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FOREWORD

Most countries recognize their coastal zones as distinct regions with
resources that require special attention. Many have taken specific actions
to conserve coastal resources and to manage coastal development. A few
have created comprehensive nationwide coastal zone management programs that
are fully integrated with other resource conservation and economic sector
programs. There is a current trend to move toward more comprehensive and
integrated coastal programs. But comprehensive programs must, nevertheless,
be organized to address specific development projects and specific conser-
vation needs in a real world context. This context can best be understood
from real experience, as illustrated in the collected case studies presented
in this book. While every type of coastal development is not illustrated,
the authors of the various case studies have done an excellent job in
reporting on fisheries, aquaculture, upland and river development, beach
erosion, islands, marine wining, and mangrove conversion and providing
guidance for managing future development projects that affect coastal
resources.

This casebook is one in a series of publications being produced for
the Agency for International Development (AID) by the National Park
Service (NPS). It's purpose is to provide expert guidance in planning and
management for sustainable coastal development and for the conservation of
coastal resources. In addition to this book, compiled by the Research
Planning Institute (Contract No. CX-0001-3-0050), the coastal series
includes a comprehensive coastal development guidebook, a report on insti-
tutional arrangements for coastal resources management, and a condensed
design aids booklet.

This coastal series is part of a wider publication and training
partnership between AID and NPS under the '"Natural Resources Expanded
Information Basc" project commenced in 1980 in response to a worldwide
need for improved approaches to integrated regional planning and project
design. The project is producing publications on arid and semi-arid
rangelands and humid tropic systems as well as on coastal zones. The
publications and training components are dedicated to strengthening the
technical and institutional capabilities of developing countries in
natural resources and environmental protection and to providing other
international development assistance donors with ready access to practical
information.

In a world of rapid population growth and diminishing natural resources,
countries that fail to plan their economic development strategy in concert
with resource conservation and environmental management may not be able to
sustain progress in health, food, housing, energy, and other critical
national needs. Each developing country needs to have a realistic plan
for accomodating its share of the 100 million people per year being added
to the world's population. Such basic resources as fuel, water, fertile
land, and fish stocks are already in short supply in many countries and
their future prospects are in grave doubt.
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While the presence of integrated planning and comprehensive management
alone may not assure a sustained and ample yield from the coastal natural
resources of any country, its absence will lead to-their depletion. The
opportunities for development based on excessive exploitation of coastal
natural resources are rapidly fading. The future depends on development
closely linked to resource conservation. In the coastal zone, the need
for an enlightened approach is urgent.

In producing the coastal publication series for AID we realize that we
have, at best, provided a foothold for natural resources aspects of the new
and rapidly expanding field of coastal resources management. Much important
work lies ahead in many of the technical areas. We particularly recognize
the need to provide specific natural resources working materials for
regional planners and economic development planners. Also, there is a
need for advice on protection of life and property against storms and
other coastal natural hazards. Equally important is advice to planners on
the role for designated protected areas--reserves, parks, sanctuaries--in
tourism enhancement, fish stock management, and critical area and species
conservation. We hope the present series will provide a springboard for
studies on these important matters.

Hugh Bell Muller and Jeffrey Tschirley directed the implementvation of
the "Expanded Information Base' project and John Clark managed the coastal
components. We thank AID for supporting the project. We are especially
grateful to Mr. William Feldman, and Ms. Moily Kux, and Mr. William D.
Roseborough of the Office of Forestry, Environment, and Natural Resources
of the Bureau of Science and Technology, for their continuing encouragement
and their patience.

Robert C. Milne

Chief, International Affairs
National Park Service
Washington, D.C.
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Case Study One

MARICULTURE DEVELOPMENT IN MANGROVES:
A CASE STUDY OF THE PHILIPPINES,
ECUADOR AND PANAMA

Scott E. Siddall, Joseph A. Atchue, Il

and Robert L. Murray, Jr.



SUMMARY

The purpose of this project was to investigate how the Philippines,
Ecuador and Panama deal with the problem of balancing mariculture
expansion with the protection of mangrove resources. These

countries were visited during July and August of 1983. During the
visits literature and data were obtained which were not readily
available in the U.S, and interviews were conducted with officials
involved in resource management and aquaculture, with mariculturists and
with others involved in exploitation of the resource, such as coastal
fishermen and fry gatherers. All of the countries evidenced some
understanding of the need to protect the mangrove resource, and had
administrative structures to protect it, but in the Philippines and
Ecuador pressure to remove mangroves was high. It appears that all
three countries would benefit from a more intensive approach to
mariculture., Guidelines with regard to mariculture development and

mangrove conservation are presented.



1. INTRODUCTION

In several areas of the world, valuable and ecologically sensitive coastal
habitats--mangrove swamps--are being destroyed in the construction

of ponds used to rear fish and shrimp. The objective of this case study
is to summarize existing information and document current trends in
mangrove management and development. Before intelligent discussion can
proceed, several definitions of concepts are required.

Aquaculture is a general term describing man's efforts to manipulate
natural cycles of aquatic organisms in order to enhance production of
aquatic resources for his benefit. Approximately 157 of the 60-million-
metric-ton world fishing harvest is derived from aquaculture. Mariculture,
actually a subset of aquaculture, is a more specific term referring to
the manipulation of marine plants and animals for man's benefit. This
case study concerns mariculture developments in coastal and estuarine
habitats where mangroves are found.

The scale of mariculture ranges from subtle manipulations of unconfined,
natural populations to technologically oriented, highly controlled pro-
duction of plants or animals in artificial environments. Typically,
intensive mariculture systems have higher yields of product per unit space,
but the greater yields require more money, more energy and more technology.
Intensive mariculture does not, however, require a great deal of space. Less
intensive systems achieve profitable yields by virtue of being extensive in
area. While many costs are reduced, space requirements are much greater.
Yields per unit area are lower, but this is offset by having more extensive

areas under production.



These comparisons are not unique to mariculture, but they are an important

aspect of this study (Table 1).

Table 1. Tradeoffs for intensive vs. extensive mariculture.

Mariculture Yield Per Costs in Technology Space
Approach Unit Area  Money, Energy Requirement
Intensive High High High Low
Extengive Low Low Low High

Therefore, to a greater or lesser degree, extensive and intensive
mariculture require space. The space required for an extensive system may
be reduced if the operation is "intensified." Intensification of a
mariculture system achieves greater yields of fish or shrimp per unit area
by increasing material and labor input (fertilizers, locally available
supplemental foods, greater water flow, more advanced handling methods).

Selection of a location for any mariculture operation is the most
important determinant of the operation's potential for success. From the
mariculturist's viewpoint, the most appropriate sites are those nearest the
natural habitat of the species being cultured, in this case, fish or
shrimp. Coastal sites within or near the mangrove forests provide sources
of clean seawater and abundant stocks of juveniles which may be collected
and reared to market size.

Mangroves, of which there are at least 55 species, are tropical
hardwoods adapted for growth in marine intertidal, estuarine, river and
other coastal habitats. Mangrove swamps receive nutrients from tidal
flushing and river runoff. Their adaptation to these habitats results in
very rapid growth. Thriving in unstable coastal environments, mangrove
forests are subject to destruction by natural forces -- hurricanes,
diversion of freshwater runoff, and shifts in patterns of tidal flushing.
Different species of mangrove grow in different areas depending upon
salinity, tides and soil types. Mangroves are generally categorized as

fringe, riverine, overwash and basin forests (Lugo and Snedaker, 1974).
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The productivity of mangrove swamps is well known with litter production
ranging from 3.6 to 9.7 metric tons per ha (Golley et al., 1962; Heald,
1971; Lugo and Snedaker, 1974; Christensen, 1978; Aksornkoae and Khemnark,
1980; Goulter and Allaway, 1980; Steinke, 1980). Leaf litter undergoes
microbial transformations which causes an increase in the amount of protein
available (Odum and Heald, 1975) thus making the litter a prime food source
for both juvenile and larval fish or crustaceans (Odum and Heald, 1972;
Prince Jeyaseelan and Krishnamurthy, 1980; Macnae, 1974; Martosubroto and
Naamin, 1977; Daugherty, 1975). An excellent review of the importance of
mangroves to fisheries and aquaculture has recently been written by
MacIntosh (1983). 1In it he suggests that half of the productivity of
mangrove swamps ends up being transported to the waters adjacent to the
swanps where it is utilized by the nearshore fish and crustacean
communities.

This dependence of economically important species on intact and
productive mangrove systems further complicates the issues of coastal
mariculture development. While incontrovertible scientific data
illustrating links between mangroves and coastal productivity does not
exist, it is clear that the existence of many natural fish and shrimp
stocks is related to mangrove production. The basis for productivity in
mangroves, coastal waters and mariculture ponds are all part of the same
ecosystem; alterations to any component of the system may lead to changes
in others.

Specifically, mariculture operations remove postlarvae and juvenile fish
and shrimp from the mangrove ecosystem for rearing in ponds sited nearby.
However, larvae of other commercially exploited species also depend upon
the mangrove swamps for refuge and development. While the removal of
larvae and juveniles is targeted at specific species of fish and shrimp,
other species are either directly or indirectly affected. Conclusive data
on the effects of large-scale harvests of juveniles on coastal productivity
(landings in traditional and nearshore catch fisheries, in particular) are
wanting. Motoh (1981) has pointed out that many shrimp fry collectors
discard less desirable fry rather than replacing them in the water.

Futhermore, in many areas grow-out ponds have been placed directly in



mangroves which have been clearcut and excavated. These grow-out ponds

generally range in size from 1 to 20 ha and are used to grow juvenile fish

and shrimp to marketable size. Where extensive areas of mangroves have
been removed for mariculture operations, landings in adjacent catch
fisheries appear to have declined, but again there is little evidence to

"prove" these as cause and effect relationships.

Based on these concepts, we can refine the definition of this study's
objectives:

1) To describe economic pressures which promote extensive mariculture
developments in and around environmentally sensitive and important
mangrove ecosystems,

2) To summarize estimates of the rate at which mangrove areas are being
destroyed for sites of fish and shrimp production ponds.

3) To describe the short- and long-term costs and benefits of such
development.

4) To integrate this information into guidelines to promote the economic
benefits of mariculture production while conserving mangroves. Three
countries were chosen for this study: The Philippines, with a long
history of extensive mariculture of milkfish (Chanos chanos), Ecuador,

where cultured shrimp (principally Penaeus vannamei) has become the

second most important export product of the nation, and Panama, where

recent development of extensive shrimp culture has succeeded.

The methods used in this study are detailed in Appendix I. Two
Two University of Miami researchers with extensive experiénce in Philippine
milkfish culture (J., A. Atchue, III) and Panamanian shrimp operations (R, L.
Murray, Jr.) traveled to these countries to conduct interviews, collect
data and update earlier information. Mr. Murray also traveled briefly to
Ecuador; his new material is supplemented by contributions to the study by
Dr. Joshua Dickinson (Gainesville, Florida). Dr. Bruce Austin (South
Atlantic Fisheries Management Council) performed the economic evaluations.
Discussion of the findings and analyses will follow geographical and
historical descriptions of mariculture development and mangrove management
in the three nations.

Collation of new and existing data made apparent a number of lessons



learned in each of the case study nations. Critical analysis of these
lessons in terms of resource management, mariculture production and the
political and economic needs of developing coastal nations led to the
formation of more generic or global guidelines addressing mariculture
development in tropical coastal habitats.

The work presented here was supported by the National Park Service
(NPS) (contract CX-001-3-49). We wish to thank the following people
for their assistance: J. Clark, S, McCreary, NPS; M. Kux, I. Asher,
M. Hatziolas, U.S. Agency for International Development (USAID);

J. Dickinson, Environmental Management; B. Austin, South Atlantic
Fishery Management Council; R. Edwards, S. Berkley, 5. Snedaker,
S. Hersh (drafting) and K. Seykora (typing), Rosenstiel School of
Marine and Atmospheric Science (RSMAS). Supplemental funding was
supplied by Dean Alan Berman, RSMAS. Finally, severalvanonymous

reviewers were also very helpful.

2. GEOGRAPHIC COMPARISONS

The Philippines is an archipelago of more that 7,000 islands formed by a
combination of tectonic and reef-building processes. The four climate
types covered throughout the Philippines are all dominated to one extent or
another by monsoons. Additionally, Luzon is hit by several typhoons each
year. Both Panama and Ecuador are much closer to the equator than the
Philippines and their climates are truly tropical. Ecuador, with 284,000
square km, is not much smaller than the Philippines (294,000 square km),
while Panama (83,000 square km) is the smallest nation in the study. The
population density of the Philippines (163 people per square km) is however
more than seven times greater than that of either Ecuador (29 people per
square km) or Panama (24 people per square km). The populations of all
three nations are growing. The Philippines leads with a 3% increase per
year.

The relationship between extent of coastline to the total area, is
different for each country. The Philippines has more that 18,000 km of
coastline by virtue of being an island nation; Ecuador has less that 700
km of shore. Panama's Pacific coast is approximately 1,200 km long.

Although a large number of mangrove species are found in the

Philippines, the coastlines are dominated by Rhizophora apiculata,




R. mucronata and Avicennia marina (Chapman, 1974). The coasts of both

Ecuador and Panama are dominated by Rhizophora mangle, R. brevistyla,

Avicennia marina and Laguncularia racemosa (Chapman, 1974; Garibaldi, 1982).

For purposes of this case study, Ecuador and Panama have common features
of geographical importance, while the Philippines represent a different
suite of characteristics. This offers the study opportunity for

comparisons and contrasts.
3. HISTORY OF DEVELOPMENT

3.1 Philippines

Mariculture in coastal areas of the Philippines has a long history, perhaps
as long as 500 years. The earliest recorded fishpond was established in
1863 in Rizal Province (Census of the Philippines, 1921). For the most
part coastal mariculture relied on natural embayments which could be easily
blocked for control of water flow. Little if any pond construction went
on, and other than the actual harvest, management was not practiced.

By the beginning of this century, mariculture practices had changed.
Although by today's standard, Philippine mariculture of 80 years ago could
not be called intensive, there was nevertheless a much larger input of
money and other resources. One of the major changes was a movement away
from the use of natural embayments to construction of ponds for producing
milkfigh, Such pond-based mariculture demands more management input than
does casual stoéking of embayments.

For the first half of this century, most mariculture production was
centered in embayments in and adjacent to mangrove swamps. Initially,
preferred sites for the new ponds were also in the mangrove habitat.
Although accurate records do not exist, we conservatively estimate that,
prior to the early 1950's, not more than 85,000 ha of mangroves were
removed for fishpond development.

After the 1950's, mariculture production was perceived, by both the
government and the fishing industry, as an important adjunct to the catch
fisheries in the Philippines. Additionally, prices demanded by milkfish

(the principal product of Philippine mariculture throughout this century)
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concentration (redrawn from Oshima, 1973).



Figure 2. This complex of fishponds has grown up over the past 7
years in Cebu province (Philippines). The ponds are leased by a
number of private investors. Note canal, at lower left, for inlet
of water. Their average area is 5-10 ha. Unlike Ecuadorian and
Panamanian facilities, Philippine fishponds rely almost entirely
on tidal flushing (photo by J. Atchue).
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were making investment in the industry more attractive. As an example,
five towns in Pangasinan Province had a total of 940 ha of fishponds in
1953, but by 1976, the total area was 3,940 ha with a probable increase of
several hundred hectares since that time (M. Rice, pers. comm.). This
pattern is typical throughout the Philippines. A large number of small to
medium scale entrepreneurs, mostly from the middle and upper-middle class,
have continued to build fishponds almost exclusively at the expense of
mangrove resources., The fishpond industry in some regions though (e.g.,
Iloilo) is operated for the most part by wealthy individuals (Oshima,
1973). Figure 2 shows a concentration of fishponds in Cebu, while Figure 1
shows current mariculture operations in the Philippines.

Apparently, there was little motivation to regulate mariculture
development until the early 1950's when what is now the Bureau of Fisheries
and Aquatic Resources (BFAR) was formed. Through the early 1970's,
clearance from the Bureau of Forestry Development (BFD) and a Fish Pond
Permit were all that was needed to convert an area of mangrove into
fishpond. The granting of these clearances and permits were in essence pro
forma.

With the advent of martial law in 1972, mangrove swamps passed from
private ownership to public trust (Presidential Decree 704) administered
jointly by BFD and BFAR. People who owned fishponds at the time of the
decree were encouraged to apply for Fishpond Lease Agreements (initially of
10-years' term but later increased to 25 years). The granting of these
agreements (FLA's) became more restricted primarily because most new
fishponds were built with money from the Development Bank of the
Philippines (DBP). However, at this time the official policy of BFAR is
still the continued expansion of fishpond area.

These policies encouraging extensive mariculture development promulgated
by BFAR appear to have been caused by two factors. The first was the
genuine belief that mangrove swamps served little function in Philippine
coastal fisheries production. The second factor was the 23.6 million
dollars made available by the International Bank for Reconstruction and
Development specifically for fishpond production. Very few developing

countries can afford to turn down large sums of international
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development money and the Philippines has not been an exception.
Responsibility for loss of mangrove swamps can be attributed at least
partially to economic assistance from the Western world.

By the mid-1970's when more than 170,000 ha of mangroves had been
removed for mariculture development, a number of scientists, both in the
Philippines and abroad,had begun to voice concern about the loss of the
resource. Since research in mangrove ecosystems was in its infancy, there
was little evidence to preseat to the government, only a growing uneasiness
that a problem was developing. Figure 3 C shows the expansion of fishpond
areas during the twentieth century with respect to the 1967 estimate of
mangrove area, while Figure 4 shows yields of fishpond production since
1952. Based on these estimates, fishponds now occupy approximately 45% of
the original mangrove forests.

There is considerable variability in the field data on which these
estimates are based, however, and not all mangrove conversions or
alterations may be attributed to mariculture development. Other very
important uses of mangroves include clearcut logging principally for
charcoal production and also for construction purposes. Sustained-yield
management of mangrove forests for lumber production is not widely
practiced in any of the case-study natioms, yet successful models of such
management do exist in Asia (Matang Mangrove Forest Reserve, Peninsular
Malaysia; Omg, 1983). ‘

The government did respond to mounting concerns by forming the Land
Classification Teams (LCT's, under Special Order No. 3). These LCT's
function through regional government agencies and are composed of personnel
from BFAR, BFD and the Bureau of Lands, Their purpose is to certify which
areas of mangrove swamps may be utilized for fishpond construction,
lumbering activities or conservation purposes. In their early actions, the
LCT's did little to change the tendencies of governmental policies to
support extensive mariculture. However, after Presidential Decrees 2151
and 2152, they adopted a more conservation-oriented approach.

The Ministry of Natural Resources, of which BFAR and BFD are agencies,
is under direct order of the President to accelerate the rate at which

mangrove areas are declared either refuges or conservation areas (Deputy
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Minister Caoili, pers. comm.). Through Presidential Decrees 704 (Forestry
Reform Code), the emphasis of policies of the Ministry is to concentrate
on increasing yields of existing ponds rather than the creation of new
ones. Additionally, Presidential Decree 950 was intended to promote
conservation by requiring the holder of any fishpond lease to plant or
leave untouched a 20~meter border of mangroves around ponds, and to leave
intact larger borders of mangroves adjacent to rivers or the sea (PD 705).
The value of the narrow borders as tools in management of the mangrove
resource is questionable. They do partially protect pond constructions and
adjacent areas from storm damage, but they almost certainly do not function
either biologically or economically as intact mangrove swamps. The size at
which these these borders might actually fill the role of intact swamps has
not been determined.

BFAR requires potential fishpond lessees to complete a project
feagibility study on development of the area and projected fishpond
productivity. Current 25-year leases may be renewed for an additional 25
years and require the leasee to develop at least 507 of the pond to
commercial scale in five years. The remainder must be developed to
commercial scale within another five years or undeveloped leased areas
automatically revert back to the Bureau for disposition. Abandoned ponds
also revert to BFAR for reassignment.

The National Mangrove Committee (NMC) of the Natural Resources
Management Center (NRMC) was also established in 1976 (Special Order 309).
Bath levels of this organization are attempting to halt fishpond
construction, at least until better data are available on the interactions
and dependencies of mangrove swamps and coastal productivity. This type of
supportive data is now being gathered principally by the University of the
Philippines and the Forestry Research Institute (FORI), at a research
station for mangrove ecosystems which was established in the mid-1970's in
Quezon Province. The National Mangrove Committee has developed guidelines
for selecting mangrove areas for conservation or preservation (see Appendix
11).

15



The coastal zone management plan of the Philippines as described by
Zamora (1979) has as its objectives to assess the status and use of coastal
resources, formulate a master plan for use and conservation, initiate
projects for best use of coastal resources, and recommend policies to
the National Environmental Protection Council (NEPC). The coastal zone
task force is comprised of 22 government agencies. The World Bank has
sponsored a coastal zone management program in the Central Visayas for
implementation in 1984 which will attempt to promote use of mangrove swamps
as renewable, multi-use resources rather than as objects of one-time-only
regsource mining. USAID is also addressing coastal zone management througﬁ
its Rainfed Resources Project. The latter project is attempting to link
uplands, coastal plains and coastal fisheries in a comprehensive program
which addresses specific problems in each area.

The current interest in mangrove conservation notwithstanding, there are
still many issues to resolve. The major threat to mangrove conservation
lies at the provincial and regional levels where the number of staff is
limited while the number of tasks, in addition to monitoring mangrove
usage, is great, As a result, opportunities for mangrove resource

management are often lost.

3.2 Ecuador
The Incas farmed shrimp in Ecuador as long as 400 years ago by closing off
lagoons temporarily flooded with seawater and penaeid shrimp larvae
(Shayne, pers. com.). Modern shrimp farming began in 1962 by accident when
high tides destroyed a levee around a coconut plantation, flooding the area
with shrimp-laden seawater. By the time repairs were made, the shrimp
postlarvae had grown to market size (Hirono, 1983). The first commercial
operations began in 1969; heavy investment in shrimp pond operations began
in 1977 after some of the early farms were proven to be economically sound.
The 1982 shrimp harvest from ponds accounted for 44% of Ecuador's fish
product exports, making fish the second most important export of the nation
after petroleum. Such large-~scale development of the Ecuadorian shrimp
farming industry has provided as many as 19,000 new jobs by some estimates.
The impact of pond production can be seen in Tables 2 and 3 which show

the relatively large increases in shrimp exported by Ecuador to the U.S.
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Table 2. Shrimp exports to the United States from Ecuador, Panama and Mexico
(1977-1982) in millions of pounds.

% Change
1977 1978 1979 1980 1981 1982 1977-1982

Ecuador 8.61 10.95 13.70 20.19 24.73 36.12  320%
Panama 10.07 9.15 12.20 13.73 15.92 17.62 75%

Mexico 76.25 72.45 71.89 76.06 70.87 80.17 5%

Table 3. Value of shrimp exports to the United States from Ecuador,
Panama and Mexico (1977-1982) in millions of dollars.

% Change
1977 1978 1979 1980 1981 1982 1977-1982

Ecuador 24,00 30,03 54.48 68.08 80.30 136.51 +469%
Panama 27.55 27.54 49,80 46.20 55.41 61.22 +1227%

Mexico 187.92 170.49 294.61 316.84 290.31 374.73 +997

(Source: Current fishery statistics series, fisheries of the United
States, U.S. Dept. of Commerce, NOAA National Marine Fisheries Service.)
Although the preferred sites for ponds are salt flats (salitralis or
albinas, in Spanish) devoid of vegetation, estimates of the removal of
mangroves for ponds from Ecuador's total mangrove resource of approximately
200,000 ha range from 5% (National Fisheries Institute, J. Dickinson,
pers. comm.) to 29% (based on a study of aerial photographs from 1966,
1977 and 1982 of 8,500 ha in the Machala area, CLIRSEN, 1983)., Samuel
Bellentini, a shrimp producer in Manabi, estimated that 50% of the
mangroves in the Bahia de Caraquez have been lost to shrimp ponds (FAQ
Mangrove Symposium, Guayaquil, July 1983). Figure 3 A depicts this rapid
increase in total area of shrimp ponds relative to estimates of the
mangrove resource, while Figure 5 shows the extent of mangroves in the
country. As in the Philippines and Panama, mangroves are exploited by users
other than in shrimp mariculture. Charcoal production and logging for
construction timbers are important economic activities which remove
mangrove forests.

Estimates of areal extent of Ecuador's mangroves vary from 160,000 ha
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(G. Clintron, pers. comm.) to 316,800 ha (R. Horna, pers. comm.; Yoong and
Reinoso, 1982). Coastal zone maps recently published by the National
Program of Agrarian Regionalization (PRONAREG) based on 1982 CLIRSEN
(Ecuadorian Center for Integrated Resource Inventory using Remote Sensing)
aerial photography should update these variable estimates.

Several Ecuadorian institutions are involved in coastal resource
management and development. The Association of Cultivators of Bioaquatic
Species (ACEBA) headed by Mr. F. Orellana represents a group of 35 shrimp
producers who appear to be most interested in rational, ptroductive
management of shrimp ponds, mangrove protection and control of export
licensing. This Association represents shrimp farming interests in
lobbying efforts and exerts a measure of leadership over the industry. The
Ministry of Defense has jurisdiction over the coastal zone in the interests
of national security while the Merchant Marine grants concession for shrimp
ponds. A permit from the Navy is needed to undertake any construction in
areas up to 8 m above the high tide, and areas subject to tidal inundation.
The concessions are renewable and usually last 10 years, however, they are
not supposed to be given in mangrove areas. Public protests have resulted
from blatant mangrove removal and the Ministry of Defense appears to be
aware of the need to enforce these policies.

The Subsecretaria de Pesca of the Ministry of Natural Resources
has overall responsibility for fisheries and mariculture while the Forestry
Program, within the Ministry of Agriculture, oversees mangrove forests and
asso¢lated fauna and the National Parks. Research and teaching activities
related to both mangroves and shrimp production are conducted by ESPOL, the
Polytechnic Institute of the Littoral. The Oceanographic Institute of the

Navy also conducts research,

3.3 Panama

Panamanian exports of shrimp (caught and cultured) to the U.S. were valued
at US$61 million in 1982, representing 80% of all fishery exports (see

Table 3). While fishery products (primarily shrimp) are the second most
important export item in Ecuador, shrimp (as shown in Figure 6) alone

is the second most valuable export of Panama, after bananas. Landings from
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Figure 6. These shrimp (Penaeus vannamei) are part of a crop from a
typical Panamanian shrimp pond facility. (Photo by R. Murray).
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traditional shrimp catch fisheries have varied from 5,000-7,000 metric

tons per year with a fleet of 280 vessels involved (McCoy, 1981). Borema
(1961) estimated that penaeid shrimp capture fisheries in Panama would

reach a maximum catch per unit effort (CPUE) if 150 to 200 vessels were
active in this Pacific coast fishery, and the maximum sustainable yield
would be reached with 230 vessels. These estimates indicate offshore stocks
of shrimp in Panama are over-fighed. Clearly, increased exports of shrimp
baged on increased mariculture production might offset this overfishing
while meeting lucrative market demands. Figure 3 B shows the recent

history of shrimp pond development in Panama.

The institutional framework for managing mangrove resources and
mariculture development is somewhat simpler in Panama than in Ecuador or
the Philippines. The Ministerio de Desarrollo Agropecuario (MIDA) was
established in 1973 to plan, organize, coordinate, and promote policies in
the agricultural sector. The 1981 budget for MIDA totalled US$72.6
million. DINAAC, or the Direccion Nacional de Acuicultura, was created in
1979 as a part of MIDA with headquarters in Santiago. Dr. Richard Pretto,
Director of DINAAC, is a specialist in mariculture.

The other relevant directorate within MIDA is the Direccion General de
Recursos Renovables, or RENARE, which was established along with the
Ministry in 1973. Until 1978, when USAID loaned Panama U$$10 million
{principally for protection of forests in the Panama Canal watershed),
there were only four to five people involved in RENARE's activities. The
current RENARE staff of more than 100 is responsible for inventory of the
country's forests, regulation and supervision of forest exploitation and
reforestation of areas which have been over-exploited. 1Its jurisdiction
also extends to the littoral zone, including management of mangrove forests
and superficial waters which enter the estuaries. Figure 7 shows the
estimated extent of mangroves in Panama.

As in Ecuador, the preferred sites for shrimp ponds in Panama are salt
flats (locally called albinas, Figures 8 and 9). Salt production, which
also takes place in tidally flooded salt flats, has a much longer history
on Panama's coast, and in fact there is almost as much hectarage involved

in salt production (1,565 ha) as there is in shrimp farming (2,200 ha in
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Figure 8. Portion of a shrimp pond constructed in a former albina
area, The dikes extend to the mangrove line in background. (Photo
by R. Murray).

Figure 9. Extensive albina converted to a salt gathering operation in
Agudulce, Panama. (Photo by R. Murray).
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1983; Pretto, pers. comm.). In spite of the fact that the salt producers,
or salineros, occupy less than 10% of the available salt flats in Panama
(14,000 ha according to McCoy, 1981; 19,845 ha according to Food and
Agriculture Organization, 1981, government policies favor the participation
of the Comision de Salineros in granting concessions for shrimp production.

The cadastral registry (an agency for land taxation) of the Ministry of
Housing and Finance' formally grants concessions (fees of US$20-25/ha are
levied) once the MIDA directorates of RENARE and DINAAC, along with the
Comision de Salineros and the Port Authority (of the Ministry of Commerce
and Industry) have given approval. The cadastral registry is authorized
only to grant concessions less than 2.5 ha in salt flats; Cabinet approval
is required for larger concessions, although legislation is pending (1983)
to permit the registry to grant concessions up to 200 ha.

While salt flats are preferred sites for shrimp ponds and salterns for
salt production, the mangroves are most frequently removed for urban
expansion and other agricultural purposes. Production of charcoal and
construction poleg called muletillas also account for a major depletion of
mangrove resources (Garibaldi, 1982; Figure 10). In the Bejuco-Punta
Chame area alone, more than 70 people are employed in charcoal production.
Each 100 pounds of mangrove yields 50 pounds of charcoal after eight days
of burning. With manual labor, one person can harvest sufficient wood to
produce 20 fifty pound sacks of charcoal per day realizing US$1 per sack in
earnings. Chainsaws have increased rates of harvest to as much as 100
sacks per person per day. This represents the clearance of a maximum 1.4
ha of mangroves per person per working day based on weight per area
estimates from other studies (Golley et al., 1962). Straight lengths of
mangrove growth are harvested for poles at the rate of 75 to 100 poles (10-
18 feet long) per person per day for which the worker can receive as much
as US$55 per day. Canoes are used to enter the mangroves on high tides for
cutting. It should be noted that this work is normally done only a few
days per month. There are several large storage areas in the Punta Chame

area for both charcoal and muletillas ready for shipment to Panama City.
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Figure 10. These Rhizophora trunks are being readied for conversion to
charcoal in the Bejuco region of Panama. (Photo by R. Murray).
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Still another major use of mangrove wood is to supply bark for
production of tannin used in Costa Rica's leather industry. While Costa
Rica bans the harvest of mangroves, a cooperative which harvests bark from
Panama's red mangroves has supplied a leather tanning cooperative in Costa
Rica for at least six years. More than 700,000 kg of red mangrove bark
were exported to Costa Rica in 1981l; however, current recessionary trends
have reduced the demand for bark in Costa Rica since the peak year of 1979.
Again, based on Golley et-al. (1962) 700,000 kg of bark represents the
destruction of as much as 250 ha of mangrove forest. Clearly, shrimp pond
development is not the only, or even most extensive, cause of mangrove
alteration in Panama.

Panama's involvement in the mariculture of penaeid shrimp began 10 years
ago. Early in 1974, the y,§, firm of Ralston Purina established a Panamanian
company, Agromarina de Panama, S.A., with a pilot scale shrimp grow-out
facility of 48 ha in Aguadulce and a hatchery in Veracruz. Research and
development continued through 1977 when Agromarina expanded to a commercial
production scale on its 4,500-ha 20-year concession. Through 1982, more
then US$6.8 million were spent in developing the company's hatchery (15
million postlarvae per month) and grow-out ponds of which there are
currently 620 ha.

A second concession of 124 ha was granted the firm of Palangosta in
1979, this time for only 10 years. Economic returns from these operations
encouraged investment in Panamanian shrimp farming; between November 1979
and August 1980, the Port Authority had received 23 requests for private
concessions in salt flats. The central problem in this rapid growth was
the premature, illegal development activities which, in some cases,
preceded evaluation and approval by the government. Mangroves, rather
than salt flats, were frequently altered or destroyed while applications to
legitimize the concessions were ongoing according to the Port Authority.
Policies of other governmental institutions were not coordinated or applied
at that time. The Directorate of Marine Resources favored a limit on
capture of wild shrimp postlarvae needed by pond operators. RENARE did not
claim jurisdiction in the issue. While DINAAC promoted mariculture

development, the Port Authority recommended a ban on all mariculture
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programs. .

Federal legislation has been enacted (1959-1973) for protection of
mangroves, regulation of water use and management of fishing activities.
However, the parts of this legislation addressing concerns over mangrove
alteration or destruction were not retroactive and could not be applied to
landowners whose title to the property predated the laws. Eventually in
1980, an intergovernmental committee recommended unified policies for the
problem. Under these policies, all current (1980) illegal operations are
not permitted to expand. Companies with more than 100 ha in ponds must
meet their needs for pdstlarvae or juveniles from hatchery production
rather than collection of wild stocks, and the Port Authority will

coordinate future concessions.
4, CURRENT SITUATION

4.1 Philippines

The Philippines has the longest involvement in aquaculture of the three
countries surveyed and hence has exerted the heaviest pressure on mangrove
resources. Until the early 1970's there was relatively little concern
about the loss of the resource even as there was little concern about the
loss of saltmarshes in the U.S. Both ecosystems, especially the mangroves,
were viewed as noisome areas which begged to be utilized in a
"constructive" manner.

Since 1972 the Philippines has built an admirable structure of
administrative and legal comstraints with regard to fishponds and mangrove
resources. The early laws were designed to retard poorly planned fishpond
construction which often resulted in poorly producing or unfinished ponds.
(Figure 11 shows the secondary mangrove growth in a fishpond.) As far as
they went these laws had little effect on the rate of fishpond
construction, although they probably acted to discourage people with little
capital or those who wished to build small fishponds (less than 5 ha in
areas). Laws that were enacted after 1976 had a different cowplexion.
These were written with the intent of establishing a conservation ethic

with regard to mangroves.
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Figure 11. This second growth mangrove in Mindanao is coming back
after the area was cleared for a fish pond. (Photo by J. Atchue).
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Unfortunately, there are several constraints associated with enforcement
of the many existing laws. These constraints can be broken down into
several areas. They are: lack of a data base on the resource, lack of
manpower for implementation, and finally, lack of personnel at the regional
and provincial levels educated in a conservation ethic. These problems
point to a realization that is sometimes lost on planners and legislators
alike: no matter how good or well intentioned a law is, it is almost
impossible to implement without adequate data and manpower. The
Philippines has a unique opportunity to deal with two of the three
constraints.

The first constraint, although still serious, has begun to be dealt
with by personnel from the NRMC and the NMC. They have already made many
advances in mangrove resource identification using LANDSAT images (J.A.,
pers. obs.). The major obstacles preventing an accurate assesment of the
current extent of both fishponds and mangroves are 1) lack of current
images from LANDSAT and 2) lack of manpower to '"ground truth" the areas.
The addition of a relatively modest number of properly trained personnel
and amounts of money would enable the Philippines to have access to a much
more accurate and ébmplete data base with regard to both mangroves and
fishponds.

The other constraint, of lack of education in the "conservation ethic"
at the regional and provincial levels, may be dealt with directly. New
educational programs would, most appropriately, take the form of in-service
seminars for both regional and provincial personnel. During these
seminars, fundamental ecological principles can be used to illustrate to
the personnel why it is impossible to alter a portion of an ecosystem
without causing a shift in the overall balance. Associated with such
regional and provincial seminars should be an effort to re-educate Bureau
personnel on current policies favoring intensification rather than
expansion of fishponds. Many people interviewed in both supervisory and
extension roles in the Bureau were able to state the current government
stance favoring intensive aquaculture while simultaneously endorsing the
need for more fishpond areas to increase productivity.

The last constraint is the one least easy to remove. The government has
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been able to decrease the number of approved fishponds by involving the
National.Mangrove Committee in the Fishpond Lease Agreement process. This
has had the admirable effect in our opinion of slowing fishpond
development. The increase of production by the intensification of
aquaculture effort is, however, not as large as planned. This can only begin
to occur when the number of extension agents has increased. Almost every
regional and provincial office is undermanned in the extension divisions.
We understand that these are budgetary problems, on which we are unable to
comment. We submit, though, that an effort to put trained extension agents
in the field will yield a "rapid" increase in production by fishponds. The
FIDC (1983) in their 10-year plan predict a 50% per year increase in
fishpond production. Unless there are extension agents in the field to
assist the operators we do not believe such targets can be met.

A related area of concern involves coordination and planning of coastal
zone management. Two ministries (Ministry of Human Settlements, MHS and
Ministry of Natural Resources, MNR) and at least three councils (Fishery
Industry Development Council, FIDC, NRMC, NEPC) appear to have some
regulatory interest in coastal zone management in addition to the Coastal
Zone Management Task Force. This promotes confusion with regard to
operational planning and overall goals in coastal zone management. We
recommend that a single ministry be charged with the authority to manage
all planning with regard to the coastal zone. Further we recommend that
projects such as USAID's Rainfed Resources and World Bank's Central Visayas
Resource Management Project be integrated with the overall Philippine

coastal zone management plan.

4.2 Ecuador

The attitude of most governmental agencies and pond operators in Ecuador
toward preserving mangroves has been generally favorable in the past. Most
of the owners of ponds built in the last two or three years have shown an
awareness of the importance of mangroves to the continued existence of
their operations. They recognize mangroves as the most important source of
postlarvae for stocking their ponds. The increased cost of construction in

mangrove areas is also frequently mentioned as a constraint. Site visits
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to several of the newer shrimp farms in the Guayas region in the first part
of 1983 indicated that very little destruction of mangroves had occurred in
that area. These ponds were built landward of the mangrove line, with
removal of small portions (1-2 ha) of mangroves for pump sites,
construction of reservoirs and for access to salt water (Figure 12).

More recently, however, there have been several reports of extensive
destruction of mangroves. In the newspaper El Universo (August 5, 1983)
there appeared a front page photograph of mangroves being burned in Bahia
de Caraquez. An accompanying article explained that this was done in order
to clear the land for shrimp ponds. According to the author 1,000 ha of
mangroves have already been cleared and another 1,000 ha are being dried up
preparatory to clearing. An explanation of the importance of mangroves to
shrimp farming is given, and the article concludes with a request for
action by the Merchant Marine in order to stop the "illegal activity."

Reports of similar activities recently occuring in the Guayas region
have also been personally communicated (M. Hatziolas, USAID). Apparently
a new system of pond construction has evolved which is suited for
exploiting mangroves. A single perimeter ditch and dike are first built so
that the planned pond area will not be inundated by tidal action as it
would normally., After drying for a sufficient period of time to support
heavy equipment, the area is then cleared of vegetation and the ponds are
constructed.

This type of construction has apparently been brought about by a lack of
salitralis (salt flats) due to the rapid expansion of shrimp farming in
Ecuador the past few years. Whatever the cause, the pattern in Ecuador
seems to be going from the initial wholesale destruction of mangroves in
Machala to a period of moderation, with a recent return to mangrove
exploitation.

The economic impact of pond-reared shrimp is easily discernible in
Ecuador. In 1975 the total catch for the country was 5,800 metric tons.

By 1987 10,200 metric tons worth $66.4 million were exported, and in 1981
the harvest again doubled to 20,100 metric tons. This increase is almost
entirely due to the proliferation of shrimp ponds, which provided 70% of the

total export in 1981,
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Figure 12. The high profitability of shrimp in Ecuador allows the use
of high volume diesel pumps such as the one pictured. Very few
ponds in the Philippines are capable of supporting this sort of
energy intensive management practice. (Photo by R. Murray).
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An allied industry which is expected to rapidly increase in the next 2
to 3 years is shrimp feed manufacturing. 8ix firms produced 17,000 tons of
feed in 1982 with less than 20% of the shrimp farmers using a program of
supplemental feeding. If more pond owners begin using pelletized diets,
and new pond construction coutinues, it is estimated that 300,000 tons
would be needed by 1986. (Chauvin, 1983). Another estimate places the
future total value of the Ecuadorian shrimp feed industry as in excess of
$40 million (S.P. Meyers, pers. comm.).

