective in this issue than restrictions on behavior.

3) Issue salience encompasses the value of the issue to the political
elite, and the perception of the issue's importance to the general public
(Meier, 1982). The general public, if aware of the MSD regulations, is
disinterested (JRB, 1981). It remains an issue only where boating is popular.
In such places, Congressmen are more likely to appease their boating
constituents than to call for stricter enforcement of MSD regulations.
Congressman Donald Young (AK), Senator John Chafee (RI), and
Congressman Holt (MD), all from areas where boating is popular, have
attempted to pass bills and influence oversight hearings to remove the MSD
requirement for smaller (<65') boats (H.R. 1421, S.793, Hearing, 1983). In
areas where boating isnot amajor recreational activity, MSD regulations are
not important enough to be followed bya Congressman. There was little if
any Congressional oversight on boat sewage regulations.

4) The perception of the regulated population served as one of the
greatest obstacles to regulatory success in this case. Opinions on the subject
show a distinct geographical difference. Great Lakes states supported the
regulations, with environmental groups pressing for stronger regulations
controlling boat sewage (Hearings, Minnesota, 1977). The fact that theGreat
Lakes are enclosed freshwater may engender agreater feeling of the need to
prevent water pollution, thus increasing thesupport for the MSD regulations.

Attitudes in coastal ocean states were that MSD regulations were an
unnecessary burden on the boater. Coastal waters were perceived to be
capable of assimilating the "miniscule" amounts of sewage produced by boats
(Hearings, Seattle, 1977). A 1980 survey of boating organizations reported
that not one of them felt that MSD requirements were needed, nor desirable
(JRB, 1981). Another survey reported 85% ofboaters felt that pleasure boats
do not make a significant contribution to water pollution; and finds that 73%
of boaters felt they were avictim, rather than awilling partner, in the MSD
regulations (Cruising World, 1979).

Today, attitudes on the East and West coasts remain opposed (Ross,
1989). Most boaters feel that the 1972 regulations were overkill and placed
unfair burdens on boaters (Amson, 1989; Sisson, 1989). Many of the survey
responses from a 1988 summer survey in Rhode Island included comments
that indicate boaters still feel victimized by anti-pollution laws that they feel
should be directed at industrial and municipal pollution sources (Eldredge,
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1989). A Narragansett Bay Project user survey also showed that boaters feel
themselves to be minimal contributors to sewage pollution (Ward et al., 1987).
Opposition to MSD regulations has continued at high levels since the
promulgation of the regulations. In light of this, voluntary compliance was
and is not likely.

5) A factor to consider in any regulation is the costs of compliance.
These costs include the initial cost of new treatment devices, annual operating
costs, and the costs of non- compliance. The costs of non-compliance include
fines, lawyers fees, and time spent in court that could ensue if the violation
was detected. Therefore, the probability of detection is also a factor. For
commercial vessels, the costs of complianceare high but can be passed on to
clients. The costs of non-compliance are also high and the probability of
detection of non-compliance is great due to yearly Coast Guard inspections.
Loss of the ability to do business because of non-compliance is sufficient
incentive to generate a 90-95% compliance rate among large, commercial
vessels (EPA, 1981).

The costs of installation and annual operation of MSD's is much less
for recreational boats, but compliance is also less. The installation cost per
boat ranges from $350 to $1000 with average annual operating and
maintenance costs ranging from $18-543, depending on type (JRB, 1981).
However, investment and operating costs are only part of the picture. The
fine for operating a boat without an approved, functioning MSD is no greater
than $2000. The probabilityof detection in the first year of installation would
have to be 33% to 16% (depending on type/cost) to make the risks of
non-compliancetoo costly (Appendix A). Actual probabilities of detection are
less than 1% (Amson, 1989; Ellison, 1989). To ensure compliance at very
low levels of enforcement, penalties would have to be greater than $400,000
(see Appendix A).

6) There are several interestgroups involved in the MSD regulations.
The relativestrengthof these groups drives the success of the regulations. In
this issue, it appears that the major lobbying groups involved, the
environmental lobby and the boaters, have functioned to counteract each
other.

