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As a member of the Guam Coral ReefInitiative Policy Advisory Committee, you have been asked 
to make decisions which will determine whether or not Guam succeeds as a community, into the 
Twenty First Century. For a variety of reasons, we find ourselves at the brink ofa fiillure too 
great to even imagine, but with the opportunity to achieve a success which can lead the Pacific. 

All human activities on Guam afrect our coral reefi;. A single fiu:nily home in Babulao afrects the 
reefi;. A storage yard in Harmon afrects the reefi;. A road winding past Mount Humuyong 
Manglo affects the reefi;. We have not been good stewards of the reefi; and they are in serious 
jeopardy, making the task of this Committee a daunting effort. 

We must all remember, in this effort, that the economy of Guam and her environment are not 
separable. If our economy is weak, our environment will suffer. If our environment fiills, our 
economy fiills. The economy and the environment support each other. It is our job to look 
beyond the simplicity of single issue problems and solutions. It is our job to provide holistic 
solutions which understand not only the impacts of our actions, but the cumulative impacts of our 
actions. 

This briefing book is just a beginning. The libraries and offices of the Bureau ofP1anning, 
Department of Agriculture, Guam Environmental Protection Agency, and University of Guam 
Marine Laboratory hold volumes of material on Guam's reefi;. You are encouraged to utilize 
these resources to continue your education about the coral reefi;, and you are encouraged to visit, 
caIl, fiIx, email or write the government representatives on the Committee in order to keep abreast 
of the pressures we place on the reefi;. 

Welcome to the Committee. Your selection reflects the high esteem with which this community 
holds your opinions. You have already contributed greatly to your community, and now you are 
asked to give more. Your participation on the Guam Coral Reef Policy Advisory Committee may 
well be the most important role you will ever play in determining the future our children will 
inherit. 
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REEFFACfSHEET 

EROSION OF SOIL ONTO GUAM'S REEFS 

!IF Between 1983 -1993 59,950 acres were burned in wildland fires. It is estimated that soil lost 
through erosion as a result totalled 600 million pounds - or 300,000 tons. This is the equivalent 
of almost 34,000 dump truck loads of soil on the reefs from wildland fires alone. 

!IF For one watershed, the Ugum, the average annual erosion from roads is 10,304 tons of soil, 
or 1,040 dump truck loads. The erosion rate for 1993 was double that for 1975, and the rate of 
erosion for sloped roads is 5 times higher than for level roads. 

Stream bank erosion in the Ugum is estimated at 1,132 tons of soil per year, adding another 
114 dump truck loads per year onto the reef 

11M' Total sediment yield from erosion in the Ugum (fine grain only) is 23,368 tons per year, or 
2,360 dump truck loads. 

~ The total sediment load from the Ugum watershed would cover, each year, 14.2 acres in 1 
foot of soil. 

The Ugum watershed is only 4,691 acres in size and represents less than 4% of the islands total 
land mass. Erosion rates are higher in more developed areas. 



REEF FACT SHEET 

VALUE OF GUAM'S REEFS 

~ Guam's waters contain 179 square kilometers of coral reefs; 69 square kilometers in waters 

immediately adjacent to Guam's shores and 110 square kilometers in off-shore banks and reefS. 
This is a total of 179,000,000 square meters, or 44,295 acres of coral reef 

IJ:$f' Guam's coral reefs, based on the federal fine values which are conservative, are worth a 

minimum of$143.2 billion dollars for tourism, recreation, storm protection, fisheries (both 
subsistence and commercial), and aesthetics. 

~ Guam certifies more divers per year than any other location except the United States. 

Q' Guam certifies upwards to 4,000 divers per year. In addition, Guam provides 

approximately 70,000 introductory dives (tourist dives) per year. Diving alone accounts for 
more than $1.5 million dollars a month in economic activity. This activity req.uires a healthy 
ree/or the activity will cease to exist. 

Q' It is estimated that the passive activities dependent upon the coral reefs, with direct dollar 

benefits to Guam's economy (diving, tourist submarines, dolphin watch boats, observatiory), 
account fur upwards to $10.5 million a month in Guam's economy. 



HL'iTORY OF THE CORAL REEF INITIATIVE 
Important Benchmarks 

IB 1992: At United Nations Conference on Environment and Development (UNCED) in Brazil, 
nations adopted Agenda 21 . Chapter 17 of Agenda 21 on the Environment identifies coral reefs, 
mangroves and seagrass beds as ecosystems of high biodiversity and production, and it 
recommends that they be accorded high priority for identification and protection. 

IB December 1993: Notice that a meeting would be held in Washington D.C. in January 1994, 
with the purpose of developing a United States Coral Reef initiative. 

Guam's response: Notice was 100 late to allow us to attend, but keep us informed. 

8 Jaourary 1994: The meeting was held and the United States Coral Reef initiative was 
drafted. There were 76 participants, as follows: 

• 37 representatives from federal agencies. 36 from D.C., one from Florida. 
• 24 representatives ofNonGoverrunental Organizations. 16 from D.C., 7 from east coast 

U.S., I from Hawaii (Greenpeace) 
• 2 from State of Florida goverrunent 
• 4 private individuals or corporations. 3 from D.C., one from Florida 
• 8 from east coast U.S. academia. (Universities of Rhode Island, Florida, New Hampshire, 

Yale, and William and Mary). 
• 1 from International Center for Living Aquatic Resources Management (ICLARM) in 

Philippines. 
There were 55 repesentatives from Washington D.C., only :2 from the Pacific, and neither of them 
representing any goverrunent. 

8 March 1994: A package of funding proposals for Pacific coral reef science initiatives was 
sent to D.C. by University of Hawaii and Pacific Island Network as leads. 

8 April 1994: First draft of u.s. Coral Reef initiative transmitted to Guam. This initiative 
placed major emphasis on Florida and Caribbean area, with bare mention of Pacific. When 
mentioned, activities in Pacific were to be initiated between federal goverrunent and NGO's, with 
island governments to be included sometime in the future. 

8 April 199.t: At Coastal Program Manager's Meeting in Washington D.C., the Coast~l 
Program Manager's for Guam and Hawaii, supported bY 'CNMI and American Samoa, complained 
very loudly about the initiative and the lack of island input into its creation. Personnel from 
NOAA International Office and Office of Ocean and Coastal Resource Management met with the 
Program Managers, and at this point the U.S. Initiative was, for all intents and purposes, put on 
~W. .' 



~ July 1996: Guam submitted a series of proposals for Coral ReefInitiative related research 
and action projects to be funded through NOAA. These included video development for very 
wide distribution (UOG Marine LablDepartment of Agriculture), coral distribution and 
recruitment success test (UOG Marine Lab), and coral reseeding test using Planula Larvae (UOG 
Marine LablDepartment of Agriculture). 

~ 1997: Year of the Coral Reef Declared at international conference in Canada, adopted by 
U.S. and by Guam (through Proclamation by Governor Gutierrez); 

~ 1997: NOA"\ approves all Guam projects for funding. 

~ May 1997: 24th Guam Legislature passed Bill 49" An act To Establish Rules And 
Regulations For The Control Of Fisheries By The Department Of Agriculture" (also establishing 
five Marine Preserves on Guam), which was signed into law (P.L. 24-21) by Governor Gutierrez. 

~ May 1997: Governor Gutierrez signs Executive Order 97-10, adopting the Guam Coral Reef 
Initiative, and establishing the Guam Coral ReefInitiative Policy Advisory Committee. 



TERRITORY OF GUAM 

OFFICE OF TME GOVIERNOA 

AGANA, GUAM 96910 

U. S.A. 

EXECUTIVE ORDER NO. 97-10 

ADOPTION OF THE GUAM CORAL REEF INmA TIVE (CRI) TO 
ESTABLISH A POLICY DEVELOPMENT MECHANISM FOR THE 

PROTECTION OF GUAM'S CORAL REEFS 

WHEREAS, protection of Guam's ocean resource!, including OUT coral reefs is vital to 
the residents 01 Guam and to the many ~ople who visit our island; and 

WHEREAS, the govemment 01 Guam recognizes that the increased demand and use 01 
our ocean waters by residents and visitors has resulted in the occurrence of ern,·iron.-nental 
damage to our reef ecosystems; and 

WHEREAS, the percentage olUve coral covering Guam's reels has declined from 60% 01 
all reels just lifteen years ago to only 28% today, vividly illustrating the urgent need to prolect 
OUT reefs; and 

WHEREAS, existing Guam laws and policies are insufficient to manage and to protect 
its ocean natural resources and underlying ecosystem for the interests of future generations: and 

WHEREAS, Guam has taken a leadership role and has contributed Significant language 
and direction in the development ofthe Urtited States Coral Reef Initiative. the United States 
Coral Reel Initiative Draft Strategy, the International Coral Reel Initiative Call to Action and 
Framework lor Action, and the PaMc Region Coral Reel Initiative Work Program; and 

WHEREAS, Coral Reel Initiatives have been adopted by a number 01 jurisdictions 
including Palau, the United States, and the state 01 Hawali, emphasizing the global eliort to 
conserve, restore. and effectively manage coral r~r ecosystems. including. where appropriare. 
mangroves and sea grass beds; and 

WHEREAS, a Guam Coral Reel Initiative Coordinating Committee has been organized 
to deal with these coral reef issues as they relate to our environment; and 

WHEREAS, that Committee has prepared a comprehensive initiative to address the 
needs for proper management and protection of Guam's coral reefs and associated resources. 

NOW, THEREFORE, I. CARL T. C. GUTIERREZ, Governor 01 Guam, by virtue 01 the 
authority vested in me by the Organic Act do order. 

1. Creation of the Gu~ CDr~1 Reef lnitiative Coordinating Committee (CRICC). 
The Guam Coral Reef Initiative Coordinating Committee is hereby created. 
consisting 01 the lollowing members: 

a) the Administrator 01 the Guam Coastal Management Program, Bureau 01 
Planning: 

b) the Director 01 the Bureau 01 Planning, or d .. ignee; 

< ) the Director 01 the University 01 Guam Marine Laboratory, or designee; 

d) the Director 01 the Department 01 Agriculture, or designee; 

e) the Administrator of the Guam Environmental Protection Agency, or 
designee. 

I 

I 
I 
I 

I 
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2. 

3. 

Chairperson of the CRICC. The Administrator of the ,?uam Coastal 
Management Program. Bureau of Planning shall serve as Chauperson of the 
CRICe. 

Creation of the Guam Coral Red Initiative Policy Advisory Committee 
(CRlPAO. The Guam Coral Reel Initiative Polley Advisory Committ .. is hereby 
cre.ted, consisting 01 thelollowing momben: 

.,, ) representative 01 the Governor's Ollice to be appointed by the Governor; 

b) representative 01 the Guam u.gislature to be appointed by the Speaker 01 
the u.gislature; 

c) 

-ti l 

e) 

I) 

g) 

h) 

i) 

j) 

k) 

the Director of the DepaI1n1:ent of Parks &: Recreation, or designee; 

the Director of the Departmenl 01 Commerce, or designee; 

the General Manager 01 the Guam Visitors Bureau, or designee; 

representative 01 deep water commercial fishmes to be appointed by the 
Governor; 

representative of reef commercial fisheries to be appOinted by the 
Governor; 

representative 01 the maritime industry (shipping) to be appointed by the 
Governor; 

representative from among Guam's dive shop operators to be appointed 
by the Governor; 

representative from among Guam's recreational water craft operators to 
be appointed by the Governor; 

representative hom each locally based and registered environmental non­
governmental organization 10 b. appointed by the Governor; and 

4. Chairperson 01 the CRIPAC. Th. representalive of the Governor's Ollie. shall 
serve as Chairperson 01 the CRIPAC; and 

5. Vice Chairperson of the CRIPAe. Th. Point 01 Contact shall 5eTVe as Vice 
Chairprrson 01 the CRIPAC and shall provide .dminislTlltive support; and 

6. Additional members of the CRIPAC. Other members may be added to the 
CRIPAC membership as det.rminrd by tho Commitl .... 

1. Implementation of the GU.il:m Coral Red Initiative. The provisions of the 
attached Guam Coral Reellnitialive shall be imple",.nled. 

SIGNED AND PROMULGATED at Agana, Guam this 12th day 01 May, 1997. 