Interest in starting new ventures in shrimp farming is still high.
Advertisements are seen almost every week in Ecuadorian newspapers in which
as much as 500 ha of land suitable for shrimp ponds is sought. Such
pressure, combined with the unavailability of salt flats for expansion,
would seem to indicate that a critical point has been reached in Ecuador.
If mangrove resources are to be preserved both as a source of postlarvae
for the shrimp farming industry, and as a part of the coastal ecosystem,
steps will have to be taken in the near future,

If a majority of the farmers can be convinced that better management
practices will double or triple their yields from existing ponds, it would
certainly help to alleviate the immediate problem. Since most of the faruws
in Ecuador are now operated on an extensive basis, conversion to a more
intensive system seems to be the most practical first step.

The current practice is to stock ponds at very low demsities with small
postlarvae, on the order of 10,000-20,000 per ha. Seawater is either
pumped into the ponds or exchanged through tidal action in gome older
operations. Since all food for the shrimp is provided by natural
production in the ponds, there is usually no filtration of incoming water
to remove possible competitors or predators. Without supplemental feeding
the growth of the shrimp is slow, with increases in body weight averaging
approximately 0.5 g/week. The slower growth in turn causes an extension of
the time needed to reach a marketable size, so the number of crops is
limited to 1 to 1.5 per year. Estimates of shrimp production from ponds
operated in this manner range from 100 to 400 kg of tails (shrimp with the

head removed) per hectare per year.
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What could be termed a semi-extensive system would allow much higher
production with only two or three procedural changes. Chief among these
are a higher stocking density (50,000 to 60,000/ha) and a supplemental
feeding program. A nursery system could also be employed so that shrimp
are stocked in the grow-out ponds at 1 to 2 g. The combination of larger
stocking size and a feeding program result in growth rates averaging 1 g
per week or better, so that as many as two crops per year are obtained.
Production in this system, depending on water quality, mortality and other
factors, is in the range of 450 to 1,000 kg of tails/ha/year.

Using other management techniques which have been successfully employed
elsewhere leads to an even more productive semi-intensive system. This
system employs even higher stocking densities of juvenile shrimp
(100,000/ha). Ponds are fertilized prior to stocking to increase natural
production and feed is supplied throughout the grow-out period. Water
quality is monitored closely in this system and water exchange rates in the
ponds are usually higher than in extensive or semi-extensive production in
this case, again depending on a number of factors, is in the range of 1,000
to 1,800 kg/ha/year.

Since only 20% of the shrimp farms in Ecuador are now using a feeding
program, the potential for increased production from existing farms is
extremely high. One feed company has issued its own technical bulletin
with guidelines for feeding and examples of the increase in profits at
different stocking densities. This sort of private initiative is probably
one of the most effective means of disseminating this type of informationm.
ACEBA, the shrimp farmers association, would also be an excellent conduit
for the exchange of technical methods to improve production. Simple
manuals on using different cultivation practices could be made available to
all members and to others involved with raising shrimp.

These steps should satisfy those persons who are presently engaged in
shrimp farming., However, pressure for expansion into mangroves could still
come from new investors who do not yet have their "piece of the pie." As
indicated earlier, suitable areas for shrimp pond construction (salt flats)
which do not adversely affect mangroves apparently have been fully

utilized, If the rate of increase of ponds in the past few years
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continues, there will be a critical need for enforcement by governmental
agencies if Ecuador is going to maintain this new industry. Although two
hatcheries have been built and three or four more are under construction,
they will not be able to meet the demand for postlarvae if the wild stock
should decrease significantly because of habitat loss or expansion of the
industry continues. It is estimated that extant hatcheries can produce as
many as 200 million postlarvae per year while the need for postlarvae will
exceed 8 billion in 1985 if current trends in supply and demand continue.

The logical first step in a comprehensive program of mangrove protection
would be to identify and classify the existing resources and at the same
time obtain a more accurate estimate of what damage has been done. At
present there is no detailed information on the actual locations and extent
of mangroves nor on the actual area and rate of increase in ponds. Some
workers have estimated as many as 80,000 ha of shrimp ponds in Ecuador when
ponds built without authorization are included (Pires, 1983).

A proposal entitled Shrimp Pond Siting and Management Alternatives in
Mangraove Ecosystems in Ecuador has been submitted to USAID, and has
received funding (pers. comm., J. Dickinson).

The major goals of this project are to:

1) Determine the areal extent of mangroves and classify the
communities according to major type.

2)  Inventory existing shrimp ponds and determine what sort of area
they are located in (mangrove forest, salina, saltera).

3) Detect and map patterns of stress on mangrove communities that may be
related to shrimp pond construction or operation.

4)  Correlate differences in shrimp pond signatures with physical or
biological parameters and report yields.

5) Develop and test different techniques for measuring shrimp pond
production and mangrove stress which can be used in Ecuador or in
other developing countries with a minimum of "ground truthing."”

With this type of information available the appropriate agencies within

the Ministry of Defense should be able to increase their regulatory
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effectiveness. Accurate information on existing ponds would lead to better
monitoring of future construction, especially that undertaken without
authorization. Periodic coastal flyovers, or part-time ground observers in
sensitive areas, may be used in such a program. The results of this
important field research program should be followed closely as a model for

mangrove resource monitoring.

4.3 Panama

Compared to the Philippines and Ecuador, the mangrove resources of Panama
have suffered little from aquaculture operations and do not appear to be in
any immediate danger. Demands on mangroves for urban expansion, and as
sources of tannin and charcoal presently appear to be greater threats.

This situation seems to be attributable to a number of factors which have
made some contribution to a greater or lesser degree.

One of these factors is undoubtedly the existence of agencies concerned
with mangroves in one way or another which have been able to function
effectively. RENARE, which has primary respongibility for protection and
enforcement, has sponsored a seminar on mangrove management presented by
FAO. RENARE has also conducted a brief study on the ecological impact
of shrimp culture in albinas and mangroves and has fined owners of
several farms which were built in mangrove areas. They also have
reportedly put a temporary halt to the cutting of red mangrove for its bark
until the problem can be evaluated (S. Castillo, pers. comm.).

DINAAC has been able to help the situation in several ways. Articles
have been published which point out the disadvantages of building shrimp
ponds in mangroves (including greater cost, poor water quality and off-
color, less valuable shrimp), the overall risks involved in investing in
shrimp culture and the possibility of encountering acid sulfate soils in
mangrove zones. A training program for biologists and technicians is being
conducted at the marine station, and several personmel are already involved
in working with private shrimp farms. Prior to the loan application made
to the Inter~American Development Bank, DINAAC also conducted an assessment
of the number of hectares of albinas available for shrimp pond

construction. Estimates ranged between 10,000 and 19,000 ha, which should
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comfortably accomodate the total planned expansion of 2,500 ha allowed by
the amount of monies provided through this loan.

There was some initial concern (R.M., pers. obs.) that visits to ponds
after construction would not allow an accurate estimate of the amount of
mangrove destruction involved. In Panama, however, there did turn out to
be an effective means of comparison using aerial photos (1:40,000 scale)
taken prior to pond construction. These are available at a nominal cost
from the Instituto Nacional de Geograffa in Panama City. Two of these
photographs covering the Punta Chame area showed that four of the five
farms located there were built on existing albinas, with little or no
mangrove involvement (Figure 13),

Management practices in Panama also tend to differ dramatically from
Ecuador. Here the majority of farms are using semi-extensive or semi-—
intensive operations, with 5% or less using an extensive system. This is
probably primarily due to the influence of the Ralston Purina operation,
Agromarina, S.A. Production here for the past year has exceeded 2,100 kg of
tails/ha/year. The operation has earned the nickname Universidad del
Camardh, or Shrimp University, because of the number of former biologists
and technicians who are now working for Panamanian shrimp farms. DINAAC
has also served as a source of trained personnel and information for farms
in Panama. This is in contrast to Ecuador where the extensive system was
historically practiced and there were no local people with expertise in

shrimp culture.

5.  LESSONS LEARNED AND SITE COMPARISONS

The status of shrimp production in Ecuador and Panama for export markets is
similar; Philippine milkfish production represents an older system meeting
the needs of local consumption in a nation of much higher population
density.

Important areas of contrast are summarized in Table 4. The fact that
most smaller fishponds (less than 2 ha) in the Philippines are not
profitable (Chong, Lizarondo, Holarzo and Smith, 1982) is not a
particularly grave economic concern. Operators produce food for themselves

and defray their cost of living by selling off the remaining production.
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Figure 13. Location of two shrimp farms in Punta Chame. The albina
area on which the forms were built is outlined and indicated by
arrows. Dark areas on the coast are mangrove forests. (scale
1:40,000 photo by Panamanian Government).
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There is little incentive to improve yields. Larger operations (greater
than 10-ha farms) such as those in Iloilo, Pangasinan and Quezon provinces
are profitable and in many cases have achieved much greater yields per unit
area, in some instances as much as 2,000 kg/ha/yr (J.A., pers.obs.). The
many small fishponds produce far less than the few larger operations where
profit motivation has led to improved operations. Futhermore, there are a
number of important economies of scale which are achieved only by larger
pond operations. These include higher stocking densities, polyculture
with shrimp, food preparation and feeding, and improved water circulation
from better sluice gates installed in the larger ponds.

If mangrove conservation is to be accomplished while permitting
mariculture production (both fish and shrimp) to continue, improvements in
yield per unit area of ponds must be pursued. In fact this is the stated
goal of many government agencies. Legislation exists in all three
countries studied which, if effectively enforced, would preclude mangrove
conversions and encourage intensification of existing pond production.
However, achieving overall improvement in yields is quite difficult in any
agriculture or aquaculture endeavor.

According to figures from BFAR, each hectare of milkfish pond in the
Philippines provides employment for one persom, or approximately 190,000
people nationwide. The socioeconomic characteristics of milkfish culture
have been established over many years and involve many people. The
structure of the industry will complicate efforts to achieve higher yield
by combining adjacent small and medium scale operations into a few larger
scale operations. Yet to minimize continued mangrove conversions, the
pressures to create new ponds must be relieved by improving yields of the
established ponds.

It may be possible to improve yields per unit area by putting a greater
emphasis on manual labor in the production process. The addition of a few
people per facility could be used in such never-ending tasks as dike and
gate repair, organic (or inorganic) fertilizer application and preparation
and addition of locally available foods (such as rice bran). These
personnel could be added at a relatively low cost to the pond operator

especially in areas where large labor pools tend to shrink daily wages. Ia
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this way manual labor avoids an obligation for expensive techmology while
improving the local employment picture. Taking greater care in the overall
culture as suggested above will result in a greater yield per unit area
both in product and cash.

Aquaculture advisory service through government extension agents has
not been useful in accomplishing this task in most countries; the
Philippines, Ecuador and Panama are no exceptions. Typically, there is a
critical shortage of properly trained extension agents (Ecuador, Panama)
Their effectiveness is compromised by pond operators whose actual
production is often greater than their officially reported, taxable
production (Ecuador). Often the extension agent's status is considered low
in view of the modest salary and the excessive amount of challenging field
work required (the Philippines). The net result is poor transfer of
technical information to small-scale mariculture operators on issues such
as pond siting and design, maintenance of water quality, or pond management
and harvest.

Product quality is excellent but high yields using unskilled labor is
difficult or variable at best., The participation of a limited number of
foreign technicians and mariculture specialists has been important in the
development of shrimp mariculture in Ecuador and Panama. Increased yields
appear to be unlikely unless there is an increase in qualified local
technicians. Part of the Panamanian program funded by the Inter-American
Development Bank addresses this need for training.

Low yields of both shrimp and fish can be achieved with very little
input of labor, energy and money; however, this is the most extensive
approach. The greatest input is land, mangroves in the Philippines, or
dwindling areas of salt flats, and more recently, mangroves in Ecuador.
Panama's young shrimp mariculture industry has yet to exert significant
pressure on their mangroves, and therefore Panama has the best opportunity
to review and react to these pressures before they become an environmental
problem,

Production of milkfish fry depends on the productivity of the mangrove
ecosystem as does natural production of shrimp postlarvae in Ecuador and

Panama. However, to date the availability of juvenile milkfish has not

41



limited fish production. Milkfish fry remain numerous in spite of the loss
of as much as 457 of original mangrove areas. Milkfish are highly fecund,
as are shrimp. They grow rapidly either in the wild or in captivity and
are easily held (stunted) in nursery ponds until required. Shrimp
postlarvae move into the mangrove ecosystem only temporarily and are much
more sensitive to handling and grow-out procedures. In Panama and
especially in Ecuador, the availability of shrimp postlarvae could become a
major obstacle to further mariculture development.

Milkfish are produced in ponds located in mangrove habitats from which
the trees have been removed, often for charcoal and lumber. On the other
hand, preferred sites for shrimp ponds (in Panama and Ecuador) are salt
flats, tidally flooded salt-soil areas devoid of vegetation behind the
mangrove forests. For successful operation, milkfish ponds must be located
in mangroves. Therefore each hectare of pond represents the removal of one
hectare of mangrove. Ecuador shrimp farming has been expanding since 1969
with ponds in salt flats where construction costs are lower and there are
fewer production problems. But as fewer desirable salt flats remain in
Ecuador, there has been an increase in the illegal removal of mangrove
areas. Panamanian shrimp farming is a more recent development, and
extensive areas of salt flats are available for development. While some
mangroves have been removed for shrimp ponds, current economic pressures
appear to have reduced the rush to develop new ponds. This is clearly
evident from the lack of participation in the Inter-American Development
Bank loan program of US$15.3 million. US$10.3 million are available for
development of 1,525 hectares of shrimp ponds in Panama, but applications

for less than US$l.1 million have been processed (R. Pretto, pers. comm.)

6.  GUIDELINES

This case study has focused on the Philippines, Panama and Ecuador as
premier examples of successful, coastal mariculture in the developing
world. For the most part, the successes of these nations in fish and
shellfish mariculture continue to take place in environments where mangrove

forests are often found. We have reviewed specific histories of
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mariculture development in these nations, examined current situations and
discussed lessons learned from the proper and improper management of both
mariculture projects and mangrove resources. The constraints upon the
opportunities for natural resource management discussed in this study are
widely applicable in nations where aquaculture developments may have
serious impacts on other coastal resources. In countries where ecological
and economic conditions are favorable, mariculture can rapidly take on
considerable socioeconomic importance in a relatively short period of time.
In less than two decades, shrimp mariculture has expanded to account for 407
to 80% of all exports in Panama and Ecuador. Once proven successful,
mariculture production becomes a traditional activity over the course of
many years, as in the Philippines where nearly 200,000 people rely on the
industry for all or part of their living. Given the important
socioeconomic basis of coastal mariculture, it becomes imperative that
planners and administrators work to promote the prosperity of the industry
while expanding and refining their efforts to manage, conserve and, in some
areas, preserve mangrove systems. To that end, we present the following
generic recommendations which are intended to guide decision-makers dealing
with mariculture developments in coastal habitats harboring important
natural resources. These guidelines are subdivided into four broad
categories: technical measures, information transfer, funding practices

and administration.

6.1 Technical measures

(1) Existing mariculture production should be intensified to increase yields

without the need to convert new coastal habitats.

Intensification is the most important strategy, and one likely to be
successful in many countries for most species under cultivation. From a
technical standpoint, intensive or semi-intensive mariculture production is
based on proven methods involving higher stocking densities of postlarvae
or juveniles, improved maintenance of water quality, better design
engineering and siting of grow-out ponds, and use of supplemental foods.
These improvements need not be technologically oriented or prohibitively

expensive but the mariculturists must be aware of the methods and the need
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for their use. FEven small pond operations can have yields per unit area
increased (by use of simple fertilizers, supplemental feeding, more frequent
exchange of water, etc.). Intensification of larger scale operations
requires more inputs (money, labor, supplies) to achieve greater
production, higher product quality and dependability of supply, all of
which lead to greater profits and a more stable market for the mariculture
product. To some extent, these improvements in operations are a result of
several economies of scale which are achieved only in large, technically
oriented facilities (e.g., many problems of water quality may be solved in
a large-scale operation while small-scale grow-out ponds cannot yield
sufficient products to justify the expense of technical solutions). It is
important to recognize, however, that profitability is a less important
criterion in areas where mariculture production is consumed locally rather
than by national or international markets. Successful intensification can
improve profit margins but it can also increase supplies of protein without
increasing the areal extent of grow-out ponds at the expense of mangrove
forests. This is particularly true in nations of high population density
where the need for food is not always met. In such areas where the labor
force is a large and unemployment high, increased labor input may lead to
improved production per unit area without the involvement of expensive

technologies.

(2) Accurate baseline envirommental and economic data and periodically

updated assessments of mangrove resources must be collected. It is not

possible to judge the biological or economic problems or evaluate the
merits or constraints of any solution without sufficient and accurate data.
Very little data exist on the relationship between intact mangrove forests
and the productivity of coastal waters and hence we cannot evaluate the
impact of mangrove conversions on nearshore fisheries, although there
appears to be a relationship. The economic value of intact mangroves, or
mangroves managed for sustained yields of tannin, charcoal and lumber, is
not generally known, so again we cannot evaluate mariculture conversions
relative to other land-based activities. Even such data as the areal
extent and temporal variation of production in mangroves is not routinely

and accurately collected. For example, it has been suggested (IUCN,1981)
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that one unit of mangrove may be converted to mariculture ponds for every
four units of intact mangrove before coastal fisheries will suffer from the
loss of the mangrove habitat and productivity. Ecological data to test
this hypothesis are lackingj accurate or unbiased economic data are
unavailable for evaluations of such resource development strategies on
different gocioeconomic groups (catch fishermen, mariculturists, local
consumers, exporters).

In the absence of useful data or other properly validated conversion
ratios, the most prudent course of action would involve a moratorium on
conversion of new mangrove areas. Such restrictions must be enacted only
as interim measures while necessary data are collected and formulated into
management guidelines.

It is beyond the scope of this study to outline specific types of data
required for proper biological and environmental analyses and assessments
of the status of mangrove forests. In any event, what would be considered
appropriate data generally varies from one coastal system to another.

In general, however, satellite imagery supported by aerial and ground
truth surveys appear to be one of the most appropriate means to accumulate
the data needed for ongoing evaluation of mangrove forests in areas of
mariculture activity. Results from current and proposed research programs
at the University of Panama, the University of Miami and the FORI, mangrove
research station in Quezon Province, Philippines, should be critically
reviewed as potential models for routine collection of the biological and
ecological data needed in periodic assessments.

Economic data to integrate with biological and ecological findings are
also required; data suitable for the evaluation of mariculture and the
quantification of tradeoffs between short- and long-term development
strategies are not available. In most areas, mangrove forests provide
lumber for human habitation, are a source of charcoal, lumber and tannin
for man's use, and cycle nutrients into highly productive coastal waters in
addition to serving as sites for mariculture ponds. In spite of this
biological and economic importance of the mangrove system, we lack data on
which to base management decisions for balancing uses of mangroves or for

sustaining the resource.
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this study suggests the complexity of the required data (e.g., what
information is needed to establish a value of the discount rate for
mangroves?).

(3) Siting of new mariculture facilities in mangroves must be discouraged

while reclamation of abandoned ponds should be encouraged. In most areas,

conversion of mangroves to ponds is not an absolute requirement for
successful mariculture production, and in fact such pond siting can be
disadvantageous. Ponds built in mangrove areas cost more to prepare, as
much as 207 more in Ecuador (E. Heald, pers. comm.) and frequently have
poor water quality resulting from acid sulphate conditions caused by
decaying mangrove matter. Because soils in mangroves often cannot be
adequately compacted, pond dikes rupture more frequently. Planners and
decision-makers should favor siting of ponds in areas other than intact
mangrove forests, and only after a sufficient financial commitment has been
made for plans which reflect proper design engineering of the facility.
Programs of pond reclamation should be supported in instances where
economic failures have led to pond abandonment. Poorly sited or

engineered ponds should be breached to promote eventual recolonization.

6.2 Information transfer

(4) Programs must be established to train more extension or advisory agents

and to mandate continuing education for current agency staff involved in

extension services for mariculture. Greater commitments must be made to

the support of extension services; key personnel must be trained and
retained through improvements in the agent's status and salary. Well
trained and respected extension agents may prove to be the most effective
communicators of improved mariculture practices. Key personnel should be
drawn to responsible positions from areas of relevant experience. Training
of extension agents and advisory personnel is often insufficient and
inappropriate and must be improved if even minor technical advances

toward intensification of mariculture are to be made. Promotion of

simple improvements through effective extension services is likely to

result in the most rapid intensification of small production
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operations.

Current successes in coastally sited mariculture are based predominantly
on methods rooted in tradition and difficult to change. The transfer of
technology upon which intensification depends faces opposition from this
traditional, grass-roots outlook. Therefore to be effective, extension agents
must gain the confidence of the industry. But this role of the agent is made
difficult through his or her association with the bureaucracy which regulates and
taxes the mariculture industry. The following guideline addresses this concern.

(5) Private, non-governmental organizations (NGO's) such as shrimp and fish

farmers associations must be involved in programs to promote improvements

in production., These associations are local in character, are not involved
in procedures of regulation and taxation, and generally are well regarded.
While association members may be reluctant to share successful methods
among themselves, the associations do provide a forum for the extension
service to promote proven methods of intensification extracted from
successful foreign operations, international specialists and published
reports.

(6) Large, expatriot companies should be required to gradually transfer

production technology to local producers as part of their land concession

permit. Foreign-based firms usually have made a significant commitment of
capital to establish production operations which take advantage of local
labor and natural resources, often to meet demands of a lucrative export
market. Such foreign investment offers a uumber of obvious benefits to
local economies in terms of employment, export trade and tax bases.
However, once initial research and development costs have been recovered,
expatriot companies should not retain exclusive privileges to exploit local
natural resources by virtue of proprietary technologies. Foreign investors
must be offered a definite period of time in which to establish the
profitability of production and recover development costs. After that
period (we recommend 10 years as a reasonable figure) continued operation
would require a well-defined program of technology transfer. In return for
this information, the term of the original land concessions would have to
be extended beyond current standards (e.g., a l0-year proprietary

development period followed by 20 years of continued operation for a total
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term of 30 years).

(7) Specific mechanisms must be established for the timely transfer of

research results and recommendations in appropriate form for application by

regulatory agencies and user groups. Publication of technical reports in

the scientific literature does not address the need for transfer of
information from research projects to decision-makers. Publication is
frequently slow and presentations are in highly technical terms.
Governments, international development organizations and user associations
should continue to support more frequent gatherings of specialists to
produce and circulate non-technical syntheses of results from research

programs on both mangrove resources and mariculture developments.

6.3 TFunding practices

(8) International funding agencies must carefully structure their mariculture

development programs to encourage improved yields in existing facilities

rather than the creation of additional coastal sites. In the past, loan

programs for capital expenses have increased pressures on mangrove
resources by encouraging the entry of new operators into the mariculture
industry. Loan funds for operating expenses should be made available for
improving and sustaining existing mariculture operations. Restrictions on
use of current loan money for operating expenses should be removed.
Discounted interest rates or tax advantages may be given on loans used to
reclaim abandoned ponds. New development programs should represent a
balance of financial support for capital and operating expenses and

training programs.

6.4 Administration

(9) We strongly recommend that single agencies or departments be charged with

the coordinated administration of coastal resources and mariculture

development, and that this agency effectively communicate governmental

policies to all parties concerned. Interagency conflicts should be

"minimal; policy statements and research programs should be unified. While
shifting jurisdiction within existing departments or ministries may be

difficult, such changes are needed.
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Bureaucratic processes tend to become more complex and resistant to
change over the long term. This tendency toward bureaucratic entrenchment
and inflexibility is complicated in the administration of multidisciplinary
issues. Responsibilities are typically partitioned into many management
units, which increases the complexity of the system to the outsider. The
"outgiders" in the instance of mangroves and coastal mariculture are for
the most part shrimp and fish farmers, lumbermen, and rural families
producing charcoal and tannin. (Sophisticated entrepreneurs who, from time
to time, may promote urban development of mangrove tracts are not, in this
sense at least, "outsiders™ to the gystem.) Of particular concern to the
ministry administering coastal resources and development should be the
effective communication of policies to everyone involved in the development
or management of coastal resources regardless of their sophistication in
natural resource issues or the apparent degree of their involvement from
passive concern to daily participation. Feedback should be part of this
communication. Thus, administrative policies and legislation which
allocate common property resources, such as shrimp postlarvae, milkfish fry
or mangrove tracts, should be assessed and adjusted periodically by all
interested or affected groups if resources which permit successful

mariculture are to be sustained.
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APPENDICES

Appendix I - Methods: Itinerary
Part 1

Mr. Joseph Atchue traveled throughout the Philippines from 4 July
through 12 August 83. In addition to visiting Manila, he spent time

in Pangasinan, Ilolio, Cebu, Bohol and Cagayan Provinces.

Mr. Robert Murray traveled throughout Panama from 15 August through 26
August 83. 1In addition to spending time in Panama City, he visited
pond operations and mangrove sites in Punta Chame, Aguadulce and
Chitre. In Ecuador he was able to tour several shrimp farms on the

Guayas River.

53



Appendix I - Methods: Interview Guidelines
Part 2

Uniform Reporting Guidelines

These guidelines provided a basis for comparison of data collected during
interviews. In the following lists, topics with asterisks are considered
most important.

1. Persons Interviewed

A. Aquaculturist - Owner
Operator
Employee
Processor

B. Private Interests - Association administrator
Consultant

C. Governmental - Local
Provincial
Federal
US AID Mission

D. Financier - Lawyer - Banker
Attorneys
Venture capitalist

E. Alternate User - Catch fishermen
(of mangrove coast) Home owner, developer
Boating interests
Salt pond facilities

2. Areas of inquiry:
Biology - Mariculture
Environment

Economic
Social
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Appendix I - Methods: Interview guidelines
Part 2

% % % % ok ¥ %

AQUACULTURE - Owner, operator, employee, processor

Production levels per unit area

Area in production, harvests per year

Favored habitat, climate, specifics of suitability
Expand vs increase yield?

Value of extension agents, if any

Planned expansion, timetable, where

Value of mangroves - esthetics, habitat for postlarvae and
juveniles, other roles

Pond designs, innovations, alternatives

Pond failures, flaws, time to construct

Constraints to increased yield per unit area

History of availability of postlarvae (not from hatchery)
History of facility development, personal involvement
Perceived (or measured) impact on habitat, history
Freshwater difficulties

Extent of vertical integration

Any local conflicts - officials, neighbors, fishermen, laws
Number of employees, wages

Hierachy of expense

Marketing methods

Estimates of market demand

Price returned to producer

Profit margin, profit sharing incentives

Cost of money (interest rate), accessibility

PRIVATE INTERESTS ~ Consultant, association administration, scientist

¥ ok ok % ¥ %

* %

Mean production levels per unit area

Estimate of total area in production

Favored habitat, climate

Perceived (or measured) impact on habitat, history
Planned expansion, timetable, where

Value of mangroves - esthetics, habitat for PL and juveniles, other
roles

Areal extent of mangrove habitat, by province

Estimates of natural productivity of mangrove

Pond design, innovations, alternatives

Pond failures, flaws

Constraints to increased yield per unit area

History of availability of postlarvae (not from hatchery)
History of aquaculture industry

Specifics of suitability
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Preshwater difficulties

Most pressing regional problem

Expand vs. increase yield

Extent of conflict with fishermen

Hierarchy of expenses

Role of extension agents, consultants
Percentage population employed by aquaculture
Marketing methods

Price returned to producer

Estimate of market demand

GOVERNMENT - local, provincial, federal, AID mission

* Value of mangrove - esthetics, habitat for PL and juveniles, other
roles

* Extent of failures of aquaculture operations

* Most pressing regional problem

* Percentage of population employed by aquaculture

% Planned expansion, timetable, where

* Government policy to ecnourage/discourage expansion

*

Areal extent of mangrove habitat, by province

Nature of legislation to manage coastal resources
Nature of legislation to promote/regulate aquaculture
Role of extension agents

Estimate of economic benefits of aquaculture
Percentage of population employed by catch fisheries
Any local conflicts - officials, fishermen, laws
Quality of intragovernmental relations

FINANCE/LAWYER - attorney, banker, venture capitalist

Estimate of economic benefit of aquaculture

Extent of failures of aquaculture operations

Planned expansion (participation), timetable, where
Government policy to encourage/discourage expansion
Value of mangroves - esthetics, habitat for marine life, other
roles .

Outline of aquaculture involvement, service provided
Favored habitat, climate

Cost of money (interest rate), accessibility
Marketing methods

Price returned to producer

Estimate of market demand

Percentage of population employed by aquaculture
Perceived (or measured) impact on habitat

Most pressing regional problem

% ¥ ¥ ¥ *
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In loans to aquaculture, what is failure rate
Time from loan to cash flow

ALTERNATE USER - catch fishermen, home owner, developer, boating

interests, salt pond facilities

* Estimate of economic benefit of aquaculture

* Value of mangroves - esthetics, habitat for marine life, other
roles

* Planned expansion (non - aquaculture), timetable, where

* Estimate economic benefits of alternate use
Percentage of population employed by catch fisheries
Favored habitat, climate, specifics of suitability
Total area in alternative use
Any local conflicts - officials, neighbors fishermen, laws
Freshwater difficulties

Appendix I Methods: Persons Contacted
Part 3

The following individuals were personally contacted during the course
of this study.

CASE STUDY CONTACTS: PHILIPPINES

Ministry of Natural Resources (MNR)

Arnol Caoili, Deputy Minister

Bureau of Fisheries and Aquatic Resources (BFAR)
at the national level.

Joe Marie Gerochie, Assistant Director

Abe Gaduang, Chief Extension Division

Myrna Capati, Officer in Charge, International Liaison
Lourdes De Mesa, Head Librarian

Lulu Bautista, Acting Chief, Statistics Division

Natividad M, Lagua, Chief, Plans and Management Division (PMD)
Aurora B. Reyes, PMD

Region I:

BFAR:
Primitivo Clave, Regional Director
Romulo Rasing, Extension Agent
Michael Rice, Peace Corps Volunteer
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Part 3 con't.
Region VI:

BFAR:

Jose Garrido, Regional Director

Fred Telarma, Assistant Regional Director

Cesar Matulac, Chief, Extension Division

Donnie Boquieren, Chief, Gear Technology

May Abdua, Chief, Management Information Staff
Development Bank of the Philippines:

Ramon Buenaflor, Manager, Iloilo
Personal contact:

Mr. Danila, Western Visayas Fish Farmers Federation

Region VII:

BFAR:
Mr. Avesado, Regional Director
Boy Bernardino, Assistant Regional Director
Corazon Coralles, Chief, Extension Division
Rafael Bojos, Chief, Plans and Management Division
Myrna Reyes, Plans and Management Division
Condring Gustador, Chief of Calape Demonstration Fish Farm
Rolando Obispo, Chief of Vis. Fisheries Training Center
Gerry Loquellano, District Fishery Officer, Bojol
Development Bank of the Philippines:
Ben Tapedor, Manager of DBP, Cebu
Wilfredo Oredina, Chief, Aquaculture and Agriculture Div.

Region X:

BFAR:
Arlepne Pantanosas, Chief, Plans and Management Division

Manila

Development Bank of the Philippines:
N. Chave, DBP Aquaculture Section

University of the Philippines (Marine Sciences Research Center (UP/MSRC)
Edgardo Gomez, Professor
National Environmental Protection Council (NEPC):

Ella S. Deocadiz, Chief, Coastal Zone Management Planning
Section
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Southeast Asian Fisheries Development Council (SEAFDEC):
Rogelio Fortez, Manila Office
Angelito Vizcarra, Aquaculture Engineering
Mr. Torrez, Aquaculture Engineering
Sylvia San Juan, Administrative Assistant, Training Programs
International Center for Living Aquatic Resources Management (ICLARM)
John L. Munro, Director, Research Division
National Resources Management Council (NRMC)
Celso Roque, Director General
Ricardo Umali, Deputy Director General (also Chairman,
National Mangrove Council)
Fisheries Industry Development Council (FIDC)
Elizabeth Samson, Chief
Silliman University; World Bank
Fred Vandevuuse
USAID:
Jaime Correa, Agricultural Project Officer, ORAD
David Alverson, Director, Policy and Planning, ORAD

Noel Ruiz, ORAD
Jeremy Edwards, Chief, ORAD

CASE STUDY CONTAGTS: ECUADOR
Mr. Mark Newman, Chief Biologist
Camaronero Lebama, Tslas Las Canoas
Dr. Joshua Dickinson, III
Consultant to project, environmental management
Gainesville, Florida
Mr. Rafael Horna

Eric Heald
NMFS; farm partner in shrimp (Ecuador)

Dr. Gilberto Cintron
Assoc. Prof. Univ. Puerto Rico

Ricardo Torres
ACEBA, Guayaquil
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Part 3 con't.
CASE STUDY CONTACTS: PANAMA
RENARE:

Dr. Sergio Castillo M., Director
Directorate of Renewable Natural Resources (RENARE)

Lic. Cristina Garibaldi E.
Biologist, RENARE

Ing. Manual Hurtado
Chief, Forest Service

Ing. Cecilio Estribi, Provincial Coordinator,
(Chiriqui)

University of Panama:

Prof. Luis D'Croz
Marine Biologist

Bogdan Kwiecinski
School of Biology

DINAAG:

Dr, Richard Pretto M., Director
National Directorate of Aquaculture

Ing. Luis Hooper, Chief
Shrimp Culture Section

Lic. Vielka M. De Ruiz, Chief
Vacamonte and Carrasquilla Labs

Tec. Miguel de Leon, Chief

Marine Station "Enrique Ensenat"

Arnulfo Luis Franco R.
Marine Biologist, Marine Station "Enrique Ensenat"

Azael Torres Diaz
Marine Biologist, Marine Station "Enrique Ensenat"

Eyda Smith, Economist
Carrasquilla laboratory
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Production operations:

Victor Ruben Espano, Manager
Palangosta, S.A. (Aguadulce)

Ramon Morales, Administrator
Agromarina de Panama (Aguadulce)

Javier Perez
Grupo Ganadera, S.A. (Granjas Marinas, Punta Chame)

Ing. Eduardo Perez, Field Manager
Aquachame, S.A, (Punta Chame)

USAID:
Mr. Gale Rozelle
Mr. Jesus Saiz
Others:
Dr. Len Lovshin: AID/DINAAC (Santiago)
Dr. David Hughes: AID/DINAAC (Santiago)

Carlos A.Becerra: Banco Nacional de Panama
Director, Aquaculture Program for IDB-BNP-MIDA

Armando Solicas: Manager, Cooperativa Salineros Marin
Campos, R.L. (Aguadulce)

Mr. Enrique Diaz, US Army Engineering Division
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Appendix II

Philippine National Mangrove Committee guidelines:

The Philippine National Mangrove Committee was reorganized to its present

form by the (then) Ministry of Natural Resources under Special Order No.

178, 1980.

Areas to be recommended for preservation or conservation or to be declared

as mangrove forest reserves:

1).

2).

3).

4).

5).

6).

mangrove areas adjoining the mouth of major river systems, covering at
least 3 km distance along both sides of the river fronting the sea,
mangrove areas near or adjacent to traditiomal productive fry and
fishing grounds, areas of importance as breeding, spawning and nursery
waters for fish and shellfish,

mangrove areas near populated areas or urban centers, for use by
people dependent on mangrove forest products,

mangrove areas of significant hazard if developed because of storms,
erosion, floods,

mangrove forests which are primary or pristine and have dense young
growth, in view of their important roles in local ecosystems, and
mangrove forests on small islands, forests which are important

components in such small ecosystems.
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Appendix III

Recommendations of participants at the FAO seminar on management and

regulation of mangroves held in Panama in July 1-6, 1983.

.

2).

3.

4),

5)«

6)5

.

The technical assistance offered by international bodies, in
material for the regulation of mangroves, should have a specific
and practical character for field application. Suitable
Panamanian personnel should be sent to Scutheast Asia to receive
practical training in mangrove management, as well as forestry
aspects.

Recommendations of the missions on mangrove management already
received by the Forest Service should be put in effect as far as
possible.

Mangrove forest inventories already produced should be made
current and processed on corresponding maps. Perhaps technical
assistance would be required for this during the entire period.
Establish a small pilot level unit of mangrove forest managewment.
This could be 45 to 100 hectares, including a charcoal oven (50
m3), which implies an investment of some $US10,000 for the first
year. For the management of said unit the identification of a
market for the products to be obtained is indispensable. This
unit is of total importance to demonstrate the feasibility of
mangrove forest management, without affecting the other resources
derived from it.

An area of forest reserve should be selected and created for

the mangroves in Panama.

The corresponding laws should be regulated for more orderly

use of mangroves.

Due to the large number of entities which in one form or another
are related to this resource, it is very important to quickly
form a Comision Nacional del Mangle (COMAN) integrated by
representatives of public as well as private institutions which
are concerned with the conservation, use, administration and
investigation of the mangrove zones. This model functions

sucessfully in S.E. Asia.

63



8). Mangrove investigation programs should be reinforced and
coordinated through the proposed "Comision Nacional del Mangle." This
should channel the corresponding funds for investigations such as the
management projects.

9). At the level of said comission, they should coordinate
information and extension workers on the value of the mangrove
resource with a target of a better understanding on the part of the

users and the general public.
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Case Study Two

BEACH EROSION

Miles O. Hayes



"We have learned that even works
executed for coastal protection
sometimes accelerate severe beach
erosion. It should be deeply
engraved in our minds that any
development project must be
examined from a broad view of
both positive effects and
negative results.,"

Watanabe and Horikawa
(1983)
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SUMMARY

Assessment of beach erosion problemg on a global scale indicates that erod-

ing beaches are a common phenomenon. Serious erosion problems in developed

areas are usually the result of the activities of man, such as unwise con-

struction practices or the development of harbors or hydroelectric dams.

Case studies from different parts of the world provide guidelines for sound

planning and management of beaches in developing countries. Most of the

pitfalls of beach erosion can be avoided if the following "golden rules for

combating beach erosion" are adhered to:

D

2)

3)

4)

5)

6)

7

Understand the natural beach system before it is altered. Site-specific
studies may be required at many localities to insure wise planning deci-
sions,

Develop a setback line before construction begins,

Where a major obstruction to longshore transport is built, such as a
large harbor, allow for an adequate sand-bypassing system.

Where possible, use soft solutions, such as sand nourishment or diver-
sion of channels, rather than hard solutions, such as revetments or sea-
walls, to solve beach erosion problems.

Maintain a prominent foredune ridge.

If a beach is valuable for tourism, recreation, or wildlife habitat, do
not mine the sand from dune, beach, or nearshore bars.

Do not panic after a storm and drastically alter the beach. Wherever

possible, let the normal beach cycle return the sand.
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Lone observer on an
eroded beach in
Western Australia.
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1. INTRODUCTION

Erosion is a common phenomenon on many of the shorelines of the world. 1In
fact, almost no coastal area of the world that has been developed by man is
free of problems caused by beach erosion.

An average erosion rate of between 30 centimeters (cm) and 1 meter (m)
per year has been determined for the shoreline of the United States (Dean
and Walton, 1975). The National Shoreline Study, which was conducted by
the U.S. Army Corps of Engineers (1971), concluded that there are 32,000
kilometers (km) of eroding shoreline in the United States, 4,800 km of
which are classified as critically eroding, with nearly 43 percent of the
shoreline of the United States undergoing significant erosion.

The erosion or accretion of any coastline is ultimately controlled by
the natural forces responsible for the motion of wind and water along the
beach and in the nearshore zone. Under the action of nearshore currents,
waves, or winds, sediments are moved on, off, and along the beaches. This
mass transport of sand (the primary sediment type found on beaches) results
in the net erosion or accretion of a particular segment of the coastline
(Hayes and Kana, 1976).