Most boating organizations have sufficient size to generate localized
political pressure, but may not be large enough to exert influence at the
national level. The fact that there are many boating organizations, divided by
state and localboundaries, further decreases their power. The environmental
interest groups appear to have the resources necessary to push for stringent
regulation and are more organized. This pressure is weakened by a lack of
cohesion and intensity of commitment on the boat sewage issue. Save the
Bay, an environmental lobby in Rhode Island, has only recently put boat
sewage on the agenda. Boater membership in this group is a likely factor in
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this delay. Environmental groups seeking tosolve pollution problems are not
likely to focus on boat sewage as a major issue.

7)The administrative process involves both the number ofgroups and
agencies involved in rule-making and the subsequent actions of the lead
agency. Boaters, manufacturers, and environmentalists had input into the
original legislation through lobbying efforts and public hearings. In the 1972
CWA and subsequent amendments, boating organizations wereineffective in
creatmg less stringent regulations, but did manage to gain control by means
other than legislation.

Delays in the promulgation of the regulations and changing MSD
requirements indicate that boating group pressures exercised some control.
Shifting compliance deadlines allowed boaters to stall enough to avoid more
stringent regulations. In addition, the shifting position of EPA from
no-discharge to flow-through devices gave the impression that the final step
to noregulations for smaller boats may be forthcoming. This attitude further
delayed compliance.

Sources Not Acting

1) Authority. The Clean Water Act clearly gave the EPA authority
to mandate MSD regulations ofany type, and the Coast Guard the authority
to enforce the EPA's regulations. Lack of sufficient authority was not a
factor.

2) Legislative weakness was not a factor in regulatory failure. The
Clean Water Act (1972, as amended) was clear in both its directives and
intent on this issue.

Discussion and Conclusion

There are several causes of regulatory failure which have been
examined for MSD regulations. The major sources of failure were the lack
of enforcement and, more importantly, opposition from the regulated
population. Where this opposition did not exist or was not as strong, as in the
Great Lakes, compliance was high and there was less need for strong
enforcement (Coker, 1988). Onthe East and West coasts, where boaters felt
victimized by the MSD regulations, strong enforcement would have been
necessary to achieve compliance.

Other factors contributed to the failure of the MSD regulations.
There was a lack of adequate technology, a lack of issue salience, low costs
of non-compliance, competing interest group pressures, and administrative
errors. Of thenine sources of regulatory failure only two, legislative weakness
and lack of authority, were not operating in federal MSD regulations. The
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aggregate of the sources of regulatory failure resulted in a poorly designed
regulation that did not achieve the desired outcome.

Evaluating regulations to determine which of the possible sources of
regulatory failure will act to decrease the effectiveness of the regulation can
be used as a management tool to preventregulatory failure. Once sourcesare
identified, steps can be taken to correct them. For example, in this case, an
increase in boater education about sewage and pollutioncould have reduced
boateropposition to the regulations. Increased awareness of the technological
problems may have resulted in a change in requirements or more efforts in
technology development. Greater and morevisible levels of enforcement also
could have helped compliance.

A closer lookat the probability of the success of the regulations, prior
to their promulgation, might have eliminated someof the regulatory confusion
that exists now. Policies initiated without careful consideration of the possible
sources of regulatory failure will be ineffective in solving the problem.
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Appendix A

Costs of Compliance

E = (1-P)(B) - (P)(C)

P= Probability of detection for violations
1-P= Probability of avoiding detection
B= Benefits from noncompliance
C= Penalties (on detection)
E= Expected Value (+)-no compliance, (-)-compliance.