~ 
CARL T. C. GUTIERREZ 
Governor of CU3.1J1 

COUr-ITERSIGNED: 



THE GUAM COR<\L REEF INITg TrvE 
TAKING RESPONSIBll.1TY FOR OUR ENVlRONMENT AND FUTURE 

Guam's coral reefs are the very essence of the economic, culturaJ, political, IJ1d social viability of 
the island, Our coral reefs, including the associated mangroves and seagrass beds, provide shelter 
for the land from typhoons and tsunamis, shelter for the shallow bays and lagoons which offer 
recreation and sustenance, nourishment for our beaches wruch suppan our economy, and habitat 
for the biodiversity which defines the soul of our community. Guam's coral reefs provided our 
forefathers \Iorith the majority of their food and the materiaJs for their lanes, tools znd implements 

There is evidence that Guam's coral reefs are under stress and are being degraded, both from 
natural climatologjcal and man induced causes. Sea level rise, globaJ warming. ozone depletion 
and coral bleaching affect coral reefs world wide. Guam's reefs are additionally stressed by 
inadequately designed and placed sewage outfalls, polluted runoff from incr~sed impervious 
surfaces, siltation from poorly planned grading and land clearing practices, overloaded sewas: 
treatment facilities located on or near reefs, poor agricultural practices including; lack of proper 
controls for animal wastes or over use of herbicides and fenilizers, and improper disposal of 
hazardous wastes such as oils and household cleaning products. Inadequate education and 
control of \;sitors has resuhed in a destructive level of conJ removal for souvenirs. 

Degradation of Guam's reefs and ncar shore waters may have resuhed in or abened in the 
toxincation of seaweeds and fishes which has Jed to human fatalities. Coral rC!'roduction 2nd 
recruitment in some areas has been significantly reduced. Noxious and obnoxious ovcr-gro~'hs 
of algae in near shore and estuarine waters, and over-production of species such as Acanthaster 
signal damage to water qualiry on reefs which negatively react beyond extremely narrow r2Jlges 
of WIter quality variat ion. Reef fish stocks, hke open ocean fish stocks, have been signjiicantly 
reduced in pan by poor reef and ocean ma~gement (over-fishing) and in pan by poor land 
management (allowance of poor land use practices) 

While every anthropogenic cause of reef and near shore water degradation can be prevented or 
significantly reduced, the failure to address "downstream", cumulative, or Ions term impacts of 
human act ions, coupled ",ith a governmental Slructure that encourages immediacy OYer 
sustainability, makes a failure 10 prevent and an economJc incapacity to correct unavoidable. 
The coral reefs and associated systems on Guam present the opportunity for ecosystem 
management difficult to achieve in terrestrial ecosystems 

, 
Guam has taken initial steps to decJare and implement its responsibility to properly manage its 



coral reefs through preservation, conservation and sustainable resource use and management . 
Guam's Commonwealth Draft Act iterates the right of the people of Guam to prevent marine 
pollution, to intelligently exploit the living and non-living resources in sustainable fashion, and to 
have an effective voice in national and international policy which may impact on Guam's rights 
and responsibilit ies . Additionally, Guam has taken a leadership role and has contributed 
significant language and direction in the development of the United States Coral Reeflnitiative. 
the UMed States Coral Reeflnitiative Draft Strategy, the International Coral Reef Initiative Call 
to Action and Framework for Action. and the Pacific Region Coral Reef Initiative \Vork 
Program. 

This paper outlines a Coral Reeflnitiative to address the challenge of the eonser:ation and 
sustainable use of Guam's coral reefs and related ecosystems through the strategies of 
partnerships. coordination, integration, and capacity-building. 

THE GUAM CORU REEF !NInA TIVE: VISIO~ AND STRATEGIES 

The long-tenn vision for the Guam Cora] Reef Initiative is to build a comprehensive progTWl for 
the conservation and effective management of Guam's coral reef ecosystem, including mangroves 
and sea-grass beds, utilizing existing activities, programs, laws znd expenise to be augmented 
when necessary with new suppons. The unifying concept is the principle of slIslaillable use and 
wise preservation in the present to maximize management opponunities for ail future generations. 
This program is intended to reverse panerns of dcstTUClive practices through public and pnvate 
pannersh.ips in policy development. program implementation, and conflict resolut ion. 

The implementation of the Initiative will depend on four strategies: panncrships, coordination, 
integration, and C2.pacity-building. 

Pannen;hips: This Initiative will build pannerships, ensuring that the full range of concerned 
panies are involved in the management of Guam's coral reef ecosystem. These panies include. 
but are not limited to, federal and Guam government agencies. organizations of commercial users, 
community representatives, non-governmental organizations. scientists. and tourism 
representatives. The primary objective is to foster iMovative cross-disciplinary approaches to 
sustainable management of reef ecosystems through the development of cooperative relationships 
among the various stakeholders. 

Because relationships between coral ecosystems exist on regional and intemationallevcls as well 
as the immediate local level, and because management regimes and policies are being developed at 
regional, national and intemationalleve!s as well, pannersrups between Guam and these other 
levels will also be built and supponed through implementation of this Initiative. While such 
pannerships are premised on cooperation and experience sharing, they will continue to recognize 
the legal authority and responsibility of Guam to manage cora] reefs within her jurisdiction 

2 



Coordination: The Initiative will strive to ensure that existing and new activities among all 
players are fully coordinated 10 ensure that resources are used as effectively as possible to 
preserve, protect, and manage the coral reef ecosystems of Guam. 

Jnlegration: The Initiative will endeavor to ensure that all critical ecosystem components and 
linkages are taken into account, and that all elements of the problems and their solutions. 
includIng research. assessment, monitoring and management ""ill be considered in a 
comprehensive manner. 

Capacity Building: The·Initiative will seek to strengthen local technical and human resources 
through cooperative education, training and infrastructure development (including the insralla;ion 
and use of new monitoring technologies as available). Panicular anention will be given to the 
stimulation and enhancement of community-level mons aimed at the sustainable management of 
coral reef ecosystems and sustainable use of coral reef resources. 

In employing these strategies, the Initiative will undenake the full range of activities needed for 
the conservation and sustainable use of these ecosystems These activities include research. 
mapping and resource assessment, monitoring, management for sustainable use (Including 
protection and integrated coastal zone management, environmental damage assessment and 
restoration, and capacity building). 

THE !NITIA TJVE AS A RESPONSE TO RECOGNIZED CONCERNS 

The Initiative is being undenaken to address such environmental concerns as loss of biodiversity, 
land-based sources of marine pollution, and sustainable development. 

Biodiversity: The Initiative recognizes that the maintenance of the biological diversiry of the 
coral reef ecosystems and associated ecosystems is imperative for the quality of Hie and choices in 
today's generation, and for the protection of choices and opponunities for future generations .-\5 
pan of the world community, Guam also recognizes the imponance of biodiversity in reef 
ecosystems to address national concerns iterated through the U.S. International Biodiverslly 
Strategy and to address international concerns iterated through the Biodiversity Chapter oi 
Agenda 2 1. 

Land-Based Sources of Marine Pollution: The Government of Guam has recognized that land­
based sources of pollution, both point and nonpoint, are major causes of the degradation oi coral 
reefs and related ecosystems The Initiative provides a platfonn for addressing the inter­
connectiveness ofland-based practices to marine water and biological quality. 

Sustainable Development: The eall, in Chapter 17 of Agenda 21, for the sustainable use and 



conservation of marine Ii ... ing resources echoes the fundamental understanding underlying the 
en\;ronmental manaeement of resources on Guam, as has been gro\lwing since 1984. 
Extraordinary explo;ions in population, development and economy have resulted in a resource 
demand and usage level which will be unsustainable even into the next generation. The Initiative 
will suppon effons ta contral, rather than be cantrolled by, circumstances of human development. 

ELEMENTS OF THE GUAM CORAL REEF INITIATIVE 

A Program for Coral Reef Research aDd Monitoring: The quantitative en\ironmental data 
necessary ta understand the causes of coral reef degradation and to predict and respond to future 

_ changes are currently limited. This limitation on data often results in management and policy 
decisions being made without an adequate understanding of the problem or full range of solutions 
There is an urgent need to develop long-tenn monitoring sites as pan of an integrated research 
agenda to provide: 

• The data necessary to show how Guam's reer systems are changing 

• The en"';ronmental data' needed to identifY sources of stress in disturbed reef areas. 

• The environmental data needed for proper resource management 

An e"Panded coral reer research program wiU be initiated, building on research data compiled by 
and existing pannerships between Guam, National Science Foundation, National Oceanic and 
Atmospheric Administration and the National Biological Survey. Components of this research 
program \\ill focus on areas of biological diversity and sustainable use, and would include: 

• Ecosystem function, including research on the biology and ecology of "keystone" organisms 
(crown of thorns, etc_). 

• Eutrophication, to provide infonnation on the input of nutrients from upland sources; and, 

• Sustainable use, including research on the sustainabiliry of fisheries in order to understand the 
value of management areas for the conservation of fishery resources in these ecosystems. 

The Initiative will foster the development of a monitoring program that will establish a 
coordinated monitoring network invohing scientists and managers to facilitate the exchange of 
physical, chemicaJ, biological and socia-economic data_ 

A Program for Impro\'ing the Health of Guam's Coral Reef Ecosystems: A second element 
of the Initiative is the establishment of a coordinated program to address problems facing Guam's 
coral reef system. Guam's corals are being increasingly stressed as develapment and \isitor 
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arrivals continue to increase. Important SDUrces of stress include nutrient enrichment from 
sewage and agriculture, over·fishing, sedimentation tram deforestation. earth moving, ~!ricuJture. 
vessel traffic and coastal runolf. Tourist related and n"isationa! damage, urban pollution, 
harvesting of non·renewable reef resources, and destructive fishing have funher aggrav2ted reefs 
already stressed by natural disrurbances and disease. 

A comprehensive coral reef program will necessarily include both improved protection and 
proactive and innovative approaches to accelerating recovery rates of degraded habitats. This 
program element would include activities for assessing and restoring coral reef ecosystems 
damaged through anthropogenic events such as oil spills, ship groundings, etc, In addit ion. 
enviroM1ental economic valuation of reefs for both assessment and resource management 
activities is needed. 

Specific tasks to accomplish this element cflhe Initiative, including; implementation of elements 
in the Guam Nonpoint Source Management Plan; 'development of plans fer the creation of marine 
protected areas; suppon for effons to increase mariculrurelaquaculture technologies for purposes 
of reseeding stocks andlor to provide alternate food fish sources to relieve stress on reef fish 
resources; amendments to c;<jsting fisheries management plans to address corals and reef 
associated plants and invenebrates, and to address mana!ement of live rock harvesrs; 
development of a habitat restoration program, and; development of a model for the sustainable 
use of coral reef ecosystem resources, will be developed by the pannerships described in tius 
Initiative. 

A Pro:n.m of Capacity Building (Pannenhips for EfTeccive Management): Capacity 
buildins. focusing panicul1l'ly on the concept of integrated coastal zone management, IS 
baSIC to reef management. The overall objective of the capaciry·buiJding program as pan of the 
Init iative is to improve the management of coral reefs and associated coastaJ ecosystems by: 

• Developing education and outreach capabilities to elevate public awareness of the value of 
marine resources and thereby establishing the necessary suppon ior their protection. 

• Facilitating the development of necessary legislative frameworks. implementation and 
enforcement capabilities 

• Facitiu.l ing the development ofprivatelpublic pannersrups to develop educational and 
marketins programs for touriSts and standard operating procedures for tour operators. 

• Developing mechanisms to allow for the training and the participation of community residents 
and schools in the processes of mOrUtoring, research, anaJysis, and priority sening for coraJ reefs 
and associated resources. 
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• Development, up-dating, expansion, or corrections to reef geologic, geographic and biologic 
mapping and GIS development. 

IMPLEMENTING THE GUAM CORAL REEF INITL-\ TIVE 

Implementation of the Guam Coral Reeflnitiative shall be accomplished through a Point of 
Contact, the Guam Coral Reef Coordinating Committee, and the Guam Coral Reef Initiative 
Policy Advisory Comminee. 

Point of Contact: The Administrator for the Guam Coastal Management Program shall serve as 
Point of Contact for Coral Reef Initiative efi"ons. Guam's continued panicipation and 
coordination in regional, national and international Initiative'S have created a hiSlol')- and 
precedence for Initiative related activities. On both the domestic and international levels. local 
Coastal Zone Management officials serve as local contacts, as these programs not 001)' are 
developed to address these issues, but are established as coordinating mechanisms . 

. '\5 Point of Contact, the Administrator will serve as a c1earinghouseldispersement point ior CRl 
inionnation on all levels, and shall be responsible for sening meetings for the Committees. The 
Point of Contact shall serve as chair for the Guam Coral Reef Initiative Coordinating Com:ninee 

Guam Coral Reef Initiative Coordinating Comminee (CRlCC): The CRlCC shall be 
composed of the following members, in addition to the Point ofContaC!. 

Representatives fer: 
Director, Bureau of Planning 
Director, University of Guam Marine Laboratory 
Director, Depanment of Agriculture 
Administrator, Guam Environmental Protection Agency 

The CRlCC shall meet at least once per month and shall be responsible for implementation of the 
Initiative_ The CRICC may request other panicipants from the Government of Guam or pO;"'atc 
sector to panicipate in meetings as required. 