The following discussion outlines the causes of erosion and reviews
man's effort to combat it, emphasizing specific case studies. What becomes

evident in this discourse is the conclusion that man himself has caused

most of his own beach erosion problems. That being the case, perhaps he

can do something to solve them. Lessons learned from the mistakes of the
past should be applied in the planning phases of every new development in
the coastal zone. The costs involved in preventing erosion by wise plan-
ning are orders of magnitude less than those required to solve an erosion

problem once the structures are in place.
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2. THE NATURE OF BEACHES

2.1 Definition

A beach is an accumulation of unconsolidated sediment that is transported
and molded into characteristic forms by wave-generated water motion. The
landward 1limit of the beach is the highest level reached by average storm
waves, exclusive of catastrophic storm surges, and the seaward limit is the
lowest level of the tide (Davis, 1982). The beach's landward limit is usu-
ally marked by an abrupt change in slope at a coastal cliff, a foredune
ridge, or a man-made structure.

Most of the discussion in this case study concentrates on the erosion
of beaches, although the cliffs, dunes, and man-made structures of adjacent
coastal areas are commonly affected by wave erosion. Furthermore, it is
important to realize that changes on a beach are responses to processes
acting far outside the limits of the beach itself. Offshore shoals and
currents as well as inshore dune systems exert important controls on the

erosional and depositional cycles of beaches.

2.2 Beach Sediments

Sediments on beaches range from coarse-grained fragments of rocks to fine-
grained sand. Quartz sand is the most common constituent of beach sedi-
ments because of its relative abundance in the earth's crust, as well as
its chemical stability and resistance to abrasion. Carbonate sand beaches
are common in tropical regions. Gravel beaches are most common in areas
subjected to Pleistocene and Holocene glaciation (polar and subpolar re-
gions), but they also occur in warmer climates near eroding bedrock cliffs
and near some river mouths. The texture and composition of beach sediment
roughly parallels the distribution found for the nearshore shelf sediments
of the world (shown in Figure 1). Approximate distributions of beach sedi-
ments on a global scale are summarized further in Table 1. 1In effect, the

waves will build a beach from whatever material is available.
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Figure 1. Relative frequency of occurrence of sediment types on the inner
continental shelves of the world (from Hayes, 1967b). Beach sediments show
a similar trend, except for mud, which is winnowed from beach sediments.
"Coral," a general term used on nautical charts, presumably encompasses
other types of carbonate sediments besides coral.
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TABLE 1

Generalized global occurrence of beach sediment

Tropical regions Carbonate sand composed of coral and algal frag-
ments, shell, and carbonate precipitates abundant;
quartz and rock fragments common in sand, espe-
cially in areas of eroding bedrock and near river
mouths

Temperate regions Quartz sand dominant; rock fragments and feldspar
abundant in sand near river mouths and along
coasts with eroding bedrock

Subpolar and polar Gravel beaches abundant; pure sand present on
regions long, exposed beaches; quartz and rock fragments
common in sand

Oceanic islands Volcaniec sands (normally black in color) and car-
bonate sands common

2.3 Waves on Beaches

Most of the wave emergy arriving at the shoreline is contained in progres-
sive waves generated by winds blowing over the water. They are termed pro-
gressive because they move in the general direction the wind is blowing.

- These waves have two common forms: seas and swell.

2.3.1 Seas

Seas are highly irregular waves with pointed crests which are produced and
influenced directly by the wind blowing over the water. They generally in-
clude a wide range of wave lengths and periods, making it difficult to de-
scribe the average wave. The height of waves at a given water depth de-

pends on three factors: wind velocity, fetch (the waterway distance over

which the wind blows), and wind duration (length of time a given wind ve-

locity occurs). As each of these factors increases, wave heights increase.

2.3.2 Swell
When the wind stops blowing, seas become more rounded and smooth in appear-
ance, approaching a sinusoidal shape. Such waves are called swell. Be-

cause the velocity depends on the period or wave length, swell waves tend
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to sort themselves out naturally at sea, traveling in groups with approxi-
mately equal velocity. Typically, the sea surface contains a complex pat-
tern of locally generated seas interacting with swell from another part of

the ocean,.

2.3.3 Waves at the Shoreline

Seas and swell are transformed as they approach the coast because of the
effect of friction as the depth of water decreases. If waves approach at
an angle to the shore, they will bend (refract) toward the shore. Also,
they will generally decrease in height because of shoaling and friction
with the sea floor. Waves break when the depth of water is approximately
equal to the height of the wave. So, a wave one meter high will usually

break in about one meter of water.

2.3.4 Breaking Wave Types

There are three basic types of breakers which occur on beaches, mainly de~
pending on beach slope. Along gently sloping beaches, spilling waves are
most common. These waves have a broad foam area at the wave crest as they
approach the beach, expending their energy over a relatively wide surf
zone. As a rule, they tend to move sand onto the beach. Plunging waves
occur as beach slope increases. They have curling breakers which entrain a
vortex of air as they break. They are more viclent than spilling waves and
expend their energy rapidly over a narrow width of the surf zone. As a
rule, they entrain more sediment than spilling waves and commonly tend to
move beach sand offshore to the limit of the outer breaker line. Surging
waves occur on steep slopes and are characterized by a sloshing up and down

the beach. The three breaker types are illustrated in Figure 2.

2,3.5 Wave Erosion

Steep, plunging waves generally cause shoreline erosion and retreat. A
schematic representation of storm waves eroding a beach is given in Figure
3. Beaches typically erode during storms and recover to near-original pro-

files during intervening periods.
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Figure 2. The three principal types of breaking waves that occur on the
beach (from Komar, 1976, Figure 4-17).
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Figure 3. Schematic diagram of storm wave attack on beaches (from U.S.
Army Coastal Engineering Research Center, 1973, Figure 1-7).
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2.4 Currents
There are several categories of currents in the ocean, including tidal cur-

rents, ocean currents, and wave-generated currents. Of these, wave-

generated currents have the most important influence on open coast beaches,
Tidal currents are important in modifying sediment transport near inlets,
but have little effect on uninterrupted straight shorelines, except in

areas with very large tidal ranges (greater than 4 m). Ocean currents only

rarely affect nearshore sand transport. A notable example is the Guyana

Current, a branch of the North Equatorial Current, which moves large quan-
tities of fine-grained sediment discharged from the Amazon River along the
shoreline of northeastern South America.

Wave-generated currents include longshore currents and rip currents.

Longshore currents are discussed in the section on sand transport. Rip
currents flow from the beach seaward and are generally part of a well-
defined nearshore cell circulation such as is illustrated in Figure 4. The
most commonly held theory for the origin of rip currents is that they re-
sult from interactions between incoming waves and edge waves trapped within
the nearshore system (Komar, 1976). Edge waves are free-wave motions in-
troduced by a coast in its interaction with surges or lower-~period oscil-
lations (Bowen and Inman, 1971). They are generally standing waves with
crests normal to the shoreline and wave lengths from crest to crest paral-
lel to the shoreline (Komar, 1976, p. 176). Bowen and Inman (1969) demon-
strated that longshore variations in wave setup caused by periodic long-
shore variation in wave height generate lateral flow, with rip currents
flowing seaward at the positions of lowest wave heights. Wave heights are
least where the edge wave and incoming wave are 180 degrees out of phase

(see Figure 5; from Komar, 1976).

2.5 Local Variations in Wave Energy

Wave energy is not distributed evenly along some shorelines. Usually, this
is the result of wave refraction around an offshore island or rocks, over
submerged bathymetric highs or lows, or as the result of a variable orien-
tation of the coast.

The uneven distribution of wave energy along local shorelines (scale

of few kilometers) has been demonstrated in many areas. Two well-known
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Figure 4, Nearshore cell circulation consisting of (1) feeder longshore
currents, (2) rip currents, and (3) a slow mass transport returning water
to the surf zone (after Shepard and Inman, 1950).

79






examples, the coast of southern California (U.S.) and the Delmarva Penin-
sula (U.S.), illustrate this principle. In southern California, submarine
canyons occur close to the shoreline. Waves tend to refract away from the
canyon openings, creating areas of decreased wave energy at the shoreline
adjacent to the canyon heads. On the Delmarva Peninsula, submerged linear
ridges project away from shore in a northeasterly direction. Waves passing
over these ridges are focused by wave refraction near the points of inter-
section of the ridges with the shoreface. In both regions, beach erosion

is most critical in areas where wave energy is focused by wave refraction,

2.6 Transport of Beach Sediment

2.6.1 TIntroduction

Sand transport on beaches is primarily caused by currents generated by
breaking waves. It is estimated that over 90 percent of nearshore sand
transport takes place between the shoreline and the outer line of breaking
waves, This portion of the nearshore area is known as the surf zone and

can vary in width from less than ten to many hundreds of meters.

2.6.2 Longshore Sediment Transport

Sand is moved alomgshore on beaches by two mechanisms. Under oblique wave
approach, the paths of moving sand grains on the beach face follow a saw-
tooth pattern as the wave uprush pushes the grains obliquely up the beach
and they roll straight down the slope as gravity pulls back the backwash,
Also, the continuous action of the oblique waves induces a longshore cur-
rent which carries sediment parallel to shore. Both processes are illus-
trated in Figure 6. In many instances, complex sediment circulation pat-
terns are set up in the nearshore zone in response to complicated bar and
rip systems (Figures 4 and 5).

The amount of sand that is transported along a beach by natural pro-
cesses depends essentially on two parameters: (1) wave height and (2)
breaker angle (the angle between wave crest and shoreline). It 1s possible
to estimate the amount of sand transported at any place on the coastline by
measuring these two parameters each day or during representative periods

during the year. Sand transport is generally measured over a period of one
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Figure 6. Longshore flow of beach sediment produced by wave and current
action when waves approach the shoreline at an angle (from Bird, 1968).

year and given as a volume of sand moved past a shore station in units of

cubic meters of sand per year (m3/yr).

2.6.3 Relation of Sediment Supply to Longshore Transport Capacity

Waves have a finite capacity to move sand alongshore depending on wave
height and breaker angle. If more sand is supplied to the coast than can
be moved by waves, the shoreline will accrete (for example, near the mouths
of rivers). When an approximate balance is maintained between the sediment
supply and longshore transport capacity, the shoreline will remain rela-

tively constant.

2,7 The Sediment Budget

Inasmuch as shoreline changes are primarily a matter of gaining, retaining,
or losing beach sand, an erosion problem can be explained by the concept of
a sediment budget. This budget accounts for gains and losses to the beach
as explained below:

The budget of sediments is nothing more than an application of the
principle of continuity of conservation of mass to the littoral sedi-
ments .... The budget involves assessing the sedimentary contribution
(credits) and losses (debits) and equating these to the net gain or
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loss (balance of sediments) in a given sedimentary compartment (Bowen
and Inman, 1966). (Komar, 1976, p. 227)

The application of this concept provides useful information for dealing
with beach erosion problems, because once the source of sediment loss is
determined, remedial measures can be taken. The concept of the sand budget
has been applied to the California coast by Inman and associates at Scripps
Institution of Oceanography in California (U.S5.) (Bowen and Inman, 1966;
Inman and Frautschy, 1966). Bowen and Inman's budget of littoral sediments
for the California coast is given in Table 2. Inman and Frautschy (1966)
divided the southern California coast into a series of littoral cells,

which are shown in Figure 7.

TABLE 2
The budget of littoral sediments for the California coast (after Bowen and

Inman, 1966)

CREDIT DEBIT BALANCE
Longshore transport into Longshore transport out Beach deposition
area of area or erosion
River transport Wind transport out
Sea cliff erosion Offshore transport
Onshore transport Deposition in submarine
Biogenous deposition canyons
Hydrogenous deposition Solution and abrasion
Wind transport onto beach Mining

Beach nourishment

A sediment budget analysis was used by Everts (1980) to deduce the hu-
man influence on the sediment budget of a barrier island. He defined a
"fixed reference frame" within which to work (illustrated in Figure 8). As
a result of the study, several means were suggested in which "human pro-

cesses can be introduced to mitigate a shoreline retreat problem.”
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Figure 7. The southern California coast divided into a series of cells,
each cell being a system where rivers add sand to the beaches and the sand
moves south as littoral drift to be trapped within submarine canyons and

lost offshore to deep water (after Inman and Frautschy, 1966; from Komar,
1976, Figure 9-1).
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Figure 8. Sediment budget concept used by the U,S. Army Corps of Engineers
to deduce man's impact on barrier-island erosion. The suggested control

volume is shown below and transport mechanisms are shown above. Seaward

control volume boundary is depth of reworking of sediment by normal storm
waves (from Everts, 1980, Figure 1).

85



2.8 Coastal Dunes

An integral part of the natural transport of sand along many shorelines is
the storage of sand in primary foredune ridges. This naturally stored sand
serves two important functions: (1) protects landward areas from erosion -
during storms and (2) feeds sediment back into the natural system during
periods of erosion. It is very important to protect the natural foredune
ridge from destruction by man's activities, as it serves as the first line

of defense during storms.

2.9 The Beach Profile

No single beach profile or morphology can be used to characterize beaches.
Based on the writer's field experience in numerous parts of the world, the
morphology of beaches varies greatly from place to place depending upon

such factors as:

1) Type of sediment.

2) Overall wave climate, including relative predominance of storm wave or
swell conditions,

3) Tidal range.

4) Nature and intensity of storms in the area.

5) Degree of exposure to wave attack.

6) Orientation of shoreline relative to storm passage and prevailing
winds.

7) Local variations in reflection and dissipation of waves, such as in
spiral bay systems (discussed by Wright, 1980).

8) Local fluctuations in sediment supply, such as occurs around tidal in-
lets. »

9) Slope and depth of nearshore zone.

10) Angle of wave attack and rate and volume of longshore sediment trans-
port.

11) Presence of reflective man-made structures, such as seawalls and re-
vetments.

Some examples of model, or typical, beach profiles, gleaned from the liter-

ature and from the writer's experience, are presented in Figures 9 and 10.
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Figure 9. Examples of representative beach profiles from the west (A) and
east (B) coasts of North America. The California profile (A) develops on a
windward shore dominated by ocean swell, whereas the New England and South
Carolina profiles (B) develop on a leeward shore dominated by storm waves.
Tides are somewhat larger at the two east coast sites (mesotidal; tidal
range = 2-4 m).
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Figure 10. Examples of representative beach profiles from an exposed
macrotidal coast (A) and a microtidal, or lake, shoreline with moderate
waves and mixed sediment grain size (B). Example A (after Parker, 1975) is
from the United Kingdom, but similar examples occur in other macrotidal
settings in western Europe, Alaska, and elsewhere. Profiles like the one
shown in B have been observed by the writer in the Gulf of Mexico and the
Great Lakes. The ridge-and-runnel systems of A and the nearshore bar in B
move landward during accretionary cycles, whereas the multiple nearshore
bars in B are relatively stable.

88



These profiles are examples of sand beaches exposed to moderate-to~high
wave action. Gravel beaches are typically steeper, more cuspate, and prone
to having multiple berms.

Beach profiles can show considerable differences within similar geo~-
logical and oceanographic settings. Examples from South Carolina (Figure
11) and south-central Alaska (Figure 12) illustrate this point., The dif-
ferences in the South Carolina profiles are a function of differences in
erosion rates, sediment types, and presence of seawalls and revetments.
Differences in the Alaskan profiles are controlled by differences in grain

size, exposure to waves, and proximity to tidal inlets.

A 40 LCBI 0 106/75 B *001 CRO3 1230 20/7/75
WASHOVER TERRACE
5 | ] #LHTS
z 00¢ L 000 - \\MQEACHFACEW
£ R e W
g ., LHT .
@ 4001 L s -4.001
w e o /WL
-6.00 | ARCUATE STRAND - 800 CUSPATE DELTA
7000 2000 4000 6000 8000 100.00 000 2000 4000 6000 8000
C +oo FBO3 1213 8/8/76 D +*1 EBOL 1329 6/6/75
g o000 0004 | _..
g -,\" LHTS "__L-" “s_\'\.:'.LHTS WL
& *~-<._RUNNEL RIDGE T
S -4.004 ‘“w“”“"“’“MEmmMNN!WL -4.001
d ................... .
BEACH-RIDGE BARRIER ‘600 TRANSGRESSIVE BARRIER

8.0 v v — T T Y 80 v v v
0.00 2000  40.00 60.00 8000 100.00 12000 14000 160.00 000 2000 4000 6000 80.00

DISTANCE (M}

Figure 11. Representative beach profiles for four morphological provinces
on the South Carolina coast. Profile A is in front of a seawall; profiles
B and D, which contain abundant oystetr shells, are on shoreward-retreating
barrier islands; and profile C is in the middle of a fine-grained, prograd-
ing barrier island. LHTS = last high-tide swash line, WL = water level.
Profiles were measured at low tide (from Hubbard et al,, 1977a, Figure 4).
Letters and numbers at top of each diagram indicate profile location and
time and date of measurement.
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TYPICAL BEACH PROFILES

SAND
SAND-GRAVEL

B GrAVEL

Figure 12. Typical representatives of intertidal beach profiles measured
at over 100 stations along 600 km of glacial outwash plain shoreline in
south-central Alaska. Note the correlation between beach width and mean
grain size of the beach sediment (-2.0 ¢ = 4.0 mm; +2.0 ¢ = 0.25 mm). Pro-
files plotted at 5:1 vertical exaggeration. The circles in the lower right
are ratio comparisons of the sizes of the sediments at each profile (using
phi scale) (from Hayes et al., 1973, Figure 6). These differences in beach
morphology within a single geographic area result from differences in expo-
sure to waves and proximity to tidal inlets, as well as grain size of the
beach sediment.

90



The slope of the beach face in a given area will attain an equilibrium
profile under steady conditions. The profile attained is controlled prin-
cipally by sediment grain size and wave height (Komar, 1976). Several
field studies (Bascom, 1951; Wiegel, 1946; McLean and Kirk, 1969; DuBois,
1972) and wave tank experiments (Bagnold, 1940; Rector, 1954) show that
coarser beaches have steeper slopes. Komar (1976, p. 303) explained why:

Due to water percolation into the beach face and frictional drag on the
swash, the return backwash tends to be weaker than the forward uprush.
This moves sediment onshore until a slope is built up in which gravity
supports the backwash and offshore sand transport.

He explained further that coarser beaches allow greater percolation, thus
reducing the strength of the return backwash. Consequently, a steeper
beach face is required to maintain an equilibrium profile on coarse-grained
beaches. Beaches with poorly-sorted sediment tend to be somewhat flatter
than those with well-sorted sediment, because of reduced percolation rates
(McLean and Kirk, 1969)., On beaches of comparable grain size, high-energy,
exposed beaches have flatter slopes than low-energy, sheltered beaches, be-~
cause larger waves produce stronger backwash which tends to flatten the
profile (King, 1972; Komar, 1976). The relationship of beach slope to

grain size and degree of exposure is illustrated in Figure 13,

2.10 The Beach Cycle

The concept of the cyclical change of beaches from a flat, erosional pro-
file in winter to a wide, depositional berm in summer is well ingrained in
both the popular and scientific literature. The concept originated from
detailed studies on the west coast of the United States (Shepard, 1950;
Bascom, 1954). Bascom's data are illustrated in Figure 4. Generally
speaking, erosional storm waves are more common in the winter, and flatter,
depositional swell waves are more common in the summer on the California

coast--hence the terms gsummer and winter profiles. Galvin and Haves

(1969) observed a striking contrast between beach cycles on the U.S. east
coast and those on the west coast. Froded winter profiles are sometimes
absent on northern Atlantic beaches, particularly in the New England area.
This appears to reflect less severe wave climate and relatively smaller
seasonal changes on the northern Atlantic coast. Mean wave heights and pe-

riods are 48 cm and 6.9 seconds along the northern Atlantic and 72 cm and
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Figure 13. Relationship of beach grain size to beach-face slope on the
east and west coasts of North America. The more exposed beaches of the
west coast tend to have flatter slopes because of the large volumes of
backwash produced by the larger waves. Halfmoon Bay, California, is par-
tially sheltered by a headland, so its data points fall between the two
extremes (from Komar, 1976, Figure 11-8; based on data of Bascom, 1951, and
Wiegel, 1946).
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Figure 14. Growth and retreat of beach berm of Carmel, California, for
dates ranging from 14 April 1946 to 2] February 1947 (after Bascom, 1954).
These and other observations on the California coast gave birth to the
concept of winter and summer beach profiles.
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12.5 seconds along the California coast. These differences in wave climate
result from differences in location on western and eastern edges of oceans
with predominantly westerly winds,

The general consensus today is that the terms winter beach and summer

beach should not be used with reference to erosional and depositional cy-

cles on beaches., Hayes and Boothroyd (1969) used the terms early poststorm

profile and late accretional profile, and Komar (1976) suggested storm pro-

file and swell profile. Further comments on this concept follow:

Davies (1973, p. 117): "On beaches where big storm waves are com-
mon, cut profiles tend to be present at all times: on those where
they are rare, fill profiles become almost permanent features."

Davis and Schwartz (1982, p., 144): '"Some regions experience less
coastal energy during the winter than during the summer (e.g.,
Queensland, Australia). Further, it is not uncommon to have an ac-
cretional profile in winter and an erosional or storm profile during
the summer.,"

Short (1978, p. 1159): "Application of these terms . . . (winter
cut and summer fill) . . . to other wave environments including
southern hemisphere west coast swell coast is often inappropriate
and has led to much confusion and misunderstanding.”

On the northern New England coast, northeasterly storms play a domi-
nant role in the generation of cycles of erosion and deposition. Obser-
vations at 40 beach profiles covering most of the New England coast over a
six-year period revealed the following stages of low-tide beach morphology
relative to storm occurrences (Hayes and Boothroyd, 1969):

Early poststorm (up to 3 or 4 days after storm) - Profile is flat to

concave upward and beach surface is generally smooth and uniformly

medium- to fine-grained. Severest storms leave erosional dune
searps.

Early accretional, or constructional (usually 2 days to 6 weeks af-
ter storm) - Small berms, beach cusps, and ridge-and-runnel systems
are quick to form.

Late accretional, or maturity (6 weeks or more after storm) -
Landward-migrating ridges weld onto the backbeach to form broad,
convex berms. On some beaches, welding does not occur and gigantic
ridges (up to 1.2 m in height) lie between the backbeach and the
low-tide terrace,

Some typical examples of northern New England beach profiles are given in

Figure 9.
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There are some similarities between the New England beach cycle and
that described for Nags Head, North Carolina, by Sonu (1968), who found
that after passage of storm waves, a shallow inshore (subtidal) bar quickly
migrated back to the intertidal beach zone and welded to the backshore on
the North Carolina beaches. Work on the South Carolina coast (Hubbard et
al., 1977a) shows that the South Carolina beaches follow a cycle similar to
the New England and North Carolina cyecles in the vicinity of inlets. 1In
mid-barrier areas away from inlets, the beaches are usually flat or contain
low-amplitude intertidal ridges that migrate very slowly in comparison with
the areas near the inlets.

The rates of migration and final welding of the ridges (or bars) vary
greatly from locality to locality. The bars in the Nags Head example
(Sonu, 1968) took only two days to weld, and similar bars in Lake Michigan
took nine days (Davis et al., 1971). At Plum Island, Massachusetts, a
large berm was constructed over a two-week period. In contrast, it took an
entire summer for the ridge at Crane Beach, Massachusetts, the barrier
beach that adjoins Plum Island to the south, to migrate two-thirds of the
way across the intertidal profile. Crane Beach is flat and fine-grained
(average mean grain size around 0,25 mm), and the waves break on large,
offshore bars. The Plum Island beach, on the other hand, is coarse-grained
(average mean grain size around 0.4 mm) and steep, and the offshore bar is
quite deep. Therefore, it is logical to conclude that differences in rates

of migration of ridge-and-runnel systems are determined by:

1) Average wave height,

2) Slope of beach and adjacent offshore areas.

3) Grain size.

4) Length of time waves can work at a single level. Note that in areas
where the tidal range is small (e.g., Lake Michigan), the migration rate
is rapid (Davis et al., 1971).

As more and more data accumulate, it is becoming clear that simple,
two~dimensional beach profiles do not adequately express the dynamic behav-
ior of beaches. Analysis of 4,400 beach profiles collected over a ten-year
period along three New Jersey barrier islands (Everts and Czerniak, 1977)

did show that two out of three of the islands have seasonal erosional/
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depositional trends (Figure 15). However, one island showed no seasonal

pattern and "storm changes were highly variable between islands and between
profile lines on the same island. Often changes on profile lines less than
0.8 km apart were opposite in sign" (p. 444). These findings indicate that
changes alongshore may be as important as onshore/offshore changes. Thus,

understanding beach morphology is a three-dimensional problem.
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Figure 15. Beach changes on three barrier islands in New Jersey in terms
of cumulative shoreline position and relative volume of sand in storage on
the beach above MSL. Note that two islands show seasonal patterns of
change, whereas one (Long Beach) does not. Based on 4,400 profile measure-
ments (after Everts and Czerniak, 1977, Figure 4). '

96



2.11 The Three-Dimensional Beach

The beach is a three-dimensional body of sediment made from material car-
ried to the site by wave-generated currents which flow both parallel and
perpendicular to the shore. On many sandy shorelines, a type of rhythmic
beach topography (Hom-ma and Sonu, 1962) develops. This topography has

been described from the coasts of the Netherlands (Bruum, 1954; Bakker,
1968), North Carolina (Dolan, 1971; Dolan and Ferm, 1968), the Great Lakes
(Evans, 1939), Cape Cod (Goldsmith and Colonell, 1970), and several other
localities. Sonu (1968), who termed the features "cusp-type sand waves,"
discussed them in detail. He stated (p. 383) that Evans (1939) was prob-
ably the first to describe their formation. The total system of rhythmic
topography migrates parallel with the shore in the direction of longshore
drift at different rates, depending upon the size of the features, the lo-
cal wave climate, and probably the grain size of the sediment. In the pro-
cess of formation of rhythmic topography, depositional berms assume cusp-
like shapes; however, these cuspate forms are considerably larger than nor-
mal beach cusps. The wave lengths of most of the cusp-type §and waves at
Cape Hatteras, North Carolina, ranged between 500 and 600 m, and they mi-
grated at rates averaging between 100 and 200 m per month (Dolan, 1971, p.
177). The most important implication of the recognition of the abundance
of rhythmic topography, according to Dolan (1971, p. 178), is the fact that
"sand beaches cannot be considered in terms of stationary straight lines or
simple angles, but must be treated as nomstationary sinuous forms." A
sketch of the type of rhythmic topography described by Sonu (1968; 1973) is
given in Figure 16.

Studies in recent years on the microtidal, sandy beaches of the swell-
dominated southeastern coast of Australia have provided a more detailed ac-
counting of the three-dimensional variability of high-energy beaches
(Short, 1978, 1979; Wright et al., 1979; Wright, 1980). Short (1978, p.
1,146) proposed a time series of wave and beach conditions separated into
ten beach stages, four erosional, four accretional, and the two end stages
of fully eroded and fully accreted profiles (see Figure 17).

The combined work of Short, Wright, and their colleagues on the south-

eastern coast of Australia gave birth to the concept of morphodynamics,

which is defined as the "combination of beach-surfzone morphology and wave-
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Figure 16. Rhythmic beach topography as described by Sonu (1973). The
shoreline bulges move in the direction of longshore sediment transport at
rates of up to hundreds of meters per year.

current dynamics" (Short, 1979, p. 553). Short (1979, p. 567) stated that
"breaker wave power provides the energy to move a beach through various
beach stages" (shown in Fipure 17). Wright et al. (1979) placed emphasis
on the reflective and dissipative nature of beaches, based on extensive
field measurements of surf and inshore current spectra and inshore circu-
lation patterns.

According to Wright et al. (1979, p. 105), reflective beaches are
characterized by steep, linear beach faces, well-developed berms and beach
cusps, and surging breakers with high runup and minimum setup; rip cells
and associated three-dimensional inshore topography are absent. Dissipa-
tive beaches are typically found on open coasts and are characterized by
concave-upward nearshore profiles and wide, flat surf zones which may con-
tain multiple bars. Waves break tens of meters seaward of the beach and
dissipate much of their energy before reaching it. Typical reflective and

dissipative beach profiles are shown in Figure 18.
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Figure 17.

Three~dimensional beach-stage model proposed by Short (1978,

1979) for the microtidal, high-energy beaches of southeastern Australia:
(a) accretionary sequence (6 > 5 > 3 » 2 + 1) during decreasing wave power

(a function of wave height)

(solid arrows);

(b)

erosional sequence

(1 2" > 3"+ 4"+ 5" > 6) during increasing wave power (clear arrows).
Arrows within stages indicate the direction of surf-zome currents, small
arrows at incident frequency, large arrows at lower (infragravity) frequen-

cies.

panying a rise or fall in wave power.

between the two sequences.

Arrows between adjacent stages show the direction of movement accom-

Note movement can occur within and

Positive transition within stages 1, 2, 2%, 3,

3', and 4 is represented by the variation in morphology from left to right

(from Short, 1979,

Figure 3).
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In a later paper, Wright (1980) related beach cut, or beach erosion,
to the morphodynamic state of the beach with respect to its reflective or
dissipative character. He envisioned three modes of beach cut in relation
to beach state which are outlined in Table 3., Wright defined six stages of
beach development, five of which are dissipative. The intermediate class-
es, which contain complex nearshore topography, show the greatest mobility
and "relative hazard" of potential beach erosion. However, steep, reflec-
tive beaches are more susceptible to erosion by smaller waves than the oth=-
er types. The most energy is required to erode flat, dissipative beaches.
TABLE 3

Modes of beach erosion (cut) in relation to morphodynamic beach state

(after Wright, 1980, Table 1)

RELATIVE
ASSOCIATED BEACH ENERGY
MODE OF BEACH EROSION CAUSE AND SURF-ZONE REQUIRED TO
CONDITIONS INDUCE
BEACH EROSION
1) Accentuated runup Strong REFLECTIVE LOWEST
and berm overtop- subharmonic
ping, formation of resonance
erosional cusps
2) Backshore scarping Strong DISSIPATIVE HIGHEST
by bores superim- infragravity
posed on long pe- oscillations
riod setup oscil-
lations
3) Beach scarping in Radiation INTERMEDIATE- INTERMEDIATE
embayments of ar- stress gradi- RHYTHMIC

rested rip cells

ents induced
by irregular
surf-zone
topography

Surf-zone topog-
raphy in regions
adjacent to
shoreline protru-
sions, inlets, or
river mouths
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Many of the beaches studied by Wright and Short occur in spiral embay-
ments. Short (1978) showed the variation of breaker wave power within such
embayments, and Wright (1980) showed the variation of beach reflection/dis-
sipation as well as modes of beach erosion (see Figure 19). These studies
add a new dimension to dealing with beach erosion problems. Wright (1980,
p. 993) concluded:

Since the physical processes responsible for cut are different, differ-
ent beach protection strategies may be required for different morphody-
namic states. For purposes of long-term advance planning, it is the
modal beach states and/or normal range of states that are important.
These may be recognized from sets of long~term ground or remotely-
sensed observations.

2.12 Nearshore Bars

Bar systems develop off beaches in a vast array of forms and numbers, rang-
ing from a single parallel bar to up to 40 multiple bars. They are impor-
tant to beach erosicn in that they act as storage systems during storms,
affect sediment transport perpendicular and parallel to shore, and influ-
ence wave behavior. A classification of common nearshore bar types is giv-
en in Table 4. The formation of nearshore bars is not well understood.

Some of the more commonly proposed mechanisms are given in Table 5.
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Distribution of modal beach state and associated modes of beach

erosion (cut) within a typical spiral embayment in southeastern Australia

(from Wright, 1980, Figure 12).

Figure 19.
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TABLE 5

Mechanisms controlling types of nearshore bars,

Bar Type Mechanism Reference
Nearshore I (see Vortices under plunging waves Miller (1976)
Table 4)
Multiple parallel Mass transport velocities Suhayda (1974)
bars under reflected standing
waves
Nearshore II (see Standing edge waves Bowen and
Table 4) Inman (1971)
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3. CAUSES OF BEACH EROSION

Beaches erode when waves remove sediment that is not returned or otherwise
replaced, This can occur aperiodically as a result of storms or as a rela-
tively steady, ongoing process. A specific site has its own individual re-
sponse to erosive processes which are affected by a number of variables,

gsome of which are discussed below,

3.1 Coastal Morphology

3.1.1 TIntroduction

The morphology, or shape, of the coast exerts a strong influence on coastal
erosion as well as on the disposition of coastal environments and habitats.
Larger scale features such as continental shelf width, the occurrence of
headlands, and the presence of tidal inlets, as well as smaller scale fea-
tures such as the presence of rhythmic topography and hard ground, may play

important roles in the erosion process.

3.1.2 Shelf Width

The continental shelf is generally defined as that zone between the shore-
line and the position where the break in shelf slope begins. A narrow
shelf allows waves to arrive at the coast at greater heights and at a
greater angle than on a wider shelf because the waves do not shoal or re-
fract as much. Alse, it is possible that nearshore sediment is more readi-
ly lost to the offshore zone of narrow shelves during periods of high wave

activity because of the relatively steep slope.

3.1.3 Effect of Headlands

Headlands tend to focus waves and serve as protection of shorelines down-
drift. 1In some places, the headlands act as natural groins. For example,
rock promontories located at various points along the coast of West Africa
give rise to the formation of embayments on their downdrift sides, such as
Cape Saint-Paul east of the Volta, the bay of Pointe-Noire, and.the bay of
Mayumba. The amount of recession of these bays depends upon the degree of

protection provided against the swell by the rock promontories.
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3.1.4 Effect of Tidal Inlets

Natural tidal inlets are breaks in barrier beaches that occur at the en=-
trances to estuaries or lagoons. The tidal inlet allows the daily or semi-
daily exchange of water generated by changes in tidal levels and river run-
off. 1Inlets are generally unstable, moving downdrift at rates that vary
from less than one meter to tens of meters per year depending upon such
factors as rate of longshore sediment transport and inlet depth., A shoal
usually develops seaward of the inlet (called an ebb-tidal delta) which
affects the behavior of waves in the vicinity of the inlet. The size of
the ebb-tidal delta is a function of tidal range, tidal prism, and wave
conditions. Generally speaking, large tides create extensive ebb-tidal
deltas because of the larger tidal prism (volume of water passing through
the inlet) created by the tide. Large waves tend to erode away ebb-tidal
deltas; hence, they are smaller in areas of high wave activity.

Studies of a number of tidal inlets on the east coast of the United
States show that erosional/depositional patterns of adjacent beaches are
controlled closely by morphological changes of the inlets (Hayes et al.,
1974). For example, waves refracting around the ebb-tidal deltas create a
zone of deposition downdrift of the inlet. Sand bars affiliated with the
tidal delta also create local zones of erosion and deposition by focusing
wave energy through wave refraction. As the inlet changes, and the bars
shift position, loci of the focused wave energy will change. And, of
course, as the inlet migrates, the shoreline downdrift is eroded away. An

example of a rapidly migrating tidal inlet is given in Figure 20.

3.1.5 Rhythmic Topography

Shoreline rhythms migrate along the shore at rates of several hundred me-

ters to a kilometer or so per year. As the system migrates, zones of ero-
sion, which occur in the embayments, migrate at the same rate (Figure 17).

Dolan (1971) emphasized the importance of shifting rhythmic topography on

local beach erosion at Bodie Island, North Carolina (U.S.) by demonstrating
that the regular spacing of dune breaching during the Ash Wednesday storm

of March 1962 matched the rhythmic topography. Dolan also showed that in-
tense beach erosion at Cape Hatteras, North Carolina (U.S.) corresponds to

the embayments of rhythmic topography.
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Figure 20. Example of a rapidly migrating tidal inlet, Nauset Inlet, Mas-
sachusetts, Note the continuous southerly migration of the inlet since
1872. Such migration is accompanied by dramatic changes in the beaches on
either side of the inlet (from Hine, 1972, Figure 4).
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3.1.6 Hard Ground

The existence of wave-resistant material, such as rock, beach rock, or
coral reefs, on or near a beach can slow down coastal erosion considerably.
Barrier reefs act to absorb most of the wave energy before it reaches the

beach; therefore, sand movement is usually low behind such reefs.

3.2 Vegetation

Vegetation is helpful in trapping sediment in motion. This is especially
true for windblown sand at the high-tide line, where a foredune ridge com-
monly forms as a result of this process. However, in the writer's opinion,
the importance of coastal vegetation in stopping beach erosion is overrated
considerably. A breaking wave has no difficulty eroding sprigs of grass.
While planting vegetation will help build up a dune line, greater measures
are usually required to deal with serious erosion problems.

Vegetation in the nearshore zone can act directly to reduce erosion
somewhat by physically binding the sediment and reducing turbulence near
the sediment surface. In certain lagoons and bays, mangroves and marsh

grass accelerate sedimentation of silt and clay (Williams and Harvey, 1983).
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3.3 Sea-Level Changes

Sea level has been rising since the end of the last glacial epoch, approxi-
mately 14,000 to 18,000 years before present (BP). Between 14,000 and
7,000 BP, the sea rose rapidly, and the shoreline retreated across the con-
tinental shelf (Milliman and Emery, 1968). According to Kraft (1971), sea
level rose at a rate of about 30 cm per century between 7,000 and 3,000 BP
along the east coast of the United States.

Caution must be exercised in applying sea-level curves from one area
to another, as can be seen in Figure 21, a plot of Holocene sea-level
curves from 11 places around the world. The fact that a relative still-
stand of sea level began around 5,000-4,000 BP (Figure 21) is of great im-
portance to the problem of beach erosion. It is during this period of
relative still-stand that most of the sandy beaches and barrier islands of
the world were formed,

Detailed studies on the east coast of the United States show that sea
level rose as much as 10 cm between 1964 and 1971 (Figure 22). This recent
and relatively rapid rate of sea-level rise of roughly 15 cm per decade is
probably only a short~term fluctuation. Some experts believe that this re-
cent, rapid sea-level rise may be responsible for an increased occurrence
of erosion problems during the last two decades (0. H. Pilkey, pers.
comm,). Others predict that sea level will continue to rise fairly rapidly
in the future due to atmospheric heating (Hoffman, 1983). If this is so,
beach erosion problems will increase.

The theory that a rising sea level brought about by melting ice sheets
is the major cause of beach erosion worldwide prevails in both scientific
and popular literature (Concerned Coastal Geologists, 1981). This widely
held notion is illustrated in Figure 23. A careful analysis of beach ero-
sion in a variety of settings casts considerable doubt on this assumption,
particularly with regard to problems of concern in the near future (50
years from now), In fact, this writer is of the opinion that, in most
cases, man's impact on sediment supplies and unwise construction practices
cause most beach erosion problems. However, the opinions of the experts
differ markedly on this topic, as the following discussion shows.

Russell (1967) hypothesized that the present "still-stand" of the last

5,000 years or so (Figure 21) has, in fact, caused erosion by bringing
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Figure 21. Eleven Holocene sea-level curves representing different parts
of the globe. Curves 1-4, 6-7, and 10 are supposed to be eustatic (abso-
lute sea-level) curves., The others are relative sea-level curves (with
curve 11 being plotted with changed sign) (from MBrner, 1982, Figure 1).
The great differences among these curves stress two factors: (a) the dif-
ferences in tectonic conditions around the world's coastline, and (b) the
imperfection of the techniques used for sampling and age dating of Holocene
sediments.
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Figure 22. Changes in sea level with respect to the adjacent land at
Charleston, South Carolina, and Pulaski, Georgia (from Hicks and Crosby,
1974). These curves illustrate a rapid increase in rate of sea-level rise
over the past 50 years.