Case I. Probability of Detection Needed at Current Costs and
Penalties

B=$1018 (cost of type I device plus maintenance)
C=$2000 (highest possible fine)
0 = (1-P)(1018) - (P)(2000)

P= .33 (33%) minimum probability of detection needed for
compliance

Case II. Penalty Needed at Current Levels of Detection and Costs

B = $1018

P= .002

0 = (1-.002)(1018) - (.002)(C)

C= $400,000 Penalty needed at very lowenforcement levels.

n.b. This analysis assumes that individuals are not risk averse and are only
concerned with their expected value. This is a highly simplified analysis of
possible penalties needed. Many other factors, both economic and social, are
not included and could act to decrease or increase the required level of
enforcement. The numbers given here should be taken as representative of
possible orders of magnitude, and not as exact values.
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A Preliminary Comparison of Vegetation and Soil in Healthy and
Deteriorating Brackish Marsh, Marsh Island, Louisianna

JA. Nyman and R.D. DeLaune
Louisiana State University

Abstract

Previous work in coastal marshes indicates that soil mineral matter
is important in binding with free sulfide (a plant toxin) and providing plant
nutrients, and commonly accepted causes of marsh loss involve plant stress as
the mechanism. It was expected that deteriorating marsh at Marsh Island, LA
would be characterized byless robust vegetation, resulting from waterlogging
stresses, and lower soil bulk density resulting from isolation from sediment
sources; but the opposite was found. Soil water levels at the time of visit were
18 cm below the marsh surface at the broken marsh site, and flush with the
marsh surface at the solid marsh site, indicating greater soil drainage at the
broken marsh site. End-of-season standing crop biomass averaged 1,610.7
g/m2 at the broken marsh site, and 1,317.1 g/m*at the solid marsh site, but
did not statistically differ. Seven plant species occurred at the broken marsh
site, and 3 occurred at the solid marsh site, suggesting less soil waterlogging
at the broken marsh site. Soil at the broken marsh site had a greater bulk
density and contained 2 times more mineral matter than soil at the solid
marsh site, which indicated that the broken marsh site was flooded with
sediment-laden water more oftenthan thesolid marsh site. Collectively, these
data suggested that the broken marsh site was better drained and received
more mineral sediments than the solid marsh site because it was more linked
to a tidally-influenced water body than the solid marsh site. More intensive
sampling is planned to further investigate the possibility that marsh loss at
Marsh Island was not related to soil waterlogging-induced plant mortality.

Introduction

This pilot project was the nextstep in one line of investigations into
processes governing marsh soil formation andmarsh stability. Previous efforts
resulted in estimates of the amounts of mineral andorganic matterneeded to
maintain the surface of submerging coastal marshes in the intertidal zone
(Nyman et al., in press(a)). One of the conclusions of that investigation was
that salinemarshes requiredalmost twiceas much mineralmatter as brackish
marshes and 4 times as much mineral matter as fresh marshes. The large
requirement for mineral matter bysaline marshes may be partially related to
the role of soil iron inbinding with sulfide, a plant toxin. Inwaterlogged soils,
free sulfides that form from the sulfate in seawater have been implicated in
the die-back of salt marsh vegetation (Mendelssohn and McKee, 1988). In
addition to precipitating sulfides, soil mmeral mattermay also be a source of
plant nutrients and may influence plant growth (DeLaune and Pezeshki, 1988).
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Previous work by the authors noted that the aboveground biomass of the salt
marsh species. Spartina allerniflora. was related tothesoil bulk density, which
is a measure of the mineral matter content (DeLaune et al., 1979). One
purpose of the current investigation was to search for similar soil mineral
matter/plant biomass relationships in brackish marsh, which is usually
dominated by Spartina patens.

Marsh Island, Louisiana was selected as the study site because
previous work disclosed that marsh loss there proceeded primarily via the
spread of broken marsh into areas of solid marsh, and also because broken
marsh was usually found farthest into the marsh interior, away from large
lakes and bayous (Nyman et al., in press(b)). Commonly-accepted possible
causes for marsh loss, e.g. inadequate vertical accretion (DeLaune et al.,
1983), interference with marsh drainage (Mendelssohn et al., 1983), and salt
water intrusion (Sasser et al., 1986), all involve plant mortality as part of the
mechanism of marsh loss. A second purpose of this study was to compare
vegetation of thehealthy marsh to that of the deteriorating marsh to confirm
that marsh loss was related to stresses on marsh vegetation.