Guam Coral Reeflnitiative Policy Advisory Committee (CRlPAC): The CRIPAC shall 
provide suggestions for policy and direction to the CRlCC. The CRIPAC would provide a forum 
for the development of specific proposals to strengthen coral reef management effons. The 
CRIPAC shall meet once per quaner, and shall be comprised of the following members: 
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Members pftbe eRICe 

Designated representatives ior: 
Governor's Office 
Guam Legislature 
Director, Depanment of Parks and Recreation 
Director, Depanment of Commerce 
Director, Guam Visitor's Bureau 
Commercial Fisheries (deep water) 
Commercial Fisheries (reef fisheries) 
Maritime Industry (shipping) 
Dive Shop Operators 
Recreational Water Craft Operators 
Locally based and registered Environmental NGO's 

Other members may be added as detmnined by the Comminee_ The repres~ntative for the 
Governor's Office shall serve as Chair of the CRlPAC. The Point of Contact shall serve as Vice­
Chair and provide administrative suppon. 
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ASSOCIATION Of MARIANA ISLANDS' MAYORS, VICE MAYORS 
AND ELECTED MUNICIPAL COUNCIL HEHBERS (AHIH) 

fIfTH GENERAL ASSEHBLY 1996 

Resolution No . 96-04 

Introduced by: Committee on Environmental and Natural Resources 

RELATIVE TO EXPRESSING GRAVE CONCERN OVER THE 
DAHAGE TO THE ISLAND CORAL REEfS AND URGING 
STEPS TO BE TAKEN TO RESTORE AND PRESERVE OUR 
CORAL REEfS fOR fUTURE GENERATIONS. 

WHEREAS, erosion, sedimentation 
tropical islands are experiencing 
pressure from the construction of 
golf courses, roads, and increased 

and runoff are Droblems many 
as they come und;r developmen~ 
hotels, resorts, condominiums, 
housing; and 

WHEREAS, coral reefs are precious resources, provide the limestone 
material upon which many tropical islands are built, protect 
shorelines from erosion and wave damage and produce the white sand 
for tropical beaches; and 

WHEREAS, coral reefs sustain fisheries of economic value and 
cultural importance; and 

WHEREAS, the beauty of coral reefs has been a major attraction for 
tourists and recreational scuba divers; and 

WHEREAS, the ecological system 
threatened by poachers who steal 
discharge of chemicals; and 

on most islands is seriously 
coral as well as by the careless 

WHEREAS, strong reefs serve a variety of purposes, such as habitats 
for fish and other organisms that provide a source of food , and 
protection from damaging storms ; and 

WHEREAS, once destroyed, it takes several generations for reefs to 
be restored to their full vitality, and in some instances, they 
never fully recover; and 

WHEREAS, many island areas that have suffered reef damage have been 
forced to build artificial reefs from concrete stones, and other 
material, but have met with limited success in restoring the 
natural iunction of reefs; and 

WHEREAS, preservation is a great deal than restoration, so every 
effort should be made to protect the reefs before severe damage 
occurs; now, therefore, be it 

RESOLVED, by the Fifth General Assembly of the Association of 
Mariana Islands' Mayors, Vice Mayors and Elected Municipal Council 
Members (AHIM), that grave concern be and hereby is expressed over 
the damage to the island reefs , and be it urged that steps be taken 
to restore and preserve our reefs for future generations and 
develop a monitoring system with strict enforcement; and, be it 

FURTHER RESOLVED, th~t government agencies charged with such 
responsibilities be tasked to diligently seek Federal assistance or 
funding for immediate implementation; and, be it 



FURTHER RESOLVED, that the President certi.fy and the Secretery 
attest to the adoption hereof, and thereafter transmit ce:tified 
copies to the Governor of Guam and the Governor of the Common",eal tb 
of the Northern Hariana Islands. 

DULY ADOPTED BY THE lUiIM GENERAL ASSEMBLY ON THE 26TH DAY Or 
NOVEHBER, 1996, PITt, GUAM. 

President 

ATTESTED: 
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I. VISION STATEMENT 
, 

Coral reef ecosystems are vitnl natural resources in the Ameriean Flag Pacific Island •. 
These beautiful and biodiverse systems are essential to resident. 15 source. of food and 
enhancement for social and cultural activities important to our heritage and tourism, the 
largest industry in the Commonwealth of the Northern Mariana Island., Guam, and 
Hawaii, Moreover, coral reefs protect nearshore areas from stonn waves. build new 
land masse. and are a source of natural products for the food and pharmaceutical 
industries. The sustainable use of coral reef ecosystems ond the pc:rpelualion of their 
economic, cullural am) environmental runetions should be the guiding principles in 
planning and mnnaging growth in the American Flag Pacific Islond •. 

II. GOALS 

To mointain the hiSh biodiversity, health, and beauty of coral reef ecosystems, Ihe Cornl 
Reeflnilialive Management Program in the American Flag Pncific Islands will: 

• Increase public support for Ihe perpetuation of coral reef ecosystems and 
inslillins siewordship for future general ions; 

• Maintain and enhance the high quality of coral reef ecosystems Rnd insure 
that their quality and usc are sustainable for future generations; and 

• Build elfective public-private sector partnerships among regional 
governments and organizations, educational and research institutions, and 
non·sovcmmentnl organizations to plan and mallage land and water ·U~ 
aclivilies ahal aneCl coral reef ecosystems. 
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AMERICAN FLAG PACIFIC ISLANDS 
CORAL REEF /NIT/A T1VE MANAGEMENT PROGRAM 

The US Territories of American Samoa and Guam, the Commonweahh of the 
Northern Mariana Islands, and the State of I1awaii have established initiatives aimed at 
addressing the unique problems they face in managing coral reef ecosystems. These 
initiatives are a response to the establishment of a CornlReefinitiative (CRI) being 
planned by the US Federal government and announced by the US delegation to the 
UN Conference on Sustainable Development in Small Island Developing States in 
March of 1994. 

In June 1994, Coastal Zone Management Program administrators from the American 
Flag Pacific Islands (AFPI) met in Kihei, Maui with representatives of the US 
Department of State and the Ollice of Ocean and Coastal Resources Management of 
NOAA to develop a plan for the involvement of their governments in the planning of 
the US Coral Reeflnitiatives. They recommended to the AFPI Governors at the 
Annual Meeting orthe Board of Directors of the Pacific Basin Development Council 
(PBDC) in August that the Governors endorse the CRI and pledge their commitment 
10 a partnership wilh the Federal government in developing the initiative. To that end, 
the Governors designated points of contact in each of aheir governments to work with 
PBDC staff and Federal ollicials to continue the dialogue. 

In September, October, and November PBDC staff facilitated a series of 
teleconferences among the points of contact to develop a plan for Ihe AFPI Coral 
Reef Initiative. They also maintained an on-going dialogue with the Ollice of 
Territorial and International Affairs at Department of the Interior, NOAA's Ollice of 
Ocean and Coastal Resource Management and the Office of Oceans, Science and 
Technology in the Department of State on developments at the national level. 

The points of contact reaffirmed the need for a AFPI Coral IteefInitiative planning 
meeting involving the AFPI governments, major research and scientific institutions in 
the region, representatives from non-governmental organizations (NGOs) and Federal 
officials. In preparation for the meeting, PBDC staff were asked to conduct a series of 

surveys on current resource management activities aimed at prolceling coral reefs and 
on cornl reef management problems and management needs that might be met with 
additional resources that might be provided under the Coral IteefInitiative. 

The points of contact agreed that each of the AFPI governments should initiate a local 
coral reef initiatives as a basis for involvement in regional, national, and international 
coral reef initiative activities. Each jurisdiction established a working group consisting 
of agencies responsible for coastal zone management, natural resources, and water 
quality, and representatives of research institutions and non-governmental 
organizations. The working groups contributed to the surveys developed by PBDC 
and provided input on the development of the planning meeting agenda. 

Federal officials from the Office of Territorial and International Affair, the Office of 
Ocean and Coastal Resource Managemenl, and the Office of Oceans, Science and 
Technology invited the American Flag Pacific Islands Governments to send a 
representative 10 a planning meeting for an International Coral Reef Initiative 
Workshop schedule for mid-1995. The points of contact designated the·Administrator 
of the American Samoa coastal zone management program to rcprescnt the AFPI at 
that planning meeting. 

PUDC was asked to convene the AFPI Coral Iteef Initiative management planning 
meeting on behalf of the four governments. The Office of Territorial and International 
AOairs generously offered to fund the meeting which was held December 5-7, 1994. 
The remainder of this reports summarizes the results of that meeting. It consists of a 
recommended vision statement and goals for the AFPf Coral Reef Initiative 
Management Program, matrixes summarizing existing coral reef management efforts 

' in the AFPI, the coral reef management problems facing the AFPI and the common 
problems agreed upon by planning meeting participants, agreed upon recommended 
AFPI Coral ReefInitiative Management Program clements, potential contributions of 
the AFPt to the international coral reefinitiative, and agreed upon next steps. 



Ill. EXISTING RESOURCE MANAGEMENT ACTIVITIES IN THE AMERICAN FLAG PACIFIC ISLANDS TIIAT CONTRIBUTE TO THE PROTECTION OF 
CORAL REEF ECOSYSTEMS · 

Existing ecaslal zone, marine resource prolection ilnd waler quality management efforts in Ihe American Flag Pacilic Islands contribute 10 lhe protection of coral reef ecosystems.They ilfC presented 
here in summary form. [Achronyms arc used cXlcnslvcly for ilgcncy names, statutes, and other componcnls of Ihe existing management systems. A glossary is included on page 11. 

Protection & negnlations 

I. General Laws & Regulations 

American Samoll 

DMWR : Manage, protect & 
preserve marine resources. including 
coral reef ecosystems. 

EPA: Water quality regulation of 
activities in the waler. 

FONMS: ProhibilS gathering, taking, 
breaking, cUlling, deslroying or 
possessing corals and 01 her 
invertebrates. Fishing restrictions also 
apply 

ASC;MP: Prolectunique areas and 
resources; develop strategies for 
coastal hazards; conservation of 
marine resources; coordination or 
planning, moniloring. and 
enrorcement by govt, agencies. 

No.'thern Marianas 

CRM: Coastal usc permilling, 
enforcement &. education. 

DEQ: Environmental quality, 
earthmoving, stormwaler control 
permilling, pesticide applicalion 
cenification. wastewater disposal 
system permitting; water quality 
standards &. permilling; recreation 
water quality monitoring. 

DlNRM: Submerged lands leasing. 

Div. of Fish & Wildlife: Fishing 
regulations. 

Historic Preservation OOice: 
Submerged hisloric property 
protection. 

CUC: Wastewater system usc 
regulations. 

Guam 

DOA: Preservation and prolection 
of fish & wildlife; proteclion of 
endangered species & habitals. 

DlM: Seashore protection act 
review for development on shoreline 
to 10 fathoms. Territorial Seashore 
Protection Commission reviews &. 
approves or disapproves 
development in Seashore Reserves. 

Parks &. Recreation: Recreation 
water usc mgt. plan implementation. 

GCMP: Reviews, approves or 
disapproves activities requiring 
Federal action in coral reerarcas 
lhrough Federal consistency. 

GEPA: Water Poilu lion Control Act, 
Waler Quality Siandards, and Soil 
Control & Sedimentation Regulations 
protect waler qualilY and aquatic 
resources. Clearing and Grading 
IlcnnitS designed to protect coral 
reers and habilills. 

H:nvaii 

CZM: Preservation of valuable coral 
reef resources; Federal consistency 
review. 

DlNR: Establish & Manase Marine 
life Conservalion Districts in which 
taking of coral or altering substrate 
normally prohibiled. 

DOH: rules prohibit discharge 
pollulanl inlo stale waters. NPDES 
permit required. 

,\dlllin. Rules II-54 requires 
conservation of coral reers and 
wilderness areas in t\A waters 

", 



l'rOleciioll & Uegulntions 

Prohibiling Dr Reslricling Taking 
of Cornls 

AllIericnll Som011 

DMWR: RegulMions prohibit 
collecling of coral in less Ihan 60 feel 
of water; commercial harvest below 
60 n re(luires permit; dynamite 
fishing illegal; wililiJll deslruction of 
coral while fishing is illegal; 
deslruclion of fish hobilat illegal. 

FBNMS: Regulalions slate Ihnl no 
corals can be taken; damage 
prohibiled; NMFS 
enforces··Rgreemenl with DMWR 
for enforcemenl pending. 