A. SHORT-TERM EROSION

FIRST DUNE
[AFTER STORM]I

HOUSE [BEFORE STORM|

)\ FIRST DUNE [BEFORE STORM|

FALLEN HOUSE A\ NORMAL HIGH TIDE
|AFTER STORM)

OCEAN

SoSPROFILE AFTER STORM
PROFILE BEFORE STORM ™

B. LONG-TERM MIGRATION

MOVEMENT OF DUNE [EROSION| I

—]
PROFILE BEFORE RISE IN SEA LEVEL
PRESENT MEAN SEA LEVEL

/o~ ——
~~ — — __ __ OCEAN

PROFILE AFTER RISE =
IN SEA LEVEL PREVIOUS MEAN SEA LEVEL

.
— e e —

Figure 23. Beach and dune changes resulting from storms and the relative
rise of sea level (modified after Pilkey et al., 1975). Note that, accord-
ing to this idea, the catastrophic event (storm) and the slow change (sea-
level rise) work together to achieve shoreline retreat.



about a period of disequilibrium in which sand lost is not replaced by new
supplies. He assumed that the rapidly rising sea of earlier times had
somehow brought large volumes of sediment to the shore zone.

Galvin (1983, p. 2,084), in challenging a report by Concerned Coastal
Geologists (1981), asserted that "sea-level change has negligible effect on
shore erosion, compared to fluctuation in longshore transport rate." On a
site-specific basis, Galvin's assertion is demonstrably true. In South
Carolina, for example, beaches that are eroding tens of meters per year are
located within a few kilometers of shorelines accreting tens of meters per
year. The differences are usually related to sediment bypassing at major
tidal inlets. On the other hand, changes in water level clearly impact
shoreline erosion in the Great Lakes (Hands, 1977), which show ll-year cy-
cles of major water-level changes. Hands concluded (p. 162):

Extrapolation from studies on Lake Michigan suggests that even modest
rates of submergence can have measurable effects on shore erosion and
profile development., Profile response on the lakes is evident across a
500 m wide zone, to a depth of about 9 m. The relationship between
submergence and recession is nonlinear and time-dependent. Complete
profile adjustment lags years behind changes in water level., Greater
retreat is observed in areas where recession supplies a smaller volume
of material per unit of retreat. This is in keeping with the sediment
budget concept of profile response.

For any given coastal area not unduly influenced by man, it is the in-
teraction of sediment supply and water-level changes that controls beach
erosion. In some areas, fluctuations in sediment supply prevail, and in
others, rapid changes in water level are most important. The most serious
erosion problems occur either where man interferes with sediment supply or
where some unusual phenomenon causes unusually rapid changes in water level
e.g., in Lake Michigan and around sinking abandoned delta lobes on the

Mississippi delta).

3.4 Storms

The most dramatic erosion of shorelines occurs during major storms, which
usually result from the passage of tropical or extratropical cyclones.
Much of the eastern and southern shoreline of the United States is affected
by a tropical cyclone, or hurricane, every few years (Figure 24). Shepard

and Wanless (1971) in their book Our Changing Coastlines described




Figure 24. Computer plot showing the tracks of a selected number of Atlan-
tic tropical cyclones, 1886 through 1969 (from Neumann and Hill, 1976).

hurricane-related changes on the east and Gulf coasts of the United States
on the basis of aerial photographic interpretations. Notable among their
many discussions of hurricane effects are the descriptions of the impact of
Hurricanes HAZEL (1954) and HELENE (1958) on the Outer Banks of North Caro-
lina. During these storms, many houses and hotels were washed away and a
series of new tidal inléts were formed.

Extratropical cyclones are the dominant force in initiating beach cy-
cles on the east coast of North America (previously discussed). The effec~-
tiveness of these storms, which occur several times a year, is determined
by (1) size of storm, (2) speed of storm movement, (3) tidal phase and

stage, (4) storm path, and (5) time interval between storms (Hayes and
Boothroyd, 1969).
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Hayes (1978) summarized geological studies conducted on erosion during
14 separate hurricanes that occurred mostly between 1957 and 1975. Table 6
is a brief accounting of the results of those studies. For purposes of
conciseness, this discussion of storms will focus on hurricanes in North

America, but the principles learned apply elsewhere.

3.4.1 Hurricanes

Technically, a hurricane is a storm of tropical origin with a cyclonic wind
circulation (counterclockwise in the Northern Hemisphere) of 74 miles per
hour or higher (Dunn and Miller, 1960, p. 9). The hurricane is the North
Atlantic member of the tropical cyclone family that includes the typhoon of
the western North Pacific, the cyclone of the northern Indian Ocean, and
the willy-willy of Australia (Tannehill, 1956). Tropical cyclones are the
most powerful and destructive of all storms (Dunn and Miller, 1960;
Tannehill, 1956). Tornadoes have higher wind velocities (central axis ve-
locities may attain 640-800 km/hr), but tropical cyclones are also intense
(winds may reach 250-300 km/hr) and cover a much larger area. At one
stage, Hurricane CARLA's (1961) circulation enveloped the entire Gulf of
Mexico, and fringe effects were felt by all Gulf Coast states (Cooperman
and Sumner, 1962),

Tropical cyclones occur in the North Atlantic with a frequency of ap-
proximately 7.5 per year and occur most often during the months of August,
September, and October. The season of maximum occurrence of tropical cy-
clones corresponds roughly to the time when the ITC (intertropical conver-
gence zone, or equatorial trough) has its maximum divergence from the equa-

tor (Hayes, 1967a, p. 4),

3.4.2 GStorm Surge
The storm surge is the rise or fall of the sea level caused by a meteoro-
logical disturbance (Pore, 1961, p. 151). As used here, it refers to the
hurricane surge, or a rapid rise in the water produced by hurricane winds
and falling barometric pressure, and other factors (Dunn and Miller, 1960,
p. 207).

Not only is the storm surge or storm tide the primary cause of death

and property damage in a hurricane (Freeman et al., 1957, p. 12), it is
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TABLE 6

Effects of a selected group of hurricanes (from Hayes, 1978, Table 1)

Hurricane (Date)
Sepi. 1938

Audrey (1957)

Donna (1960)

Carla (1961)

Hattie (1961)

Cindy (1963)

Betsy (1965)

Beulah (1967)

Camille (1969)

Celia (1970)

Ginger (1971)

Fern (1971)

Agnes (1972)

Eloise (1975)

Landfall

Long Island;
Connecticut

Texas
Louisiana
border

Florida Keys;
southwest
Florida

Central Texas

British
Honduras

East Texas

Bahamas;,
Florida Keys

Texas-Mexico
border

Louisiana;
Mississippi
border

Central Texas

Quter Banks,
N.C.

Louisiana;
south Texas
Northwest
Florida,
New York

Northwest
Florida

Characteristics

Large; max. surge
4 m; winds 200 km/
hr; heavy rains

Medium; max. surge
4 m; winds to 130
km/hr

Medium; max. surge
of 3 m; winds to
200 km/hr

Large; max. surge
of 7 m; huge waves;
winds to 200 km/hr

Large; max. surge of
4 m; winds to 200
km/hr

Small; max. surge
ofIm

Medium; max. surge
3 m; winds 200 km/hr

Medium; max. surge
of 3 m; winds to 240
km/hr: heavy rains

Large; record storm
surges > 7 m; heavy
rains; winds 200 km/
hr

Medium; max. surge

3 m; highly destruc-
tive winds to 150 km/
hr; little rain; very

fast moving

Medium; max. surges
of 2.5 m; winds to
120 km/hr; heavy
rains

Stnall; slow moving;
heavy rains

Medium; winds to 120
km/hr, max. surge

2 m (in Fla.); large
circulation; extremely
heavy rains

Medium; max. surge
5 m; winds to 210
km/hr; rains variable;
fast moving

Documented Effects

Extreme shore erosion; formation of
inlets and washavers; record flooding

Shoreline retreat (25-30 m) in
chenier plain area; mud deposition;
shell berms deposited over marsh;
numerous breaches through barriers
and cheniers; mud flats not modified

Erosion of platform-edge reefs; mud
layers deposited on supratidal flats;
spillover lobes of coarse sediment de-
posited in breaks through reef fronts;
beach erosion and inlet breaching in
SW Florida

Eroded beaches; breached barrier is-
lands; washover fans reactivated; mud
layers and shell layers on tidal flats;
sed, layer on inner shelf

Heavy destruction of reef corals;
island overtopping and erosion; de-
struction of plant communities

Only beach changes (mostly deposi-
tional)

Erosion of spillover lobes on Bahamas;
deposition of spillover lobes at Cape
Sable, Fla ; beach erosion in NW Flori-
da; generally minor effects

Opened storm and tidal channels; de-
posited washovers; deltas formed on
bay margins

Spit eroded at Miss. river mouth; is-
lands eroded and washed over; sand
washovers depaosited on peats; deposi-
tion on natural Jevees

Minor breaching of barriers; minor
beach erosion; heavy wind damage

Dune recession in man-modified areas;
overwash processes and overwash depo-
sition elsewhere

Mostly excessive rain and flooding

Runoff produced by storm introduced
as much sediment into upper 40 km
of Chesapeake Bay in one week as
would be normally deposited in fifty
years

Mostly erosion related to storm surge
and wave set up; wind damage and
flooding minimal

References

Nichols and Marston
(1939)

Morgan, Nichols, and
Wright (1958)

Ball, Shinn, and
Stockman (1967),
Perkins and Enos
(1968); Tanner (1961)

Hayes (1967)

Stoddart (1963, 1965)

Hayes (1967)

Perkins and Enos
(1968), Pray (1966,
Warnke et al. (1966)

Scott, Hoover, and
McGowen (1969);
McGowen (1970);
McGowen and Scott
(1975)

Wright, Swaye, and
Coleman (1970},
Sonu (1970)

McGowen et al. (1970)

Dolan and Godfrey
(1973)

McGowen and Scott
(1975)

Schubel (1974);
Zabawa and Schubel
(1974)

Morton (1976)
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also the characteristic of hurricanes most responsible for making them im-
portant erosive agents. The rise in water level brought about by hurri-
canes inundates vast areas of low-lying coastal regions, producing wide-
spread erosion and deposition of formerly subaerial sediments,

The two most important factors in the generation of storm surges are
the stress of wind on the sea surface (sometimes called wind setup) and re-
duction of atmospheric pressure, or inverted barometer effect. Winds of
North Atlantic hurricanes have frequently reached velocities of 130 to 200
km/hr, and a few have attained 300 km/hr (Dunn and Miller, 1960). The
width of the path of a single storm may extend 300 to 500 km. These fac-
tors, combined with the fact that a storm may last for several days, give
hurricanes the gbility to pile up tremendous quantities of water against
the coastline., Several other factors, such as shoreline configuration and
shape and slope of continental shelf, may also tend to accentuate, or modi-
fy, the storm surge. Two hurricanes, CARLA (1961) and CAMILLE (1969), have

generated surges on the order of 7 m on the Gulf Coast of North America.

3.4.3 Waves

Probably the most spectacular geological effect of hurricanes is the ero~
sion produced by breaking waves on an exposed shoreline--a cubic yard of
water weighs about three-fourths of a ton, and a breaking wave may move
fo;ward at speeds up to 80-100 km/hr (Dunn and Miller, 1960). The erosive
effects of waves are greatly increased when they ride the crest of a large
storm surge, because much greater land areas are exposed to erosion. Some
hurricane waves attain tremendous heights. Twelve- to fourteen-meter waves
were reported by Coast Guard stations in New England during Hurricanes

CAROL and EDNA of 1954 (Pore, 1957).

3.4.4 Currents

Although current measurements made during the passage of hurricanes are
scarce to nonexistent, some indirect evidence indicates that the strong
winds associated with hurricanes set up appreciable nearshore currents.
Tannehill (1956, p. 34) described the effects of currents generated by the

1"
.

Texas hurricane of 1915 as follows: . the current set up by the storm

carried Trinity Shoals gas and whistling buoy nearly ten miles to the



westward. This buoy weighed 21,000 pounds and was anchored in 42 feet of
water with a 6,500 pound sinker and 252 feet of anchor chain weighing 3,250
pounds," Numerical and analytical models by Forristall (1974) and Sloss
(1972) indicate that strong currents flow parallel to the coast during the
approach and landfall of a hurricane, inasmuch as winds pile up water
against the land to the right of the storm and push water offshore to the
left of the storm.

Breaking waves, especially those breaking obliquely to the shoreline,
generate strong longshore currents during hurricanes, Timbers and pilings
from Bob Hall fishing pier on northern Padre Island, Texas, which was com-
pletely destroyed by Hurricane CARLA (1961), were found for tens of miles
south along the beach after the storm (Hayes, 1967a, p. 7). Murray (1970)
measured currents up to 160 cm/sec in 6.3 m of water off the coast of
northwest Florida during the passage of Hurricane CAMILLE (1969).

Strong currents flow in hurricane channels cut into Texas coast barri-
er islands during the high-water stage of the hurricane surge (Hayes,
1967a; Scott et al., 1969; McGowen et al., 1970). Ball et al. (1967) also
made this observation in the passes between the Florida Keys during Hurri-
cane DONNA (1960), when currents washed out the interisland bridges and
broke the pipeline supplying fresh water to the islands where the pipe

crossed the bridges.

3.4.5 Life and Death of a Storm
Introduction. A succession of papers, including those of Price (1956),
Hayes (1967a), Scott et al. (1969), and McGowen et al. (1970), have out=-
lined the various changes in storm effects that take place during the ap-
proach, landfall, and dissipation of hurricanes. All of these papers have
dealt with storms striking the Texas coast. For purposes of discussion,
the life and death of a Texas coastal hurricane can be divided into four
stages: (1) approach (or storm-surge flood), (2) landfall, (3) early
aftermath (or storm~surge ebb), and (4) late aftermath.

Approach. This is a period of rising tides, increased wind veloc-
ities, and increased wave heights. The slower the storm moves, the larger
the storm surge. Some important effects during this period include erosion

of shelf and shoreface, shore erosion, breaching of barrier islands and
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formation of washover fans, and mud deposition on supratidal flats (Hayes,
1967a). During this phase, longshore currents are generated that flow from
north to south (on the Texas coast).

Landfall. As the storm passes over the shore, the pattern of current
and wave attack shifts into compliance with the direct influence of the
counterclockwise winds of the hurricane (McGowen et al., 1970, p. 5). Wa-
ter and sediment are pumped out of the bays on the south side of the storm,
whereas water is still being pushed shoreward on the north side. This is
the time of most severe coastal winds.,

Early aftermath. As the storm moves inland, it becomes more diffuse

and weaker. Winds blow either offshore or from south to north. This shift
in wind direction and sudden rise in barometric pressure cause strong
storm-surge ebb currents to flow seaward which scour out the hurricane
channels and inlets and deposit bay and nearshore sediments on the barrier
shoreface and inner continental shelf (Hayes, 1967a). Wave erosion grad-
uvally diminishes with the falling water levels, and longshore currents flow
from south to north (McGowen et al., 1970).

As the storm moves further inland, it may be accompanied by tornadoes
and heavy rains which produce large-scale runoff of flood proportions, in-
undating low-lying areas along stream courses and bay margins (Scott et
al., 1969). Differences in the tracks of storms after landfall greatly in-
fluence the extent of flooding and deltaic deposition [in the bays] (Mc-
Gowen and Scott, 1975, p. 27). For example, Hurricane BEULAH (1967)
stalled and went up the Rio Grande valley, producing rains in excess of 40
cm at many stations in south Texas (Scott et al., 1969),

Late aftermath. During the weeks and months following the storm,

longshore currents build bars across the mouths of the tidal passes cut by
the storm (Hayes, 1967a), waves Yrestore the normal beach profile (Sonu,
1970; Morton, 1976), mud settles from suspension in the bays and in strand-
ed ponds (Hayes, 1967a), exposed fine-grained deposits are reworked by
rain, desiccation, and wind (McGowen et al., 1970), and the wind blows some
of the sand left exposed on the washover fans by the storm either back to

sea or further into the bay (Andrews, 1970).



3.5 Tidal and Seasonal Water-Level Changes

The tides follow a cycle which is controlled by the position of the sun and
moon relative to the earth, When the sun and moon are in syzygy (i.e., in
line with each other), the tidal range is greatest (spring tides), and when
they are in quadrative (i.e., at right angles to each other), the tidal
range is least (neap tides). Spring and neap tides occur twice each lunar
month,

The most severe erosion of the beach occurs at high tide. During
spring tides, higher levels of the beach are exposed to wave action than
during neaps, so erosion is at a maximum. Observations on the east coast
of the United States by university researchers and the U.S. Army Corps of
Engineers show that storms do their greatest damage when they cross the
coast during a high spring tide, Observations on the southeastern U.S.
coast show that the beach may be erosional during spring tides and deposi-
tional during neaps under similar wave conditions, Erosion occurs at
spring tide because (1) the dune ridge is exposed to wave action, and (2)
the beach sediment is water-saturated because of the higher level of the
sea.

Water-level changes also show seasonal variations. On the coast of
the United States, sea level is generally lowest in the spring and highest
in the fall (Figure 25). This fact is well known by east coast developers
who have built too close to the beach, as the high tides in the fall com-
monly cause them problems. According to Komar (1976, p. 148), these annual
sea-level changes can be attributed primarily to seasonal variations in
climate and ocean water properties. However, much is yet to be learned

about the causes of annual changes in water level.

3.6 Natural Changes in Sand Supply

Beach erosion may be accelerated in places where the sand supply is de-
creased abruptly by natural processes. Two of the more common ways this
can happen are: (l) switching of river mouths on major river deltas, and
(2) tidal inlet migration or bar-bypassing (previously discussed; Figure
26).

The modern Mississippi delta complex is composed of an array of aban-~

doned delta lobes (Frazier, 1967; Figure 27). A birdfoot or lobate delta
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Figure 25. Seasonal variations in sea level along the Gulf coast of the
United States, determined from tide observations (after Marmer, 1952; from
Komar, 1976, Figure 6-1).
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Figure 26. Shoreline changes of Price Inlet, South Carolina, between 1941
and 1973, as determined from vertical aerial photographs. On the south-
western side of the inlet, shoreline progradation has been a product of bar
migrations around the inlet. Accretion on the opposite side of the inlet
is due to bar migrations and spit growth. Erosion to either side of the
inlet occurs when the ebb-tidal delta (offshore shoal) is asymmetric to one
side of the inlet, exposing the other side to storm wave attack (from
FitzGerald and Hayes, 1980, Figure 11).
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Figure 27, Principal delta lobes that have developed on the Mississippi
delta during the past 5,000 years. Once a lobe is abandoned, its margin is
eroded rapidly (after Frazier, 1967)

123



builds seaward until the main distributary channel loses its gradient ad-
vantage. Then, the river chooses a shorter, steeper avenue to the sea,

abandoning the protruding delta lobe. Once abandoned, the lobe begins to
sink, the sea transgresses over it, and waves erode its margin and create

narrow barrier islands that migrate rapidly landward.

3.7 Man-Induced Changes in Sand Supply

There are many ways in which the activities of man have changed the supply
of sediments to beaches. If these activities result in significant loss in
sand, the beach will probably erode. Some examples of these activities are

given below.

3.7.1 Dams on Rivers

Sediment contribution of any river discharging on the coast is of great im-
portance to the sediment budget of that coast. If a dam is built on the
river in order to create a reservoir for storage of water, the current ve-
locities in the river are reduced to such an extent that practically all
sediment carried by the river settles in the reservoir. The water dis-
charged by the spillway has a very low sediment content and, therefore, a
high erosive capacity. In the first years after construction of the dam,
degradation of the river bed immediately below the dam may be expected.
Later, a new equilibrium will be established, generally with much lower

sediment transport due to reduction of sediment supply from upstream.

3.7.2 Diversion of Rilvers

Some engineering structures call for the diversion of river systems from

their original channels. This has the same effect as the natural switching
of river channels (discussed above)--namely, increased erosion due to di-

minished sand supply. The diversion of 90 percent of the flow of the San-
tee River, South Carolina (U.S.), in 1940 essentially cut off fhe sediment
supply to the coast (Stephen et al., 1975). The beaches at the river mouth

have eroded hundreds of meters since the diversion.
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3.7.3 Sand Mining

River sand and gravel are important sources of building and fill aggregate
in many parts of the world. In areas where large seasonal variations in
river flow occur, the reduced water level in streams during periods of low
river flow makes it easy to mine sand and gravel directly from the river
bed. Such extraction of river sediment can have a direct impact on coastal
erosion in that it will result in either a decrease in the volume of sedi-
ment brought to the shoreline or an increase in river erosion downstream,
or both. If the sediment mining occurs in the lower reaches of the river
system, it is unlikely that erosion downstream will replenish the volume of
sediment lost by extraction. In this case, there will be a net deficit in
the volume of sediment brought to the coast,

Mining beaches for construction material is a common practice on many
shorelines. In areas of strong longshore drift or high wave energy, this
can result in local coastal erosion, because removing sand from a beach re-
duces the sediment supply available to the longshore transport system. In
many areas of Europe and Africa, intensive beach mining has resulted in se-
vere beach and coastal erosion problems, particularly where there is no
fluvial (riverine) sand input to replenish the mined sand.

Offshore sand mining influences coastal erosion if it is done on
shoals which act as partial breakwaters. Dredging these shoals has two ef-
fects:

1) Alteration of depth contours,which changes wave refraction patterns and

may cause a focusing of wave energy at the shore, and

2) Elimination of a natural breakwater,which acts to reduce wave energy ar-

riving at the shoreline.
Offshore mining in water deeper than about 15 m has little effect on shore-
line erosion since it is rarely extensive enough to alter wave refraction

patterns and will not cause a significant change in wave heights.

3.7.4 Modification of Inlets

Inlets along coasts are influenced by tidal action as well as by the lit-
toral drift. From the studies made by O'Brien (1931) it is well known that
the stability of the inlet is governed by the relative strength of the lit-

toral drift and the tidal prism volume. Sand bypasses the inlet by bar
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migration or by tidal current transport of individual grains. On coasts
with large littoral drift, there is a tendency for the inlet to migrate due
to the infilling of the mouth on the updrift side,

Modifications to a tidal inlet, therefore, can have significant influ-
ence on the erosional/depositional patterns on adjacent beaches, Artifi-
cial deepening of an inlet for development of harbors, for example, could
change the bar-bypassing nature of the inlet, depriving the downdrift coast
of its supply of sediment and thus leading to erosion, Where inlets serve
as the only outlet to the sea for a coastal lagoon, they are commonly "cut
open" artificially in order to maintain a given level of water quality
within the lagoon., Such a cut interferes with longshore sand tramsport. A
similar effect would be felt by constructing jetties for artificial stabi-
lization of the inlets, A large number of sand-bypassing plants, which
move the littoral drift past jettied inlets, have been built in the United
States in order to prevent coastal erosion on the downdrift sides of the

inlets.

3.7.5 Construction of Shore~Perpendicular Structures

Jetties, piers, groins, and outfalls are structures built more or less per-
pendicular to the shore. Their functions may differ, but they all have a
common effect on the shorelinme: their blockage of sediment transport
causes erosion on their downdrift sides.

Jetties are built at a river mouth or a tidal inlet in order to stabi-
lize the channel, to prevent shoaling by littoral drift, and to protect the
channel entrance from storm waves. Jetties direct or confine the flow to
help in the channel's self-scouring capacity. Jetties extend through the
entire nearshore to beyond the breaker zomne in order to prevent the entry
of littoral sediment into the channel. The jetties act as barriers to the
longshore drift, causing the sediment to accumulate on the updrift side.
At the same time, on the downdrift side of the jetties, the sand transport
processes continue to operate and cause the sand to move away from the jet-
ties, resulting in the erosion of the shoreline.

Groins are structures built perpendicular to the shoreline to help
beach buildup by trapping a portionm of the littoral drift. They are rela-

tively narrow in width and may vary in length from 10 m to about 200 m.
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Though their function differs from the jetties, they are also barriers to
littoral drift. Groins may be used in a series--groin fields--to protect a
large area, but the zone of erosion will shift downcoast through time.
Once a groin is filled, some littoral drift may pass by its seaward end.
While sand is accumulating between the updrift groins, the sand is prevent-
ed from reaching the downdrift groins, enhancing erosion there. To prevent
such damages, groins may be filled by artificial nourishment. Poorly de-
signed groins may deflect sand past their ends into deeper water, resulting
in its loss to the littoral drift system.

Qutfall structures built to carry storm sewers may also cause buildup
on their updrift sides and erosion on their downdrift sides. The erosion
downdrift can be minimized by building the outfalls on piles.

Examples illustrating the effect of the structures mentioned above are
shown in Figures 28 and 29. The jetties built in 1935 to stabilize the in-
let south of Ocean City, Maryland, on the Atlantic Coast of North America
trapped the southerly littoral drift, causing the beach to erode on the
south side by 450 m in 20 years. By 1961, the south beach had eroded to
the point where it actually separated from the inner end of the south jet-
ty, leaving a gap of almost 240 m of open water. The situation had to be
controlled by dredging and filling the eroded area. The construction of a
pier in 1875 at Madras, India, created serious problems of erosion just
north of it due to accumulation of sand on the south side, because that
coast is influenced by very strong littoral transport from south to north.
The erosion on the north side extended to as much as 5 km and had to be

checked by use of seawalls and bypassing of dredged sand.

3.7.6 Construction of Seawalls and Revetments

In areas experiencing severe erosion, it is sometimes necessary to con-
struct vertical seawalls and revetments to protect valuable property.
Thousands of examples could be cited to demonstrate the effectiveness of
such structures in saving property. However, erosion of the beach itself
is usually accelerated in front of these features because of wave reflec-
tion from the hard, vertical structures. According to Silvester (1977, p.

639), when waves are obliquely reflected from such walls, energy is applied
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Figure 28. Examples of shore-perpendicular features which block longshore
transport, causing erosion on their downdrift side (modified after Komar
1976, Figure 9-7).
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Figure 29, TIllustration of the blockage of littoral sand transport by the
emplacement of a breakwater or groin transverse to the drift., This example
is from a physical laboratory model of a proposed breakwater at Cotonou,
Beninj included are the shoreline changes, given in years, as well as the
drift rate pertaining to the prototype. Twenty minutes of model operation
is equivalent to a year of prototype conditions according to the model
(after Sireyjol, 1965; from Komar 1976, Figure 8-1). Field conditions
mimicked the model.
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"doubly" to the sediment bed and "hence expedites the transmission of mate-

rial downcoast." This process is illustrated in Figure 30.
WAVE CREST
1 \
¢ \
! \ \
WAVE /A |
ORTHOGONAL

WALL P - *" ORIGINAL SHORELINE
EROSION

Figure 30. Illustration of erosion in front of and on downdrift side of

seawall (modified after Silvester, 1977, Figure 8). The approaching wave

crests meet the reflecting wave crests at approximately right angles, gen-
erating a flow parallel with the shore in a downdrift direction. This cur-
rent scours a channel a few meters seaward of the wall. Wave orthogonol--
line drawn perpendicular to wave crest.
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4.  METHODS USED TO PREVENT BEACH EROSION

4.1 Introduction

Engineers have attempted to curtail beach erosion for centuries, Their
success ratio is variable, depending upon the vagaries of the sediment sup-
ply, storm-wave conditions, and water-level changes in the erosion zone. A
list of the commonly used methods is given in Figure 31 and definitions of
some of the structures used are given in Table 7.

In determining what kind of structure to erect to stop erosion in a
given area, engineers usually apply a set of criteria to the site. These
normally include the following (Kana et al., 1980):

1) Definition of a need to protect the critically eroding, or f{lood-prone,
area.

2) The desirability to achieve continuity in structure design (including
type, crest elevation, and position) within communities.

3) The requirement of the design to be compatible with some predetermined,
combined wave-and-water level (usually 50- to 200-year levels).

4) The need for structure designs to have a design life of a given number
of years (usually at least 50),

5) The most cost-effective method that will achieve long-term protection.

A brief discussion of some of the methods propesed is given below.

4.2, "Hard" Engineering Solutions

4,2.1 Introduction
Engineers usually deal with beach erosion by building resistant, permanent
features which reflect or dissipate incoming waves. These are referred to

as "hard" solutions in this discussion.

4.2.2 Seawalls, Revetments, and Bulkheads

In places where fixed property (such as highways, cottages, and hotels) is
threatened by erosion, seawalls, revetments, and bulkheads are usually
constructed., Examples of these types of structures are shown in Figures 32
and 33. Seawalls are massive, concrete structures designed to hold a line
against storm-wave erosion. Reflecting waves tend to set up scour in front
of such walls, as shown in Figure 30. Usually, the end result is that the

fixed property is saved for some period of time and beach sand in front of
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COMMONLY USED METHODS FOR
CONTROL OF BEACH EROSION

| 1
SHORELINE BACKSHORE
STABILIZATION PROTECTION
SEAWALL SEAWALL
PROTECTIVE BEACH
BULKHEAD (with or without restoration)
REVETMENT SAND DUNE
BEACH NOURISHMENT
(with or without restoration) REVETMENT
GROINS BULKHEAD
SAND BYPASSING CONSIDERATIONS:
AT INLET
Hydraulics
Sedimentation
CONSIDERATIONS: Control Structure
Legal
Hydraulics Environmental
Sedimentation Economics
Control Structure
Legal
Environmental
Economics

Figure 31. Some commonly used methods for controlling beach erosion (modi-
fied after U.S. Army Coastal Engineering Research Center, 1973).
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TABLE 7

Coastal structure definitions [revised from Coastal Engineering Research

Center (1973) with additions; from Kana et al. (1980), Table 7].

BREAKWATER

BULKHEAD

GABION

GROIN

JETTY

PIER

REVETMENT

REVETTED SEAWALL

ROCK CRIB

SEAWALL

A structure protecting a shore area, harbor, anchor-
age, or basin from waves.

A structure or partition to retain or prevent sliding
of the land. Generally used in areas of quiet water.

Wire cages, filled with loose stone, tied together in
an orderly arrangement to construct seawall, groinms,
or other shore-protection structures.

A structure built to trap littoral drift or retard
erosion, generally placed perpendicular to shore.
Generally not associated with inlets.

A structure extending into water, designed to prevent
channel shoaling and direct flow. Generally associ-
ated with inlets.

A structure usually of open construction serving as a
landing place.

A facing of stone, concrete, etc., built to protect a
scarp, embankment, or shore structure against erosion
by wave action or currents,

Generally a seawall which is protected on the seaward
side by a revetment of stones.

A cage of wire and pipe or wood, filled with gravel
and used for shore protection.

A structure separating land and water areas, designed
to prevent erosion by keeping waves and wave over-
topping from reaching the land behind the wall.

132



‘b

I ——— ) AN
> -
ul ] > -
- o
I -
[
L R
Yo ) =
- LY
- u\‘v’":.

Figure 32. Examples of shore-protection structures at Lake Ontario, U.S.
(from Kana et al., 1980). [Upper] Wood bulkhead composed of horizontally
laid railroad ties (Sodus Bay). [Lower] Composite structure composed of
concrete slab built on concrete~filled oil drums (Henderson Bay).

133



ey,
> VA ey, g Iy

2% /”/"’.'"'-" 4k
7 L) =y

r: ",: e

4 l’,{‘/'[/,*”/lf 'A
4

R ENNG RS

ey
vl S0 10

"
-,
I".-A/"«

Figure 33.

(from Kana et al,, 1980).

ter).

Examples of shore-protection structures at Lake Ontario, U.S.
[Upper] Revetted gabion seawall (near Roches-

[Lower] Revetted concrete groin at Hamlin Beach State Park.

ment transport is right to left.
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the wall is lost. A bulkhead is made of pilings, composed of a wide range
of materials (Figure 32 upper), driven into the ground. They are usually
built in areas of moderate waves. Revetments (Figure 32 lower) are con-
structed by armoring the sloping face of a dune or bluff with one or more
layers of rock, concrete, or asphalt (U.S. Army Coastal Engineering Re-
gearch Center, 1973). The armor stones of revetments tend to dissipate
waves and inhibit reflection better than vertical walls, thus sand removal

by wave reflection is not as severe.

4.2,3 Groins

Groins are structures built to slow down longshore transport of sand by
blocking its passage at a given location. They consist of fingerlike pro-
jections of hard material perpendicular to the beach (example in Figure 33
lower), They are commonly made of rubble stone, but they may consist of
wood, sand bags, gabions (rocks or pebbles in wire mesh) (Figure 33 upper),
or other materials. They work best where waves approach the coast oblique~
ly. Erosion may occur downdrift of groins, necessitating the construction
of a series of them (groin field). Groins have not proved to be effective
solutions to beach erosion in many localities, although they have been used

in abundance.

4,2.4 Offshore Breakwaters
Offshore breakwaters are short structures detached from the shore and
placed normal or nearly so to the direction of the incoming waves. These
structures reduce wave energy on their landward side, which causes buildup
of the beach by deposition of littoral drift. These structures can be ei-
ther above the high-water level or submerged. The submerged breakwater
causes waves to break prematurely, thus reducing the wave energy. However,
because of the beach buildup in the zone of its immediate influence, the
erosion on the downdrift side of the offshore breakwaters may continue or
even be accelerated. Some sand generally passes on through the system.
Offshore breakwaters have been used successfully to curtail erosion in
a number of areas. A detached breakwater was constructed in 1878 at Ceara,
Brazil, which extended about 430 m parallel to the coast. The longshore

drift there is from east to west. The construction of the breakwater
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caused a tongue of sand to grow outward from the shore until it finally
reached the breakwater. A 600-m~long, detached breakwater was constructed
about 600 m offshore at Santa Monica, California, in 1934. TImmediately
thereafter, sand began to accumulate on the protected lee of the breakwa-
ter, although erosion did occur further downcoast. Breakwaters are common
around the shoreline of Japan, where they are considered to be the best so-

lution to beach erosion (discussed in detail below).

4.3 "Soft" Engineering Solutions

4,3,1 Introduction

There are many workers in the area of coastal erosion, particularly geol-

ogists, who prefer to use solutions to erosion problems that do not involve

hard structures (Concerned Coastal Geologists, 1981)., Two lines of

reasoning are used to support this position:

1) Hard structures such as seawalls accelerate sand losses.

2) Once in place, hard structures are difficult to remove, making it vir-
tually impossible to correct a mistake.

Some examples of alternative "soft" solutions are given below,

4,3,2 Setback Lines
The "softest" of the soft solutions is the construction of a line behind
the shoreline seaward of which building is prohibited. These lines are
called setback lines. They work best in areas that have not been developed
as yet. The best~known example of legislation concerning the construction
of setback lines on the basis of scientific considerations is a 1971 law of
the State of Florida, U.S. (section 161.053, F.S5.). This setback regula-
tion is discussed by Purpura (1979) and Murday and Asherman (1981).
The criteria which are usually applied in the establishment of coastal
setback lines include the following (from Murday and Asherman, 1981):
1) Erosion rates. Historical maps and charts are studied to determine
rates of change, and a line is established based on the predicted life
of the project (e.g., 50 years).

2) Dune protection., The line is established to protect a foredune barrier,

3) Flood hazard. A line is drawn based on flooding levels (e.g., 100-year
flood).
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4) Wave uprush, Several computerized prediction techniques have been de-
veloped to determine a level of uprush of severe storm waves. Construc-
tion is prohibited seaward of this level.

5) Ground contours. Elevations are chosen for construction, basically for

protection from storm flooding.

6) Vegetation type. Lines are drawn based on vegetation types that have

required a number of years to become established, such as a climax mar-

itime forest or mature dune vegetation,

4.3.3 Sand-Bypassing

Jetties constructed to stabilize navigational channels usually block the
flow of littoral drift. Consequently, severe erosion may develop on the
downdrift side of the jetties, This is one of the more common causes of
erosion problems around the world. Erosion downdrift of the jetties at the
ports of Lomé, Togo, and Cotonou, Benin, on the coast of West Africa are
notable examples. This problem is sclved by installing mechanical sand-
bypassing systems. The most commonly used methods of mechanical tramsfer
are land-based dredging plants, floating plants, and land-based vehicles

(Chestnutt, 1982; Watts, 1966).

4.3.4 Beach Nourishment
Beach renourishment with sand is the most commonly used soft solution.
Kana (1983) classified these projects as those deriving sand from either

external or internal sources. Many projects have been implemented on the

coast of North America that utilize external sand sources. Projects at
Miami Beach (Florida), Wrightsville Beach (North Carolina), and Rockaway
Beach (New York) involved moving millions of cubic meters of sand. Sand
for such projects may come from a variety of sources, including (1) conti-
nental shelf, (2) tidal deltas at tidal inlets, (3) trucked in from borrow
sites on the mainland, and (4) dredge spoil from waterways and canals.
This method of beach erosion control is discussed in detail in U,S, Army
Coastal Engineering Research Center (1973). Kana (1983) emphasized the
cost-effectiveness of deriving sand from local (internal) sources and

moving it with land-based equipment. Sources of such sand include (1)
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attached shoals adjacent to tidal inlets and (2) laterally adjacent zones
of accretion.

The major objection to beach renourishment schemes is that they are
not permanent. Watching millions of dollars worth of sand wash away within
a few years of its emplacement does not appeal to some money-conscious
planners, who feel more secure with hard structures. Such projects require
a careful analysis of monetary costs and benefits balanced against the aes-

thetic and recreational value of maintaining a sand beach in place.

4.3.5 Design with Nature

The trend of the future in beach erosion control is to attempt to mimic the
natural system. Two examples of this approach include the construction of
artificial crenulate bays (Silvester, 1974) and relocation of migrating
tidal inlets (discussed below under case study on South Carolina coast).
Silvester's (1974) approach is based on the recognition of natural spiral
bay systems (crenulate bays) on shorelines with rocky headlands subject to
oblique wave approach (Figure 34), On such coasts, a bay beach with a log-
spiral shape develops downdrift of the protruding headland. Through a pro-
cess of wave refraction, sketched in Figure 35, the bay beach develops an
equilibrium form. Silvester has proposed the construction of offshore
breakwaters which mimic natural headlands so that equilibrium beaches may
develop on their downdrift sides, 1In some cases, renourished sand may be
placed in the lee of the breakwaters to aid in the development of the equi-
1librium beach. Renourished sand would have a much longer residence time in
such embayments than if it were placed on an open beach. A sketch of a
shore~protection system of this type, which combines both hard and soft so-

lutions, is given in Figure 36.
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Examples of natural crenulate bays on the coast of South Africa
(modified after Silvester, 1974, Figure 2-1),
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Figure 35. Schematic plan of crenulate bay showing the influence of wave
refraction on the shape of the bay (from Silvester, 1974, Figure 2-2).
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Figure 36. Sketch of beach protection scheme which involves (1) construc-
tion of offshore breakwaters and (2) emplacement of sand. The stable
crenulate shape forms under oblique wave approach from the left. Based on
ideas expressed by Silvester (1974).
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5. GENERAL CASE STUDIES

5.1 Introduction

In order to be more specific about the problem of beach erosion around the
world, a series of case studies have been chosen for discussion. First,
erosion in a more regional context will be discussed, starting with a sum-
mary on erosion on the Russian shoreline and concluding with a discussion
of beach erosion in Florida (U.S.). Five site-specific case studies will
be presented in section 6., The intent of the case studies is to summarize
lessons learned and develop guidelines for applications in developing coun-

tries.

5.2 Beach Erosion in Russia

The shoreline of Russia exceeds 100,000 km in length (counting islands;
Zenkovich, 1982b) and rivals any in the world for complexity. Dramatic
rates of erosion prevail in some areas, such as the eastern shore of the
White Sea (5 m/yr) and the permafrost lowland of the western Kara Sea (7-8
m/yr). Only the developed shorelines of the Black Sea (including Sea of
Azov) and Caspian Sea have been of much concern to engineers, however.
Zenkovich (1982a) outlined some of the methods used to curtail beach
erosion in Russia. ©Seawalls have met with the same fate in Russia as
elsewhere. Examples of failed walls which front pebble beaches are numer-
ous (Figure 37). Breakwaters are widespread on the coast of the Black Sea.
They are commonly connected to the mainland by concrete traverses to pre-
vent scour by longshore currents. Beach renourishment projects on several
bays of the Black Sea and Sea of Azov have been successful and economically
justified (Alibulatov and Pogodin, 1974). On the clayey coast at Odessa, a
10-km-long groin field which has submerged breakwaters between groin heads
has been constructed. Sand hauled from 30 km away was placed between the
groins. According to Dodin and Ponomarenko (1972; cited by Zenkovich,
1982a), only about 5 percent of the nourished sand was lost over a 7-year
period. Long~range plans that call for changing responses through time
have been proposed for the coasts of the Baltic and Black Seas by Zenkovich
and Kiknadge (1981). The valuable experiences gained in Russia during the
past few decades, particularly from the works on the Black Sea coast, add

significantly to the understanding of beach erosion problems elsewhere,
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Figure 37. Erosion of seawall at Kilkhida on the southeastern Black Sea
coast (sketched from photograph in Zenkovich, 1982b, Figure 11},

The principal lesson learned is that detailed assessment is required to

deal adequately with beach erosion problems.