Thus, it was expected thatdeteriorating marsh would be characterized
by less robust vegetation, resulting from waterlogging stresses, and lower soil
bulk density, resulting from isolation from sediment sources. Future studies
were anticipated that would discern the primary causes of plant stress and low
mineral matter content of the soil at the broken marsh sites of Marsh Island,
and, hopefully, the causes of marsh loss.

Study Area

Marsh Island is a 31,000 ha. island on the central Louisiana coast.
The Gulf of Mexico lies to the south, but most bayous are north-draining.
North of Marsh Island are 3 bays: Vermilion Bay, West Cote Blanche Bay,
and East Cote Blanche Bay. The island is undeveloped and the Marsh Island
Wildlife Refuge, operated by the Louisiana Department of Wildlife and
Fisheries, occupies the entire island. The marsh is classified as brackish and
the vegetation has been extensively described (O'Neil, 1949; Chabreck and
Hoffpauir, 1962; Larrick and Chabreck, 1976).

The rate of marsh loss at Marsh Island averaged 037%/yr between
1957 and 1983, lower than at many other marshes in Louisiana (Nyman et al.,
in press(b)). Marsh loss occurred primarily viathe conversion of solid marsh
to broken marsh and appeared to spread from existing broken marsh areas in
the marsh interior (Nyman et al., in prcss(b)). Broken marsh areas are in the
marsh interior, whereas solid marsh areas are closer to large lakes or bayous.
Aerial photographs made in 1978 were used to select 2 sites which appeared
typical of solid and broken marsh areas at Marsh Island. The sites were
located within the drainage system of a north-draining bayou unaffected by
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weirs and were approximately 2 km apart. The solid marsh site was
approximately 500 m from a large lake; the broken marsh site was a small
islet approximately 20 m in diameter.

Methods

It was hypothesized that marsh loss occurred at the broken marsh site
because the broken marsh site was lower in elevation and isolated from
sediment sources, and wastherefore lesswell drained, receivedless sediments
than the solid marsh site, and was lower in elevation, increasing
waterlogging-induced plantmortality. Thus, it was anticipated that the broken
marsh would be characterized by lower end-of-season standing-crop biomass,
lower species diversity, and lower sedimentbulk densitythan the solid marsh
site.

The study sites were visited on 25 October 1989, and end-of-season
biomass was harvested from 10 1 m2 plots at each site. A sediment core, 30
cm in depth and 15 cm in diameter, was collected from the center of each
harvested plot. A water well was dug at each site by removing a 50 cm
sedimentcore. Water levels were determined almost simultaneously at the two
sites, two hours after waterwell construction during a return visit to the two
sites. In the lab, the oven-dried weight of vegetation and sediment cores was
measured to estimate end-of-season standing-crop biomass and soil bulk
density. Plant species that occurred at each site were identified to estimate
species richness. Soil cores were ground, mixed, and samples were taken to
determine mineral matter and organic matter content. Percent weight of
mineral matter and organic matter were determined by loss-on-ignition at
400°C for 16 hrs (Ball, 1964; Davies, 1974). Percent volume of mineral and
organic matter wasestimated from percent by weightand the estimatesof the
particle density of soil mineral matter (2.61 gr/cm3) and soil organic matter
(1.14 gr/cm3) from Delaunc et al. (1983). Data were analyzed as 2-way
ANOVA to test for differences in end-of-season standing-crop biomass, soil
bulk density, mineral percent of soil volume, organic percent of soilvolume,
andsoilpore space between the solid and broken marsh sites. An alpha level
of 0.05 was used as the critical limit.

Results

Vegetation appeared vigorousat both sites, but more so at the broken
marsh site. But, it was also evident that the solid marsh site had burned the
previous year and litterwas not common at the solid marshsite. All plots at
both sites were dominated by Spartina patens. Three plant species occurred
in plots harvestedat the solid marsh site:Spartina patens: Scirpus olnevi: and
Juncusrocmerianus. At the broken marshsite, those speciesoccurred,as well
as Distichlis spicata. Vicna luteola. Lvthrum lineare. and Aster subulatus. The
solid marsh site had water on the marsh surface and the water well was filled
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when revisited. At the broken marsh site, there was no water on the marsh
surface and the water in the water well was 18 cm below the marsh surface

when revisited.