ASCMP; Rules prohibil dredging Dr 
filling of coral reef. & olher 
submerged lands unless public need 
demonstrated, no environ. preferable 
alternatives available, and adverse 
impacts minimized; protect marine 
resources Bnd unique arens including 
reefs; only dependenl uses permilled. 

t 

Norlhern Mnrinnns 

Division of Fish & Wildlife; Fishing 
regulalions prohibillalcing oflive or 
dead coral excepl for belellime··all 
Iypes of coral covered. 

Guam 

DOA: Specific slnlules prohibil 
laking of coral wilhoul permil •• "need 
for revision," 

Seashore Proleclion Ac!: Permil 
required for removal. Only ren,oval 
for scientific purposes permitted. 

GEPA: Waler Pollulion Conlrol Acl 
and Waler QURlily Siandards provide 
general prolecllion of coral reefs and 
mnrine resources (successful oul·of· 
court seltlement in coral damage 
from ship grounding). 
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DLNIl: HilS 188·68 prohibils Ihe 
inlenlionalloking Dr, breaking or 
damRging any live slony coral 
including any live reef or mushroom 
coral. Eighl species are idenlified in 
Ihe Slalule. Exceplions may be 
granted for cerlain scientilic, 
educalional or olher public purpose if 
adverse impacts are minimized, 



Protection & Rcgulation Amcrican Samo:t Norlhernl\"tarianas Gutlm Hawilii 

J. Prohibiting Drilling, Blasling, ASCMP: Projeci NOlificalion & CIU"I: Aclions affecling reefs DLM Terrilorial Seashore Proleclion Dum.: HRS 188-23 prohibilS 
andlor Dredging Review.System reviews all projects subjecllo CRM pemlilling. Commission: PennilS required for all possession of explosive for laking of 

in AS. Board's concern in avoiding Enforcement via pemlitting programs such activities within Seashore aqualic life. Drilling, dredging and 
or mitigating damage to env~ron,. by CRM slarr. Reserve (10 10 falhoms). blasting in nearshore walers requires 
including coral reefs. Enforcemcnt Requirement for EA or EIS which Conservation District Use Pennie 
provided by ASCMP (2 weiland musl be approved by Guam EPA. Because ACOE pennil also required, 
conservation officers &. 2 compliance Environmcnlal Prolection Plan CZM would conduci Federal 
officers), Violations resuh in stop required and musl be approved by consistency review. If pemlit based 
orders; continued violations referred GEl' A before DPW permil can be on CWA 404 permil, Waler QualilY 
10 AG. isslIed" Cerlificalion from DOH also 

mandatory 
DMWR: Prohibil usc of explosives GEPA: 
on reefs and deslruelion of fish -Seclion 40 I celifiealion 
habilal. Regs enforced by DMWR required~ 
enforcement officcrs. -All opcralors would require an 

EPA: Waler QualilY Siandards 
approved Environmental 
Protection Plan; 

require Cenificatc for any of these -Blasling would require 
activities. approved blasling plan 10 limil 

fish kill radius 10 100' 
FBNMS: Drilling, dredging, maximum. 
blasling, and any olher alleralion of 
lhe seabed prohibiled. Enforcement done by inspectors 

from DPW, GEPA, and DLM. 

, 

. , 
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Protection &. Regulntion 

i ·1 . Prohibiting Of Restricting 
Anchoring 

. 3. Prohibiting or Reslricting Vessel 
I Discharge 
I 

I , 

6. Control of Other Point Source 
Pollution 

AmericAn SllJllOIi 

FBNMS: Anchoring must be done so 
that there is no damage to bottom 
formations. Mooring buoys have 
been installed in the past, but 
currently none. 

No restrictions exist in olher parts or 
the Territory. 

AS EPA: AS law prohibits discharge 
of oil or hazardous substances from 
boats. Fines S 100·S 1,000. 

USCG also enforces discharge regs 
(01' A 90) and levies fines for oil and 
sewage spills 

Marine Sanctuary: Discharge 
prohibited. 

ASCMP: PNRS provides for review 
of all projeets and compliance wilh 
Federal and Territorial laws and regs. 

ASEPA: NPDES permits required 
for all discharges. AS Environmental 
Quality Act provides for standards at 
nnd distances from dischnrges 
Marine Sanctuary: Discharges 

Northern Murinlla! 

No reslrictions. 

DNR has placed moorings buyos in 
17 locations. 

No local regulations. 

USCG has regulations under 01' A 90 
and DEQ is a first responder to a 
spill . 

CRM: Permitting prog'""; 
enforcement vial field monitoring &. 
cnforcmcnt program. 

Guam 

No law address anchor damage 10 
coral reefs. 

DAWR developing slage of providing 
moorings. 

EPA: Local water quality standards 
regulations restrict vessel discharges' 
in local waters; Police Department, 
GEPA, and DAWR have enforcement 
authority under Guam Safe Boating 
Act, Rec. Water Use Mgt. Rules and 
Regs, Endangered Species ACI, 
Guam Clean Water Act, and Guam 
Liner Control Act. 

USCG: Has OPA 90 rules and 
enforce"u:nl Authority 

GEI'/\: NI'OES pcrlllit required lor 
point source discharges: Seclion 40 I 
cenification required ror discharges: 
wHter quality moniloring ror 
disclmrges. 
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DLNR: ~ms 190 authorizes 
regulalion of anchoring &. mooring in 
Marine Life Conservation District.; 
HRS 200 restriels boals in certain 
reef areas; Day mooring exist in som( 
areas and rules 10 curb anchoring in 
coral rich areas has been proposed. 

CZM: HRS 20SA restricts anchorin! 
on coral reefs because oflikely 
adverse environmental &. ecological 
impacts. 

DOH: All vessel discharges are 
prohibited in Slate waters. 

USCG: Has OPA 90 rules in effect. 

DPS Marine Patrol and USCG 
enforce discharge regulalions 
cooperatively. 

DOH: NPDES permil is primary 
regulation and conlrol of discharges 
in coral reef .reas. Applications are 
reviewed ror their impact or aquatic 
ecosyslems by DLNR and for 
consistency with CZM objectives and 
policies by CZM program. US Fish 
&. Wildlife Service and NMFS have 
programmatic monitoring and 



Protection & Regulation 

7. Conlrol of Non-Po in I Source 
Pollulion 

I 
! 

8. Proposed Non~Point Source 
Pollution Measures 

19. CZMA 6217 Plan Comnleled 

Americilll Samoa 

ASEPA: AS Waler QualilY Act (sec 
queSlion I); Regulalions for usc of 
septic tanks, pesticides, activities 
resulting in soil erosions, litter and 
solid waSle disposal. ASCMP + olher 
agencies: PNRS requires pemlits for 
new projeels. Admin. rules prohibit 
discharge of untreated sewage, 
petroleum produels and olher 
pollulanlS or hazardous material; 
laking of sand and aggregale malerial 
outside designated sites~ destruction 
of reef matter not assoc. wI 
permilling; disposal oflr.sh; un­
permilled dredge and fill aetivilies. 
Non~regulatory measures include 
public educalion aimed at reducing 
erosion and impaci of piggeries; TA 
provided when required; solid waSle 
& oil collection facilities provided. 

ASCMP: Current policy of slream 
bank burrer of25 II for privale and 
50 ft. for commercial project now 
used in environmental review will be 
made pari of ASCMP Admin. Rules. 
Non~regulalory measures include 
demo project, volunlary compliance 
on proposals, public education, lax 
incentives and subsidies for those 
using llMPs. 

Drall 10 be submilled summer 1995 

Northern Marianas 

CRM: projeci permilling, plan 
approvals; new best management 
praclices evaluation starting. 

DEQ: Waler quality monitoring. 

CRM & DEQ now developing 
coastal non~point source pollution 
plan. 6217 marina measures expected 
10 be incorporaled. Addilional mgt 
measures 10 be developed for golf 
course development and wildfires. 
DEQ existing requirements cover 
storm water. Marine water quality 
monitoring expected to be upgraded 

November 1994 

Guam 

GEPA: Conslruelion Sile Erosion 
and Sediment Conlrols required. 
New rules in forma live Slage 
including vegetative control and 
landscaping Slandards. 

Land-Usc Master Plan for Guam 
contains periornlancc siandards 
designed to reduce non~poinl source 
pollution. 

On or before July 19, 1995 

Jlawaii 

DOH: Limiled control over npsp. 
Sloml waler runorr from counly and 
industrial sources requires NPDES 
pennil. Have programs that promote 
mel hods for coni rolling npsp. 

Counlies have promulgaled 
requiremenls for construction sites. 

CouOl}' and other State agencies 
within the CZM nelwork of agencies 
have other regulalory and 
non· regulatory measures Ihat 
contribute to control of non~point 
source pollulion. Non~resulatory 
measures include usc of sillation 
basins, grassing, and prohibition of 
motorized traffic. 

Numerous non-rcgulalOI"}' provisions 
arc being considered for marina, 
agricultural forestry, urban, and other 
activities. 

Stale dedicated to developing a 
workable npsp plan for the Hawaiian 
context. Connicting perspectives & 
values of Feds & State may make it 
difficull to complete program. 
Legislative action will drive schedule 

Anlicipale July 1997 at earliest 



Monitoring & U,csc:lrch 

. ) Inventory or Database ofPnst 
Monitoring &. Research 

I. Comprehensive Assessment of 
Corailleefs 

2 Monitoring Done on llegular 
Oasis 

Amcdc:1II S:UIIO:l NOI'thel 'lI MlIri:lI1l1S 

DMWR: Developed database of I No. 
coral reefinformation to 1990 and 
maintains natural resource 
information on nearshore and land 
based resources for American Samoa. 

ASCMP: Has compilation of Illost 
surveys and monitoring activity. 

FONMS: Has reports of two 
resource surveys at Fagatele Bay and 
other locations around Tutuila. 

Coral Reef Inventory completed by I No. 
ACOE in 1980 and by Sea Grant and 
others in 1992.DMWR: 
Quantilalive. comprehensive 
assessment of condition of coral reefs 
now being done. 

DMWR has sponsored !,eriodic. 
qualitative surveys. Current qualll. 
survey aimed at providil1g baseline 
for future monitoring. frequency and 
regularity of future surveys uncenain. 
FONMS: Recording thennographs in 
place for past 3 years at Fagatele and 
an offshore site. Water quality 
monitoring since 1994 by ASEPA. 

Impact analysis being dOllc for 
dredging of port by developer. 
Monitoring locatiolls identilicd by 
island resource agencies. Schedule is 
both weckly (plan &. water quality) 
and monthly (photo stations) 

Gunm 

UOG Marine Lab (UOGlv/L) has a 
data base that includes 99 lech. 
reports, 5 proceedings, 27 environ. 
survey reports, 68 misc. reports and 
82 MA theses. Compulerized 
invenlory oflocal coral reef nora &. 
fauna beins established--now 
contains over 3,500 species. 
GEPA &. DAWR had additional 
studies. l'ODC completed database 
wI 560 entries on river, slream, and 
nearshore waters quality &. habitat. 
Bureau of Planning has library wI 
reports &. published Inventory of 
Planning Info. SPC recently 
completed bibliography on fisheries 
& ocean resource project. 
UOGML has much of this info. 
Recent review paper on elTects of 
anthropogenic disturbances 
summarizes this data. Other sludies 
have been done. 
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Not for resource managers . 
Numerous bibliographies exist and 
many sludies have been conducted by 
Ihe UH Rnd have been funded by 
DLNR. Some areas are very well 
sludied (eg Kaneohe Day). CZM 
funded a DOT assessment of 
nenrshore marine uses. eZM also 
funded thc first phase of a 
comprehensive coastal resource 
project and informalion on coral reef. 
is being incorporated into the State 
GIS . 

Tlrere are sludics of the heallir of 
corals of specific sites (eg, Kaneohe 
Day and Na PRIi Coast) but no 
comprehensive Assessment. The 
State is unsure how this could be 

UOGML has several established sites I accomplished. 
thai are monitored periodically. 
GEl' A: Islond-wide water q"ahiy 
monituring established 1977. 
Monthly physicallchcmical sa.nples 
for selected watersheds and coastal 
stations. Includes marine piological 
(coral stations). GEl'A collccts water 
quality samples from around Guam 
for onalysis. DAWR conducls 8 
montl~y fisheries surveys to monilor 

DLNll routinely conducts survey of 
fish and habitats ill Marine Life 
Conscrviuion Districts and other 
protected arcas. Ull's IIIMO has 
conducted monitoring in Kaneohe 
Bay. 



Moniloring & Research 

13 , Sludies of Cor. I Health 

14, Waler Qualily Moniloring 

15, Resloralion, Rehabililalion, or 
Seeding Program 

16, Coral Breeding 

American Snmoa 

J. Maragos cl al onlawaii done 
numerous qualitative assessment. 
D.mage assessmenls done afier 
hurricanes (eg Fagalele Bay by 
NOAA afler Val), Damage 
assessment following crown ofthoms 
slarfish damage; Surveys conducled 
done by Birkeland in 1984 and 1987. 