5.3 Beach Erosion in Japan

Few other countries in the world are so closely tied to their coastline as
Japan, from both economical and social points of view., Japan's compara-
tively small land area of 380,000 km? is circumscribed by 33,800 km of
coastline (Watanabe and Horikawa, 1983; p. 186). These coastal areas are
subject to frequent attack by typhoons (high waves and storm surges) and
tsunamis. Figure 38 outlines the different hazards along the Japanese

coast.
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Figure 38. Outline of the different hazards to the coastline of Japan
(after Watanabe and Horikawa, 1983, Figure 1).
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According to Watanabe and Horikawa (1983), erosion of the coast of
Japan has been a problem for only the past few decades. In fact, most of
the erosion problems in Japan can be related to twe forms of engineering
activities by man:

1) Reduction of sediment supply to beaches by construction of dams and di-
version channels and by mining of river sediment. Figures 39 and 40
clearly illustrate the relationship of dams on the Tenryu River to
shoreline recession adjacent to the river mouth.

2) Interception of longshore transport by man-made structures at the coast.
Beach erosion in Japan has accelerated so rapidly over the past 40

years that now one-half of its coastline (15,000 km) is protected by

man-made structures.
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Figure 39. Sediment accumulation behind the dams built on the Tenryu
River, Japan (from Watanabe and Horikawa, 1983, Figure 2).
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Figure 40. Shoreline recession west c¢f the mouth of the Tenryu River,
Japan (from Watanabe and Horikawa, 1983, Figure 10). This recession corre-
lates directly with the trapping of sediments behind dams on the river
(Figure 39).

A discussion of several case studies in Japan by Watanabe and Horikawa
(1983) revealed the following chronology of events for any given erosional
segment of the Japanese coast:

1) No problem perceived (prior to mid-1900s).

2) Interference with sediment supply by man-made structures such as dams or
diversion channels.

3) Erosion recognized; seawalls, groins, and other hard structures estab-
lished.

4) Structures damaged severely during typhoon or tsunami.

5) Structures continually replaced or made stronger after storms.

6) Finally, a series of detached, offshore breakwaters established.
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The loss of the seawalls was usually due to scour at their toes and/or
wave overtopping (Figure 41). Groins were also quite unsuccessful, as
noted by Watanabe and Horikawa (1983, p. 192):

It is rather difficult to give an example of a groin system which func-
tioned positively without producing some adverse effect as well.

EROSION/SCOURING/SUCTION
WAVE FORCE/OVERTOPPING
SUPERANNUATED

SINKING OF FOOT PROTECTION BLOCKS
BEACH EROSION

EARTHQUAKE

OTHERS

Figure 41. Causes of destruction of coastal dikes and seawalls in Japan
(from Watanabe and Horikawa, 1983, Figure 14).

In the past few years, the Ministry of Construction has turned almost
exclusively to coastal dikes and detached, offshore breakwaters for solu-
tions to their erosion problems, as seen in Figure 42. An example of a de-
tached offshore breakwater is shown in Figure 43. These structures, which
were originally built strictly for shore protection, had the happy side ef-
fect of producing tombolos of sand in their lee, thus providing recrea-
tional beaches.

In their summary, Watanabe and Horikawa (1983) noted the change from
hard to more soft solutions in Japan over the past few years, concluding
that this change was due in part to public demand for recreational beaches.
Their final words of summary, based on perhaps the world's most concen-
trated effort to stop beach erosion, follow (p. 193):

We have learned that even works executed for coastal protection some-
times accelerate severe beach erosion. It should be deeply engraved in

our minds that any development project must be examined from a broad
view of both positive effects and negative results.
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Figure 43. Detached offshore breakwaters on the Kin-eicho coast,
Niigata, Japan. Note the accumulation of sand in the lee of the break-
waters (from Watanabe and Horikawa, 1983, Figure 15).
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5.4 Beach Erosion in Sri Lanka

About 80 percent of the shoreline of Sri Lanka is natural sandy beaches,
one of the nation's most vital resources. Crowding and unwise engineering
and mining practices have induced severe erosion problems in some parts of
the coast, particularly the southwestern sector.

The general setting of the country with regard to coastal processes is
depicted in Figure 44, The southwest monsoon, which occurs between May and
September, generates considerably larger waves (mean significant height = 5
ft) than the weaker northeast monsoon (mean significant height = 3 ft),
which occurs between November and January, The most severe coastal erosion
in the country occurs on the southwestern coast, which is impacted by the
largest waves. Long-term erosion also occurs on the northeastern coast.
Deposition prevails on the southeastern and northern shorelines, both of
which are zones of accretion for the sediment transported away from the two
exposed, eroding areas.

Beach erosion in Sri lLanka was related to three principal causes by
Gerritson and Amarasinghe (1976): (1) natural processes, (2) man-induced
changes, and (3) biological activity. The major natural causes were
monsoon-generated waves (discussed above) and migration of tidal inlets.
An example of a migrating tidal inlet, or river mouth, is shown in Figure
45. This inlet, located at Kalutara on the southwestern coast, had mi-
grated fully between the 1920s and 1970s. However, southerly migration
threatened a hotel that had been built on the south spit in 1973. A com-
bination of boulder groins and rubble revetments were constructed in 1976
in an attempt to hold the inlet in place,

Man's negative activity with regard to beach erosion in Sri Lanka has
occurred in the following ways:

1) Mining of sand and coral from the coastal zone.

2) Building training works and fishery harbors that impair longshore sedi-
ment transport.

3) Construction of groins and seawalls that adversely affect neighboring

areas.
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The principal biological reason for erosion is the destruction of some
of the reefs in the Trincomalee area by the coral-eating starfish

Acanthastar planci.

Gerritson and Amarasinghe (1976) emphasized the need for a coastal
area management plan for Sri Lanka. From the scientific standpoint, the
erosion problem could be solved with adequate study, but related social
problems are much more difficult to deal with. For example, hundreds of
thousands of cubic meters of coral are mined from the coastal zone of Sri
Lanka each year. If this practice were stopped, erosion would be abated;

however, 20,000 people would no longer have a livelihood.

5.5 Beach Erosion in Florida (U.S.)

The beaches of the State of Florida are the most popular in the United
States, because of the combination of abundant natural sand and warm tem-
peratures, But, as in many other parts of the world, beach erosion is
taking its toll (Figure 46). A study conducted by the U.S. Army Corps of
Engineers (1971) found over 200 miles of the Florida shoreline to be in a
"eritical state of erosion."

Walton (1979) listed the following general causes for beach erosion in
Florida:

1) Sea-level rise. As indicated in Figure 47, sea level is presently ris-

ing at the average annual rate of 3.3 mm in Florida.

2) Erosion during hurricanes. The coast is struck by a major hurricane

every few years, which erodes the dunes, overwashes the barriers, and
moves beach sand to offshore depths so great it cannot be returned to
the beach. Dune erosion during Hurricane ELOISE (1977) is illustrated
in Figure 48,

3) Modification of tidal inlets. The State of Florida has 57 tidal inlets

along its shore, many of which have been deepened and/or jettied., A
deepened inlet robs sand from the littoral drift system,and jettied in-
lets without bypass systems tend to cause erosion on their downdrift
sides.

After reviewing the erosional conditions of Florida's beaches, Walton

(1979, p. 10) reached a pessimistic conclusion:
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In all, the picture is not a pleasing one. Erosion is with us to stay
due to rising sea level and our needs for improved navigation in our

coastal zone.
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Figure 46, Erosion on the Florida shoreline during 1963 (from Walton,
1979, Figure 7).
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6.  SPECIFIC CASE STUDIES

6.1 Introduction

This section, in contrast to section 5, concentrates on specific, local
areas. Section 5 presented a general picture of erosion in large areas.
This section is probably the most important part of the discussion, because
all lessons learned regarding beach erosion have been derived through pain-
ful trial and error at the local level.

These case studies are taken from the literature, and they represent
the best judgments of the authors who have written them. A word of caution
is in order, however, because given enough time, conditions may change from
those described in these papers. For example, in reading Hale's (1977)
discussion of beach erosion in Los Angeles County, California (U.S5.), one
gets the impression that beach erosion is nonexistent in the county. He
implies that the county's survey methods, which were used for over 12 years
to check hundreds of structure designs and to design "numerous structures,"”
were foolproof. '"We have not had one single failure," he states on page
460. TUnfortunately, massive storms in the winter of 1982-1983 devastated
the beaches and shore-protection structures of Los Angeles County and other

areas of southern California.

6.2 Erosion in Togo and Benin

6.2.1 Introduction

Shoreline erosion in Togo and Benin, West Africa (Figure 49), is so acute
that the two countries requested that the United Nations (UNEP) initiate a
program to study the problem. A UNEP-sponsored workshop held in the two
countries on 29 January-9 February 1979 provides a basis for this discus-
sion. The working technical group consisted of 33 expert engineers and
technicians from Togo and Benin as well as nine experts from four other
countries. The writer of this document was the convener of the outside

technical group.
6.2.2 Present Situation

The present state of erosion and deposition on the shoreline of the two

countries is shown in Figure 50. The key elements in the problem are the
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Figure 50, Present conditions on the coasts of Togo and Benin. Note the
major role played by the ports in beach erosion in the two areas (from U.N.
Technical Group, 1979).

construction of deep-water ports at Lomé, Togo, in 1966, and Cotonou,
Benin, in 1963. The jetties of these ports interrupt the longshore trans-
port of sand, one of the strongest in the world {greater than 1,000,000
m>/yr; NEDECO, 1978). Transport is from west to east almost every day of
the year due to the influence of waves arriving at an oblique angle to the
shore from the southwest. No sand-bypass systems have been installed at
either harbor entrance, so erosion has become a serious problem downdrift
of both harbors,

The jetties at Lomé provide a classic case study of man's impact on
beaches. The shoreline updrift (west) of the jetries is building out in
excess of 50 m/yr, whereas downdrift the beaches are receding at rates up
to 8 m/yr. Local outcrops of beachrock slow the erosion rate on the down-
drift side. In the erosion zone, many fishing villages have been abandoned
and a major tourist hotel is threatened.

East of the erosion zone, extending to Aneho (Figure 50), the coast-
line is subjected to periodic erosional episodes. This is due to seasonal
beach evolution and perhaps local zones of higher wave energy because of
offshore bathymetric variations. The inlet area near Aneho is naturally

unstable due to fluctuations in inlet position and morpholegy.
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The area of Grand Popo, Benin, is another area influenced by inlet mi-
grations. The shoreline is evidently undergoing long-term erosion, but the
data are not precise. Many dwellings and other important structures and
relicts have been lost.

The erosional/depositional patterns at the jetties at Cotomou, Benin,
mimic those described for Lomé, Togo. West of the port, the beach has
built out 700 m since construction of the jetties (U.N. Technical Group,
1979). The area just east of the jetties is complicated because of the
presence of a dam and some groins, but a huge erosional crenulate bay has
formed east of the last groin. A maximum of 250 m of erosion has occurred
in the middle of the bay, which is located approximately 1,000 m east of the
jetties. Many villages have been moved and an industrial zone is threat-

ened in this zone. The rest of the coast of Benin is relatively stable.

6.2.3 Other Causes of Erosion

The experts who studied the erosion in Togo and Benin (U.N, Technical
Group, 1979) recognized that some of the erosion in the area could be
related to causes other than construction of the two harbors, Some of
these include:

1) Natural Causes

a) Gradual rise in sea level.

b) Periods of high wave activity, particularly between May and August,
Significant wave heights are on the order of 1.3-1.4 m (NEDECO,
1978).

c) A possible decrease in sediment supply due to a recent drying trend
and subsequent reduced river discharge.

d) Local variations in large=-scale beach topography (i.e., rhythmic to-
pography) and offshore bathymetry.

2) Man-Influenced Causes

a) Dams on rivers. It was suggested that sediment supply might have
been reduced by the construction of the Alcosombo dam on the Volta
River in Ghana,

b) Sand mining. This is a common practice in both countries. It is es-
timated that 200,000 m3/yr are mined from the updrift side of the

jetties in Lomé.
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6.2.4 Suggested Solutions

After ten days of evaluating the problem, the group of experts, relying
heavily on data supplied by NEDECO (1978), formulated several options for
dealing with specific erosion problems in the two countries. Some of these

recommendations are outlined on the map in Figure 51.
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Figure 51. Some suggestions for dealing with the erosion problems on the
coasts of Togo and Benin (from U.N, Technical Group, 1979).

The most obvious solution to the major problem in both areas, erosion
downdrift of the jetties, would be to bypass sand at both harbors. The
volume required would be on the order of one million cubic meters per year
at each harbor. In view of the huge costs involved, many millions of dol-
lars for each project, alternative solutions were sought,

The experts could not agree entirely on how to deal with the general
erosion downdrift of the harbor at Lomé in the absence of a bypass system.
Three alternatives were offered:

1) Establish setback line and treat isolated problems on a case-by-case
basis.

2) Establish setback line and build a series of short groins to slow down
erosion.

3) Pump quantities of sand (volume dictated by economics) onto the beaches

where maximum erosion is occurring.
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The specific problem at the tourist hotel would be solved by building a
series of groins in front of the hotel. A more complete solution would in-
volve some form of beach nourishment after construction of the groins.

A series of groins were also recommended for the protection of the
town of Grand Popo, Benin. Concern was expressed about the stability of
the inlet, and a detailed study of the coastal hydrodynamics of the area was
suggested.

The solution to the problem of the eroded crenulate bay downdrift of
the harbor at Cotonou was another area of disagreement among the experts.
A laboratory model demonstrating the development of this crenulate bay is
shown in Figure 29. There was considerable disagreement among the experts
regarding the continued erosion of the bay, some saying it would become
stable and others predicting it would continue to erode, Three alternative
solutions were offered:

1) Establish a monitoring program and construct appropriate setback lines.

2) Establish setback lines and reinforce the deteriorating groin at the
head of the embayment.

3) Build another groin on the eastern end of the embayment so an equilib-
rium planform can develop.
Several suggestions relative to scientific and educational aspects of
the erosion problems in the two countries were made during the discussions.
0f particular concern was the recognition that the problems go beyond the
borders of the two countries and, in fact, affect the whole of the West
African coast. The following recommendations resulted from this concern:
1) A study should be initiated to synthesize and summarize all consultant
reports related to coastal processes in the area. The summary should
pinpoint critical data gaps. Furthermore, it was recommended that fu-
ture contracts awarded to consultants require enough copies of the final
reports- to allow distribution among the concerned countries and, fur-
ther, that these reports include complete and annotated reference lists.

2) A second study, involving fieldwork, if necessary, should be initiated
to fill the data gaps identified by the aforementioned study.

3) A regional sand budget study should be carried out. This would include

an analysis of specific sources of the sand, synthesize existing data
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(and collect new data where necessary) on longshore sand transport
rates, and identify sand sinks.

These suggestions on research and education are important because as
more and more case studies are examined, it becomes clear that many of the
erosion problems that now exist around the world have arisen because of
man's interference with the natural system. If there had been a require-
ment for functional sand-bypass systems to be built during the construc-
tional phases of the ports at Togo and Benin, most of the erosion problems
that now plague both countries would have been avoided., A sound prelimi-
nary study would have recognized this need, and prudent planners would have

required it.

6.3 Beach Protection at Lorain, Ohio (U.S.)

6.3.1 Introduction
Much of the preceding discussion of case studies has been negative regard-
ing beach erosion and man's role in it. A more optimistic report is pos-
sible for this case study of a beach restoration project on Lake Erie at
Lorain, Ohio (U.S.).

In October 1977, the U.S. Army Corps of Engineers constructed three
segmented breakwaters and placed beach fill behind them at a public park,
Lakewood Park, in Lorain. This was only the second project ever carried
out on the shoreline of the United States which used offshore breakwaters,
although they are fairly common in other areas, notably Japan (discussed
above). It has been a remarkably successful project, from both engineering
and social points of view, in that the erosion problem was solved and rec-—

reational beaches were created in the process.

6.3.2 The Project

This project was constructed to serve two purposes: (1) protection of ex-
isting park facilities and the adjacent lake bluff, and (2) creation of a
public recreational beach. The components of the project, which are il-

lustrated in Figures 52 and 53, consist of the following features (Pope and

Rowen, 1983, p. 757):
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Figure 52. Sketch from oblique aerial photograph of Lakeview Park, Lorain,
Ohio. View looks east (from photeograph in Pope and Rowen, 1983).
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Figure 53. Outline of the principal components.of the beach protection
project at Lakeview Park, Lorain, Ohio (from Pope and Rowan, 1983).

1) Three 76-m rubblemound breakwaters segmented by 49-m gaps.

2) Two end groins; 46-m concrete groin on west and 107-m composite rubble-
mound and concrete groin on east.

3) Initial placement of 84,106 m® of sand with a median size of 0.5 mm be-
tween the end groins.

4) Periodic beach nourishment of 3,800 m®/yr to replace a predicted annual

loss of 5 percent of original fill.

6.3.3 Monitoring Program

This project was monitored closely for the 5-year period of 1977-1982. Se-
quential aerial photography showed an areal readjustment of the sand, with
the beaches on the exposed, western end of the project being narrower than

those on the sheltered, eastern end (see Figure 52). Bathymetric and topo-
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graphic surveys carried out in the spring and fall of each year showed the
following:
1) The slope of the shoreface diminished in the first six months,
2) The project has gained 2,200 m® of sand per year from the natural drift
system.,
3) The two additional beach renourishments totaling 6,900 m>, added in 1980
and 1981, were not actually needed,
Several process-oriented studies including wave-gage measurements,
near daily field measurements of wave conditions, current studies, and a
model study, kept the engineers abreast of the seasonal changes of the
shoreline. Detailed sediment sampling and analysis showed that native sand
was being added to the project area from the east, at the rate of about
15,000 m®/yr. Approximately 12,800 m® of sand passed out of the system to
the east, so the zone sheltered by the breakwaters was accreting. The fact
that some of the sand passed through was thought to represent an advantage

of the detached breakwaters in comparison with groins or jetties.

6.3.4 Conclusion
A beach restoration project that lasts five years is unique, but one that
gains sand is a revelation. Much of the success of this project is owed to
the careful planning involved, as evidenced by the detailed monitoring
program. Also, no shortcuts were taken nor costs spared in assuring that
the project would work.,
Pope and Rowen (1983, p. 767) made the following conclusion about the

project:

Lakeview Park Beach is a highly successful man-made recreational beach,

not only technically, but also economically and socially ., . . it has

become one of the most popular and heavily used public beaches along

the Ohio shoreline, providing the city of Lorain with a major recrea-
tional asset,

6.4 Erosion at the Muara Port Area, Brunei

Muara Port is the only deep-water port on the coast of Brunei, which is
situated on the northern side of the island of Borneo. A natural harbor

exists at Muara, but its exit to the South China Sea is too shallow and too
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prone to siltation to make a good navigation channel. Consequently, an
approach channel was cut directly across Pelompong Spit to the open ocean
in 1969 (Figure 54). The spit protrudes to the east across the natural
channel (Anson Passage) as a result of a dominant wave approach from the
west, particularly during the southwest monsoon. A typical swell refrac-
tion pattern for the area is shown in Figure 54. Sand transport along the
spit is estimated to be 100,000 m®/yr. The easterly growth of Pelompong
Spit is reflected by the orientation of prograding beach ridges on the
spit, shown in Figure 55. The growth rate was determined by Goh et al,
(1983) to be 27 m/yr between 1888 and 1956 and 76 m/yr between 1956 and
1976. Six maps of the island, dating from 1888 to 1980, are given in
Figure 56,

Several problems have developed since the construction of the approach
channel in 1969, as might be expected for a structure built so contrary to
the forces of nature. The major problems cited by Goh et al. (1983) fol-
low:

1) Land erosion south of the east jetty.

2) Scour problem at seaward end of east jetty.

3) Seabed scour at the approach channel.

4) Potential instability of the west jetty.

5) Shoaling at the entrance to the approach channel,
6) Siltation in the inner harbor.

7) Erosion of the beach east of the channel.

Only erosion of the beach east of the navigational channel (problem 7)
will be discussed here. The width of the spit east of the channel de-
creased from 375 m in 1969 to 80 m in 1980, as a result of the complete
stoppage of the sand supply by the new navigation channel, The possibility
of a breach of the spit as it continues to erode is cause for much concern,
because of the following probabilities:

1) The flow velocity of the channel would drop and siltation would in-
crease,
2) Waves would break through the spit and into the port.
3) The inner island, Pularo Maura Besar, would begin to erode.
In order to avoid these calamities, the problem was studied carefully

and a design was arrived at to stabilize the truncated (eastern) end of the
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Figure 54. Swell refraction off the Pelompong Spit, Brunei. Taken from
aerial photographs shot during the southwest monsoon in July 1971 (from Goh
et al., 1983, Figure 4).
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Figure 55. Prograding sand ridges on Pelompong Spit and Paula Maura Besar
(after Tate, 1970; from Goh et al., 1983, Figure 5). These ridges reflect
the dominant easterly longshore transport direction generated by the west-
erly waves depicted in Figure 54,
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was cut in 1969,
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spit. The design calls for a series of 12 headland breakwaters of the type
recommended by Silvester (1974). A sketch of the proposed project, which

began in 1982, is given in Figure 57.

6.5 FErosion at Heron Island, Great Barrier Reef (Australia)

Heron Island is a small cay (sand island) on Heron Reef which is located in
the southern portion of the Great Barrier Reef (Australia). The reef is
about 9 km long and 4 km wide, and the island itself is 830 m long and 300
m wide. The island is located on the extreme leeward end of the reef where
sand accumulated through time as a result of sand transport by refracted
waves (Figure 58). It is a precarious feature with a maximum elevation of
4.5 m above low-water datum.

Heron Island is one of two islands that provide tourist facilities on
the Great Barrier Reef. The island has a complex history of man-
modifications and storm erosion. The first development was a turtle soup
factory in the 1920s, which later became a tourist resort (1932). A chan-
nel was blasted through the reef in 1945, and a small boat harbor was
dredged in 1966. The present developments on the island are shown in Fig-
ure 59. Heron Island is struck by tropical cyclones about once every five
years, and most of them do some damage to the island. A rock wall was
built in the 1950s to protect the northwestern side of the island, which
had been eroded by storms. The leeward side of the island, site of the
harbor and tourist facilities, has been anything but stable, as can be seen
in the shoreline maps in Figure 60.

Gourlay (1983) outlined the following sequence of events which demon~-
strate how the behavior of the igland has been influenced by man:

1) In response to erosion during several tropical cyclomnes, a rock wall was
built to protect the tourist facilities,

2) Sand was transported by ebb currents off the reef platform and through
the gap cut through the reef.

3) The sand "tail" on the cay rotated west; the wall was extended because
of the increased exposure.

4) The extension of the wall into the zone of converging waves accelerated

the loss of sand from the reef platform.
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Figure 57. Design proposed to stop erosion along the truncated eastern end
of Pelompong Spit (after Goh et al., 1983, Figure 15). Work began on the
project in 1982,
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Figure 58. Model depicting the formation by wave-generated currents of a
hypothetical sand cay on the sea side of a reef (from Gourlay, 1983, Figure
6). Heron Island is thought to have had a similar origin.
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5) Wave erosion around the newly constructed helipod and destruction of re-
taining walls of the harbor added to the sand loss into deeper water.
6) Sand will probably not remain in front of the rock wall under present
conditions, and constant repairs of the seawalls will be required.
As a result of his work on Heron Island, Gourlay (1983) made the fol-
lowing plea regarding development of islands on coral reefs (p. 1,481):
In planning development on a coral cay, relatively wide buffer zones
must be allowed between the shoreline and the development to accommo-
date both normal erosion-accretion cycles and long-term erosion. This
is particularly important in the apparently sheltered lee of the cay.
It should always be remembered that these islands are geologically

temporary structures and could be destroyed by a severe 'direct hit'
cyclone,

6.6 Beach Erosion at Seabrook Island, South Carolina (U.S.)

Seabrook Island near Charleston, South Carolina (U.S.) (Figure 61), is a
typical mesotidal (tidal range = 2-4 m) barrier island consisting of veg-
etated beach ridges and low frontal dunes bounded by tidal inlets and a
marsh/tidal creek system. It has been developed as a private vacation re~
sort, starting in 1973, Due to its proximity to a major tidal inlet and
the presence of numerous shifting offshore shoals, the ocean shoreline has
tended to change rapidly in response to local variations in wave energy.
This has presented significant problems to portions of the existing devel-
opment. Several homes and the community center are located in erosion
zones and have required seawalls or rubblemound riprap for protection,
whereas some nearby beaches are presently accretional.

While coastal protection works are providing immediate relief to cer-
tain highly erosional areas of the development, they are causing long-term
adverse effects, including acceleration of erosion in unprotected areas and
destruction of the natural character of the island. This latter effect is
of great concern since the key attraction of this and other South Carolina

coastal developments is their unspoiled beaches.
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Figure 61. Location map of Seabrook Island, South Carolina (30 km south of
Charleston, S.C.).
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6.6.2 Modification of Coastal Processes by Artificial Structures

Coastal structures existing in 1978 at Seabrook Island included (1) sandbag
groins designed to trap sediment moving alongshore, (2) vertical poured-
concrete seawalls to protect a clubhouse and several houses, and (3) rub-

blemound riprap.

1) Sandbag Groins.

The groins at Seabrook trapped some of the sand moving alongshore and ini-
tially caused minor reorientation of the shoreline as fillet beaches devel-
oped on the updrift (northeast) side and erosion on the downdrift side.
However, after the reorientation to a new "equilibrium" shoreline, the ero-

sional trends continued despite the presence of these groins.

2) Concrete Seawalls.

The vertical seawalls at Seabrook have protected several houses and the
clubhouse by retaining sand behind them. However, they have had some ad-
verse effects including accelerated erosion along adjacent shorelines.
Wave reflection from the seawalls has caused scour and sediment removal

from the nearshore area.

3) Rubblemound Riprap.

These features also protected property, but like the vertical seawalls,
wave reflection tended to generate scour in front of them. The riprap
gseawall is not solving the long-term problem of continued erosion on the

island, which is the lack of enough sediment supplied from updrift.

6.6.3 Shoreline Changes

In order to learn about the more recent short-term shoreline changes on

Seabrook Island, all charts and maps available were assembled and studied
by Hayes et al. (1980). Particular attention was placed on the changing
location of shoals and inlet channels. Five historical charts were avail-
able covering the period 1661 to 1924, A series of vertical aerial photo-
graphs covering the interval 1939 to 1973 were also examined, Historical
shoreline changes of Seabrook dating back to 1853 are shown on Figure 62.

Note that Seabrook was largely accretional until 1973,
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Figure 62. Relative changes of the shorelines of Seabrook and Botany 2Z:,
Islands between 1853 and 1978.

The maps, charts, and aerial photographs studied indicate that the re-
curved spit affiliated with Captain Sam's Inlet at the northern border of
the island undergoes a cycle of change that has occurred at least four
times since 1661. The cycle (Figure 63) includes:

1) Breaching of the spit at the neck (where Kiawah River crosses the island
perpendicularly) during a major storm.

2) Migration of the spit southwestward at the rate of approximately 60 m
per year.

3) Extension of the spit up to as much as the entire distance from the spit
neck to the southwestern end of Seabrook Island.

4) Breaching of the spit by another storm.

As the spit/inlet complex migrates, the affiliated ebb-tidal delta
complex migrates with it. As waves refract around the moving ebb-tidal

delta, the beach downdrift of the inlet tends to build out. The migrating
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Figure 63. Historical changes of Captain Sam's Inlet, South Carolina (from
Hayes et al., 1980). Note periodic migration of the inlet from northeast
to southwest followed by spit breaching at an updrift location. The cycle
typically runs from 40 to 80 years.
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ebb-tidal delta traps large volumes of sand, When the neck of the spit is
breached updrift, this sand is freed to move onto the beach to the south.

One of the most important discoveries of the historical analysis was
the fact that Deveaux Bank, a huge shoal on the ebb-tidal delta to the
south of Seabrook, has retreated a phenomenal amount since 1939 (over 1,000
m). From 1939 to approximately 1970, Deveaux Bank was an effective,
natural, offshore breakwater that sheltered the shoreline in the vicinity
of the southwestern point of the island from direct wave attack. In recent
years, however, the bank is too far landward to provide this protection, a
fact which has, no doubt, contributed significantly to the increased rate
of erosion of the Seabrook shorefront. In recent years, the rate of ero-
sion appears to have accelerated. Figure 64 shows the changes to Deveaux
Bank up to 1978. The supratidal portion of the bank underwent rapid land-
ward migration and erosion. The small intertidal shoal remaining in the
former location is relatively ineffective in blocking wave energy at high
tide.

Since the erosion area on Seabrook is located adjacent to North Edisto
Inlet, one of the largest tidal inlets on the South Carolina coast, bathy-
metric surveys of the main channel were compared from historical records to
determine if the channel had migrated north. Such channel migration would
undoubtedly contribute to erosion of the adjacent shoreline., However, the
surveys found no evidence to suggest channel meandering was occurring in
the vicinity of the southwestern point. There was evidence, however, that
the northern marginal flood channel (a secondary channel dominated by flood
currents) which flanks the main channel had shifted slightly landward to-
ward the southwestern point of Seabrook Island. This probably helped cause

the observed increase in erosion,

6.6.4 Causes of Erosion

The historical evidence indicates that until 1973, Seabrook Island had un-
dergone long-term accretion., This indication that Seabrook Island is ba-
sically a regressive barrier (seaward-building) in a geological sense, as
well as the fact that tremendous volumes of sand are stored in the North
Edisto ebb-tidal delta complex (roughly one-half the volume of the sand

stored in the entire Kiawah/Seabrook barrier-island complex) (Hayes et al.,
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Figure 64. Comparison of aerial extent of Deveaux Bank between 1939 and
1978. The center of the bank retreated 1,500 m, and the bank decreased

roughly one-fourth of its original size between 1939 and 1978. Thus, the
natural breakwater effect formerly provided by the shoal was no longer

available to Seabrook Island, which began to erode in 1973,
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1976), suggests that localized erosion problems at Seabrock are reversible.
It is primarily a matter of inducing an adequate amount of the sand avail-
able in the area to reside on the beach.

The foregoing analysis suggests the following major causes of shore-
line change along Seabrook Island:

1) Southerly migration of the updrift (Captain Sam's) inlet and inlet-
affiliated ebb-tidal delta which causes erosion along the inlet shore-
line and accretion in the lee of the delta,

2) Encroachment of the northern marginal flood channel of the downdrift
(North Edisto) inlet against the southeastern point of Seabrook Island.

3) Erosion and landward migration of an offshore supratidal bank (Deveaux)
which has allowed increasing amounts of wave energy to reach the shore.

Based on the above causes of erosion, a number of soft engineering so-
lutions were proposed by Hayes et al. (1980) to retard or eliminate local
erosion problems at Seabrook Island. These included:

1) Dredging of a new inlet channel north of Captain Sam's Inlet to allow
sand in the ebb delta to migrate naturally onshore at Seabrook.

2) Dredging of a new, northern, marginal flood channel further seaward on
the North Edisto River ebb-tidal delta to relieve the erosive pressure
at the southeastern point of Seabrook.

3) Reestablishment of a natural (or artificial) breakwater in the former
position of Deveaux Bank.

One possibility for the latter would be to construct a floating, offshore

breakwater. These solutions are outlined in Figure 65.

One of these recommended solutions, relocation of Captain Sam's Inlet
updrift, was completed in February 1983. The design plan for the relo-
cation is shown in Figure 66. At the time of this writing (October 1983),
the new inlet is functioning as planned, and sand from the abandoned

ebb-tidal delta is going ashore on Seabrook Island.

6.6.5 Conclusion

Although the solutions proposed by Hayes et al. (1980) to abate beach ero-
sion at Seabrook Island do not have the permanence of hard engineering
coastal protection works, their cost of implementation is at least an order

of magnitude less than presently used structures. They also have the
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aesthetic advantage of preserving the character of Seabrook beaches. The
apparent success of the relocation of Captain Sam's Inlet demonstrates the
relevance of geologic and coastal process information not only for use in
hard designs, but also as a means for determining appropriate soft design

solutions for coastal protection.

X
BOTANY
BAY IS.

SEABROOK ISLAND

Figure 65, Proposed "soft" engineering solutions for reducing shoreline
erosion along Seabrook Island, including (1) dredging new channels at e
and f,, allowing existing Captain Sam's Inlet channel (e ,) and North Edisto
Inlet marginal flood channel (f,) to infill; and (2) construction of a

floating breakwater (or hydraulic filling) in the former position of
Deveaux Bank.
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Figure 66. The plan for relocating Captain Sam's Inlet which was completed
in February 1983. The project freed a large volume of sand trapped at the
mouth of the existing inlet, which is now (October 1983) renourishing the
eroding downdrift beach to the southwest.
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7. EROSION ASSESSMENT

7.1 Introduction

Before assessing the impact of beach erosion or determining methods to com-
bat it, baseline data must be gathered and compiled for the area in ques-
tion. This process has normally been carried out at two levels: (1) a
general coastal environmental assessment, which includes a wide variety of
data inputs; and (2) a specific determination of shoreline erosion rates.

Examples of these two approaches are discussed below.

7.2 Coastal Environmental Assessment

7.2.1 Introduction

Development of guidelines for proper management of any coastal zone re=-
quires an adequate knowledge of the nature and distribution of natural en-
vironments, land and water capability, and man's impact on the coastal
zone. One of the best known efforts to tabulate such information for a
specific region is a series of "Environmental Geological Atlases'" that have
been compiled for the coastal zone of the State of Texas (U.S.) by the
Bureau of Economic Geology at the University of Texas. The principal prod-

uct of this endeavor is an environmental geology map.

7.2.2 Environmental Geology Map
The techniques employed in compiling the environmental geology map (by the
Texas group) is paraphrased generally as follows (from Fisher et al., 1973,
pp. 2-4). Environmental geology units for the entire coastal zone were
interpreted from and plotted on aerial photomosaics and corresponding U.S.
Geological Survey topographic maps, both at a scale of 1:24,000, All envi-
ronmental maps were printed on a regional base map of the coastal zone,
Mapping involved extensive aerial photographic interpretation, field-
work, aerial reconnaissance, and utilization of available published data
for the region. General sources and flow of data used in mapping are shown
in Figure 67. Interpretation and mapping of environmental geologic units
were based on a genetic grouping of the major natural and man-made features
of the coastal zone. Units mapped were interpreted to be of first-order
importance to the environmental character of the zone. First-order envi-

ronmental units included the following:
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Figure 67, Sources and flow of data used in compiling the Environmental
Geologic Atlas of the Texas Coastal Zone (from Fisher et al., 1973, Figure

2)

1)

2)

3)

4)

A wide variety of sedimentary substrates (sand, mud, shell) and associ-~
ated soil units displaying distinct properties and composition.

Units displaying a variety of natural processes, including storm chan-
nels, tidal passes, tidal flats, fluvial channels, wind erosion, and
other dynamic properties of significance in maintaining and modifying
the coastal environments.,

Biologic features such as reefs, marshes and swamps, subaqueous grass-
flats, and plant-stabilized sediment where biologic activity is of prin-
cipal importance.

Man-made features such as spoil heaps, spoil wash, dredged channels, and
modified land where man's activities have resulted in significant envi-

ronmental modification.

Approximately 135 specific environmental geologic units were recognized and

mapped in the Texas Coastal Zone. These environmental geology map units

were grouped into higher order natural systems, such as fluvial/deltaic,

barrier island, and bay/estuary/lagoon.
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7.2.3 Other Maps Produced

Following the production of the envirommental geology map, a series of

"special-use environmental maps were prepared to present more specific in-

formation for a variety of potential users" (Fisher et al., 1973, pp. 5-6).

The following topics were covered by the maps:

1) Physical properties (characterization of soils and land forms).

2) Environments and biological assemblages.

3) Current land use.

4) Mineral and energy resources.

5) Active processes (including a general delineation of zones of erosion
and deposition).

6) Man-made features and water systems.

7) Rainfall, stream discharge, and surface salinity.

8) Topography and bathymetry.

7.2.4 Summary
The approach used by the Texas group produces a high level of understanding
of the coastal zone under consideration. Unfortunately, this approach is

costly and thus unattainable for many coastal management programs.

7.3 Specific Shoreline Erosion Inventories

7.3.1 Introduction

In the absence of funds to carry out an extensive survey of the type dis-
cussed in the preceding section, specific determination of beach erosion
trends may be feasible., U.,S5. studies carried out in North Carolina (Staf-
ford, 1971) and South Carolina (Stephen et al., 1975; Hubbard et al.,
1977b) could be used as models,

7.3.2 Study Procedure
The principal data sources are all the aerial photographs of the region
that have been taken. In some cases, older topographic maps and nautical
charts may be used if the data are thought to be reliable.

As a first step in beginning the survey, all the overlapping aerial
photographic coverage available is obtained. For best results, a spacing of

5- to 10-year intervals is required. For example, the South Carolina survey
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(Stephen et al., 1975) included photographs taken in 1939/1941, 1949, 1953,
1957, 1963, and 1973,

Next, selected reference points, identifiable from year to year on the
photographs, are established. Permanent structures or fixed points, such
as road intersections and ends of beach ridges, are used. The distance
from the reference point to the beach is measured as closely as possible.
The difference, after scale corrections, between measurements from two
successive photographs 1s the amount of erosion or deposition which
occurred during the time interval under consideration. Scale corrections
are calculated by using a ratio comparing the distance between two fixed
reference points on photographs of known scale to the distance between the
same reference points on the successive photographs., Stafford (1971) has
shown that errors in measurements using aerial photographs at a reasonable
scale are usually insignificant when dealing with large mean rates of

change such as those which generally occur in most coastal areas.

7.3.3 Data Presentation
The results of the aerial photographic study may be presented at three
levels. A general management map may be provided which delineates areas of
coastline that have undergone (l) long-term erosion, (2) long-term accre-
tion, (3) periods of both accretion and erosion (instability), and (4) sta-
bility. These terms are defined as follows:
1) Long-term erosion =~ Areas which have undergone relatively continuous
erosion over the study interval (usually several decades).
2) Long-term accretion - Areas which have undergone relatively continuous
deposition over the study interval.
3) Unstable - Areas with fluctuations greater than 50 ft over the study
interval,
4) Stable - Areas with fluctuations in position of the shoreline of less
than 20 m over the study period.
Use of this map allows for a rapid determination of the general char-
acter of any stretch of shoreline under study. An example of one of these

maps from the South Carolina study is given in Figure 68.
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Figure 68, Example of a coastal management map based on shoreline erosion
inventory, Area is Isle of Palms, South Carolina, U.S. (from Stephen et

al., 1975, Figure 8).

Another type of presentation gives the cumulative trends for the mi~
gration of the shoreline at selected reference points (e.g., Figure 69).
These graphs are of value to anyone interested in coastal development, be-
cause the migrational trends for very short stretches of beach (200-500 m)
are clearly shown. All the interested party need do is study the graphs
for the section of beach of concern, and he can immediately see if it has
had an erosional, depositional, or stable history.

Finally, the incremental change between photographic years, as well as
the total amount of change at each reference point, may be presented as ta-

bles.

7.3.4 Summary
The data obtained by the study of sequential aerial photographs and charts
is a fundamental source of information regarding coastal zone development.

An important consideration in any beach management program is the estab-
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lishment of a reasonable setback line, seaward of which no construction is
allowed. Critical to the determination of such a line is the knowledge of
the changes that can be expected along any given section of beach through

time. The individual erosion/deposition curves derived from a study of the
type just outlined detail the variability that exists at given locatioms.