End-of-season standing crop biomass averaged 1,608.9 g/m2 at the
broken marsh site and 1,317.1 g/m2 atthe solid marsh site, butthedifference
was not significant (F = 4.22, df=l,18, P = 0.0549). Soil at the broken marsh
site had a greater bulk density (F = 38.88, df =1,18,P = 0.0001) and a greater
volume of mineral matter (F = 21.02, df=1,18, P = 0.0002) than soil at the
solid marsh site (Table 1). There was 2.1 times more mineral matter in soil
at the broken marsh site than at the solid marsh site. There was no difference

between the sites in the volume of soil organic matter (F = 0.02, df =1,18, P
= 0.8906) (Table 1). Soil pore space was lower at the broken marsh site than
at the solid marsh site (F = 7.53, df=l,18, P = 0.0143).
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Discussion

Vegetation at thebroken marsh site was expected to be less vigorous
than vegetation at the solid site, but the opposite appearance was noted.
Unfortunately, because the solid marsh site had burned the previous winter
and the broken marsh site had not, planned comparisons of the vegetation
between the 2 areas were not valid tests of differences between solid and
broken marsh areas. Marsh Island biologists reported that fire did not spread
across broken marsh; such areas were, in fact, used as fire breaks to control
the size of burns in solid marsh (M. Carlos, pers. comm.). Fire is used in
brackish marshes toremove nearly monospecific stands ofSpartina patens and
topromote the growth ofScirpusolnevi (Lynch, 1941; O'Neil, 1949). Although
the difference in biomass between the solid and broken marsh sites was nearly
significant, any possible differencebetween the two sites could have also been
caused by the different burning histories, and these biomass data could not
indicate if the sites exhibited different degrees ofwaterlogging-induced plant
mortality.

Species richness isgenerally lower inless well-drained brackish marsh
areas than inbetter-drained brackish marsh areas (Chabreck and Hoffpauir,
1962). It was expected that species richness would be lower at the broken
marsh site than at the solid marsh site. The opposite was observed. This
difference was probably not the result of the previous burn at the solid marsh
site because marsh fires generally increase, rather than decrease, species
richness (Lynch, 1941). Although not conclusive, the species richness of the
two areas suggested that the solid marsh site was less well-drained than the
broken marsh site, theopposite of what was expected.

Although the water wells were only visited once, they provided a
means tocompare thedepth of soil drainage between thetwo sites during low
tide. The solid marsh had water pooling on the marsh surface when it was
visited and water was apparent in the wells when they were dug. The broken
marsh hadno water on the marsh surface andtherewasno waterin the wells
when they were dug. When the wells were visited 2 hrs later, water in the
wells atthesolid marsh site was flush with themarsh surface, butwater inthe
wells at the broken marsh site appeared level with the water level in the
surrounding pond area, 18 cm below the marsh surface. These observations
excludedthe possibility that the broken marsh site was less well-drained than
the solid marsh site. The tide was low when the site was visited, but not
unusually so (M. Carlos, pers. comm.), and the observation period was
believed typical of low tide conditions. Horizontal movement of water in
marsh soils in response to tidal action is slight on the Atlantic coast (Agosta,
1985; Gardner, 1972; Hemond and Fifield, 1982), and may also be slight in
Louisiana marshes. The solid marsh area was apparently too far from a
tidally-infiuenced waterbody toexperience soil drainage. However, thesize of
the marsh islets in the broken marsh area apparently allowed the islets to
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experience complete drainage in response to tidal drainage of the marsh
ponds. All the marsh ponds in the broken marsh area were connected to a
large, tidally-influenced bayou via a small bayou. This small bayou was also
evident in 1957 aerial photographs, when the area of broken marsh was
smaller. Thus, the broken marsh was less isolated from tidally-influenced
waterbodies than the solid marsh site, the opposite of what was expected.