DMWR currenlly conducling 
rigorous quantitative surveys. 

ASEPA focuses on Pago Harbor. 18 
stations monitor a range of 
paramelers. Two fish loxicily sludies 
have been done. Waler qua lily 
moniloring also slarted in Fagalele in 
1994. 

Northern Marianas 

No, 

DEQ: Recrealional waler qualily 
monitoring done weekly for most 
populaled beaches; quarterly in less 
populaled areas. 

No. GianI clam re-seeding desired by I Minor seeding/lransplanl program 
DMWR, from port projecl. 

No No, 

Guam 

Yes, Variely ofsludies done by 
UOGML, GEP A, and DA WR since 
1970, 
GEPA: Monlhly analysis of 
island·wide monitoring network since 
1977. 

GEP A: Performs weekly analysis of 
waler qualilY for chloroform "' 
recrealional beaches, UOGML have 
several projects that include waler 
quality monitoring at sewage Dutralls 
and emuenl discharge pipes al power 
planls, 

UOGML wi DA WR & GEPA 
working on re·sceding including 
cullivation of corallarvac. Research 
ongoing for 3 years. Resloralion of 
Apra harbor done in '89; local 
environmenlal and business groups 
have conducled "reef relier' clean-up 
activities since 190, GEPA required 
resloralion of2.5 acres of mangroves 
following spill incidenl in 1980. 

Hawaii 

Numerous slUdies done of specific 
siles by UH scienlisls, DLNR has 
supported surveys in Slale parks and 
protected areas. Partisan studies 
have been conducled as part of 
environmental impact assessments. 

DOH has monilored waler qualilY 
for bacteria counls in knee-deep 
waler al public swimming beaches for I 
many years. Moniloring stalions 
have been added 10 Iheir program in 
harbors and bays, Does nor have 
prolacols thai discriminale water 
quality parameter values associated 
wilh healhy 'reef ecosyslems, 

DLNR has had an artificial reef 
program. UH has fairly large coral 
research program bUI if seeding work 
done not known. I 

UOGML now working wilh I Nol wilhin Siale governmenl. 
reproduction for seeding. Success in 
spawning & settling of some species. 
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Educntiun & PulJlic Awureness 

17 General Programs 

18. Programs About Laws &. Regs 

Intel"lIntionnl Technical ,\ssistnnce 

19. Involved inlntemational TA 

Olher Initil1lh'Cs 

20. Other Coral Reef Management 
Initiatives 

American Snmon 

ASEPA: Anti-litter campaign &. 
non-point source pollution public 
education program. 

DMWR' will begin campaign aimed 
at informing leaders. general public 
and school children on value of coral 
reef resources. Will include 
distribution of 10,000 runs of two 
posters and 32 page infonn8tion 
book. DMWR has also developed 3 
dimensional display. 

Workshop on traditional fisheries in 
1990. Workshop for commerci.1 
fishennen held 10/94 with posters 
exhibits, public presentations, &. news 
paper columns. 

Northern Mnrinnas 

CRM and Division ofFish & Wildlife 
have public education program, 

In 1984 did a CRM OCRM Ocean 
Resources work book, Interviews 
given to l)ress on timely basis. Yearly 
tidal calendar (with fisheries 
regulations) published. 

Not .t present. DMWR I No. 
coordinating with Western Samoa on 
visual assessment of stocks of coral 
reef fishes. 

DMWR: Commenced coral reef I Coming under separate cover 
habitat monitoring program; 
improved quantilalivc monitoring or 
fish and invertebrales on coral reefs; 
conducted research on life hist of fish. 

GUAm 

UOGML, DAWR, GEPA, and 
GCMP all conducled educational 
outreach or public information aimed 
at cornl reef protection. GCMP has 
funded publication of books on . 
fishes, corals, fishing techniques on 
Guam. Dr. Birkeland (UOGML) 
now editing book on The Life & 
Dealh ofCorol Reefs. Educational 
video in production as cooperalive 
effort ofUOGML, DAWR &. GCMP. 
GCM]> produces monthly newsletter 
(4,000 copies). 
DAWR has severall'rollrams 
designed 10 educate lourisls, roreign 
laborers, and local community on 
Guam's laws and regulations 
prolecting corals. 

UOGML, faculty involved in regional 
Icchnicai assislnnce in Mic;ronesin. 
Asia, Central &. South America, 
American Samoa, Hawaii, &. Papua 
New Guinea. 

UOGML, DAWR, GEPA, and 
GCMP meet on regular basis on 
problems for reefs and ocean water 
issues. 

yage 10 

Dnwnil 

CZM: Jointly funded SeaSmcb' 
E.plorjn~ Hawaii's Marine Life. 
DLNR produces a poster about 
prohibition on taking corals. 

EWC, PSA, UH and local 
environmentAl croups have had 
several recent workshops on coral 
reefs .nd coral reef protection and 
research. 

Education emphasis on increasing 
awareness and undcrstanding of the 
resources. 

No State progr.ms that deal with T A 
or research on coral reefs. CZM 
discussion of ocean & coastal issues 
for I S years. UH, EWC, and NGO 
scientists are extensively involved 
research and technical assistance 
throughoutth" world. 

DOH initiated two community-based 
wRtershed mgt projects aimed at 
tonlrolling nutrient andlor pollution 
run off 



IV. CORAL REEF MANAGEMENT PRODLEMS IN EACH OF THE AMERICAN FLAG PACIFIC ISLANDS 

Despilelhe rel,'ulalory and enforcemenl, assessmenl and moniloring, and public educalion and awareness programs currently being administered in Ihe American Flag Paci6c Islands, coral reef 
managemenl problems persist. Problems idenlified for each of Ihe American Flag Pacific Islands and Ihose agreed upon as common problems Ihal should be addressed Ihraugh a regional 
Coral Reefinilialive arc presenled here in summary foml. 

ConsellSIIS all Shawl Problems American SHmoR Northern Marianns GuaRi Hawaii 

Physical Prohlems wilh Cor.1 Non·poinl source pollution Non-point source pollution from on Runoff and sedimentation arc Siltalion rrom various land uses, 
Reef Etosyslenn (sedimentation, nutrient enrichment, island develapmenl, especially pan primary cause of reef manalily; non-painl sources of pollulian 01 her 

contaminated stormwater, marine and harbor develapmenl and sewage aUlfalls need 10 be reassessed Ihan sillalian, and debris stress Ihe 
lImd-based Snllree.> nf /'01/1111011 debris) arrccls waler qualily and reef leachalC5 from Puena Rico dump; and CA1ended from exiSling discharge reef ecosystems. Dredging, blasting. 

heallh painl source pollulian from sewer siles or upgraded 10 secondary consl ruclion of piers harbors, 
oUlfalls treatment. Pesticides and fenilizer maintenance work and construction 

Marille-based Scllreo., of use on golf courses is a concern. of aUlfall systems are mOSI visible 
Pollulioll marine activities that produce 

Populalion groWlh causing Slress Papulalian groWlh and laurism problems direclly impacling coral 
from oyer fishing and non· point development contributing to human Growth or tourism contributing to reef sySlems. 

('opt/Iolio/l Gro .. ,11 source pollution activities on coral reefs and degradation of cora' reefs. 
addilional non-paine source poilu lion. 

EA1ensive damage to reefs from Ihree 
nlajor hurricanes and crown or thorns 
Slarfish 

0 
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CUIISL!IISIIS Oil Sltared Problems Americ1In 5:111100 Northern MnrinliRs Gunm HRwRn 

i\tunng~mellt !'roblclI1s Management of fisheries for Over harvesting of reef species; Education needed 10 support conlrals Impacl ofhum.n aClivilies including 
suslainable yield·lnadequale abnomlal fishing pmclices (eg, use of of deslruclive fishing praclices. fishing, boaling, diving and olher 

O,·t'rharw!slingIOI'l!rjishiJlg enforcement of regulations Dod explosives and bleach), poaching of commercial Bnd noo·commercial 
educalion againS! over fishing and coral. Inadequale funds for Need for developmenl of appropriale activities often viewed as problems. 
hannful fishing lechniques and dala enforcemenl of regulalions and for legislation and increased enforcement 

Ilcgllllllhms Ulkl E.,,/orCf!IIIt!IIf coUection on fisheries dyni1mics. deyelopment of. pl.n for new needed. 
marine protected area on Rotn. Marine reserves need to be Lack of enforcemenl which 

eSlablished and monilored wilh . contribules 10 disrespecl of public 
results available 10 lhe pUblic. policies. 

Require more knowledge aboul Lack of moniloring equipment for More data needed on e/fects of There are gaps in understanding of 
AJ'st!J'sllItml and Jvlollllol';ng recovery processes from damage reef ecosystems. coastal pollutants; coral reef specific Ihe relalionships between natural 

cHused by crown of thorns, moniloring protocols and bioassays processes and belween human and 
hurricanes, and massive coral needed. Ileuer understandins of natural processes. Scientinc analysis 
bleaching episode. cornl reef recruitment processes and recommendations onen limited in 

ncetled. long-Ienn monitoring siles scope. Insufficient fiscal and human 
need to be established. resources for monitoring buhh or 

coral reefs. 

Lack of public awareness about General lack of public knowledge and More classroom and community Lack of shared vision among 
l.ack of P"blic EtI"ea/1011 ami sources of pollution and their impacl understanding about reef ecosystems education needed to support e/forts agencies for coral reef management. 

Awarelless on coral reef ecosystems. and sources of degradation. at controlling in appropriate activities Ilroader education about corals and 
such as grnssl3nd burning, destructive their valuable role in economic 
fishing practices, ilnd human impacts enhancement, environmenud 
on reefs. prolection, and cuhural 

empowemtent. 
Territorial Seashore Protection Plan Government decisions based on 

Need for Grea/er I'oli/ieol needs to be compleled and beuer narrow requirements of specific 
U"dersIOIld;"K controls on development instituted. permils and insufficient attention to 

Environmental process needs mnjor cumulative impacts. Land of 
overhaul to allow fur quality conlrol . resources for independent 

validations of representations of 
project proponents. Rely on EIS. 

-_._ ----- ---



V. RECOMMENDED PROGRAM ELEMENTS FOil THE AMERICAN FLAG PACifiC ISLANDS CORAL REEf INITIATIVE MANAGEMENT PROGRAM 

Program elements agreed upon by planning meeting parlicipilnlS for recommendation 10 their governments and as potential clemenls oflhe US domestic Coral Reeflnilialive arc summarized here. 

ACTIVITY 

I. Build Polilical Understanding 

a. Provide Briefings al Regional Meelings 
PBDC 
Assoc of Pac. Is. Legislalor 
CSO (1/9-10/95) 
Western Legislators Conference 

b. Provide Driefings 10 Pacific Congressional 
Delegalion--CSO; PDDC 

e. Targel Leaders Who Are Already 
Knowledgeable 

d. Hold Fund Raising Events 

e. Develop Siudy oflhe Economic Value or 
Reefs 

r. Develop Driefing Papers on CIlI wilh Local 
& Regional PerspecliYe 

8. Sel up Snorkel & Dive Tours ror Leaders 

h. Invile Leaders as Conrerence Cill Panelists 

i. Invile Tim Wirth 10 Island CRI EYenl 

j. Develop Program to Maximize Year oflhe 
Reer 

BOW 

Devclop facI sheel on Domeslic CRI 
Gel CRI on PDDC Agenda; Presenlalion 
Idenliry aCliYe APIT. members; provide brief. 
Discuss al E •• c. Comm Meeling Ihrough 
Islands and Oceans Commine. Chairs. 

Make allime ofPDDC Winler Meeling--Use 
tRI planning me.ling report. Work Ihrough 
CSO. 
Idenliry local legislalive & execulive branch 
leaders; proyide briefing; enlist support. 

Work wilh NGOs. 

Develop proposal for funding. 

Usc CRI planning meeling report & deyelop 
brieling papers on local CRt frolll111alcrials 
prepared for regional meeting. 
Initiate discussion with Atlantis Submarines 

An",,,,1 CZM (5/95)& EPA meelings (6/95) 

Invile Wirth 10 me.1 wilh Goyernors on 211/95 

Points of contact to meet in conjunction wilh 
olher meelings as plans deyelop. 