Therefore, these erosion/deposition data could be used to establish zones
where development should be prohibited or where remedial measures are apt

to fail,
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Figure 69. Erosion/deposition curves for the Isle of Palms, South Caro-
lina, U.S. During the past 100 years, the northeastern end of the island
(graphs 3-13) has been characterized by periods of erosion followed by
periods of accretion. These have been caused, in part, by changes of adja-
cent tidal inlets. The central and southwestern shorelines (graphs 15-25)
have been accretional or stable since 1872, A field of groins located
along these beaches has been partially responsible for this stability (from
Hayes et al., 1978).
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8.  LESSONS LEARNED

The goal of this report is to provide guidelines for dealing with present
and potential beach erosion problems in developing countries. The best
time to deal with such problems is in the planning stages for coastal de-
velopments, not after unwisely building a structure that is threatened by
erosion within a few years of its construction. Much has been learned
about the causes and cures of beach erosion during the past few decades.
The case studies previously discussed provide many lessons learned for ap-
plication elsewhere. For example, the case study in Japan demonstrated
that dams on rivers cut off the sand supply. This is a problem that could
not be readily solved, so ingenious engineering desipgns were required.
Offshore breakwaters have proved to be the best solution for Japan's beach
erosion problems. In other areas not so intensely developed as Japan, it
is possible that relatively low-cost "soft" engineering solutions can be
used, as was demonstrated at Seabrook Island, South Carolina. The writer
is convinced that sound planning and management can help avoid most of the
pitfalls of beach erosion in developing countries, particularly if the fol-

lowing basic guidelines ("golden rules") are adhered to.

9.  GUIDELINES

(1)  UNDERSTAND THE NATURAL BEACH SYSTEM BEFORE IT IS ALTERED. SITE-
SPECIFIC STUDIES MAY BE REQUIRED AT MANY LOCALITIES TO INSURE WISE
PLANNING DECISIONS.

The interface between the land and the sea is a dynamic, changing natural
system. Man's interference with natural, longshore sand transport is ome
of the major causes of beach erosion problems. Dealing with the nearshore
system requires careful study, which can be moderately costly. But, these
costs are miniscule compared with the restoration costs of major losgses in
a beach erosion zone. Several of the case studies, the erosion in Togo and
Benin for example, demonstrate that prior study and planning could have

prevented most of the erosion problems that now plague those areas.
(2) DEVELOP A SETBACK LINE BEFORE CONSTRUCTION BEGINS.

This is a most important rule; however, a thorough knowledge of the histor-

ical evolution of the site is required. The case study of Seabrook Island,
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South Carolina, demonstrates a serious erosion problem that could have been
avoided if a proper setback line had been established., Kiawah Island,

South Carolina, Seabrook's neighbor to the north, has been developed with-
out erosion problems because of the establishment of a carefully designed

setback line prior to development.

(3) WHERE A MAJOR OBSTRUCTION TO LONGSHORE SAND TRANSPORT IS BUILT, SUCH
AS A LARGE HARBOR, ALLOW FOR AN ADEQUATE SAND-BYPASSING SYSTEM.

Decisions to begin major developments such as harbors are usually based on
weighty issues like the economic well-being of a country, Beach-erosion
concerns pale when compared with such issues in the planning stages of a
project. Unfortunately, a few years later, after it is too late to do any-
thing about it, beach erosion may be so severe that it becomes the overrid-
ing economic concern. Sand-bypassing systems cost only a small fraction of
the costs for a major project, so they should be integrated in the master
plan for every project that will impede littoral transport. The bypass
system should place as much sand on the downdrift side of the structure as

arrives on the updrift side.

(Y] WHERE POSSIBLE, USE SOFT SOLUTIONS, SUCH AS SAND NOURISHMENT OR DI-
VERSION OF CHANNELS, RATHER THAN HARD SOLUTIONS, SUCH AS REVETMENTS
OR SEAWALLS, TO SOLVE BEACH EROSION PROBLEMS,

"Soft" solutions are always difficult to sell to developers and managers,

who usually prefer to see a hard structure in place. The few applications
of "soft" solutions carried out to date have been generally successful, so
it is anticipated that these techniques will be adopted quickly by progres-
sive engineers, Costs for such projects vary on a site-by-site basis. The
rechanneling of a tidal inlet at Seabrook Island, South Carolina (previous-

ly discussed) was considerably cheaper than hard solutions,

(5) MAINTAIN A PROMINENT FOREDUNE RIDGE.
Building on top of foredunes or flattening them for construction sites are
common practices in highly populated areas. Dunes should be spared so sand
can always move back and forth along the beach in an unimpeded natural cy-
cle., Removal of dunes does not allow space for the occurrence of natural

erosional/depositional cycles on the beaches. The result is undercutting
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of the buildings on the dunes, which necessitates the construction of

seawalls.

(6) IF A BEACH IS VALUABLE FOR TOURISM, RECREATION, OR WILDLIFE HABITAT,
DO NOT MINE THE SAND FROM DUNE, BEACH, OR NEARSHORE BARS.

The sand supply on beaches is not limitless. In fact, the longshore trans-
port system 1s so delicately balanced that removing sand from it is the

surest way to guarantee beach erosion.

(7) DO NOT PANIC AFTER A STORM AND DRASTICALLY ALTER THE BEACH. WHEN-
EVER POSSIBLE, LET THE NORMAL BEACH CYCLE RETURN THE SAND.

Resist the urge to move sand around during the first few days after a
storm. Beaches recover rapidly, and the first few hours and days are the

periods of greatest change.
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Case Study Three

CORAL HARVESTING AND SAND MINING
MANAGEMENT PRACTICES

Random DuBois and Edward L. Towle



SUMMARY

This study addresses the coastal resource management problems asso-
ciated with sand mining and coral harvesting in tropical areas. Cus-
tomary sand and coral extraction techniques, large and small scale use
practice, impacts on local environments, and alternative harvesting
approaches to various marine minerals are reviewed. Specific examples
of adverse effects on the environment from excessive, badly sited,
ill~planned or un-monitored coral harvesting and beach, dune, and marine
sand mining activities are presented and analyzed. These examples are
based on existing documentation, and in some instances, were corrobo-
rated by site visits to areas where large scale, hydraulic dredging
strategies for marine sand had been employed or land-based beach or dune
sand mining were common practice.

Study findings suggest the following.

(1) The mining of beach and dune sand should be discouraged except
under special circumstances, with careful advance planning and monitoring.

(2) Coral reefs, marine sand deposits, sand beaches and dunes are
each a part of dynamic natural coastal systems which provide barriers to
potentially damaging storm-driven waves and swells. Modifications to
them resulting from poorly planned or sited sand and coral mining activ-
ity can, over time, diminish their protective capacity causing loss or
damage to shoreline areas and facilities.

(3) Marine sand mining (especially by hydraulic dredging) should be
confined to coastal waters sufficiently deep, open and distant from ad-
jacent coral reefs and beaches to minimize coastal impacts.

(4) Sand and coral mining projects require antecedent impact assess-
ments, baseline site studies and monitoring. Ideally, they should be
preceded by a comprehensive sand and coral resource assessment, as part
of a sand and coral management planning strategy. Post-mining site re-
surveys and impact assessments are recommended.

(5) The commercial harvesting of deep "precious coral” species re-
quires specialized management strategies because of their exceptionally

slow growth rates.



1. INTRODUCTION

Coastal and nearshore marine minerals of most developing countries repre-
sent both a traditional and expandable resource of economic value and
strategic significance. For centuries, coastal minerals of both geolog-
ical and biological origin have served as sources of building materials
(rock and coral), lime (derived from coral and calcareous sands) and
currency (shells and corals)., More recently, as the economies of many of
these countries have grown and diversified, marine minerals are being
heavily exploited for uses as fuel (0il and gas), rare metals extraction
(placer deposits), jewelry and tourist curios (coral and shell), and, on
a much larger scale using new technologies, for construction aggregate.

Coastal areas are not only a source of valuable and useful minerals;
they also represent a zone where massive amounts of sedimentary materials
are often dredged or dug from one location and moved to more preferred
locations as fill or discarded spoil. Harbors are often built, im=-
proved, or expanded by deepening the seaward portion, approach channels
and turning basins. Excavated material is sometimes discarded but more
customarily is used as fill to expand landward portions of harbors for
new docks, warehousing and cargo handling facilities or waterfront re-
newal areas., Sea sand is occasionally dredged from "offshore" and trans-
planted "onshore" to restore, improve or even create a beach in a process
called beach nourishment. Sometimes sand is extracted from offshore de-
posits and used solely as fill to create new "flat land" by covering over
coastal swamplands, mangrove areas, or shallow lagoons. In these in-
stances where "sand" is used for f£ill, the value of the dredged or mined
material is derived largely from its mass and accessibility rather than
its compositional quality.

As the uses for coastal minerals have expanded and demand continues
to grow, their often unquantified, unmanaged, and unmonitored extraction
has resulted in significant modifications to coastal regimes--often with
considerable environmental damage and occasional economic loss. Exam~
ples of these impacts include coastal erosion, loss of habitat, declining
water quality and reduced biological productivity. Due to the biological

and physical processes characteristic of tropical coastal areas, these
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natural systems are slow in returning to pre-existing conditions or
sustain irreversible impacts (see Section 4).

The principal causes of adverse environmental impacts associated
with coastal mineral resource extraction include: 1) the failure to
account for the relevant biological, geological and physical parameters
which characterize the mining and emplacement or disposal sites; 2)
failure to discern the pathways and linkages between the bictic (living)
and abiotic (non-living) components associated with the activity; 3)
failure to employ proper technologies; and 4) failure to develop and
adopt sand and coral resource management strategies which allow for
environmentally sustainable mining activities.

Though coastal and marine mining as an extractive or harvesting
process implicitly involves environmental disturbance, many of its asso-
ciated impacts can be reduced if not eliminated. It is the purpose of
this case study to demonstrate the consequences of poorly planned or
executed marine mining activities and to identify possible alternative
extractive or harvesting strategies which minimize some of the negative
environmental effects and which also minimize costly ex-post-facto
remedial engineering interventions.

Sources of information for the case study were derived from a sys-
tematic review of the literature, reports from expert consultants, and
visits to various sand mining and dredging sites in St. Lucia, the
Virgin Islands, and Puerto Rico in the Caribbean and Fiji in the South
Pacific. The discussion on coral harvesting per se is based on selected
examples described in the literature, due to the absence of extensive
hard coral block extraction activity at the beach and nearshore sand
mining sites visited.

The authors acknowledge the valuable field assistance and construc-
tive input from the following individuals: Robert Devaux and Henry
Edmunds (St. Lucia); Robert vanEepoel, Thomas Nunn, James Beets,
and Werner Wernicke (St. Thomas, U.S. Virgin Islands); and Dr. Uday Raj,
Cruz Matos, and B. Singh (Fiji). Editorial and technical support was
provided by Judith Towle (Island Resources Foundation) and Frances

Roberts (World Wildlife Fund-US).
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2, STATEMENT OF THE PROBLEM

Substantial portions of the nearshore marine areas and coastal zones of
most developing countries are simultaneously 1) a target of expanding
development initiatives and 2) a source of large volumes of mineral
materials required for development activity or generated by that very
development as a secondary product requiring "disposal™., Unfortunately,
the development process is rarely planned or scheduled to permit the
"materials” needs of one scheme to be filled in a timely fashion by the
mineral materials excavated in another. Locational separation of the
source {or borrow site) and the emplacement (or speil site) often ex-
acerbates the problem, High transport costs complicate moving low unit
value, high volume materials (like sand) even moderate distances.

Marine mineral material serves many different purposes and may be
harvested:

® as aggregate for concrete by small and large scale users;

® for the sole purpose of later extracting small quantities
of some valuable trace mineral, leaving vast amounts of waste
materials called "tailings”;
because it is simply in the way and needs to be moved (e.g.,
harbor, canal, marina, and ship channel sediments);
® for its bulk and cheapness as "fill" (in coastal storm defense
systems, causeways, roads, airports);
for beach enhancement and storm damage repair to shorelines;

® because, in tropical areas, it is needed for its chemical and

physical properties, e.g., as coral construction block, for
lime production, cement manufacture, or to sell as an export
(precious coral, shells, aggregate).

The most commonly harvested marine mineral is sand. In non-tropical
countries, sand is an erosion product of the land areas. Rivers and
streams transport sand and other sediments to the sea where they are
subsequently distributed somewhat unevenly by waves and currents along
the shorelines as beaches, dunes, sand spits, barrier islands, and
submerged layers of sediments on coastal shelves and platforms and in

estuaries and harbors. By way of contrast, in tropical countries with
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gsea coasts and coral reefs, sand is formed in the sea bilogenically,
Like its terrestrially derived temperate counterpart, this carbonate
sand often ends up distributed unevenly on adjacent coastal areas.
Sometimes both types are intermixed in varying proportions.

Regardless of the origin of the sand or its composition, all na-
tions have it and mine 1t by various methods as a mineral. It is a
basic material, and developing and developed countries alike confront
coastal sand supply, distribution and resource management problems for a
variety of reasons:

® Sand is a vital component of various coastal processes and
habitats, and is difficult to "harvest" without disrupting
one or the other or both,

Sand, although a renewable resource, is replaced only on a
long-term basis or cycle due to low natural production rates.
Sand deposits are usually in the "wrong” place when needed
(i.e., often “underwater” or distant from intended use sites).
Marine sand can he expensive to harvest or "mine"--and if
large volumes are involved, the process requires specialized,
elaborate and costly hydraulic dredging or excavating equipment
(which 1s always at risk and subject to damage or loss on open
coastlines under even moderate storm conditions).

Demand cycles for marine sand and aggregate mining activity
vary widely which makes advance planning difficult.

The scale and method of extraction and the mode of transport
and emplacement also vary.widely, and each step poses the risk
of inadvertent, undesireable environmental effects.

Unfortunately, the development planning and resource management
approaches used in many developing countries are not sufficiently respon-
sive to the complexity of local demand factors, site selection and har-
vesting practices. There 1s a need for antecedent and post-audit envi-
rommental impact assessments. The least damaging extraction and emplace-
ment strategies need to be selected when addressing coral and sand mining

requirements.,
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3. THE RESOURCE
3.1 Coastal Minerals

The coastal plain and adjacent nearshore submerged continental shelf
constitute a zone abundant in useful mineral resources. The area
serves as 3 sink for terrestrial alluvium and marine minerals trans-
ported onshore to beaches by wind-driven waves and tidal currents.
Typical nearshore marine minerals include bauxite, phosphates, placer
deposits, and aggregate (sand, gravel, shell). Beneath the sea bed of
submerged coastal shelf areas may be found such economically valuable
and extractable resources as petroleum and natural gas, as well as
surface minerals which have been reworked downward. Dissolved minerals
are present in the waters overlying the marine portion of the coastal
area, of which salt (sodium chloride), the most prevalent, is commonly
harvested by solar evaporation of sea water in low lying coastal areas

around the world.

3.1.1 Placers
The two categories of hard minerals of greatest economlc importance
which occur in the coastal area are placers and aggregates. Placers are
deposits of minerals and heavy-metal ores such as gold, magnetite and
chromite concentrated by the mechanical sorting action of currents
(Press and Siever, 1972). Due to their high specific gravity, these
minerals settle rapidly near the mouths of rivers whenever stream flow
energy levels fall below critical points determined by the minerals'’
respective specific gravity. Subsequent sorting by local waves and
currents removes the lighter elements leaving behind the heavier min-
erals. Cronan (1980) sugpgested that mid-latftude and high energy trop-
1cal beaches are the most favorable environments for these deposits.
The existence of offshore or nearshore placer deposits is highly
correlated with drowned river valleys and submarine terraces formed by
global changes in sea level (eustatic), the submarine erosion of min-

eralized outcrops and occasionally nearby terrigenous sources.
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3.1.2 Aggregate

Aggregate is a technical term for deposits of sand, gravel or occasion-
ally shell. When harvested, sorted by size and washed free of clay and
organic material, these materials are capable of being bound together by
cementing agents for use in the construction industry. Coastal aggregate
deposits, especially those of temperate zone continents and even some
larger islands, are essentially the products of terrestrial erosion.

They are most often associated with river beds and mouths, sand beaches
and shallow offshore platforms and shelf areas.

A second major source of aggregate characteristic of many tropical
coastal areas 1s carbonate sand derived from nearshore coral and algal
communities (Figure 1).

Corals are living systems of invertebrate coelenterates which live
as colonies within a self-made external supportive structure composed of
caleium carbonate. A characteristic feature of one group of corals, the
hermatypic corals, is the presence of symbiotic algae (zooxanthellae)
which appear to serve the corals in respiration and skeletal growth
(Stoddart, 1969). Many species of hermatypic or stony corals are note-
worthy in that they are the principal species in forming a large and
diverse but interrelated community termed a coral reef. These commun-
ities, composed of a complex assemblage of marine life, represent a
reservolr of calcium carbonate, stored in the form of shells and skele-
tons of organisms that inhabit the reef. Due to physical and biological
forces that erode and transform these organlsms' skeletal remains, cal-
careous sand is continually being generated, and some is subsequently
transported to shore by the prevailing wind-driven waves and currents.

Marine calcareous algae, often occurring both inshore of and asso-
with the adjacent reef, are a second significant source of carbonate
sands in tropical waters. Decay of carbonate plates and nodules con-
nected with these algae also contributes to the sand budget of tropical
coastal areas. Hubbard, et.al. (198la) estimates that the calcareous
algae and other associated members of the coral reef community (molluscs,
sea urchins, etc.) may even surpass corals in production of calcareous

material that becomes carbonate sea sand.
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3.2 Uses

3.2.1 Placer Deposits

Industrial scale exploitation of marine placer deposits is rare among
less developed countries (LDC's), due in part to limited financial and
technical resources for geological surveys. Placer mining is usually of
small scale and conducted through a joint venture with a second country

or firm willing to invest resources in exchange for a percentage of the

profits., However, increased awareness of the importance of strategic
metals by the developed world, together with a desire by LDC's to
diversify their economies, could result in an expansion of current
activities. The ongoing United Nations program strategy to support
regional Coordinating Committees for Offshore Prospecting (CCOP) is
currently assisting a number of Asian and Pacific coastal and insular

developing countries in the achievement of this objective.

3.2.2 Aggregate Materials

In contrast to the limited distribution of placer deposits, sand and
gravel are generally plentiful and widespread, Despite this abundance,
however, local scarcities do occur. Due to the low unit value and the
high unit transport cost of aggregate, economics dictate that mining
should occur in close proximity to the site of intended use. This is
especially true when extremely large volumes of sand and gravel are
extracted for fill, beach nourishment or remedial shoreline stabiliza-
tion. In coastal areas, this constraint is complicated by the recent
rapid growth of urban centers which has exhausted traditional nearby
mining sites.

One response to this scarcity has been to exploit adjacent sandy
beaches and dune systems. However, despite the short term advantages in
convenience and reduced costs associated with this alternative, there are
hidden long term consequences (habitat destruction, coastal erosion, and
reduced natural hazard protection against storm waves).

Customary extraction patterns reflect two distinct use categories
with very different scales of operation. In one category, a few--even

a few hundred--persons remove sand and aggregate from a beach, dune,
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reef flat or lagoon system on a modest scale over a long span of time.
This first approach requires one kind of resource management strategy.
The second category involves massive, capital intensive, mining or
dredging operationg removing millions of cublc yards of material over a
period of a few months from a single location on a one-time development
project basis, Such a scale and intensity present a very different kind
of resource management problem.

As awareness of the problems assoclated with beach sand extraction
has grown, increasing interest has been diverted to offshore mining as a
viable alternative. This technique has proven to be economically feas-
ible in many coastal sites. Today the most active aggregate mining
countries are Japan, the United States, the United Kingdom, Australia,
and the Netherlands (Crulckshank and Hess, 1975). Established marine
sand mining enterprises from these countries often are intermittently
involved as contractors in developing country projects, using massive,
sea~going dredging vessels and equipment. Such marine dredging endeav-
ors, often harvesting large volumes of material, require different kinds
of equipment, involve different kinds of impacts, and necessitate very
different resource management strategies from terrestrial sand mining

activities.

3.2.3 Coral Harvesting

In many developing countries coral chunks or "heads" are mined from the
living reef or from the landward rubble zone behind the reef to provide a
source for building "blocks” and the production of lime (Mahadevan and
Nayar, 1972). Typically, coral is cut or sawn into blocks before being
allowed to dry and harden by exposure to sun and air. Once blocks are
set they are often covered with some form of waterproofing which also
serves as decoration (Phelan, 1952).

Coral-based lime production is a centuries old traditional indus-
try in many parts of the coastal tropics. The process only requires the
application of heat (900°C.) to coral or algal limestone traditionally
worked in an easily contructed basalt kiln. The calcined (burnt) lime-

stone 1s then removed, slaked, graded, sacked and stored until needed.
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Typical industrial and domestic uses of the lime include application in
mortar and cement and as a clarifying agent, neutralizer and soil condi-
tioner.

The use of both coral sands and coral blocks for building and con-
struction purposes became quite common in the Caribbean and South Pacific
theatres of World War II where construction of airbases and defensive
fortifications required the use of locally available building materials
on many of the resource-poor islands. Their use is still common today
throughout most smaller offshore tropical island areas when populations

are clustered along shorelines.

3.3 Methods of Extraction

Onshore sand harvesting from beaches and associated beach berms and
dunes 1s convenient and inexpensive. As a result, it has been a tradi-
tional practice for centuries and is still common in some countries, es-
pecially in more remote coastal areas. Methods of extraction range from
a hand shovel and wheel barrow or truck to various types of mechanical
front-end loaders, back hoes, draglines, power shovels and bulldozers.
For many people and rural villages, beaches are the only source of
affordable and accessible sand (Figure 2).

Coral harvesting of dead coral blocks, taken from back-reef areas,
is normally done by hand from the shallow rubble zone, "lagoon" or reef
flat. Where coral heads deposited by storm waves have become "cemented"
to the substrate or in cases of living corals mined directly from the
reef, long handled tongs, steel pry bars, dynamite, wire rope, and power
winches are the principal means of harvest, Small scale entrepreneurs
use boats to transport the coral blocks ashore for processing, direct
use or sale. The cumulative environmental impact of these practices,
however, can be costly (see Section 5) and, in combination with a rising
demand for aggregate and building material, has forced most countries to
look to offshore sand resources and a dredging strategy.

In contrast to beach sand and coral mining, marine dredging repre-
sents a more technically-demanding extractive process; the required

equipment is cumbersome, costly and complex where large quantitiles of
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sand are involved; the process is often at risk due to adverse weather
conditions; and the impact to coastal ecosystems can be severe. Des—
pite these constraints, dredging is a proven strategy for harvesting
marine aggregate and sedimentary material for fill and construction
use. Dredging is also used to create canals, harbors, ship channels,
turning basins, marinas and underwater trenches for pipelines, tunnels
and power cables, where the dredged material is only a by-product.

The prevailing methodology for the extraction of nearshore or off-
shore non-fuel minerals (especially aggregate) involves two types of
dredge systems, mechanical and hydraulic, The most common mechanical
types are the dipper dredge and various bucket dredges.

The dipper dredge is basically a barge-mounted power shovel (Figure
3a). It is equipped with a power-driven ladder structure and operated
from a barge~type hull. A scoop~like hucket is firmly attached to the
ladder and is forcibly thrust into the bottom material to be removed.
Dipper dredges normally have a bucket capacity of 8 to 12 cubic yards
and a working depth of up to 50 feet. There is a great variability in
production rates, but 30 to 60 cycles per hour are common.

Customary use of the dipper dredge is for excavation of hard, com-~
pacted materials, rock or other solid materials after blasting. Al-
though it can be used to remove most bottom sediments, the violent
scooping action of this type of equipment may cause considerable bottom
sediment disturbance and resuspension during any digging of fine-gratned
material. In addition, a significant loss of the finer material will
occur from the open bucket during the hoisting process. Scow-type barges
are required to move the dredged material to a disposal area, and pro-
duction is relatively low when compared to cutterhead dredges. The
dipper dredge is not recommended for use in dredging fine grain or con-
taminated sediments.

Bucket dredges involve a crane which may be permanently or tempor-
arily barge mounted. If a wheeled or crawler type crane is employed, it
can work from shore or from a self-built temporary causeway. A drop-
able bucket on the end of a wire is used to excavate bottom material,

Different types of buckets can fulfill various types of dredging re-
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quirements, The most common buckets used are the clamshell and drag-
line types and can be quickly changed to suit operational requirements.
The clamshell is worked vertically and "grabs"” the sediment, while the
dragline is worked horizontally and scoops up sediment (Figure 3b).

The material excavated is placed in scows or hopper barges that are
towed to the disposal areas. Bucket dredges range In capacity from 1 to
12 cubic yards. Twenty to thirty cycles per hour are typical, but large
variations exist in production rates because of the variability in depths
and materials being excavated. The effective working depth for a bucket
clamshell dredge is limited to about 100 feet and somewhat less for a
dragline.

Bucket dredges may be used to excavate most types of sea bed ma-
terials except for the most cohesive, consolidated sediments and solid
coral and rock. Bucket dredges usually excavate a heaped bucket of ma=-
terial from off the bottom, but during hoisting turbulence washes away
part of the load. Once the bucket clears the water surface, additional
losses may occur through rapid drainage of entrapped water and slumping
of the material heaped above the rim. Even under ideal conditions, sub-
stantial losses of loose and fine sediments will usually occur. To
minimize the turbidity generated by a clamshell operation, watertight
buckets have been developed.

In contrast to the mechanical dredges, hydraulic sand and gravel
harvesting systems are a relatively recent innovation which first be-
came operational on a large scale in the early 1960's, The two most
prominent types used in coastal waters are the cutterhead-suction and
trailing suction hopper dredges. Both are capable of moving large
volumes of aggregate at a rapid extraction rate.

The cutterhead-suction dredge uses a spiral shaped cutter to force
its way through hard consolidated material including some coral but
excluding rock (Figure 3c¢). Once material is broken up by the hardened
teeth of the rotating cutterhead, it is sucked as a slurry (approximately
80 percent water) into the open mouth of the dredge by a suction pump.
Then, it is pumped to the shore emplacement or spoil area using a semi-

flexible floating pipeline or, less commonly, to an adjacent barge.
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Operations of the cutterhead dredge are restricted to moderate sea
conditions, especially if a floating pipeline to a shoreline dredge
spoil discharge area 1s deployed. Such discharge pipes often range
from 8" to 36" in diameter. A 24" dredge can discharge approximately
1,500 cubic yards per hour, depending on the materlal, pump size, pipe
line distance, pipe-joint leakage factors, and elevation of the spoil
area above sea level,

The trailing~suction hopper dredge is unique among the various
dredge types in that {t is a self-propelled, sea-going vessel, and it
makes sequential shallow cuts over a large area (Figure 3d). It func~
tions principally like a wet vacuum cleaner, by dragging a suction pipe
ot dragarm across the bottom which 1s “"trailing” from the dredging
vessel above. Material collected as a slurry is pumped into the ship's
hoppers and perlodically transported to shore. Hopper dredges are self-
unloading. They can either dump the material in submarine storage pits
located nearshore to be used at a later date or pump the material direct-
ly ashore, One significant advantage of the hopper dredge is that it
allows operations in more exposed, heavier sea conditions due to the
flexible linkage between the trailing suction pipe and the ship.

Hopper dredges are classified according to hopper capacity: large-
class dredges have hopper capacities of 6,000 cubic yards or greater;
medium—class hopper dredges have hopper capacities of 2,000 to 6,000
cubic yards; and small-class hopper dredges have hopper capacities of
from less than 2,000 to 500 cubic yards. During dredging operatioms,
hopper dredges travel at a ground speed of from two to three mph and
can dredge in depths from about 10 to 80 feet. They are equipped with
twin propellers and twin rudders to provide the required maneuverability.

The comparative advantages and disadvantages of dredge types are

presented in Table 1,
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4, ENVIRONMENTAL CONTEXT
4,1 Coastal Dynamics

In order to understand the potential impacts associated with marine min-
ing it 1s helpful to summarize certain physical processes characteristic
of coastal areas. A more detalled presentation can be found in the
Coastal Erosion Case Study.

The coastal zone is a dynamic system where the land, air, sea and
human activity meet at a common high-energy interface. The major physi-
cal forces which drive the system are wind, waves, tides and currents
which in turn are generated by gravity, the rotational force of the earth
and solar radiation. One element in this system, the sand and other sed-
imentary material, exists in a continuous state of flux between erosion,
transport or deposition phases. To help understand sediment flux as it
pertains to sand, the concept of a "sand budget” was devised. Bowen and
Inman (1966) divided the budget into credits and debits, the net differ-
ence being evident on the shoreline as either deposition or erosion.

In temperate latitudes the primary sources of new beach sand sup-
plies are terrestrial material requiring river or stream transport prior
to coastal deposition. Supplies of beach sand attributable to terres-
trial origins may be augmented from offshore sources as well., On tropi-
cal coastlines, carbonate sands derived blologically from reefs and al-
gal flats in offshore and nearshore areas can equal or surpass terres-
trial sources. Carbonate sand precipitation from salt water also repre-
sents an additional source of sand for tropical beaches {Komar, 1976).
On the debit side, physical factors contributing to the erosion of a
beach include abrasion, chemical breakdown, wind and wave transport
(Figure 4).

In addition to these local lnputs and outputs, the longshore trans-
port of sand is significant in many cases. Herbich (1975) defined 1lit-
toral (longshore) transport as the movement of sediment along the coastal
area by currents created mainly by waves and tides. Such transport is
primarily due to the presence of a longshore current formed by wave
trains breaking at an angle to a beach. Water "piles up” on the side of

the small angle formed between the wave and beach creating a current
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transporting water parallel to the coast in the same direction as the
angle. Wind driven longshore currents when combined with wave action may
have much the same effect (Komar, 1976).

The rate of sand transport is generally correlated with the angle
and height of wave attack as measured from the beach. The greater the
angle and height, the higher the rate. Conversely, littoral wave trains
breaking more or less parallel to the beach result in little or no sedi-
ment transport and signify a relatively static situation. The volume of
trangported sediment depends on several factors including the velocity
of flow, sediment characteristics and the slope of the bottom.

Given the importance of wind and wave forces in driving coastal
processes, it is clear that seasonal variation will significantly affect
beach dynamics. Whereas solitary storms passing near a coastline have
been known to create or destroy entire beaches and sand cays (Stoddart,
1963), other seasonal changes are less drastic and more regimented.
Beaches on northwestern Unlted States coasts are typical of the latter,
where summer shorelines characterized by sand beaches and wide back berm
features contrast dramatically with the pebble and boulder beaches of the
winter, This transformation is caused by the seasonal of fshore transport
of sand to submarine bars during the winter months due to high energy
wave conditions. Under calmer conditions, sand is retransported onshore
once again covering the rubble and boulder beach area before the cycle is
repeated (Bascom, 1964).

While this seasonal sand transport pattern affects whole coastlines,
there are localized sand transport patterns or "cells” which differ sig-
nificantly in their characteristics, TInman and Chamberlain (1960) iden-
tified discrete sand transport cells along the southern California coast,
each cell consisting of a beach situated between two rocky promentories.
Beach sand, originating from upland areas near the first promentory, is
transported "down current” where, upon reaching the second promentory,
it leaves the cell as 1t 1s transported offshore.

A second type of littoral cell has been described (Inman, et.al,,
1963) for a carbonate beach site on the eastern coast of Kauai, Hawaii.

O0f fshore reefs and reef flats are periodically interrupted by shallow
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depressions or channels running perpendicular to the shoreline. These
channels (most in-flowing, a few out-flowing) serve as traps for cal-
careous sands originating from the reef. Incoming swell drives sand
closer to shore, serving to replenish the beach. Sand reaching the
shore 1s subsequently moved by longshore transport to eventually be lost
to the beach/reef system upon reaching a deeper inlet with a seaward
flowing bottom current, Storage sinks for sand involved in the process
can either be temporary (like beaches, dunes, sand bars and cays), semi-
permanent features like inshore lagoons, or permanent repositories like

of fshore canyons.

4.2 Biological Impacts

Coral and sand mining activity involves an adverse impact on coastal or
marine habitats and biological communities either directly or indi-
rectly. Operational design, scale and duration of the activity are very
significant factors as each materials handling phase—~-extraction, trans-
port, and emplacement--can generate undesireable effects. Biological
communites on the sea bed or lagoon/bay floor, in the water column above,
or on the beach at the site of the emplacement or effluent run-off (if
"hydraulic” dredging is involved) are usually affected. Organisms
occurring at some distance from the mining sites may also be threatened
since water-borne fine sediments associated with one or more of the
extractive phases can be transported considerable distances down-
current before finally settling out.

Additionally, the indirect biological or environmental effects as-
sociated with marine mining activities are often more complex and of
greater significance than the direct impact of removing relatively small
areas or volumes of material from the sea bed or beach system, These
include:

® reduction of feeding and respiratory efficiencies and induced

mortalities in bottom-dwelling, non-mobile organisms, such as
bivalve molluscs and corals, attributed to increased sedimen-
tation;

® reductlon of primary productivity (i.e., photosynthesis)

225



due to reduced light traunsmission caused by turbidity in the
water columns:

introduction of abrormal volumes of organic material and
nutrients, increasing biological oxygen demand and, in turn,
reducing oxygen levels and productivity;

re-introduction of toxic substances uncovered by mining acti-

vities in the water column, posing the risk of incorporation
into the food web;

® inadvertent destruction of adjacent habitat critical to life
cycles of certaln organisms;

® Jdisruption of migratory routes of motile marine organisms.

With few exceptions, a concentration of re-suspended sediments and
their later deposition are the primary agents causing the biological
effects cited above. Point sources of sediment vary with the existing
method of extraction. For all marine dredging strategles, concentra-
tions of re-suspended material may occur at the bottom of the water
column where the cutterhead or bucket stirs it up., Mechanical dredges
such as the clamshell, bucket or dipper also create a "rain” of particu-
lates in the water column as material is brought to the surface. Hydrau-
lic dredges also lose some sediment in pumping the material ashore when
floating discharge pipe joints flex and leak due to wave action or faulty
design,

Fine sediments can be lost in any barge loading process, a pro-
blem common to all dredges discharging into self-contained or along-side
barges. However, hydraulic cutterhead dredges which use suction to draw
up a water-sand slurry to be pumped ashore are the worst contributors as
finer silt and clay sized components are often discharged at three dif-
ferent locations——the excavation site, along the discharge pipe, and
at the spoil area ashore. This problem can be mitigated if the spoil
area is "diked” and settling ponds with weirs (small dams) are employed
to reduce the "fines” carried back into coastal waters by the effluent,

Any dredging operation piping into a series of large settling ponds
(low energy level, long residence or settling time) is going to have less

suspended sediment in the final overflow to the sea than a dredge pumping
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into a series of small hoppers or barges (high energy level, brief
residence time). However, fine sediments discharging from a mobile
hopper dredge or anchored cutterhead tend to be dispersed by curreut
action over a large area, whereas shore based dredge spoil areas tend to
concentrate discharges of fine sediments in one coastal location. For
land f£ill purposes, the grain size of dredged material is not critical,
but for construction sand ot beach nourishment only a small amount of the
very fine sediment can be accepted (see Section 7.1).

The degree of impact from sand mining-induced sedimentation is
dependent on the sensitivity of the exposed community to stress as well
as the quantity and size characteristics of sediment and rate of sedimen-
tation. Non-motile benthic communities which filter their food are gen-
erally the most vulnerable to high rates of sedimentation. Coral reefs
and marine grass beds are two tropical marine communities which are
particularly sensitive to both high rates of sedimentation and abnormally
high turbidity which reduces light penetration (Table 2).

In fact, sediments deposited on some coral species are likely to
kill them within only a few days if the layer of material is thick enough
and within weeks even if it is thin but continually replaced by recurr-
ing deposits (Johannes, 1975), Hubbard and Pocock (1972) demonstrated
that coral species exhibited varying tolerances to sediment size and
attributed this ability to the respective coral polyp's size and inherent
filtering ability.

Other effects on corals attributed to sedimentation include reduced
rates in growth (possibly due to declines in photosynthetic rates of the
symbiotic zooxanthellae, Goreau and Goreau, 1959) and reduced species
diversity (Brock, et.al., 1966). The quantity and size characteristics
of sediment--and thus its biological impact—-vary with distance from the
point of suspension in the water column, which in turn is dependent on
current velocity. The greater the current speed, the farther heavier
sediments are cartied from the source. Conversely, low velocities usu-
ally mean only finer sediments will be carried outside of the immediate
area of the mining site. Particle shape can also affect distance

traveled. For example, plate-~like, flat or irregularly-shaped calcareous
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Table 2. Documented stresses, effects and impacts from mining activi-

ties to marine grass and coral reef communities.

a. Marine Grass Communities.

STRESS EFFECT IMPACTS REFERENCE
Sedimentation Suffocation Reduced distri- vanEepoel
bution (1971)

Resuspension of
subsurface
materials

Reduced light
transmission

Increased BOD*

Changes in
Redox**
potential

Reintroduction
of toxics

Reduced producti-

vity
Reduced density

Reduced density

Reduced density

Reduced density

Odum (1963)

Thayer (1975)

Thayer (1975)

Thayer (1975)

Thayer (1975)

b. Coral Reef Communities,

STRESS

EFFECT

IMPACTS

REFERENCE

Sedimentation

Modification of
reef topography

Weakening of
substrate under-
pinnings

Suffocation

Reduced light
transmission

Increased BOD*

Alter current
regime

Toppling of
corals

Death

Reduced growth
rate

Reduced depth
range

Reduced species
density

Reduced species
diversity

Reduced larval
settling/sur—

vival rates

Death

Brock (1966)

Goreau and
Goreau (1959)

Goreau and
Goreau (1959)
Brock (1966)

Brock (1966)

Hubbard (1972)

Maragos (1982)

* Biological oxygen demand

*% Reduction - oxygen
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fragments derived from Halimeda (a calcareous alga) travel farther at the
gsame velocities than round sand particles of the same weight characteris-
tics. This may seem like a trivial factor, but it can dimensionally
affect the area of corals damaged or killed by nearby dredging activity.

Additional environmental effects commonly associated with the resus-
pension of sediments are increased biological oxygen demand (BOD) and
the re-introduction of toxic contaminents and clays into the water
column. When small organic particles in various stages of decomposition
buried by overburden are again exposed to an oxygen-rich, sea water en-
vironment, the rate of decay is accelerated. The result of this decaying
process is a local reduction of dissolved oxygen. When significant
quantities of these organics are involved (especially in coastal embay-
ments and lagoons with poor water circulation), oxygen levels can be
reduced to a point detrimental to sessile and pelagic organisms, Simi-
larly, when buried layers of clay are uncovered by dredging, there is a
risk of continuing resuspension of very fine material from the newly
exposed deposit. Continued resuspension of fine sediments in the vicin-
ity of coral reefs may prevent substrate consolidation and subsequent
recolonization by many benthic organisms (especially the planktonic
larvae of corals, as well as other reef invertebrates) which require
hard bottom to establish themselves.

These impacts are significant in evaluating differences between
avalilable dredging technologlies. Most mechanical and hydraulic dredges
working from anchored positions (Figure 5a) leave a borrow pit or
dredge hole (actually a depression) as a result of the extraction activ-
ity. If the pits are deep enough and occur in waters characterized by
reduced circulation, they act as sinks or traps for fine particulate
matter both during and after dredging. When organics are involved, these
pits often become severely oxygen depleted; further, due to the trapping
of fines, thelr bottoms are characterized by a semi-fluid anoxic sed-
ment, with perpetually turbid water, which inhibits colonization and
leaves the pits as semi-permanent features of the local sea bed. Some
marine sand dredge pits, as in the U.S. Virgin Islands and St. Lucia,

have not recovered after forty years (vanEepoel, et.al., 1971 and
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TRAILER DREDGING

Figure 5b.

Figure 5. Two common approaches to hydraulic dredging, resulting
in very different kinds of benthic impacts (Source:
ICES, 1975).
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Deane, et.al., 1973).