The greater soil bulk density and amount of mineral matter at the
broken marsh site indicated that the broken marsh site flooded more

frequently with sediment-laden waters than the solid marsh site. The mineral
matter content was higher at the broken marsh site probably because the site
consisted of islets surrounded by a tidally-influenced pond area, and the
additional mineral matter was delivered to the broken marsh site by tidal
action.Stumpf (1983) found that 80% of the suspended inorganic material in
tidal flood water disappearedwithin 12 m of a marsh creek; even the centers
of most marsh islets of the broken marsh area appeared <12 m from the
pond area. Recently, Stoddart et al. (1989) demonstrated the importance of
drainage systems in distributingsediment across the marsh surface. In saline
marshes, differences in soil bulk density between streamside and inland
marshes are attributed to differences in the distance between the areas and

tidally-influenced waterbodies (DeLaune et al., 1979).

Vegetation at the the broken marsh site may benefit from the greater
soil bulk density at that site. Standing crop biomass in saline marshes is
positively related to the volume of soil nutrients, which probably is a result of
the volume of mineral matter in the soil (Delaune et al., 1979). There
appeared to be a relationship between soil bulk density and end-of-season
standing-crop biomass, but the soil bulk density effect was confounded with
the site effect and that relationship could not be tested (Figure 2).

The observations that the broken marsh site had greater species
richness, more soil mineralmatter, and a greater degreeof soil drainage than
the solid marsh site were incompatiblewith the hypothesis that marsh loss was
related to plant mortality inducedby soilwaterlogging. These data suggested
the following hypotheses:

1) Vegetation at the broken marsh site is more robust than at the
solid marsh because of greater soil drainage at the broken marsh site. The
greater soil drainage results from the shorter distance between the broken
marsh site and a tidally-influenced water body relative to that between the
solid marsh site and a tidally-influenced water body, rather than from
elevationaldifferences.This hypothesisis supportedby the higherwater levels,
lower species richness,and lower soilbulk density observed at the solid marsh
site.

2) The broken marsh site has a greater hydrological link to Gulf
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waters than the solid marsh area. This hypothesis is supported by the soil bulk
density data and the distances between the sites and tidally-influenced water
bodies.

3) Marsh loss at the broken marsh site results from erosion at the
edge of marsh islets, rather than from waterlogging induced plant mortality.
This hypothesis is supported by the above-mentioned observations and by edge
erosion observed at the broken marsh site. Marsh loss through this process is
known to occur along the edges of marsh canals (Turner and Cahoon, 1987).

Because this pilot project indicated unexpected conditions, initial
plans to investigate relationships between brackish marsh loss, plant stress,
and low soil mineral matter have been dropped until results of a more
detailed study ofthe vegetation and soil has been completed. More intensive
field work and sampling was completed (8-11 October 1990) to investigate
relationships between aboveground biomass, species richness, soil mineral and
organic matter, elevation, and soil drainage in 3broken/solid marsh areas at
Marsh Island. Hopefully, those data will be analyzed and in manuscript form
in late 1991.

Acknowledgements

This work was supported by the United States Geological Survey,
Grant No.14-08-0001-23320. The Louisiana Department of Wildlife and
Fisheries and personnel at the Marsh Island Wildlife Refuge provided field
support and assistance, without which these data could not have been
collected.

319



References

Agosta, K. 1985. The effect of tidally induced changes in the creekbank
water table on pore water chemistry. Estuar. Coast, and Shelf Science.
(21):389-400.

Ball, D.F. 1964. Loss-on-ignition as an estimate of organic matter and
organic carbon in non-calcareous soil. J. Soil Sci. 15(l):84-92.

Chabreck, R.H. and CM. Hoffpauir. 1962. The use of weirs in coastalmarsh
management in Louisiana. Proc. Ann. Conf. Southeast Game Fish Comm.
16:103-112.

Davies, B.E. 1974. Loss-on-ignition as anestimate of soilorganic matter. Soil
Sci. Soc. Amer. Proc 38:150-152.