January 1995 
January 1995 

January 1995 

February 1995 

On-going 

On-going 

February-June 1995 

On-going 

May and June 1995 

January 1995 

WI-lEN 

January (CSO) 1995; May (CZM) 1995 

Points or contact 
PBDC 

WHO 

CSO Commillee Chairs 

PDDC Siaff 
CSO 

Local Working Groups 

PoinlS of Conlacl;\NGOs 

Local Working Groups 

Hawaii Working Group\Poinls of Conlacl 

CIlM\CNMI; 

PBDC 

PoinlS of ConlacllLoca! Working Groups 



ACTIVITY 

2. Pllhlic EdllcnllonlAwnreness 

a. Develop M.leri.ls wilh Pncific Focus & 
COlllenl (Videos, PSAs, Brochures) 

b. In Developing Locnl Malerials Provide for 
Abilil)' 10 Share (allow for dubbing, elc.) 

c. Develop Lisl of E,.isling Malerinls 

d. Develop Progr.m for Using Local & 
RegionalPrinl Media 

e. Idenlify Lisl ofNalional Programs Ih .. Can 
be Used on Local TV (NOVA, 1. 
COllsleau) 

( Have RegionRI Workshop for Educalors 

g. Idenlify Melhods of ChRnging Behavior 
(gel TA on social markeling) 

h. Share Informalion Among AFPI 
- Volunleer Moniloring Program 
- Involvemenl of Elders & Church 

Lenders 
~ Community Dnsed Management 

i. Develop SI,nd.rd Prolocols for Assessmenl 
& Moniloring 

j, Seek Seasr,nl Funding & Assislancc 

HOW WHEN 

Video targeted at airlines IOn-going; Httd..,weciOc lime frame for video 
Use of CZM Funds; marine lab .. regional 
perspective; chambers of commerce 

Video: each isl.nd develop scripl; Kids for I ASAI): Need spe>ific lime fr ftme 
cornl on Guam 

Compulerized Dola B.,e; Coniaci SPREP I ASAP: Need specific lime frame 

Make conlacl wilh local media; Slart wilh cru I ASAP: Need spedfic lime !Tame 
regional meeting release; develop own release 

Conlaclloc,1 public TV; Seek assiSlance from lan-going 
Feds in conlncling NOV A & CNN 

Conlacl Pacific Regional Educalion Lab I Nexl 12 10 24 monlhs 

Develop TA projeci proposal; meanwhile, work I ASAI): Need 'pecific lime frame 
Ihrough kids. 

Exchange of program and projeci reports; I January 10 June 1995 
develop success Slorylcase sludies for 
presentation at regional meetings 

Convene scientific panel ASAP: ~peeific lime fmme 

defer 10 Guan! CZM ASAP 

t'aget4 

WHO 

All g.ovemmenl and privale groups 

David Rainey and Bob Riclunond and Mike 
Ham 

Locil Working Groups 

PBDC; Local Working Groups 

PoinlS of conlael 

PBDC; Nick Sirauss 

PBDC wi Research Inslilulions 

Lelei Peau & Dave Rainey lead 

Scienlific Inslilulions 



ACTIVITY 

J. nasr:linc Asscssllu:nt, Duln Gathering & 
Moniloring 

? Develop Regional Database on Existing 
Malorials on Coral Roofs (UOG, UB) 
- Dalabase on Gray Lileralure for Uso 

by Resource Managers--

b. Develop Regional Technical AssiSiance 
Program 
- ESiablish Local Priorities 
- Develop T A ROSIer & Guide Book 
- Develop Curriculum 
- Use Sharod Prolocols 

-TrainlEmpower Local Residents 10 Do 
Assessment, Data Gathering & 
Monitoring 

-Hold Regional Workshops 
- Establish Panner,hips 10 Train for 

Assessment--Communily Colloges, 
NGOs, Univorsities 

c. Information Sharing Among AFPI 

d. Dovelopmcnt of AssossmenlS of 
Economic Value 

e. ESlablish program for continuity orrunding 

e. Sci up Program to GOI Gray Lit into lournals 

1I0W 

Produce ilnnolO1lcd liSI or cx:islins malerials on I ASAP 
AFPI & regional needs & resources including 
unpublished repons 

Establish advisory panel composotl of I Year I 
appropriate scientific and resource managerncnl 
personnel; 
Develop directory of resource persons, facilities I Year I 
& organizations; 
Panel to identify appropriate guidolinos for I Year I 
assessment (eg Maragos & Carponler), 
moniloring (eg AIMS, Carolino Rodgers), and 
ecosySiem classification (eg Holthus); include 
consideration of receiving water characlcrislics. 
Develop workshop program on assessment & I Yoar I 
moniloring. Develop pannerships on a local basis 
10 feed into regional elTon. 

Through existing PEACESA T & e-mail I Year I 
Establish e-mail capacity in Samoa & CNMI 

Identify appropriate expenise; Develop I Year I 
cooperative project among research institutions 

Examine feasibility of endowment program with I Year 1 
NGOs; maximize value of year of Ihe reer. 

Scientific and ", .. agers advisory panel to I Year I 
consider Ihe problem 

WHEN WHO 

Local Agencies & other appropriate 
organizations; Points of conlael to coordinate 
Regional synthesis by Pacific Science 
Association. 

Local CRI Working Group 

PBDC 
(sec education and public awareness) 
Consult Birkland, Marago, & Holthus 

Easl-WeSi Center 
UOG Marine Lab 
HIMB 
NGOs & Local Working Groups 

CRI PoinlS of Contact and Local Working 
Groups 

Coni act Ray Clark at NMFS 

NGOs & private organizations and granting 
agencies. 

Scientiric advisor}' panel 
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ACTIVITY HOW WI'IEN WHO 

4. Population , 
Suggestion by sm..!J.!LgrQyp that Federal agende: 

a. Work with SPREP & UNFPA Population Write to SPREP & UNFPA on CRl; include Need specific time fr.me bt l!jk~d 12 de all Qflh~ II~ki undrcr Ihil 
People to Seek Infonnation on the Impact briefing papers on Federal CRI and report of Imiru: 
of Population Growth on Resources regionalmceting; request infonnalion on 
(focus on coral reef habitats) impacts. 

b. Identify &. Circulate Studies of the Impact of Identify a contact point for the Pacific. As database developed; Need soecific time 
Population Growth on Resource Assemble reference list and incorporate into frame 
Degradation- start with papers from CRI Database 
Cairo 
··include papers from olher inlemational 
conferences 

c. Educate Transient Population on Impact of In appropriate languages, develop education for Need specific time frame 
People on Reefs transients through brochures & videos. Work 

through airport authorities, visitor bureaus and 
hotels. 

d. Develop compatible fommt and develop Need specific lime frame 
amI make presentation to policy makers 
Dt all levels of govenunent on impacts of 
populDtion growth on coastal resources 



ACTIVITY HOW WliEN WHO 

5. Land Dased Impaels of Pollution 

a. Informalion Sharing on Presenlalions at regional meetings to document On·soing Smoll S[QYP indicaB:d lbAI Eederal ag!K!l!;i~.i 
-Successes in Dealing wilh LBSP experiences; create network on land·based shQyld Imndl~ all Q[ Ihi! Inf(u!!HlliQD ~bBriP£ 
- Lessons Learned on Assessmenl '" sources of pollulion; provide more informalion QulliD~d in Ihii iecliQD ~Qyld be QQne ~~ AU 

Conlrolling 10 engineers & developers; publicize CRY wQrking grQ!JI! DlemQ~r~ 
enforcement actions; identify what works and 
what does nol work; address issues al Ihe 
planning slage of projetls. 

b. Assessment erBest Management Practices Idenlify problems wilh BMPs in guidance By July 1995 unless §6217 deadline ch.nged Thil will nro~Abl~ have IQ be iniliAI~d ~v AFI 
in §6217 Guidnnce in Terms of AFPI dOtumenls Ihal are nol appropriale and local eN working moups, 

management measures that 8rc. Request 
technical assistance of engineers &. biologists; 
Qrsani~ I wQrk~hQR gn 12~Bl BME:. fQ[ ~bf!dng 
AmQng AFPI govcmmcnlsf7) 

Coordinale beller wilh USGS and Nalur.1 
Resources Conservation Service (formerly SCS) 
and fisheries programs. 

Add grant conditions for environment;1I 
program granls from EPA, NOAA, and olher 
Federal Programs and agencies; share 
information on c.'Cpcrienccs. , 
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ACTIVITY HOW WHEN WHO 

6. 1vlnline-Based Sources of Pollution & 
Degr.d.tion (Marine Debris, Oil Spills, 

, 

Vessel Groundings) 
Presentations at regional meetings; exchange of 

ft. Coordinalion & Sharing of Program program plans for conlrolling Iv!BSP including N£W specific. time frame Points of conI act and local CRlworking grooJ 
Experience on Controlling MBSP use of volunteers and community based approach 

b. Coordinalion with WESTP AC on Problems AFPI representatives on WESPAC 10 raise as Ne.ed snecific time fume AFPI represenlatives to WESTP AC 
of Controlling MBSP agenda item 

c. Regional Effort Aimed al Educating about Requesl information from NMFS and share info Need specific lime frame Poinls of contacllPDDC 
ImpacI of Gill Ncts among AFPI agencies; conlact NGOs for info 

d. Coordination with Oceania Regional ConlaclOMT and ask for slatus rcport on ~J)ccj(jc time frame Points of contact\Local DRRT representative 
Response Team on Oil Spill Preparedness regional Rnd local plans 
& Response 

e. Get & Disseminate Informalion from Conlacl IMO and dislribute inform.lion Need specific time frame Federal governmenl points of contact 
International Maritime Organization 
to solicit support on improving policies 
10 prevenl discharge & dumping 

r. Sharing or Developinglnformation on (see public awareness & education and ~cjfjc lime frame Scientific advisory panel (see sections above) 
Valuation of Reefs as Resources assessment and monitorins sections) Contact 

OMT on procedures under OPA 90 rules 
g. Develop Approach to Idenlifying Vessels as 

Source ofMBSP--use alien species hook Request technical assistance from USCG ~ecj(jc lime frame Points of contactlPBDC 
to gel Coasl Guard assistance through PBDC 

1 
h. Regional Effort Aimed ~tlncre .. ing Funding Leuers to USCG and include needs in briefings ~ecific time frame Poinls of Contact 

for Coast Guard in 14th District for Congressional slaff (see building political 
understanding) 

i. Regional Support for Nalional Ocean Policy Points of ConlacllCSO Commiuee Chairs 
with CRl 

,\ 



ACTIVITY 

7. Over Bnrvesting & Over Fishing 

a. Develop Informalion on Regional Level 
for Legislalors on Needs of 
Managemenl & Enforcemenl Agencies 

b. Informalion Sharing 
-Suslainable Harvesl 
-Communily-based Approaches 

c. Identify Expertise 
-Suslainable Harvesl 

d. Work wilh WESTPAC 10 Develop 
Coral Reef Fisheries Managemenl Plan 

HOW WHEN 

Each area will develop briefing papers 10 I Due January 15 
include catch per unit of effort, catch size, 
change in specie composition. etc., as a basis 
for a rcgiomll paper entitled Overview orthe 
Heallh of Inshore Fishery in Ihe American Flag 
Pacific Islands. 

Apply 10 SPC for ?'???? I ASAP: ~ecific lime frame 

PEACESAT Conferences 

Coniaci SPC and NMFS I ~p.tcific lime frame 

Invesligage need and how 10 ",anage and I Draft due April IS, 1995 
conserve coral. 

e. Inlernalional Cooperalion on Managemenl I On hold. 
of Species Ihal Cross Boundaries (reef 
fish?) 

WHO 

Peler Craig 

CIlI Working Group in each AFPl 

PBDC 

Lou Eldredge 

Bob Schroeder 
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ACTIVITY HOW WHEN WHO 

8. Regulations & Enforcement 

•. Develop Standardized Training for Develop basic enforcement officer training I By January J I, 1995 I Rufo Lujan 
Compliance Review Officers protocol. 

b. ldentilY Ways in Which Grant Funding Letter to Secretary of the Interior. I After PBDC Winter Meeting I PBnC 
Can be Restructured to Suppon 
Enforcement 

c. (\dopt Regional Goal to Develop Beller IOn hold. 
Regulations 

d. Infomlation Sharing I Establish a clearing house on enforcement, I ASAP: ~e,d ~necific time frame. IPBDC 
-Existing Regulations regulations, and related matters. 
-Lessons Learned on RegulationS' & 

Enforcement 
-Experience with Public Hotline 
-Community-based Regulation & 

Enforcement 
-Regional Workshop on Enforcement 

through CZM 

e. Develop Genetic Database to Fingerprint Develop an agreement with and set up sampling I No need??????????? 
Illegal Takings program with FWS Fisheries Lab. 

f. Develop Regional Register on Violators N~ed mecific infQnnation 2" hgw I ~ced ~ll!:~ific lime frame, I Who? 
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VI , POTENTIAL CONl1UBUTlONS OF THE AMERICAN FLAG PACIFIC ISLANDS TO THE INTERNATIONAL CORAL REEF INITIATIVE 

The American Flag Pacific Islands hRve had considerable ""perience in developing 
scicntiric, regulatory and enforcement, and public education and awareness programs 
Ihal are aimed al insuring Ihe heallh of coral reef ecosyslems, They have also learned 
many lessons aboul whal has been effeclive and whal has nol be effeclive in 'prolecling 
cornl reef ecosystems. 