Turbidity and oxygen depletion can be ameliorated by dredging in
deeper water with better circulation where currents and waves can more
readily transport coarser sand, by dredging shallower borrow pits, by
filling deep borrow pits with solid nontoxic waste materials to provide a
hard substrate for re-colonization, or using a hopper trailer dredge
which leaves long but shallow channels during the sand extraction or

harvesting process (Figure 5b).

4,3 Physical Impacts

Marine mining activity, whether on the shoreline or on the adjacent
submerged shelf, incurs a risk of altering physical processes (especially
beach dynamics and coastal current and wind driven wave and swell pat-
terns) which may adversely affect coastal systems. Even slight modifica-
tions in nearshore bottom contours by small scale long term or large
scale short term dredging activity may induce slight changes in wave
height. These changes result in significant changes in delivered energy
impinging upon adjacent beaches, reefs, sea grass beds, and other shore-
line areas. What often follows next is a slow erosion, slumpage or
continuing "draw down" of existing beach sand, to refill the adjacent
dredge hole or borrow pit that was too close te shore. Shore based sand
mining that reduces beach berm and dune mass and height also poses risks
of increased storm wave damage to inland areas and reduces the supply of

naturally stored sand available for equilibration of the system.

4,4 Toxic Sediments

Another consideration in assessing alternative approaches, optimum
mining site and mining technologies is the possibility of re-introducing
previously buried toxic substances into the environment. This is espec-
ially true where mining occurs in areas adjacent to large urban centers,
industrial sea ports or dump sites. Many toxic materials are non-bio~
degradable and as such continue to persist in the sedimentary environ-
ment. Nearshore bottom areas act as more or less benign sinks for these

and other pollutants where they become smothered by subsequent sediment
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deposition. When these polluted bottom sediments are disturbed by

mining or other similar activity, they become re-exposed and open up

the risk of pollutant re-introductions into the water column at concen-
trations higher than when they were originally introduced. Incorporation
of pollutants into local food webs is possible, creating the potential
for reaching toxic levels in any of several critical organisms including
man. One solution to this problem is to relocate any dredging operation

to an alternative, nearby site where prior core borings have established
the absence of buried layers of organic or silty sediment, toxic or

otherwise.
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5. EXAMPLES

The foregoing overview established the physical and biological context in
which most sand and coral mining activities take place, without account-
ing for a "human intervention” factor in the "sand budget ledger”.

Such intervention can take the form of mining or dredging (a debit) or
nourishment (a credit). Similarly, biological processes can also take
the form of debits (die off, loss of productivity) and credits (habitat
creation). Failure to account for these dynamics in the planning and
management of mining activities may result in significant, inadvertent
modification to coastal and nearshore enviromments. The indirect or
deferred economic costs associated with these modifications, as demon-
strated by the following case studies, can be considerable. In each
case, inadequate attention to project design, environmental planning

and monitoring resulted in serious damage, often with significant

economic costs.

5.1 Coral Harvesting and Mining

One of the utilitarian functions of living fringing and patch-type coral
reefs, in situ dead coral reefs, sea grass beds, beaches and coastal
rubble, and sand or lagoonal-shelf deposits is to buffer adjacent
tropical shorelines. These formations create a natural breakwater
system, protecting coastlines from attack by high energy, storm-driven
waves and swells. When this "breakwater” effect is diminished by natural
or man-induced removal or degradation, incoming oceanic waves and swells,
occasionally heightened by abnormally high storm tides, can pass unim-
peded to break directly on the shoreline. This can accelerate normal
erosional processes and raise the risk of severe damage to human life,
coastal villages, roads, tourist facilities, beaches and harbors.

Given the role of coral reefs in providing storm buffering, there
are sound economic reasons to draw up environmental guidelines for mining
coral and coral sand resources. The following three site examples

illustrate this point.
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5.1.1 Bali, Indonesia

Sengkidu Beach is on the east coast of Bali, fringed by a barrier coral
reef lying approximately 150 meters offshore, The reef was mined for
construction block and coral material to use in the production of lime:
and subsequently Praseno and Sukarno (1977), employing remote sensing
techniques, identified zones of coral depletion and demonstrated cause

and effect linkages between mining practices and shoreline erosion. They

calculated that approximately 100 meters of beach had eroded over a
relatively short period of "some decades.” Beach loss at the time of the
study was beginning to translate into economic losses, and adjacent
plantations and lands bordering a nearby rural village were increasingly

at risk (Figure 6).

5.1.2 Sri Lanka

The island of Sri Lanka (formerly Ceylon) (Figure 7) provides another
example of modern coral mining practices which have resulted in signifi-
cant economic costs. Coastal erosion there is mot a new phenomenon but
has been cited in references dating back to the pre-Christian era (Swan,
1974). Although some long-term erosion occurs on the eastern and north-
western coasts, it is most acute along Sri Lanka's southwestern coast,
attributed, in part, to the coastline's continuing adjustment to the
physical forces associated with the southwest monsoon (Swan, 1965).

High population densities have also created severe pressures on Sri
Lanka's coastal and coral reef and sand resources. Human activities
which have adversely affected coastal systems are (1) residential and
recreational development; (2) salt evaporation pans (salterns); (3)
mineral extraction; (4) coastal land put into cultivation; and (5)
fishing (Amerasinghe, 1978).

The activity most harmful to shoreline and beach stability is the
widespread mining of coral and coral sands for lime production, cement
manufacture, and other purposes. Coral material is harvested from both
coastal quarries and offshore using dynamite, crowbars and boats. Ero-
sion is further accelerated by mining natural replenishment sands for

use as construction aggregate, for lime production and as placers
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Figure 6,

Coral destruction and subsequent beach
erosion in Sengkidu Beach, Bali, Indonesia.
(Source: Modified after Praseno and
Sukarno, 1977.)
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(ilmenite, monazite, rutile) (Pattiaratchi, 1964).

The net effect of these practices combined with existing physical
conditions has been to create zones of critical coastal erosion through-
out the southwestern coastal regions of Sri Lanka.

One such zone is Hikkaduwa, some twenty miles north of Galle
(Figure 7). This area is characterized by a low~lying coastline under-
lain and fringed by a coral reef. Swan (1974) suggested the area was
somewhat erosion resistant until 1915 when a storm cut off the headland
at Telwatte Point from the mainland. Despite gradual losses of beaches
in the area, the existence of offshore coral reef systems played a miti-
gating role by moderating the seasonal forces contributing to erosional
processes. However, concentrated exploitation of the offshore coral
reefs have degraded the coastal defenses resulting in accelerated ero-
sion along a six mile stretch of coastline from which an estimated
75,000 tons of coral is mined annually (Amerasinghe, 1978 and Soysa,
et.al., 1982). According to Linsky (Valencia, 1981), the resulting
"... loss of beach from direct wave action has been estimated at 300
meters over 50 years with a net dollar loss of over US $3 million”
(Figure 8). 1In response to the problem, the government has con-

structed an expensive series of groins with little success as beach

Eroded Shoreline Area
Racky Islets
o
g LN
1973 Coastline So

1850 Coastline T

Figure 8. Erosional changes in Sri Lanka's southwest coast, adjacent
to Hikkaduwa. (Source: Modified after Swan, 1974.)
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areas remain exposed to the unmoderated influences of of fshore wave

attack (Swan, 1974).

5.1.3 Tarawa, Kiribati

The construction of expensive restorative structures to reverse erosional
impacts to beach systems is not unique to Sri Lanka. These trends are
also illustrated by the Tarawa Atoll site example, a reverse "L" shaped
assemblage of very small islands situated in the former Gilbert Islands,
now named the Republic of Kiribati (Figure 9)., Situated on the equator
in the central-Pacific, Kiribati has a population of 56,000, concentrated
on sixteen atolls with a combined land area of only 280 square kilo-
meters,

The Tarawa Atoll has a total land area of only 21 square kilo-
meters, divided into rural and urban concentrations in the north and
south portions respectively. The lagoon opens to the west, measures 350
square kilometers and is enclosed to the east and south by a chain of
small, low-lying islands characterized by sloping beaches, limestone
rock outcrops and mangroves (Bolton, 1982). Offshore, turtle grass beds
and numerous coral patch reefs (living and dead) are scattered throughout
the area before the coral barrier reef is met at the atoll's edge (Zann,
1982).

As in most atolls, Tarawa has a high coastline length to land ratio
signifying a scarcity of land. This is particularly critical in south
Tarawa where a high birth rate and in-migration from Kiribati's other
populated atolls have resulted in a dramatic contrast in human densities
between the north and the south (lé&/km2 Vs, 2,700/km2).

Stress imposed by human activity is especially critical for the
atoll's marine resources because of their significant economic utiliza-
tion: fishing, dredging, breakwater and causeway construction, waste
disposal, and coral and sand extraction.

Mining of coral is a traditional activity in Kiribati. Ironically
one of the primary uses of coral is for the construction of barriers to
protect shorelines from erosion. Howarth (1982) in a survey of South

Tarawa's two major islands (Betio and Bairiki) identified eighteen
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Figure 9. Tarawa Atoll, Republic of Kiribati (Gilbert Islands).
(Source: Modified after Howarth, 1982.)

239




coastal protection zones using coral and/or concrete blocks enclosed by
heavy wire mesh baskets (gablons) for shoreline protection.

Coral mining and other man-induced impacts on the coral reefs have
produced major environmental problems. In a recent survey of corals in
or near the islands of Betio and Bairiki, Zann (1982) found no living
coral cover greater than forty percent cover of the bottom, and most
sites on the lagoon side indicated ten percent or less cover. One
result of the presence of a diminished living reef (partially created by
the mining practices) has been increased eroslon undermining coastal
protective structures and creating new sites at risk, In a second irony,
once coral populations were depleted, the traditional source of coastal
protective structures (gablons) disappeared, and alternative sources
of materials were required.

Howarth (1982) compared the number of gabions employed between
September 1978 and August 1982 (Table 3a) and calculated that approxi-
mately 110 additional gablons a year were being buflt for coastal protec—
tion (Table 3b). Based on the price of the coral substitute, concrete
blocks at 85 cents per block, the approximate cost for a four cubic meter
gabion was US$213 (Table 3c). At the average annual production rate for
gabions this represented an annual expenditure of US$23,430/year for

preventative coastal erosion structure production (Table 3d).

Table 3a. Gabions known to be erected between September, 1978 and
February, 1982, indicating the increased need for coastal
protective structures, (Source: Howarth, 1982,)

September/QOctober 1978 February 1982
Coastal Defense Zone 2x1x1 2x1x0.5 2xlx1 2x1x0.5
Betio 216 69 565 114
Bairiki 30 0 29 31
Total Gabions 246 69 594 145
Equivalent 2 x ] x 1
meter gabions 281 666
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Table 3b, Average number of gabions constructed annually in South
Tarawa Atoll. (Source: Howarth, 1982.)

Total No. of Gabions Total No. of Gabions Average No. of Gabions
in February 1982 - in October 1978 = Constructed
Interim Period of Time Year
606 - 281
3.5 = 110 gabions/year

Table 3c. Costs of constructing a 2m x 2m X 1lm gabion
with concrete block in US $. (Source:
Howarth, 1982.)

1982
Basket 83
Labor 12
Blocks @ 0.85 cents 106
Plant Hire 12
TOTAL COST PER BASKET US$213 (approximately)

Table 3d. Annual capital expenditure on gabion construction in South
Tarawa Atoll. (Source: Howarth, 1982,)

Ave., No. of Gabions x Cost per basket Total annual capital expenditure

for gabion construction

110 X $213 $23,430/year
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5.2 Beach Sand Mining
5.2.1 8t. Lucia

In many tropical countries, coral exploitation for construction block and
lime production is overshadowed by mining coastal sand for aggregate on
an even larger scale. This practice is expecially prevalent in develop-
ing countries where scarce technical and financial resources prohibit
the exploitation of inland sand deposits. St. Lucia, an island situated
in the West Indies, is one such area where mining sand and aggregate from
beaches has been a convenient and traditional practice.

Vigie Beach, located on the northwest leeward coast of St. Lucia, is
a small crescent-shaped beach measuring 20-30 meters in width and extend-
ing approximately 5,000 feet between two basaltic headlands (Figure 10).
No rivers enter the area, and the principal sources of sand appear to be
nearby offshore calcareous algal and fringing coral reef communities
supplemented by incidental erosion from the adjacent headlands (Edmunds,
1983). Waves approach from the north/northeast and vary in strength
between seasons, driving an offshore-onshore sand transport cell. Long-
shore transport appears to be insignificant. These characteristics
suggest that the beach system is relatively self-contained and dependent
on sand in the system rather than on continuous replenishment from
outside, upstream sources to replace losses, whether natural or man-made.

Due to the proximity to Castries, St. Lucia's capital, Vigie Beach
and the narrow low lying neck of land to Vigie Point have been exposed to
a variety of uses. For example, the city cemetery is located immediately
behind the beach., Vigie Airport, running diagonally behind the cemetery,
was built in 1943 and subsequently expanded to its present length of
5,700 feet. The only access road to the airport terminal parallels the
beach (running between the cemetery and the airport runway) and also
provides the access to Vigie Point. Vigie Beach has been a traditional
recreational area for local residents of Castries, and since the early
1960's has served two major hotels, one at either end of the beach (Fi-
gure 10).

In addition to these activities, the beach has also served as the

primary source of sand for the city and its citizens. There is little
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data to indicate beach mining was a problem in Vigie prior to 1948. Up
until that date, domestic and commercial building construction was based
on lumber as a basic material, and there was little need for aggregate,
However, in 1948 a catastrophic fire destroyed a large portion of Cas-
tries and in the subsequent recongtruction period concrete block and
reinforced poured concrete replaced lumber as a building material.

Vigie Beach became the principal source of sand for cement block manu-
facture and concrete. Despite early indications of beach erosion, sand
mining continued unimpeded until 1963. By that year the condition of
Vigie had deteriorated to the point that the government introduced a
Beach Protection Ordinance which placed the mining of sand under licenses
administered by the Ministry of Communications and Works. The law suf-
fered from several weaknesses: 1t exempted the officers of the Crown,
the Castries Town Council (one of the primary users) and the neighboring
village councils; it only applied to Vigie and one other beach; and,
finally, it was inadequately enforced. Sand mining continued unabated
at Vigie Beach even though it was officially illegal for some users.

Exceptionally heavy swells during the winters of 1963/64 and 1964/65
exacerbated the erosion process which was further accelerated by continu-
ing illegal sand mining. Visible narrowing and deterioration of Vigie
Beach, and other St. Lucia beaches also locally mined for construction
sand, led to public outcry and to the passage of the Beach Protection
Act of 1967. This Act, still technically in force today, placed the
administrative responsibility for all sand mining under the Director
of Public Works (DPW). By doing so, the new legislation effectively
broadened the scope of the 1963 Act while providing a mechanism to
establish volume and time limits on beach mining activities.

Despite the passage of the 1967 legislation and its ostensibly more
stringent constraints regarding sand extraction at Vigie Beach (and
elsewhere), regression continued and was accelerated by the unusual
winter storms of 1967/68 and by ongoing, although reduced, illegal sand

extraction.

The potential economic consequences of continued beach regression

began to appear critical. The estimated volume of sand mined from the
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Vigie site during the period 1960-1970 had totalled 110,000 cubic yards
(Table 4a). An analysis of aerial photographs between the period 1941~
1970 indicated beach regression had reached 80 feet (Table 4b). A com-
parison of documented erosion (lost beach area) and estimated sand
removal (Table 4c) suggests that beach recession was caused entirely by
mining of sand for the building industry (Deane, et.al., 1973). By 1970,
an estimated 10.1 million dollars of real estate alone was at risk (Table
5a), In addition to loss of land value, there were other significant
issues. The city of Castries was threatened with loss of its airport
access road and its princlpal cemetery, the city and country were threat-
ened with a loss of tourist revenues derived from visitor use of two
major Vigie Beach hotels, and the local population was faced with the
loss of a traditional recreational site.

In response to these concerns and in an attempt to reduce the rate
of beach and beach berm erosion threatening both the cemetery and the
only access road to the airport and Vigie Point, the government elected
to construct a 300 foot long strip of gabion mattresses (a system of
rectangular wire mesh baskets filled with stone) on the face of the
eroding beach berm near the road. This emergency measure cost approxi-
mately US$25,000--a not inconsiderable sum in 1970 for a small island
government with many other public development priorities.

By 1973, the beach front of the Red Lion Hotel (at the southern end
of Vigie Beach) had eroded down to a pebble and cobble beach, resulting
in a reduction in tourism and lost revenues. In an attempt to restore
the beach, the government used rock from a nearby quarry to build a
rubble stone groin adjacent to the hotel at a cost of approximately
Us$5,000.

Three years later abnormally heavy sea swells from a winter storm
overwashed the diminished beach and flooded the Couples Hotel. Contin-
ued flooding prompted the government to build a new set of gablion mat-
tresses costing another US$5,000 on the eastern end of the beach., As the
situation continued to deteriorate the government recognized that the
"patchwork” strategy was ineffective and temporary, so another approach

was needed. The new strategy was offshore sand mining for beach nourish-
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Table 4a.

Estimates of sand mined from Vigie Beach, St. Lucia

(1960 - 1970). (Source: Deane, et.al., 1973.)
LOCATION OF ESTIMATED VOLUME OF SAND MINED (Cubic Yards)
SAND SOURCE
1960-62 1962-65 1966-68 1969-70 TOTAL
Vigie Beach 70,000 35,000 3,000 2,000 110,000

Beach loss from erosion at Vigie Beach, St. Lucia

Table 4b.
(1941 - 1970). (Source: Deane, et.al., 1973.)
BAY STATION COASTAL EROSION (Ft.) AVE BEACH 1.0SS PER YR.
1941-51  1941-66  1941-70 (1941-1970) (Ft.)
1 16 65 80 2.66 ft.
Vigie | 2 0 48 50 1.66 ft.
3 14 54 54 1.80 ft.
Table 4c. Camparison budget of sand losses, Vigle Beach, St. Lucia.
(Source: Deane, et.al., 1973.)
Estimate of Sand EROSION
LOCATION Used By 1941-1970
Building Industry
(1960-1970) (Cu. Yds.) (Cu. Yds.)
Vigie Beach 110,000 104,000

246




Table Sa.
erosion.

(Source:

Current value of real estate at risk due to Vigie Beach
Edmunds, 1983.)

TYPE OF REAL ESTATE

VALUE (US $)

Hotel
Red Lion $ 2,000,000
Couples 3,500,000
Other
Public Road 384,615
Vigie Airport:
Runway Costs 2,115,305
Buildings 576,923
Land 1,538,461
TOTAL . . . . . . .S$10,115,384
Table 5b. Estimated costs of protective/restorative activities to

protect Vigle Beach and property at risk from the threat

posed by coastal erosion. (Source: Fdmunds, 1983,)
Estimated
Activity Location Date Cost (US $)
Gabion Mattress Adjacent to Public Road 1970 $ 25,000
Stone Groin Red Lion Hotel 1973 5,000
Gabion Mattress Couples Hotel 1976 5,000
Beach Nourishment | Couples Hotel/Cemetery 1980 434,245
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ment, selected in part because of the temporary presence of a large
Jamaican-owned suction dredge working in Castries Harbor. The scope of
the beach replenishment project was limited by government access to ex-
ternal funding which in the end amounted to US$434,000. By mid-May of
1980 the work had been completed, and a total of 289,000 cubic yards of
sand was deposited on the beach in a zone extending from the Couples
Hotel 1,600 feet to the southwest, building up the area adjacent to the
cemetery which was most seriously threatened by erosion.

Although no data exist to determine the effects of dredging on
offshore algal and coral communities, there was evidence that a consider-
able portion of the new beach sand put in place washed out subsequent to
emplacement, a process attributed to "fines winnowing” (Edmunds, 1983).

Total investment of public funds to protect and restore Vigie Beach
following long term beach sand extraction activities was estimated to be
US$469,245 (Table 5b). Since sand cost US$1.87 per yard in 1980 to place
on the beach, the overall restoration costs of US$469,245 represents
slightly more than twice the adjusted market value of sand previously
removed, legally or illegally. It was a costly lesson in beach dynamics
and resource management. Unfortunately, the beach berm is still being
under cut, and beach sand draw down continues although perhaps at a
slower pace than previously recorded.

There is a further irony to the situation stemming from the exis-
tence of large but as yet undeveloped pumice "sand” deposits in St.
Lucia, a volcanic island., Up until recently, these resources, which
are relatively close to Castries, have been rejected as too costly to
develop (primarily costs associated with an access road) and because
greater care is required to mix cement when lighter pumice sand is used.
Nevertheless, the events detalled above contributed to the establishment
of a Regional Beach Erosion Control Project, which undertook the testing
of pumice as an alternative source for aggregate. Upon finding that
pumice blocks were structurally superior to those made with beach sand,
the government began considering greater use of the resource, and an
experimental project is underway using pumice as a substitute for beach

sand. The extraction of beach sand at Vigie has ceased, but the future
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of the beach itself remains in doubt. It was a costly lesson.

5.2.2 Puerto Rico

In contrast to the leeward beach situation at Vigie in St. Lucla, many
windward or more exposed insular and continental shorelines function
differently, With high energy beach systems, they exhibit very different
kinds of sand budgets, higher onshore-offshore sand and rubble exchange
rates, and large scale sand sinks or reservoirs of material behind the
beach itself,

Sand blown from exposed, generally windward beach foreshores and
berms often develops into sand dune systems behind the berm crest itself.
Salt-tolerant vegetation subsequently takes root and helps stabilize
these sand dunes, Dunes, in turn, serve both as a secondary barrier
protecting inland areas against seasonal storm waves lmpinging on the
beach and as a reservolr of sand for the beach ttself when it 1s attacked
by storm waves, swells and tides generated by hurrlcanes or cyclones
(Figure 11).

High
Dune Water Low
Line Line Waterline
.Foreshore

(Dark in Wetted
Zone)

Berm (Light
Dry)

Figure 11. 1Idealized cross-section showing beach, dune line,
and water line. (Source: Nichols and Cerco, 1983.)
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Unfortunately, dune systems are also easily accessible, naturally
stock-piled sources from which semi-sorted, pre-washed sand is readily
obtained. Quite often, this happens without a formal government permit
and with little regard for environmental consequences.

An instructive example of this exists on the north coast of Puerto
Rico and has been addressed recently in an intensive policy and manag-
ement study which focused on three major dune sand mining areas on the
more exposed Atlantic coast of the island (Nichols and Cerco, 1983).
Sites were selected by the Puerto Rico Department of Natural Resources as
the most representative heavily mined areas (Figure 12).

Construction of a major international airport for the island east of
its capital city of San Juan at Isla Grande in the 1950's required enor-
mous volumes of fill. Some of the material was taken from nearby Playa
de las Tres Palmetas at Carolina, east of the airport site. Within a few
years, high levels of erosion were reported for the Carolina beach area.
During the 1960's and early 1970's the Hatillo beach area to the west
also experienced an intense large scale removal of dute sand, some by
permit and some illegally. In the 1970's the Isabella beach dune areas
were also harvested for large volumes of sand. Again, some mining was
by permit; some was not. The justification for the dune/beach sand
mining was always "development” and the long term impact remained an
unknown--at least until the mid-seventies when studies by government
resource managers and technical consultants (see below) suggested limits
to sand extraction quantities were required to prevent further damange
to Puerto Rico's sand beaches and dune systems.

The Environmental Quality Board of Puerto Rico raised the issue of
excessive sand mining and long term sand resource planning as early as
1971 (PREQB, Annual Report, 1972)., Preliminary guidelines for sand ex-
traction in Puerto Rico were provided by one consultant (Hernandez-Avila)
as early as 1973 based mainly on qualitative observations giving insights
into sedimentary processes active in the dunes. Noticeable effects of
storm waves on beach erosion and alterations of dune height and width at
Playa de las Tres Palmitas, Carolina by a sand extraction episode were

recorded by Cintron and Pool (1976). The problem of dune protection and
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sand extractlon was subsequently documented by NOAA under Puerto Rico's
Coastal Zone Management Program in 1978 (NOAA, 1978), Two years later,
the history and magnitude of sand extraction and estimates of Puerto
Rico's total sand resources were provided by Castillo and Cruz (1980);
the hazard of coastal flooding was documented in a government study
(PRDNR, 1980); and three pertinent sand dune management studies from
outside Puerto Rico also became available (Armon, 1980; Cullen and Rird,
1980; and Gares, et.al., 1980),

Due to increasing concern expressed by resource managers and plan-
ners over the growing evidence of impacts attributable to excessive sand
extraction, the Puerto Rico Department of Natural Resources began to
assemble all the available data needed to define the dimensions of the
problem and to establish both a technical and policy based solution.

This took time, in part because as in most sand resource management
matters the government had to address not only traditional, ongoing and
new kinds of legitimate and illegal sand uses but also had to project
future needs and assess those needs within the context of the associated
environmental constraints. 1t was a difficult task.

Fvery prospective user of sand confrouting changed controls, limits,
licensing or fees wants to know why there are new "unfair” and "costly”
rules which did not apply yesterday to someone else. It was necessary in
Puerto Rico to build a solid government position for a new beach resource
management strategy, based on sound scientific data, hecause of the pre-
sence of resource users accustomed to fewer restrictions. When data was
collected and analyzed as part of a management planning project uader the
Department of Watural Resources, it produced findings which suggested
there was real cause for concern, By colncidence, the outcome of the
study was reinforced by exceptionally severe storm damage at the three
study beach areas during the course of site assessment field work in
1982 (Nichols and Cerco, 1983). _

It has been documented that over a thirty year period (1950 to
1980) sixteen million cubic meters (approximately 21 million cublc yards)
of sand had been mined from Puerto Rico's north shore dunes and beach

areas, Of this total, eleven million cubic meters (14.3 million cubic
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yards) were extracted for fill and coustruction use from the three key
beach areas of Carolina, Hatillo and Isabella (Castillo and Cruz, 1980).
The sand used, in this case, was not "free” but had a deferred cost.

Nichols and Cerco (1983) summarized the situation well:

Along the north coast, sand dunes once provided protection
against storm surges, waves and flooding. They not only
offered natural protection for human 1life and property but
served as a source of sand to buffer beach erosion. Today,
after several decades of massive sand extraction few natural
dunes remain. By removing back-up dunes and lowering fore-
dune crests, storm waves now [1983] overtop and breach the
remaining ridge and flood lowlying areas landward. Where

dunes have been completely destroyed, ocean front property,
settlements and mangrove habitats are exposed to the full

force of ocean storm waves....

The size, height and stability of residual dunes at

Isabella, Hatillo and Carolina [are now] inadequate in many
places for long term protection of life and property, As a
result of high northern swells, October 11-13, 1982, dune
ridges collapsed, were breached at 23 points [and are] in-

sufficlent to protect the coast from wave run-up of a one in
20-year hurricane.

Given the deteriorating status of the dunes in response

to man~induced and natural processes, the task now is to main-
tain the dunes iun their best achievable condition.... If the

dunes are to serve both as a sand and recreational resource
as well as a barrier for storm protection, they must be
understood, ...

This case confirms that some environmental management lessons come
at a price. Fortunately, some of these lessons are transferable and may
reduce the risk of replication at other locations. Conclusions drawn in
the Nichols and Cerco (1983) post-audit of the Puerto Rican experience
are lastructive for most sand dune mining activities, The problem is how
to continue to mine sand from dunes while minimizing the risk of future
storm damage to property and human life, thus lessening the need for
costly protective structures and other remedial measures.

At the outset, the operating characteristics and natural functions

of beach and dune areas must be addressed. These were identified by

Nichols and Cerco:
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® The dune and beach system is dynamic. Dune sand is continually
exchanged between the beach or nearshore zomes.
® Dunes constitute a natural reservoir of sand. When the dune face
1s eroded during storms, the sand released nourishes beaches and
reduces erosion effects.
® Dune width and dune height provide a volume and mass of sand
that reduces the landward extent of overtopping, overwash and flood-
ing of zones behind the dunes.
® The life expectancy of protection depends on the lateral erosion
rate and the dune height in relation to the heights and frequency
that storm surge and runup attain,
® Over the long-term the dune/beach system can migrate landward in
response to storms, erosion, rising sea level and a negative sedi-
ment budget [especially when accelerated by sand mining activity]
(Nichols and Cerco, 1983).
Since the type and status of dunes vary widely, both naturally and as
a result of previous sand extraction and other development activities,
different management approaches may be needed. These include: (1) pro-
hibiting all dune sand mining; (2) letting the natural process prevail,
while mining some sand on a sustainable yileld basis; (3) modifying the
natural processes to maintain or restore the dunes for protection while
mining sand on a managed by-product or secondary yield basis; (4) opti-
mizing sand extraction and subsequently rebuilding the dunes artificially,
For most developing countries, option (1), no dune (or beach) sand
mining, is unacceptable. If option (2) is chosen and natural processes
are allowed to prevail, the coast must be managed in a manner that is
compatible with beach and dune migration trends and historical erosion
rates. The approach permits some sand extraction or development but
controls it to minimize interference with natural processes and to
provide a degree of protection (Nichols and Cerco, 1983).
To manage the beaches and dunes so that natural processes prevail
and critical existing sand dune reservoirs are kept more or less intact,
a beach/dune management zone needs to be defined (see Nichols and Cerco

for the procedure), By establishing a dune management or setback zone,
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future sand extraction and vehicular activities, as well as development,
can be directed inland away from the more active portion of the dunes.
No sand mining would be allowed from the primary shoreward dune and
"protection” would have precedence over "sand mining."”

Should option (3) be selected to encourage the natural processes
(a) to provide sand for harvesting and (b) to maintain and/or restore
dunes previously damaged by a combination of sand mining and storm
action, the management strategy involves:

® building up dune gaps and washover zones through fencing and planting
appropriate vegetation and/or;

® building up dune gaps, washover zones and elevations of sand mining
borrow pits to appropriate design heights (50 year or 100 year storm)
by large scale sand nourishment from offshore using a hydraulic
dredge;

* establishing a set back zone landward of surviving dunes, into which
dunes can migrate and recover;

® regulating all sand mining and restricting it to carefully selected
undamaged accreting and residual back dune areas behind the primary
shoreward dune (which would not be mined except under special cir-
cumstances where accretion rates exceed required storm protection
requirements).

Option (4), emplacing protective engineering structure in dune gaps
and washovers resulting from excessive sand extraction, can only be jus-
tified where the value of existing property and facilities is very high.
It is a proven high risk, short sighted approach leading to potentially
disastrous and costly consequences, as illustrated by both the St. Lucia
and Puerto Rico examples. Engineering structures are no substitute for

natural sand dunes along open stretches of coastline.

5.3 Marine Sand Mining

5.3.1 U.S. Virgin Islands

Over the past two decades, many developing countries have stopped or
reduced the practice of harvesting beach sand for construction purposes.

To a degree, this is attributable to increased awareness of negative
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environmental impacts associated with coastal sand and coral mining
activity, More significant {s the simple realization that there

are socially and economically valuable alternative uses for beaches,
i.e., for local recreational uses and development of waterfront resorts,
hotels, condominium sites and other tourist attractions. But when a
government declares beach sand extraction illegal or restricts tradi-
tional harvesting practices and therefore the supply of sand, it will
sooner or later be forced to identify and regulate the mining of alter-
native sources of aggregate.

This was the situation in the U.S, Virgin Islands in the 1960's when
external factors began to stimulate economlc growth in three sectors,
government operations, export manufacturing and tourism. In tourism,
growth rates were exponential, both in number of arrivals and in accom-
modations. Between 1960 and 1970, visitor arrivals increased tenfold.
As the employed labor force tripled, the stock of housing doubled, real
per capita income rose ten percent annually, and electric and water
consumption averaged 20 percent per year growth (McElroy, 1978).

Environmental stresses from such massive social changes quickly be-
came apparent. Open spaces were replaced by suburban sprawl, shorelines
were altered by hotel, marina and industrial expansion, and prevously un-
disturbed ecosystems became sites of residentlal clusters, government
facilities, commercial buildings and road networks {McEachern and Towle,
1974), Much of this activity required sand for a variety of purposes
for land fill, for increasing beach width or length, for building docks,
and for construction of hotels, houses and other facilities., Between
1960 and 1970 the consumption of sand tripled along with the price which
went from $1.00 to $3.00 per cubic yard. 1In the context of a growing
beach~oriented, tourism-based economy, traditional sand removal from
beaches began to be publicly questioned. It was eventually legally
challenged and, in 1973, prohibited by law, resulting in a sharp increase
in more costly imports of sand (at $5.00 to $7.00/cublc yard) from other
1slands such as Puerto Rico, the British Virgin Islands, Anguilla,
Barbuda, and even the distant Bahamas. Other alternatives were examined

which included large scale offshore marine sand dredging to provide the
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needed construction sand and £i11 material,

Marine sand mining has a long history in the U.S. Virgin Islands.
As early as 1935, over one million cubic yards of material was dredged
from the bottom of Lindbergh Bay on the southwestern coast of St. Thomas.
Fill was placed in a nearby, swampy area for the construction of the
present alrport runway, leaving a large, deep excavated turbid basin in
the bay bottom. As a result of the ensuing turbidities, benthic grasses
once found to a depth of 10 meters are now absent in depths exceeding
2.5 meters. Dredging effects were compounded by large quantities of fine
terrigenous clays washed into the bay as a result of continuing construc-
tion on nearby hillsides (vanEepoel, et.al,, 1971), The extensive sump
resulting from dredging activities still, nearly 50 years later, col-
lects fine sediments which then are available for resuspension and re-
distribution throughout the bay system. This periodically increases
turbidity and limits the regrowth of coral and sea grasses. Adjacent
Lindbergh Bay Beach, a public recreation area, remalns popular with
local residents {(not tourists), more for its accessibility by public
bus transport than its marginal water quality.

Between 1961 and 1981, over 2,2 million cubic yards of aggregate
{principally sand) were extracted for local construction activity from
Christiansted Harbor, St. Crolx, the most southerly of the Virgin
Islands (Hubbard, et.al., 198la). Over 200,000 cublc yards of sand was
harvested from each of eight other bays in the Virgin Islands (Brewers,
Water, Crown, Cruz, Great Cruz, Vessup, Long, and Turners) during the
1960's and early 1970's. One area in particular, Water Bay, was the
focus of repeated sand mining activities between 1960 and 1971 and was

selected as the "case study” site.

5.3.2 Water Bay, St. Thomas

Situated on the northeastern shore of St. Thomas, Water Bay opens to the
east facing the Leeward Passage, an inter-island channel from the
Atlantic Ocean to the Caribbean Sea. 1t is bounded on the north by Coki
Peninsula, on the west by Pineapple Beach, and on the south by the island
land mass proper, ending at Footer Point. Prior to dredging, Water Bay
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supported marine flora and fauna characteristic of most West Indian
shallow water marine communities dominated by turtle and eel grass flats
interspersed with small patch reefs. The sublittoral area of the Bay
was approximately twenty hectares with a relatively even bottom and
gradual slope to seward (Figure 13).

Part of the Bay's southern shore is the bold slope of Mt. Pleasant,
which rises steeply to a 200 foot elevation. A small indentation be-
tween Footer Point and Mt, Pleasant {s known as Sugar Bay, behind which
there is a lowland area which was at one time used as a public garbage
dump. Until 1969 Sugar Bay had a rather nice beach; the story of its
disappearance is instructive.

The seabed of Water Bay was dredged for sand on five separate occa-
sions between 1961 and 1971 (Table 6). In 1961, as part of a resort
development project at Pineapple Beach, 50,000 to 100,000 cubic yards of
sand were first dredged from the shallow area near the beach to provide
adequate depth for a boat dock, for beach improvement and for construc-
tion and fill use. An area continguous to the original mining site was
subsequently mined in 1965 for additional construction material and €111
for a swamp adjacent to the already existing hotel on Pineapple Beach.
After 9,000 of a scheduled 25,000 cubic yards were extracted by a sue-
tion dredge working over a large area only six to eight feet deep, the
hotel owners ordered the contractor to stop. Mounting complaints of
water quality by hotel guests using the beach had reached booking agents
on the U.S. mainland, who threatened to refuse to book further guests at
the Pineapple Beach Resort until swimming and snorkeling conditions im-
proved. Rather than-risk the possibly irreparable loss of visitors and
potential repeat customers, the hotel owners elected to absorb the added
costs of hauling the required f111 material.

Four years later, however, a 1967 U.S, Department of the Interior
permit to dredge 600,000 cublic yards of sand from Water Bay (issued to a
local concrete ready-mix company) was announced and activated by the
contractor. The same hotel, perceiving that its investment was again
threatened, joined forces with the environmental community to oppose the

action. The owner/manager of the Pineapple Beach Resort facility re~
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Table 6 .

History of marine sand mining, Water Bay, St. Thomas, U.S.
Virgin Islands. (Sources: vanEepoel, 1969; Grigg and
vanEepoel, 1972.)

Year Dredging Quantity Dredge Purpose
Location (yd3 sand) Type
1961 Plneapple 50,000 to Dragline Construction
-62 Beach 100,000 (est.) aggregate/
(nearshore) beach nour-
ishment/
dock
access
1965 Pineapple 9,000 Sand sucker Land f111
Beach
(nearshore)
1969 Sugar Bay 100,000 Hydraulic Fill/Aggre-
(nearshore) cutterhead gate
1970 Inner Bay 50,000 (+) Hydraulic Aggregate -
cutterhead off site
use
1971 Quter Bay 450,000 (+) Hydraulic Aggregate -
cutterhead of f site
use
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sponded to the proposed scheme as follows in a letter to the government:

It came to my attentlon during the first week of January
1969 that a large dredging operation was contemplated in
the vicinity of the Water Bay Area, St. Thomas, V.l....
Since we had the previous experilence of a business loss on
dredging only 9,000 cubic yards we [know] that dredging ...
[additional sand} would cause a very sizeable operating loss
we could not afford..,.. The greatest asset we have is our
beach. By July 1969 we will have a total investment of
approximately four million dollars in Pineapple Beach Club
and the Condominiums., Our entire investment would be in
jeopardy if the beach [1s] damaged....

I feel confident that this government does not want to be
responsible for permitting a dredging operation to operate
in an area that would cause immediate financial loss in the
daily operations and possibly cause 1lrreparable damage to
one of the most popular beach resorts in the Virgin Islands.

I don't feel that the Government of the Virgin Islands would
want to be a party to the substantial adverse publicity that
such an abusive operation would receive not only locally,
but throughout the travel industry....

The author of this letter also requested that an investigation be con-
ducted by the government to assess the potential effects of removing
600,000 cublc yards of sand from Water Bay.

The proposed scheme involved 50,000 cubic yards of sand as fill for
a former garbage dump and 550,000 cubic yards of construction sand to be
hauled away from the site. Despite the previously cited protests, the
contractor's hydraulic cutterhead dredge was in place and commenced
pumping sand from Water Bay in early April 1969. Within thirty days over
100,000 cubic yards of sand were dredged from directly in front of Sugar
Bay Beach on the south coast of Water Bay and deposited ashore filling
the former swampy garbage dump site. Because the dredge was urgently
needed at another nearby site and to allow time for the deposited mater-
ial to settle, dredging activity was stopped temporarily.

Within months from the cessation of dredging activities, Sugar Bay
Beach literally disappeared and was replaced by the underlying pebble and
cobble~dominated substrate. Sugar Bay Beach was originally two hundred
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meters long and approximately ten meters in width. Surveys conducted a
few months after the 1969 dredging indicated the beach materials had
slumped into the adjacent dredge pit. The pre-existing sand berm had
been eroded back, forming a three foot vertical wall several feet above
sea level, exposing the seagrape tree root systems (Figure 14). Slump-
off resulted in high water turbidities from both the exposed remmant

of the beach as well as the newly eroded deposits. Additional turbidity
was caused by exposed layers of mud opened during the removal of overly-
ing sand deposits. Serious impacts on Water Bay life forms have resulted
from chronic resuspension of mud fines, clays and organic materials
(vanEepoel, 1969; Grigg and vanEepoel, 1970).