DeLaune, R.D., R.H. Baumann, and J.G. Gosselink. 1983. Relationships
among vertical accretion, coastal submergence, and erosion in a Louisiana
Gulf Coast marsh. J. Sed. Petrology 53(1):147-157.

, RJ. Buresh, and W.H. Patrick, Jr. 1979. Relationship of soil
properties to standing crop biomass of Spartina alterniflora in a Louisiana
marsh. Estuarine and Coastal Marine Science 8:477-487.

_, and S.R. Pezeshki. 1988. Relationshipof mineral nutrients to growth
of Spartina alterniflora in Louisiana salt marsh. Northeast Gulf Sci.
10(l):55-60.

Gardner, L.R. 1972. The effect of hydrologic factors on the pore water
chemistry of intertidal marsh sediments. Southeast. Geology 14(l):17-28.

Hemond, H.F. and J.L. Fifield. 1982. Subsurface flow in salt marsh peat: a
model and field study. Limnol. Oceanogr. 27(1):126-136.

Larrick, W.D. and R.H. Chabreck. 1976. Effects of weirs on
aquaticvegetation along the Louisiana coast. Proc. Ann. Conf. Southeast.
Game Fish Comm. 13:100-115.

Lynch, JJ. 1941. The place of burning in management of the Gulf Coast
refuges. J. Wildl. Manage. 5:454-458.

Mendelssohn, IA. and K.L. McKee. 1988. Spartina alterniflora die-back in
Louisiana: time-course investigation of soil waterlogging effects. J. Ecology
76:509-521.

, R.E. Turner, and K.L. McKee. 1983. Louisiana's eroding coastal

320



zone: management alternatives. J. Limnol. Soc. So. Afr. 9(2):63-75.

Nyman, JA.,R.D. DeLaune, and W.H. Patrick, Jr. in press(a). Wetland soil
formation inthe rapidly subsiding Mississippi River Deltaic Plain: mineral and
organic matter relationships. Est., Coast, and Shelf Sci.

j R.H. Chabreck, and R.G. Linscombe. in press(b). Effects of
weir-management on marsh loss, Marsh Island, Louisiana. Environ. Manage

O'Neil, T. 1949. The muskrat in the Louisiana coastal marshes. Publ. Fed.
AidSec, La Wildl. Fish Comm. 152pp.

Sasser.CE., M.D. Dozier, J.G. Gosselink, and J.M. Hill. 1986. Spatial and
temporal changes in Louisiana's Barataria Basin marshes, 1945-1980. Environ
Manage. 10(5):671-680.

Stoddart, D.R., DJ. Reed, and J.R. French. 1989. Understanding salt marsh
accretion, Scolt Head Island, Norfolk, England. Estuaries. 12(4):228-236.

Stumpf, R.P. 1983. The process of sedimentation on the surface of a salt
marsh. Estuar. Coast. Shelf Sci. 17:495-508.

Turner, R.E. and D.R. Cahoon. 1987. Causes of wetland loss in thecoastal
central Gulf of Mexico. Volume II: Technical Narrative. Final report
submitted to Minerals Management Service, New Orleans, La. Contract No
14-12-001-30252.

321



Rgure 1. Relationship between soil bulkdensity and end-of-season
standing crop biomass in solid and broken marsh, Marsh Island,
Louisiana, 1989.
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Table 1. Soil characteristics measured in 10 plots in a solid marsh
site, and in 10 plots in a broken marsh site, Marsh Island, Louisiana,
1989.

characteristic broken marsh

mean std. err.

solid marsh

mean std. err.

bulk density (gr/cc) 0.159 0.008 0.102 0.003

organic matter (% volume) 4.95 1.1 4.74 0.2

organic matter (gr/cc) 0.056 0.008 0.054 0.002

mineral matter (% volume) 3.92 0.31 1.88 0.11

mineral matter (gr/cc) 0.102 0.008 0.049 0.003

pore space (% volume) 91.13 0.56 93.38 0.14
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