Participants in the planning meeting identified expertise and experience in the AFPI 
that could contribute to the management, research and capacity building components 
of the international coral reef initiative. The include: 

• The direclory of resource people being compiled as part of Ihc AFPI Coral 
Reef Initiative Management Program; 

• Government and research institution expertise in coral reef ecosystem 
assessment and monitoring; 

• University or Guam scientific resources in the area of coral breeding and 
sedimentation monitoring; 

• Government experience in developing progrnms to conarolland·bascd 
sources of pollution; 

• 

• 

• 

Governmenl experience wilh Ihe developmenl communily-based resource 
management and protection programs; 

Government and university expertise in the development of integrated 
coastAl zone management programs; 

Lessons learned from coral reef management problems resulting from the 
rapid growth of tourism industries; 

• Experience of AFPI-based non-governmenlal organizalions in coral reef 
protection activities; 

• Educalion and public awareness media produclions including public service 
announcements developed in American Samoa and videos produced by the 
Government of Guam; 

• Education and public awareness books, brochures, and pamphlets 
developed by Ihe AFPI governmenls, educalional inscilulions, and 
non-governmental organizations; 

• Small boal mooring lechnology ada pled 10 island environmenlS in Hawaii 
and Guam; 

• Experience with voluntary methods of assessment and monitoring of coral 
reef ecosystems; 

• WESTPAC's experience in developing its coral reef management plan; and 

• University of Hawaii and University afGuam expertise in coral 
transplantation. 
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Vll. POTENTIAL FUNDING SUPPORT OPTIONS FOR THE AMERICAN FLAG PACIFIC ISLANDS CORAL REEF INITIATIVE MANAGEMENT PROGRAM 

American Flag Pacific Island govenunenls are already conlribuling subslanlially lo lhe 
management or coral reef ecosystems as evidenced by the activities outlined in Section 
III orchis report. There arc, however. coral reef management needs that caMol be met 
from exisling resources (see Seclion IV), and AFPI govenunenls would likelo seek 
financial assistance from the Federal government to help meet those needs. 

The enlhusiasm AFPl governmenls have shown loward lhe Coral Reeflnilialive has 
largely resulled from lhe "boltom up" nalure of lhe CRI planning process. Island 
governmenls have greally apprecialed lhe opportunilY lo lake a leadership role in 
framinglhe domeslic coral reefinilialive for lhe Amencan Flag Pacific Islands. They 
have been graleful for lhe encouragemenl and support in lheir planning efforts from lhe 
Ollice of Terri loria I and Inlemalional Affairs in lhe Departmenl oflhe Inlerior, lhe 
Ollice of Ocean and Coaslal Resource Managemenl in NOAA. and lhe Ollice of 
Oceans, Science and Technology in lhe Departmenl of Slale. They believe, however, 
that efforts to improve the management of coral reef ecosystems must be initiated at the 
local level, and lhe appropriale role for lhe Federal governmenl is lo provide lechnical 
Rnd financial support. 

In discussing the options for utilizing Federal funds made available through the Coral 
Reeflnilialive, Island governmenl officials believe lhallhe "boltom up" approach lhal 
has been characteristic of the CRll,lanning process must be maintained. They do not 
feellhal il would be 'ppropriale for Federal agencies lo independenlly plan and 
implement coral reef management initiative activities for the American Flag Pacific 
Islands. They believe lhal ovemll priorilies for Coral Reef Initialive funding in lhe 
American Flag Pacific Islands need lo be eSlablished by slale, lerrilorial, and 
commonweahh governmenls in cooperalion wilh Federal agencies. They also believe 
that planning and implementation of projects and programs involving Federal agencies 
within the AFPI need to done cooperatively. 

AFPI governmenls are aware oflhe facllhal discussions of possible funding 
mechanisms for the CRl have already taken place among Federal government agencies. 
They undersland lhal consideralion has been given lo funding: a CRI research 
program lhrough lhe Nalional Science Foundalion; addilional coral reef managemenl 
activities through Sanctuaries and Reserves Division of the Office of Ocean and Coastal 
Resource Management; coral reef management activities through the National Marine 
Fisheries Service; and slale, lerritorial, and Commonweallh programs lhrough lhe 
Office of Ocean and Coaslal Resource Management 

AFPI governmenls, in lheir discussions aboul lhe Coral ReefiniliDlive, clearly favor a 
funding mechanism lhal will allow lhe bOllom up nalure oflhe CRllo continue. They 
also favor a funding mechanism lhal will allow flexibilily allhe local level and minimize 
the administrative costs for grams management. Given the limited amount of funding 
lhal will be available for CRI aclivilies, AFPI govenunenls wanllO direct lheir efforts 
al improving lhe managemenl of coral reefs ralher lhan applying for and reporting on 
several small granls for individual aClivilies. Therefore, AFPI govenunenls would 
suggesllhal serious consideralion be given lo block granls for approved CRI 
management programs developed by state, territorial, and commonwealth governments 
in cooperation with the appropriate Federal agencies. 

AFPI governments clearly recognize the need for scientific research to help salve many 
of lhe coral reef managemenl problems lhey now face. Experience in lhe AFP! has 
shown, however, that scientific research aimed at addressing coral reef program in 
which the research problems are defined by resource managers inconsultation 
in consultation with scientists is a better investment than traditional academic funding 
programs lhal are planned wilh lillie or no consultalion wilh resource managers. AFPI 
governments would, therefore, favor a CRI science program that provides funding to 



researchers that are willing to address problems identified by either the resource 
managers themselves or through a consultative process involving both resource 
managers and scientists. 

AFP1 governments recognize the value of sanctuaries and reserves in the management 
of resources of national significance. Indeed, American Samoa has a National Marine 
Sanctuary at Fagatele Bay and the Hawaii State Government has been involved in a 
cooperative elfort will, NOAA to develop a draft Environmental Impact Statement and 

Management Plan for the Hawaii Humpback Whale National Marine Sanctuary. 
However, aside from reefs within the Fagatele Bay National Marine Sanctuary, coral 
reefs in the American Flag Pacific Islands do not fan under the jurisdiction of the 
sanctuary and reserves system at the Federal level. Rather. coral reef management 
responsibility falls to state, territorial, and commonweahh governments. Therefore, 
AFPI governments favor I funding mcchilnism that would build coral reef management 
capacity within their governments rather than through the Sanctuaries and Reserves 
Division of OCRM as its program is now constituted. 

VIII .. NEXT STEPS IN TIlE DEVELOPMENT OF THE AFPl CORAL REEF INlTIATlVE MANAGEMENT PROGRAM 

Planning meeting participants agreed that they would continue to develop local coral 
reef initiatives in each of the four American Flag Pacific Islands. Each of these elforts 
would involve the coaslal zone management, marine resource management, and waler 
quality agencies as well as research institutions and non-governmental organizations. 

Participants also agreed to maintain the existing regional communication structure with 
the points of contact working with PBDC and Federal officials to maintain an on-going 
dialogue on the devetopment of the local Coral Reeflnitiativ .. , Ihe refinement of the 
regional plan recommendations developed at the December 5-7 planning meeting, and 
the Coral Reeflnitiative at the Federal level. 

Planning meeting participants agreed to provide feedback through the Omce of 
Terrilorial and International Affairs on the draft agenda of the International Coral Reef 
Jnitiative Workshop including suggestions for speakers :md panelists by January 20, 
1995. The points of contact were asked to take responsibility for insuring that 
comments w.re gathered from members of their CRI working groups and forwarded 
through OTlA to the Department of State and NOAA. 

PBDC stalf agreed to work with the Omce of Territorial and International Affairs on 
establishing electronic mail access for the AFPI governments to facilitate further 
planning and communication in the development of the Coral Reoflnitiativ.. Access is 
currently available in Hawaii nnd Guam but not in American Samoa and the 
Commonwealth ofthe Northern Mariana Islands. PBDC stalf agreed to explore the 
feasibility of INTERNET access through PEACESAT and the establishment of more 
direct access to the network. 

Planning meeting participants agreed to review the draft of the planning meeting report 
prepared by PBDC and make suggested revisions by January 16. PBDC staff agreed to 
make revisions in the report for presentation to the AFPI Governors at the February I, 
1995 meeting of the PBDC Board and forward the report to the Ollice of Territorial 
and International Affairs, the Office of Ocean and Coastal Resource Management, and 
the Ollice ofOc .. ns, Science and Technology. 
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Acronyms List 

ACOE: US Army Corps of Engineers 
AFPI: American Flag Pacific Islands 
AG: Attorney General 
ASCMP: American Samoa Coastal Manasement Progrom 
nMPs: nest Management Practices 
ASEPA: American Samoa Environmental Protection Agency 
CRM: Coastal Resources Management-·CNMI 
CIU: Coral ReerInitiative 
CSO: Coastal States Organization 
CUC: Commonwealth Utilities Corporotion-CNMl 
CWA: Clean Water Act 
CZM: Coastal Zone Management Program··Hawaii 
DAR: Division of Aquatic Resourccs •• DL"NR. Hawaii 
DAV"R: Division of Aquatic and Wildlife Resources--DOA, Guam 
DEQ: Division of Environmental Quality·-CNMl 
DLM: Department of Land Manasement·-Guam 
DLNR: Department of Land and Natural Resources·-Hawaii 
DLNRM: Department of Land and Natural Resource Management-·CNMl 
DMWR: Depart",ent of Marine and Wildlife Resources··American Samoa 
DOA: Department of Agriculture-Guam 
DOCARE: Division of Conservation and Resource Enforcement •• DLNR, Howaii 
DOH: Deparment ofHealth··Hawaii 
DOT: Department of Transportation, Hawaii 
DPOor EDPO: Economic Deyelopment and Planning Office .. American Samoa 
DPS: Department of Public Safety.-Hawaii 
DPW: Department of Public Works .. Guam, American Samoa, CNMl 
EPA: Environmental Protection Asency-·American Samoa 

EWC: East West Center 
FnNMS: Fagatele nay National Marine Sanctuary·-American Samoa 
GCMP: Guam Coastal Management Program 
GEPA: Guam Environmental Protection Agency 
GIS: Geographic Information Systems 
HllvlB: Hawaii Institute of Marine Biology. University of Hawaii 
HRS: Hawaii Reyised Statutes 
IMO: International Maritime Organization 
MBSP: Marine-based Sources of Pollution 
NGO: Non·Goyernmentol Organization 
NMFS: National Marine Fisheries Service 
NOAA: National Oceanic and Atmospheric Administration 
NPDES: National Pollution Discharge Elimination System 
OCRM: Office of Ocean and Coastal Resources Management, NOAA 
OTIA: Office of Territorial and International Affairs 
OPA: Oil Pollution Act of 1990 
ORRT: Oceania (Oil Spill) Regional Response Team 
PEACESAT: Educational Satellite Network, University of Hawaii 
PNRS: Project Reyiew and Notification System- American Samoa 
PBDC: Pacific nasin Deyelopment Council 
SOEST: School orOcenn and Earlhs Sciences and Technology, University of Hawaii 
SPC: South Pacific Commission 
SPREP: South Pacific Regional Environment Programme 
UNFPI\: UN Fund for Population Activities 
UOGML: University of Guam Marine Lab, University of Guam 
UH: University of Hawaii 
WESTPAC: Western Paci6c Rcgional Fishery Management Council 



YEAR OF THE CORAL REEF 

ACTIVITIES ON GUAM 

YEAR OF THE CORAL REEF AD HOC COMMITTEE! PACIFIC YEAR OF THE COR.-'\!. 
REEF COMMITTEE MEETINGS: 

30 JANUARY 
20 FEBRUARY 
6 MARCH 
13 MARCH 
3 APRIL 

(Two April meetings postponed for typhoon & earthquake) 
12 MAY 
16 MAY_ 
24 JUNE 

GUA..vl GOVERl"lOR'S PROCLAMATION AND KICKOFF OF 1997 AS THE YEAR OF THE 
CORAL REEF 

4 FEBRUARY 

u .S KICKOFF FOR THE YEAR OF THE CORAL REEF, ATTENDED BY GUAM'S 
LIEUTENANT GOVERNOR IN WASHINGTON D.C. 