Reef die-off and reduction in sea grass densitiles were attributed to
increased rates of sedimentation resulting from the dredging operations.
Grigg and vanEepoel (1970) estimated that approximately ninety percent
of undredged Water Bay corals on the southeast shore and 20-25 percent of
corals on the northern shore were killed by the sand extraction activity
(Figure 15)., Two emergency grolns costing approximately $10,000 were
installed by the contractor in 1969 at either end of Sugar Bay after the
beach disappears. However, they falled to have any positive effect and,
subsequently, also washed away.

This then was the setting which preceded a resumption of sand mining
in the fall of 1970 (a continuation of the 1969 dredging activity under
the same permit). By this time a number of technical reports and scien-
tific studies had become public, documenting the impact of sand mining
operations at Water Bay and elsewhere inm the Virgin Islands (vanEepoel,
1969; Grigg and vanEepoel, 1970), Researchers described the 1969 mining
activities at Water Bay, though of a short term nature, as a "major eco-
loglcal disaster for sublittoral flora and sessile fauna” in the immedi-
ate area of dredging (vanEepoel, 1969). Therefore, as mining activities
recommenced, they came under increased public and private scrutiny.
Tourism and hotel industry spokesmen lobbied for a monitoring regime,
arguing that further "Sugar Bay disasters” would affect the value of
thelr properties.

Until 1969 applications for required dredging permits (then issued
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Figure l4a. Sugar Bay Beach (1969), before offshore dredging in Water
Bay, St. Thomas, U.S. Virgin Islands.

Figure 14b. Sugar Bay Beach (1970), after offshore dredging in Water
Bay, St. Thomas, U.S. Virgin Islands.
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by the U.S. Department of the Interior) were seldom scrutinized. When
approved, they were subject to little monitoring or enforcement and were
issued as open llicenses for extended periods. However, as a pre-condi-
tion to recommencing mining activities at Water Bay in 1970, the follow
requirements were imposed by the local Virgin Islands government:

® Dredging had to be transferred to deeper areas at the entrance to
Water Bay;
Prior to dredging, core borings in the remaining seabed mining areas
were to be taken to determine quality and depth of bottom and to
assure that no disturbance of clay and organic "fines” would occur;
A sediment discharge settling basin on the inshore disposal site,
equipped with proper weirs to extend residence time, was to be main-
tained;
Dredging in waters less than 35 feet in depth was prohibited;
A surveillance program was to be established to ensure the adequate
protection of the environment.
However, despite these required modifications and systematic at-
tempts by local sclentists to monitor the renewed dredging activity,
conditions at Water Bay worsened during final stages (1970-71) of the
now accelerated effort by the contractor to dredge the remainder of
the total 600,000 yards approved under the original 1967 permit. Matters
finally came to a head when the Goverpor of the Virgin Islands requested
that the U.S. Department of the Interior withdraw the dredging permit.
Cancellation was ordered on November 3, 1971, long after damage was done.

The positive legacy of the Water Bay experience was the establish-

ment of a new territorial policy regarding beaches and dredging and a
monitoring program to prevent future similar occurances. The negative
legacy is the number of dredge pits which still exist in Water Bay with
unconsolidated bottoms acting as chronic sources of turbldity and pre-
venting recolonization near the mining site (Grigg and vanEepoel, 1972;
Insular Environments, 1975; Island Resources Foundation resurvey of site
area, 1983). Sugar Bay's former sandy beach continues to be a narrow
strand of rubble and shows no signs of natural recovery nearly fifteen

years later,
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6. ALTERNATIVE MANAGEMENT APPROACHES

6.1 Coral Mining

6.1.1 Stony (Hard) Corals

Most "hard” or stony corals (scleractinians) have rather slow growth
rates, ranging from one-tenth of a centimeter to ten centimeters per
year in length (Stoddart, 1969). For this reason, they are often seen by
more conservative scientists and managers as non-renewable marine re-
sources since natural production rates are frequently exceeded by even
very low levels of harvesting. When hard corals are exploited commer-
cially, and, therefore, in effect treated as renewable resources, their
slow growth rates suggest the need for careful resource management plans
to control their harvesting for lime manufacture or, in the case of
smaller, more delicate corals, as tourist curios and in the ornamental
export trade (Wells, 1981).

Unfortunately, no comprehensive management strategies or regulations
are known to exist for small stony corals, although some countries have
export restrictions (Wells, 1981), The state of Hawali, where extensive
coral harvesting occurs, currently manages corals by establishment of a
restricted zone (within 1,000 feet of shore and under 30 feet in depth)
where the harvesting of coral and sand {s prohibited; collecting for re-
search purposes is excepted,

Grigg (1976) proposed the following minimum requirements: commer-
cial "fishing" licenses; collection of catch/effort data; establishment
of minimum size limits significantly above the determined age of repro-
ductive maturity; estabishment of a monitoring program focused on heav-
ily harvested reef areas; and a public information program to educate
users on the importance of coral conservation. He also recommended the
prohibition of all forms of random dredging for corals due to catch
inefficiency (losses) and destructive impacts on the slower growing,
deeper corals and their hard bottom habitats.

The need for sound management strategies for coral harvesting can-
not be overemphasized due to the resource's slow rate of natural replen-
ishment. FExcessive exploitation implies a long recovery period and,

translated into economic terms, a prolonged period of reduced harvests.
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Because of these considerations, the U.S. Western Pacific Regional Fish-
eries Management Council (based in Hawali) proposed that prior to the
commercial harvesting of any virgin stocks in the region, a resource
assessment should be completed to include total area of the bed, density

estimates, and species present (U.S. Dept. of Commerce, 1979),

6.1.2 Precious Corals

Certain types of rare, slow growing corals are referred to as “"precious
corals” because of thelr special color, shape, hardness, texture, orna-
mental value and widespread commercial use by the handcrafts and jewelry
industry (Poh, 1971; Wells, 1981). Wholesale prices for raw (dockside)
precious coral can range from $50 to $500 per kilo, depending on the
species, size, quality and color of the specimen (Eade, 1980)., Ninety-
five percent of the world's harvest of this resource comes from the
Pacific, The most commonly harvested precious coral species are of the
genera Corallium (white, pink, red, gold, and bamboo coral) and
Antipathes (black and wire). They are only found in isolated colonies
on hard substrates in water depths of between 30 and 500 meters.

Preclous coral mining dates back to 100 A.D. in the Mediterranean
region. In the Pacific the earliest recorded actlvity dates to the
early nineteenth century in Japan but fell into temporary decline and
was only recently revived by the Taiwanese in the mid-1950's. Today
the sector is dominated by Japan, Taiwan, the Philippines and Hawaii
(Grigg, 1970, 1976; Wells, 1981).

Harvesting techniques are of two types: non-gelective use of a
tangle net dredge (like an enormous industrial floor mop) which is
dragged on deep coral beds to break off and ensnare specimens, or the use
of one or more costly, more selective techniques (SCUBA, camera-assisted
grabs, and minisubmarines with power driven cutting devices).

The non—-selective, tangle net dredge approach has the obvious
advantage of comparatively low capital and operational costs (boat, net,
winch, and crew), continuous operation, and simplicity. The prinecipal
disadvantages of the technlque are: damage to the substrate, low catch

efficiency and removal of immature under-valued specimens. Conversely,
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selective direct harvesting for deep-water species incurs high

capital costs, has depth limitations and is technologically more complex, '
These factors, however, are offset by the fact that environmental degra- {
dation is minimized and a high catch efficiency assured. |

Preclous corals grow even more slowly than most hard corals (Noome
and Kristensen, 1976). Since harvesting activity is expanding and prices
continue to rise, the need for proper management of this rather exotic
but valuable resource 1s obvious, The traditional approach to the man-
agement of preclous coral resources has been by rotation of harvesting
effort from bed to bed as dictated by the economics of a slow-growing
species. This strategy, first documented in the Mediterranean in the
nineteenth century, was self-imposed and based on traditional nine year
cycles. Within the past two decades, more "scientifie” approaches to
coral management have evolved. Growth rates for black coral and the
deeper-water species of Corallium were estimated to be six and one cm./
year, respectively, and have been used to determine a maximum harvesting
pressure which the coral population could sustain for an indefinite
period of time, or maximum sustainable yield (MSY). In the case of black
coral (which is more accessible), this was determined to require limiting
annual harvesting to an area measuring two to four percent of the total
bed (U.S. Dept. of Commerce, 1979).

The MSY determined for black coral has been adapted by the Western
Pacific Regional Fishery Management Council (WPRFMC) to other slow-
growing coral species, at least until data become available to support a
more specles-specific management approach. To implement the MSY through
subsequent regulations the WPRFMC employed the concept of three discrete
management units: established beds (determined by a history of exploita-
tion); conditional beds (those beds whose location and area are approx-
imately known and optimum yield determined by analogy with established
beds); and exploratory beds (all remaining areas).

Based on these management units, regulations were formulated and
proposed in a draft management plan for precious coral. These encour-
aged use of more selective approaches to harvesting and establishment of

welght quotas and size limits for pink and black coral species.
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In addition to these operational regulations, permits were required
and refuge areas established for purposes of providing research control

areas and reproductive reserves.

6.2 Beach Sand Mining

Information avallable on successful management strategies for mining
beach sands 1s marginal. Campbell (1978) recommended that where physical
or economic constraints require harvesting sand from beaches, a rigorous
monitoring program be initiated prior to and during mining. The program
would include an official responsible for regulating the removal of sand
and confine all extractive activities to designated, pre-selected sites
situated between high and low tides and rotated over time from beach to
beach to allow for the rejuvenation of the mined area. Sites should also
be confined to accreting beaches, and limited harvesting would be allowed
only after a sand resources survey had been completed, calculating the
sand budget and the effects of any sand mining "debit” factors. For
detailed beach dune sand mining management requirements, the reader

is referred to Nichols and Cerco's report on Puerto Rico (1983).

6.3 Marine Sand Mining

One alternative to mining beach sand and nearshore deposits is to iden-
tify suitable reserves for mining farther offshore. Areas where sand
extraction causes minimal impact to the adjacent enviromment are chan-
nels and submarine canyons on the edge of some continental or insular
shelf areas. These features act as sinks for the sand and are the termi-
nal points for the sand transport cells (described in Sectiom 4.1).
Channels which have continued to receive sand over geological time have
built up huge reservoirs of sand capable of sustaining most aggregate
demand for extended periods. Nevertheless, care should be taken to

avoid mining in proximity to the zone of active transport into the area

for fear of accelerating up-drift erosion.

6.4 New Technologies

One result of increased concern over environmental degradation associated
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with marine mining activities has been a focus on the development of new
technologies designed to ameliorate undesired impacts. One such tech-
nology, the Submarine Sand Recovery System (SSRS), was developed and
tested in Hawali. The novel feature of the SSRS is the use of a suction
probe which burrows beneath surface layers to extract sand, thereby
reducing sediment loads. Designed to be used in thick sand deposits, the
basic system consists of a small barge or boat, a vacuum pump, a flexible
hose connecting the pump and suction head and a submerged plastic pipe-
line to facilitate direct pumplng of sand to shore (Casciano, 1976).

Sand is pumped shoreward as a slurry into a settling basin.

The SSRS was tested off the coast of Hawail in fifty to sixty feet
of water at a distance of 300 feet from shore inside a fringing coral
reef, It is instructive to compare two post-operatlons environmental
assessments, one completed four months after mining activity ceased
(Maragos, 1977) and a second approximately five years later (Maragos,
1982), 1Interestingly, some of the significant near-term impacts
(destruction of benthic molluscs, localized damage to corals, sea ur-
chins trapped In sand pits) appeared to have no long-term consequences.
The sand craters which were originally six meters deep and filled with
"fines" had all but disappeared as adjacent sands migrated to fill the
conical pit. However, this sand migration caused the undermining of an
adjacent coral reef., As a result, a ribbon of coral collapsed along the
reef edge, measuring 1-3 meters wide for a distance extending 200 plus
meters along the reef-sand deposit interface.

Maragos (1977) recommends that a buffer zone 100 meters in width be
established between any proposed mining activity and adjacent coral reefs
and should be proportionally widened if the mining exceeds 10,000 cubic
yards or creates a crater deeper than seven meters. The Water Bay ex-—
perience reported in Section 5.3 suggests that Maragos' recommenda-
tions are appropriate, except that sand mining near a beach area should
take place outside the ten meter depth contour with a buffer zone of at

least 200 meters from the nearest beach.
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7. ATTEMPTS AT RESTORATION

7.1 Beach Nourishment

Beach nourishment has become an increasingly popular strategy to miti-
gate eroslon impacts on beaches, increase recreational space, and com-
pensate for other causes of beach logs. Nourishment involves placing
sand on an eroding beach, taken generally from offshore areas using any
one of several extractive technologies. This is a potentially attractive
strategy, but there are complications. First, the source of the orig-
inal erosilon must be identified and arrested and the beach stabilized or
else the new sand will erode with the old, Secondly, a degree of short
term biological disruption is to be expected at both sites of extraction
and deposition. Finally, the emplacement of new beach sand may create
longer term turbidity and sedimentation problems from fines washing

out as sediment stabilization takes place over time,

Matching textural and size characteristics between existing beach
and mined sand will reduce the rate of erosion. Analytical techniques
are now available to identify this information. New fill must be able to
withstand both storm surge as well as the moderate wave actlion typlcal of
the beach if the threat of erosion is to be reduced.

Walton, et. al. (1977) described a beach nourishment project on
Carolina Beach, North Carolina, There 2.5 million cubic yards of fill
were placed on an eroding beach, of which 1.2 million cubic yards (or
forty-six percent) were lost in two years due to erosion, New fill was
deposited and a groin built, but both measures proved ineffective as
total losses surpassed fifty percent. TLoss of the beach was attributed
to the mining of the fines and their subsequent displacement seaward by
wave action and the cessation of upbeach littoral drift from the creatfon
of the Carolina Beach Inlet (a man-made cut completed In 1952).

Where eroslon persists after new fill 1s deposited on the beach,
vegetation techniques are occasionally employed for purposes of stabili-
zation. Best results have occurred in areas where some vegetation al-
ready exists or has existed in the past (Davis, 1975).

Where significant 1littoral movement occurs without natural replen-

ishment, construction of groins may be necessary to contain fill., This
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technique was successfully employed in Key West where fill placed on a
rocky shore to create a 3,000 foot beach in 1960 was protected by four
previosly installed rock groins. Erosion over a six year period was es—
timated to be only thirty-seven percent, attributed primarily to wind
transport (Walton, et. al., 1977).

However, a word of caution about groins is appropriate. In the
cases of Water Bay (St. Thomas, U.S. Virgin Islands), Vigie Beach (St.
Lucia)--see Sections 5.2 and 5.3--and on numerous other occasions,
hastily installed or badly sited groins have failed to accomplish their
purpose (beach sand accretion or stabilization) and either further
damaged the site or were themselves damaged or destroyed. The decision
to use groins depends on the particular physical characteristics of the
proposed replenishment or stabilization site. Groin construction which
fails to account for local beach sand transport patterns and seasonal
variations can result 1n major adverse modifications to adjacent beach
areas, The construction of these structures should be recognized as a

complex task requiring a sound environmental and engineering plan.

7.2 Dredge Pit Stabilization

There is little information relative to the success of restoration at-
tempts of dredge pits. One technique which has been attempted is the
construction and emplacement of artificial reefs at the bottom of the
borrow pits. Artificial reefs were first defined as man-made or natural
objects placed in selected areas of the marine enviromment to provide or
improve rough bottom habitat for purposes of increased productivity
(Parker, et. al.,, 1974). Since 1974 artificial reefs have been used to
accomplish commercial and recreational fisherles enhancement and solid
waste disposal. In the only known use of these structures to fill dredge
pits, Penn (1983) utilized an assortment of materials (rubber tires,
concrete, car hodies) in Laucala Bay, Fiji to fill old dredge sites and
to facilitate the development of a benthic community. Based on pre-
liminary findings, he noted that car bodies were particularly conducive
to settlement due to their rough metallic edges. There 1s no evidence

that this attempt effectively stabilized the dredge pit.
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Important considerations in the use of this technique are the exist-
ence of toxic substances in the materials (gas, oil, lead, copper); the
location and site stability (bottom type, current and wave action); and
the avallability of suitable materials.

As an alternative to the use of artificial substrate to stabilize
bottom, there have been numerous attempts at transplanting both sea
grasses and corals to disturbed areas, including old sand and coral
mine sites.

Sea grasses have demonstrated a capacity to bind bottom sediments
with thelr root systems, reduce wave erosion through the protective
covering afforded by their blades, and increase rates of sedimentation
by current retardation attributed to their leaf structure (Thayer,
et.al., 1975). Because of these characteristics, marine grasses have
been the object of numerous replanting efforts., Of the approximately 125
attempts at sea grass restoration, the majority have occurred in the Gulf
of Mexico and Caribbean reglons. Despite these attempts in a history
that dates back to 1945, problems continue to exist. Penn (1983), in an
attempt to restore dredge pits in Fijil with sea grasses, cited high
death rates attributed to herbivorous fish and turtles and the cost as
the major constraints. Lewls, et.al., (1981), in a comprehensive
experiment testing various combinations of grass species and techniques,
achieved only mixed success in his attempts to restore a ten hectare
borrow pit created in the Florida Keys over thirty years ago. However,
even in the most successful combinations of sea grasses and transplanting
techniques, costs ranéed from $27,000 to $86,000 per hectare, suggesting
--1f only in economic terms--the importance of impact assessment and
sound mining practices designed to preserve habltat rather than requir-

ing its later, more costly restoration.

7.3 Coral Restoration

Even less 1s known about re-introduction of corals in previously dis-
turbed areas. Maragos (1974) attempted to transplant two common specles
of corals in Hawaii to a degraded bay hoping to provide a site of settle-

ment for coral larvae and to restore the bay's fauna. Based on the



experiment, he concluded coral transference may be an effective procedure
for preserving and creating coral reefs, provided the original sources
causing die-off were removed and allowance was made for the current and
wave energy tolerances of coral species. In a related experiment,
Maragos estimated that coral recovery may entail a 30-50 year time frame.
Factors known to influence the perlod required for recovery are: extent
of initial damage, condition of substrate avallability of coral larvae,
the role of grazers, competition from other species, and food availabil-

ity (Pearson, 1981).
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8
8.1

LESSONS LEARNED

Coral Mining

Coral communities serve as one of the principal sources of sand

for beaches and nearshore arecas in tropical waters. Biological and
physical weathering of these highly productive communities provide

a major source of sand to nearby coasts, often surpassing the in-
puts from terrigeous sources.

Coral reefs act as barriers for coastal beaches, communities and
facilities, protecting them from the natural hazard of damaging
storm~driven, high-energy ocean swell and waves. Removing or modi-
fying some coral reefs can initiate or accelerate abnormal coastal
erosion processes, resulting in economic loss and expensive restora-
tive measures. Site examples from Indonesfa, Sri Lanka and the
Republic of Kiribati demonstrate the indirect economic costs associ-
ated with coral mining in terms of loss of shoreline land, declining
coastal land values, and the increased need for costly remedial
engineering work in affected coastal areas.

Living corals are slow-growlng colonial organisms which cannot sus-
tain localized commercial exploition without their rapid depletion,
There was no evidence iIn the three site examples described (based on
the literature) that the exploited reefs have demonstrated any signs
of recovery. For environmental planning purposes, these organisms
should be treated as non-renewable resources. No effective exploi-
tive management strategy has yet been developed, nor are restora-
tive techniques sufficiently well known to permit significant com—
mercial harvesting. Even non-commercial artisanal harvests of coral
should be monitored closely, as extractlion rates, although low, may

still exceed natural re-generation.

Beach Sand Mining

Adverse effects of excessive beach mining may be deferred for years
before they become evident due to seasonal and other ephemeral fac-
tors affecting beach dynamics. TIn both the St. Lucla and Puerto

Rico examples, large scale changes in beach dynamics were delayed
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several years, In the case of St. Lucia, a major tropical storm was
contributory in accelerating the effects of chronic sand mining on
Vigie Beach. In Puerto Rico, widespread erosion on Carolina Beach
was not reported until several years after initiation of mining
activities.

Many small scale beach sand cells with few outside sources of sand
renewal cannot support Intensive extraction pressures. St. Lucia's
Vigie Beach appears to be an excellent example of this beach type.
Natural inputs could not compensate for extraction pressures, and
sand had to be replaced finally through costly beach nourishment.
Beach dunes play a critical role in shore protection; their removal
or degradation could signify large scale economic loss associated
with storm surges, waves and flooding. The three beaches described
in Puerto Rico demonstrate that reduced size, height and stability
of dunes resulting from mining activities increased natural hazard
risk.

Preservative and restorative responses to beach degradation are
costly, often offer only temporary relief, and may themselves have
adverse envirommental impacts at both site of extraction and deposl-
tion, In St. Lucia the "ineffectiveness" of a patchwork strategy at
Vigie Beach, involving experiments with gabion mattresses, rock
groins and eventually beach nourishment, was demonstrated.

Long term economic losses resulting from beach sand exploitation
must be analyzed against shorter term economic gain--the balance may
justify the development of alternatlve sources of aggregate. If the
total costs associated with the mining of Vigle Beach could have
been predicted, coupled with the long term aggregate needs of
Castries, the development of nearby terrestrial pumice sand resour-
ces, as an alternative to beach sand, might have been selected when

this option was first considered more than a decade ago.

Marine Sand Mining

High turbidity and increased sedimentation associated with marine

gsand mining can result in severe degradation of benthic communities
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(marine grass beds and coral reefs), especially those requiring
consistently good light penetration and non-turbid water. Surveys
conducted in Water Bay (St. Thomas, U.S. Virgin Islands) after sand
mining documented significant coral kill (ranging from 20 to 90
percent) directly related to proximity to the dredge sites.

Mining too close to shore can affect coastal nearshore processes,
resulting in major changes such as the loss of an adjacent beach,
alteration of berm and coastal vegetation die-off. The Water Bay
site history documents the loss of Sugar Bay Beach by 1ts slumping
into the adjacent dredge pit. Other changes included reduction in
height of the back berm and die-off of exposed coastal vegetation,
Failure to define the characteristics of the target materials for
mining through pre-dredge boring at the site can resulf in the
exposure of highly erodible substrates beneath sand deposits which
may later act as chronic sources of turbidity. Exposed layers of
mud directly underlying sand deposits mined in Water Bay created a
source of chronic water turbidity. The continuing suspension of
mudfines, clays and organic materials may have played a significant
role in the observed coral die-off and prevention of recolonization
of both the dredge pits and adjacent impacted areas.

Sand mining often conflicts with other coastal uses and, 1f beaches
and water quality are degraded, may result in economic losses.
Water Bay provides an excellent example of resource use conflict
which first became apparent during an initial hotel-sponsored dredg-
ing operation. That activity ultimately conflicted with the desire
of resident and prospective hotel visitors to have access to undis-
turbed water quality at the beachfront, and when subsequent dredging
activitles were proposed for an adjacent area, opposition arose
from the hoteliers who recognized the economic consequences (i.e.,
reduced occupancy) of indiscriminate or badly sited dredging opera-
tions and argued publically for environmental controls.

Mining in shallow protected waters can leave bottom "borrow™ pits
as semi-permanent features which act as traps for fine sediments

and become chronic sources of resuspended material. Some of the
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traps identified in the Water Bay case study, originally dredged in
the 1960's, still show little evidence of filling or of recoloniza-
tion,

® Although restorative techniques exist, in general, they are expen-
sive, technically demanding, and only partially serve their objec-
tives. 1In the final analysis, careful planning and management of

mining activities is far preferable to restoring degraded sites.
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(1)

(2)

(3)

GUIDELINES

Commercial mining of living coral reefs should be restricted and in

most cases prohibited. Corals are slow growing organisms. Since

effective management strategies have yet to be discovered, living
reefs do not appear to be able to sustain extractive pressures.
Their importance as productive marine systems, artisanal and commer-
clal fishing sites, recreational attractiong, and natural break-
waters seems to far outweigh the value derived from their direct
exploitation for construction material or other consumptive uses.
Zoning allowable uses for coral reef system "exploitation” is a
desirable strategy, demarcating protected areas and sites and sec-
tors for artisanal harvesting, fishing, diving and mining activi-
ties., Permits are useful but require performance and practice
monitoring. An alternative to harvesting the living reef for meet-
ing these local needs is the rubble lagoonal area and algal reef
flats behind the reef crest, Caution is, however, required as this
zone also serves as a wave energy absorption barrier, and excesslve
dead or live coral harvesting can have seriously damaging effects on
adjacent shorelines. Mining of the rubble area and reef flats
should be discouraged in areas adjacent to eroding shorelines and
more vulnerable beaches,

Precious corals, which grow much slower and deeper than most reef

corals, require special management approaches as they come under

pressure from commercial harvesting activity. Commercial tangle net

dredging for precious corals damages both the substrate and immature
specimens and should be gradually phased out in favor of more selec-
tive harvesting methods which should be encouraged. Extraction
activity should not exploit more than four percent of known bed area
per annum. Weight quotas and size limits should be applied and a
permitting systems established for commercial uses.

The mining of beach sands should generally be discouraged. When

the scarcity of accessible alternative sand resources dictates the
need for beach and dune mining, extraction should proceed slowly

and be carefully monitored and regulated, employing such management
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tools as periodic beach profiling and rotation of site§, licensing
of commercial users, and quantity quotas as needed, based on site~
specific sand budgets. Preferred sites include accreting (growing)
beaches, multiple dune systems, or other stable reservoir areas
known to be the terminus of sand circulation cells or sinks.

When sand mining is terminated, beach berm and dune sites (espec-
1ally on windward shorelines) should be replanted with”appropriate
stabllizing vegetation to prevent further sand loss due to wind
erosion. R

(4) The mining or dredging of offshore sea bed sand and aggregate is

the preferred alternative to beach and dune mining, providing ad-

equate site selection strategies, antecedent impact assessments,
s

and controls are employed to prevent or minimize potedtial adverse

effects on coral reefs and coastal areas. Waters shoui&‘bé”suffi~

ciently deep and open to currents in order to speed the dispersion
of suspended sediments and leveling of dredge sites upon completion
of operatlons through natural movement of bottom sediments. Pre-
ferred marine sand deposits are stable reserves at the ends of the
submarine sand circulation pattern, such as near the heads of sub-
marine canyons where sands are known to be drifting deeper and are
no longerra part of the local circulating sand budget., Windward
facing bays and beaches are more unstable than leeward systems, and
wind and wave approach angles can be important factori/in chosing a
sand mining site.

‘\\
(5) Mining activities for sand and aggregate should be preceded by a -

country-wide, systematic resource inventory to provide a rational

strategy for selecting appropriate sites and extraction technologies

and to link the mining project with local supply and demand options.

The inventory should include: /

® jdentification of existing, high quality sand "reseiqgizéi{“ )

¢ {dentification and classification of marine sediments scheduled
for removal by dredging as waste material or spoil;

® characterization of the deposits (depth, sediment sizes and

proportions, extent of coverage);

e
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(6)

(7)

® characterization of the local environment of each site to in-

clude identification of the existing sources and sinks of the
particular sediment deposit (sand, aggregate, silt), relevant
processes linking the two (current regime and transport units),
marine communities potentially affected by mining activities,
potential for reintroduction of toxic substances, and storage
options;
®* aconomic and environmental assessment of exploiting alternatives

to coastal/marine sources (pumice, quarry fines, river sand).

Marine sand mining sites, except those in major harbors and ship

channels, should be located as far as possible from living coral

reefs and sandy beaches. A minimum buffer zone of 100 meters be-

tween the dredge borrow pit edge and the nearest coral reef is
recommended (more 1f the mining exceeds 10,000 cubic yards or the
pit is deeper than seven meters). Any nearshore marine mining ad-
jacent to a beach should take place outside the ten meter depth con-
tour and have a minimum 200 meter buffer zone separating the dredg-
ing site and the beach's edge at low tide. Special monitoring of
the current borne plume of fine sediments generated by any marine
dredging is important if there are sensitive marine habitats (e.g.,
coral reefs) in the area. The plume shape and axis can change
dramatically due to ephemeral wind, wave, and current factors and
can necessitate prompt reduction in plume densities and dimensions
by reduced extractlon rates or even temporary shut-down.

Marine mining site selection, especially for sand and aggregate,

should be based on a thorough analysis of the available environ-

mental information and relevant socio-economic data necessary for

assessing alternative locational, dimensional and technological

options. Tn the absence of an antecedent, comprehensive sand re-
source inventory (Guideline 5) there 1s a need to elicit coastal
current data from local fishermen, divers and others who tradi-
tionally use the area, also encouraging their participation in
future "monitoring” strategies regarding impacts. Final site

selection should consider issues such as biological productivity,
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(8)

(9)

(10)

alternative present and future uses, and shoreline spoil disposal
and emplacement problems.

Once site selection has been completed, a more comprehensive base-

line study and project management plan for the specific location is

desirable in order to establish detailed operational guidelines for

the contractor. An understanding of the precise physical, biolog-

ical and biochemical characteristics of a site and envirommental

quality tolerances of specific biotic communities (which may have
been subjected to prior stress) are required if monitoring activi-
ties with clearly identifled standards are to be effective.

A monitoring program should be developed adhering to pre-determined

environmental quality standards. Monitoring parameters should

include: environmental factors most likely to be affected by mining
activities and tolerance ranges of potentially affected biotic
communities to environmental disruptions. Onece the parameters are
identified, standards should be set using the baseline and other
pre—existing information. Standards, if exceeded during operationms,
would warrant a modification or temporary cessation of activities.
An assessment of available extraction and control options should be
completed to determine the most appropriate system for site condi-
tions. Whenever possible, full scale mining operations for large
projects should be preceded by a pilot mining phase in order to test
impact assessment, monitoring procedures, and control strategles.

Follow—up (post—audit) environmental assessments should be completed

after any temporary or final cessation of mining operations. Fol-

low-up assessments are required to confirm volumes harvested and to
guage the degree of impact on and recovery of the site and adjacent
habitats after cessation of activities. They also represent a means
to fill a critical data gap in the understanding of specific types
of mining activitles carried out in local waters, essential to the
development of improved, practical standards and more cost efficlent
strategies for future dredging or mining operations appropriate to

the area.
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Case Study Four

COASTAL FISHERIES MANAGEMENT
LESSONS LEARNED FROM THE CARIBBEAN

Random DuBois



SUMMARY

This study demonstrates the need for more comprehensive approaches
to the management of coastal fish stocks. Caribbean fisheries for spiny
lobster and conch, two highly-valued species occurring throughout the
region and known to be under intense exploitive pressure, were selected
for analysis. The approach taken documents (1) the history of the two
fisheries leading up to present exploitation patterns, both locally and
regionally; (2) the importance of conch and lobster resources to local
economies; {3) the soclo-economic effects resulting from their apparent
over-exploitation; and (4) the major constraints on their effective man-
agement., Information was derived from existing literature, a question-
naire distributed to fishery officers throughout the region, and selected
interviews and site visits to the U.S., Virgin Islands, Turks and Caicos,
Antigua, and Belize which confirm the intense harvesting of both conch
and lobster stocks, with possible over-exploitation evident in some
cases., The structure and effectiveness of existing fisheries management
programs are compared and analyzed.

Study findings suggest that:

(1) Long term sustainable utilization of coastal fish stocks re-
quires comprehensive fishery management programs with well defined,
practical objectives and financial, human, and technical resources ap-
propriate to the task,

(2) Data collection and enforcement aspects of management program
implementation can be enhanced through educational outreach activities
and by restricting the number of production and/or processing centers in
order to facilitate the monitoring of regulatory compliance.

(3) Continuing re-evaluation of objectives and criteria for fish-
eries management programs is essential and requires the systematic col-
lection and interpretation of catch and effort data necessary for moni-
toring the status of flsh stocks and harvesting practices.

(4) Management programs must be sufficiently flexible to accommo-
date external lmpacts of a local, national and regional character which

threaten fish stocks, their habitat and the fishery itself.
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1. INTRODUCTION

The subject for the present case study is the management of the harvest of
nearshore marine commercial fisheries. Coastal fishing may well repre-
sent the single most Important extractive use of the oceans. Levy (1976)
estimated that over 90 percent of the world's fish catch is derived from
the continental shelf and from coastal upwelling areas. In terms of
employment in the LDC's alone, there are an estimated 12 million fulltime
fishermen and perhaps twice that amount fishing on a part-time basis
(Sfier-Younis, 1980).

The economic significance of marine fisheries varies widely among
developing areas, however. While Valencia (1978) has reported an average
of 2.7 percent of GNP for South China Sea countries; it is less than 1
percent in the U.S. Virgin Islands, about 2 percent in Antigua and
Belize, 6 percent in in St. Lucla, 8 percent in Grenada and 15 percent
in Turks and Caicos, where i1t is a very important source of export gen-
erated revenue (see Section 4), In some developing countries, especially
islands, traditional village-based subsistance fishing activities or
"artisanal fisheries”, are extremely Important to the local, non-market
economy and nutritionally and socially significant. Artisanal fisheries
are, however, often placed at risk by attempts at expanded commercial
market oriented exploitation of fisheries resources. Therefore, the
successful development and management of fishery resources requires an
integrated approach which extends beyond the immediate coastal waters to
encompass both the coastal zone proper and the adjacent ocean. This
approach must attempt to reconcile such potentially competitive factors
as the biological and ecological demands of a fish population, the
socioeconomic demands for the stock's exploitation, and other human
activities (for example, sand mining) which Iimpose environmental demands
on the habitat and may endanger the stock's current status. Reconcili=-
ation of these three types of demands can be facilitated through the
establishment of a comprehensive management framework which documents
and monitors the status of fish stocks and guides extractive uses and
relevant coastal resource development activities with the goal of optimal

utilization of the species. It is not an easy task, but an analysis of
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successes and failures of previous approaches to the management of fish
stocks provides lessons and guidelines to serve as a basis for the design
of future management strategles.

The wider Caribbean region was chosen as the area most suitable for
the case study. This was based partially on the author's familiarity
with the region and the presumed availability of a relatively large data
base needed to support the study.

Once the region was selected, the choice of fish stocks was rela-
tively easy. Basically the species had to occur within proximity of the
shore, be well described in the scientific literature, and have been both
the subject of documentable intense exploitative pressures and management
efforts. Basad on these criteria the two species selected were the spiny

lobster (Panulirus argus) and the queen conch (Strombus gigas).

The initial approach involved a literature review from which to
develop the proper context for the study and a mailed survey question-
naire circulated to the region's fishery officers soliciting their
views on relevant fishery management issues and potential solutionms.
Sites were then selected primarily for their illustrative value
for the purposes of the case study. These were: Antigua and Belize
-~ both independent countries, Turks and Caicos Islands -- a British
Crown Colony, and the Virgin Islands -- a U.S. territory (Figure 1).

Some unanticipated difficulties were encountered. First, the
desired documentation of trends in stock status proved to be elusive
due to data scarcity, speclfically the absence of significantly long
time series of catch per unit effort (CPUE) and length/weight data. As a
result, the study is based largely on total catch figures, extracted from
export figures elicited by or derived from the interviews and survey
questionnaire, as indicators of stock well-being. A second problem con-
cerned the lack of supporting documentation for such related management
issues as the effects of habitat degradation on fish stocks. Finally,
the depth and quality of the data varled significantly between sites. 1In
cases where major data gaps occurred, the author attempted to integrate
examples drawn from the literature into the case study.

The author wishes to acknowledge the many individuals who contri-

294



s0*

UNITED STATES n
ca‘b 0
q Dy m
OF MEXICO ° ey ganauas TURKS AND CAICOS
"
R
o, AL & U.S. VIRGIN ISLANDS
’f4) &P
-,
TSN L.
e "l s ,@(- ANTIGUA

CARIBEBEAN

S£4

Figure 1. Location map of fisheries case study sites: Belize,
Turks and Caicos, U.S. Virgin Islands, and Antigua.

buted to this endeavor. Those persons who provided speclal assistance
were: Mr. Winston Miller and Ms. Janet Gibson (Belize Fisheries Man-
agement Unit); Mr. Christie Hall (Turks and Caicos Fisheries Office);
Dr. Scott $iddall (State University of New York at Stony Brook); Dr.
Arthur Dammann (of St. John, U.S. Virgin Islands, and formerly chief
sclentist to the Caribbean Fisheries Management Council); Dr. Jerome
McElroy (St. Mary's College of Notre Dame and formerly senior economist
with the Virgin Tslands Department of Commerce); Dr. Melvin Goodwin
(Environmental Research Projects, Inc., Rhode Island); and Ms. Judith
Towle (Island Resources Foundation, St. Thomas, U.S. Virgin Islands).
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2. BASIC PRINCIPLES

2.1 Management Objectives

A management program must have clear objectives. These objectives, based
on biological, social and economic considerations, are prinecipally fo-
cused on regulating yields of particular specles. The varlations in
desirable yield may be significant depending on the choice of objective
and the respective weight given the underlying variables. For our pur-
poses there are three objectives commonly considered desirable in fish-
eries management: maximum sustainable yield (MSY); maximum economic
yleld (MEY); and optimum yield (0Y).

Gulland (1977) has defined MSY as the greatest yleld volume that a
stock can produce year after year. 1t can be most easily conceptualized
in terms of a total product curve used in traditional economic analysis
(Figure 2). In this example of a high-value specles, fish yleld in-
creases with increasing effort until point E, or MSY, is reached. Be-
yond this point over-fishing occurs when added effort results in declin-
ing total product or yield. This is indicated by the negative marginal
product curve (added output resulting from each added unit of effort).

If the desired management objective 1s to maximize the economic
returns, defined as the greatest value of catch minus costs of capture,
or MEY, total product yleld would be reduced to the point of maximiza-
tion of the marginal product curve (E1).

In addition to MSY and MEY, a third objective, optimum yield (0Y)},
has found increasingly common use in the U.S. Optimum yield attempts to
incorporate both social and cultural considerations with their biological
and economic counterparts characteristic of the previous models so as to
obtain an “optimal” yield of the resource. Optimum yield is generally
set below or equal to MSY and is consequently considered sustainable

(osY).

2.2 Management Tools

Once agreement on a management objective has heen reached, its subsequent
achievement depends on the efficacy of tools applied toward its implementa-

tion. The most common tools employed are (Armstrong and Ryner, 1978):
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Figure 2. Total product curve for a hypothetical high-value
fish stock. (Source: adapted from Knight, 1977.)
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(1) Limited access. Limitation of the fishery to a defined number of

production units (boats, fishermen, gear type and number).

(2) Closed areas. Prohibition of fishing in spawning or other areas
often considered critical to one or more stages of a species'
lifecycle.

(3) Closed season. Closure of a fishery during specified periods of the
year, usually correlated with peak breeding and/or spawning periods.

(4) Selective harvest. Restrictions on harvesting individuals of a pop-

ulation in critical life cycle stages (moulting, carrying eggs).

(5) Size and/or weight restrictions, Measures to protect premature

or maintain sustainable levels of harvest.

(6) Gear restrictions. Limitations on gear types to reduce efficiency

of harvest.

(7) Quotas. Enforcing individual and/or total catch ceilings.

2,3 Management Constraints

The degree of effectiveness of these management tools is based on several
assumptions.,

First, both the monitoring of effectiveness and the measurement of
achievement of management objective presumes on-going data collection.

At a minimum, data should include catch and effort statistics for each
species managed. Total annual catch compilation does not make allowance
for yearly variations in effort, precluding calculation of effort-yield
curves,

This leads to the second assumption, that reported data are reliable
estimates of actual fishing activity. For example, one report estimates
that less than 10 percent of traditional artisanal fish catch is reported
in the Carlbbean region (Reintjes, 1979). Fallure to account for this
added exploitive pressure on fish stocks can render most management ef-
forts ineffective,

Third, many of these tools require specific data characterizing a
fish stock's population dynamics, 1In most developed countries this

presents few problems where there are long time-series data sets for
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coastal specles inhabiting tropical waters.

Fourth, it must be recognized that these tools are tailored speci-
ficaily for the biological management of the fish stock. They assume
that other factors which might affect the "well-being" of target species
are absent. No account i1s made for such real world externalities as
pollution, illegal foreign fishing, or loss of distant parental stocks
serving to replenish local populations. While these considerations may
be ignored by the theoretician, they must be Incorporated into the
manager's program if it is to be a suc