II FEBRUARY 

WEEKLY PUBLICATION OF 'DID YOU KNOW' NOTES ABOUT CORAL REEFS IN THE 
PACIFIC DAILY NEWS PAGE 2, ILLUSTRA.TED IN COLOR 

BEGAN MARCH 

JEAt"l-MICHAEL COUSTEAU VISIT AND MEETINGS ON GUAM AND 
fNTERNATIONAL CORAL REEFS 

APRIL 

EARTHWEEK PUBLIC DISPLAYS WITH LIVE CORALS, CORAL REEF VIDEOS AND 
lNFORNIATION 

20 TO 26 APRIL 

GOVERNOR'S EXECUTIVE ORDER ESTABLISHING GUAM'S CORAL REEF 
INITIATIVE 

12MAY 

MAI"I , LAND AND SEA NEWSLETTER VOL.IX, .#3, ENTIRE ISSUE DEVOTED TO 
GUANI'S YEAR OF THE CORAL REEF 

MAY/JUNE 



UOG MARINE LAB COURSE ON CORAL TAXONOMY 
JANUARY TO JULY 

GUAM'S FIRST ANNUAL CORAL SURVEY-"REEF CHECK 97" 
TRAINING 7,10, IS AND 17 MAY 
SURVEY 14 JUNE 
REVIEW 28 JUNE 

25TH ANNIVERSARY OF WORLD ENVIRONMENT DAY 
SIUNE 

CORAL MASS SPAWNING OBSERVATIONS 
28 JUNE TO 4 JULY 
27 JULY TO 2 AUGUST 

-
"CORAL REEFS-THEIR HEALTH, OUR WEALTH" VIDEO COPIES RECEIVED AND 
DISTRIBUTED 

JUNElJULY 

PACIFIC SCIENCE ASSOCIATION MEETING, SUVA, FIJI 
JULY 

MICRONESIAN REGION CENTER FOR INTERNATIONAL CORAL REEF DATA 
SYSTEM TO BE ESTABLISHED ON GUAM FOR INTERIM OPERATIONS PRIOR TO 
SET UP IN PALAU 

AUGUST 

TUMON BAY PUBLIC VOLUNTEERS' CLEANUP 
2 AUGUST 

CORAL REEF LEGISLATION REVIEW AJ"ID DEVELOPMENT 
ON-GOING ALL YEAR 

CORAL SPAWNING, CULTURE, TRANSPLANTING AND USE FOR ON SITE 
ENVIRONMENT AL MONITORING 

ON-GOING ALL YEAR 

MAN. LAND AND SEA TELEVISION SERIES 
ON-GOING ALL YEAR 
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and Japan to Indonesia/Philippines . 
• Pacific Island states .. 
• Caribbean and Intra-Americas, including 

countries with reefs bordering the Atlantic 
Ocean. 

Regions will be divided by the participant 
countries into smaller sub-nodes, each of 
which will employ a team of trainers and 
database operators to assist a small group of 
countries Funding for each of these sub -nodes 
will be requested from country, development 
bank and agency donors, with the responsibility 
of funding monitoring to devolve to the 
countries, after about five years. Donors are 
invited to assist in developing the networks 
and iunding proposals in regions where 
their interests are paramount. 

Thus, the GCRMN will emphasise the 
involvement of local communities. Wherever 
possible, the GCRMN will use existing 
organisations and netwqrks, integrate existing 
monitoring programmes, and maintain 
flexibility to incorporate different methods 
of monitoring, other than the standard 
methodology. 

GCRMN OB]ECTIVES 

The GCRMN aims to improve management 
and sustainable conservation of coral reefs 
for people by assessing the status and trends 
in the reefs and how people use and value 
the resources. It will do this by providing 
many people with the capacity to assess their 
own resources, within a global network, and 
to spread the word on reef status and trends. 

In summary, the core objectives are: 
• To link existing organisations and people 

to monitor biophysical and social, cultural 
and economic aspects of coral reefs within 
interacting regional networks. , 

• To strengthen the existing capacity to examine 
reefs by providing a consistent monitoring 

program, that will identify trends in coral 
reefs and discriminate between natural, 
anthropogenic, and climatic changes. 

• To disseminate results at local, regional, 
and global scales by providing annual reports 
on coral reef status and trends to assist 
environmental management agencies 
implement sustainable use and conservation 
of reefs. Data will also aid preparation of 
predictive global climate change models 
for the GODS Coastal Zone Module. 

How DOES THE GCRMN woRK? 

The strategy to establish the global network 
is to employ a team of monitoring trainers in 
each GCRMN sub-node and use this team to 
train similar trainers in participating countries. 
The training will continue throughout the 
region with the focus on monitoring by local 
communities. 



Monitoring will continue over time at key 
national sites, to gather data and develop 
skills. Experienced marine institutes will 
assist in training, establishing of databases 
and problem resolution. 

. 
A range of reef types will be monitored along 
line transects, assessing easily recognisable 
Iifeforms and total fish counts, with specific 
counts of ·target" fish of commercia] or 
recreational value. As people gain more 
experience, monitoring will be upgraded 
using the same metbods, but to species level. 
Local communities will be questioned on their 
use and knowledge of reef resources and how 
management may be improved. The Network 
will be responsive to reef users and provide 
information back in an understandable 
format. Much of the monitoring will be in 
current or planned Marine Protected Areas 
and adjacent unprotected areas. This will be 
coordinated with the World Bank, 
IUCN/CNPPA, and GBRMPA Global 
Representative System of Marine Protected 
Areas project. 

Monitoring data will be accumulated in each 
sub-node for distribution within the region 
and to ReefBase (ICLARM, Manila) . These 
will be combined, by the GCRMN Coordinator 
into annual global reef status summaries and 
disseminated to international forums 
organisations and the media. ' 

Two special monitoring projects will be 
supported by the GCRMN: a pilot programme 
~n~ertaken simultaneously by research 
Institutes. around the world to give a snapshot 
of reef status; and the development of a tourist 
monitoring programme coordinated through 
tourist operators. 

How CA.1\! YOU ASSIST? 

• Ensure that your organisation or country is 
informed of the GCRMN and its objectives. 

• Inform the GCRMN Coordinator about 
organisations and individuals who wish 
to be part of the International Coral Reef 
Initiative and the GCRMN. 

• Recommend the possibility of funding by 
donors to assist a sub-node or country, 
or through the direct funding of training 
workshops or publications. 

• Assist us to provide training or equipment 
to countries to monitor and operate their 
own databases. 

CONTACT INFORMATION 

For further information, please contact: 
Dr Clive Wilkinson Coordinator, 
Global Coral Reef Monitoring Network 
c/ - Australian Institute of Marine Science 
PMB No. 3, TOWNSVILLE MC 4810 
AUSTRALIA 
Tel: +61 77 534 372 or +61 77 724 314 
Fax: . +61 77 722 808 or +61 77 725 852 
e-mail: c.wilkinson@aims.gov.au 
or 
Dr John McManus 
Ree[Base Project Leader 
International Center for Living Aquatic 
Resources Management, 
MCPO Box 2631 
0718 MAKATI, Metro Manila 
PHILIPPINES 
Tel: +632 818 0466 or +632 8175255 
Fax: +632 816 3183 
e-mail: j.mcmanus@cgnet.com 





INTRODUCfION . 

Ceral reefs around the world are being damaged 
and destreyed at an increasing rate. But we 
cannet be precise abeut hew much and where, 
because ef the special diffic:ulties ef menitering 
underwater. Thus, there is a need to. assess 
hew, where and why damage is eccurring and 
detennine the best metheds fer preventien. 

By hamessing the interest and skills ef all users 
in reef assessment and management, the Glebal 
Cera I Reef Menitering Netwerk (GCRMN) 
has been established to. tackle these preblems 
and to. provide valid management data. 

The GCRMN's majer preduct will be the 
facilitatien ef netwerks ef peeple trained to. 
look clesely at coral reefs and to. meniter their 
pregress ever time. This will also. previde 
knowledge and data en reef status and trends. 

Essentially, the GCRMN is a bettem-up netwerk 
which aims to. tap into. the current knewledge 
abeut ceral reefs in erder to. advance reef 
management. 

BACKGROUND 

Global reef menitering has been discussed 
serieusly for seme time. When the Internatienal 
Ceral Reef Initiative (ICRI) was launched at 
the United Natiens Glebal Cenference en 
Sustainable Develepment ef Srnalllsiands . 
Develeping States in Barbades in 1994, there 
was renewed emphasis en menitering ceral 
reefs. In 1995lCRI called en many natiens 
to. cemmit themselves tewards increasing 
research and menitering ef reefs to. previde 
the data fer effective management. 

IOC, UNEP, and IUCN have jeined ferces 
to. co.-spenser the GCRMN, which is hested 
jeintly by AIMS (Australian Institute 
ef Marinlj! Science) and ICLARM 
(Internatienal Center fer Living Aquatic 
Reseurces Management). 

These bodies, along with the JCRI Secretariat, 
form the GCRMN Management Greup. 
Advice is previded by a widely representative 
Scientific and Technical Advisery 
Cemmittee (GCRMN-STAC). 

WHERE IS GCRMN LOCATED? 

The GCRMN will functien thro.ugh fifteen 
independent netwerks, er sub-nedes, in six 
regiens areund the werld. These netwerks 
will centain many different greups ef peep Ie, 
all cellaberating to. meniter ceral reefs and 
share data. 

The regiens are: 
• Western Indian Ocean islands and East 

African States. 
• Middle East Gulfs (these ceuntries 

berdering the Red Sea around to. the 
Persian/Arabian Gulf. 

• South Asia (India, Sri Lanka and Maldives). 
• East Asian Seas (fre~ Burma/Myanmar 
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Parking at 
Hanauma 
Bay.costs· 
at leasf$1 

HONOLULU (AP) - Visitors 
to Hanauma Bay. get your dol-
lar bill ready, , 

Ai; of Thursday you'll have to 
use it to park there. And tourists 
will have to pay an additional 
S3 to use the park. . 

The City Council approved the 
fees Wednesday. Officals estI­
mate they wiJlcollect about S2.6 
million annually Wider the DeW 

policy, . . 
Councilman Mufi Hanne­

mann said most 'complaints 
about the fees disappear when 
visitor.; find out that much of the 
mODey will go toward the park. 

About half of money collected 
each vear will be used to expand 
the bay's educational program 
and to study how many people 
should visit the bay each day. , 
Hannemann said, . 

The rest of the money goes 1ll 

the city's operating budget. he 
said, 

. --.~. 

WOPINION'~'-: 
~----------------------------------------~ ! SaVing the reefs 'will I' 
j take entire' community t 
~ The poor 'conditio~ of Guam's reefs - which environ- i 
~ mentalists have been telling us about for some time - is 
I'zl start!ng to become , obvious to ather members of our com-
Z mUDity as welL . . ' '" 
~ ,Divers, fishermen and beachgoers can see the stark evi­
:( denee iD sed:iODS of our reef tllat have turned iDto skele­
o ton or are covered in algae: Along with that, the fish pop­
e; uJation that . depends on the reefs for its food and habitat, 

§ I'f we don't do something' , is ==~~1y 
~ to.haIt the destruction of UIJaJntroned toxic runoff into 

our ·' reefs ': : then ' the aurbaysanddamagetothe 
. ' , ' reefs from boats and sou-

tourists, who come here venir hunters. When their 
to. enjoy this ,natural hahitat.is destroyed, the fish 
beauty, will recognize the . don~ reproduce. An~ .over-

, " fishing eveotualIy deamates 
: blighta~~-'find , better the populatiOIl. ':'· ~-:· _ '." 

places 'to go :" .. ':" . - If-we don't do something 
~~~-.;;:",._!,,-,~. __ . to halt the des!rudiao of our 
reelS, then the. tourists, who come here to enjoy this ,natuIal 
beau!¥, will remgni:re' the blight and find better places to go. 
, Obviously:this .is a amunUDil;ywide problem that goes' be­
ymid just the CXlIlceIDS ' and eliarts of environmentalists: , :' , 
, _There are several actions the entire community' has" to' em, 
brace if we are going to restore our reefs: ' , ' .... : " ,,' , :;::'~' 

• BusiDesses which depend on healthy reoi1S, sUch as"ilive 
shops, Dshermen and those iD the tourist iDdustry, must baD.'d ' 
together .to start a campaign that shoW!! the CXlmm~ thli! \ 

~~~essa!:nm~~f~;:~U:~: t, 
support for ,Bill 49 that sets ' aside several small stretches of 
the reef to allow them to revive and recover. . t 

• lawmakers must ' enter legislation that prohibits ,indis- i 
aiminate reef fishing , bang sticks and spearfishiDg us-
ing scuba eqWJ!::t fu~~dition, we need laws ,that require .. 
developers to ' holding ponds and other divernion meth-
ods to ci:J:Otain runoff from commercial development projects.' ~ 

• Members of the community are also responsible to en- 'f 
sure that toxic substances aren't dumped iDto the ocean and 
that trash and litter are not allowed to wash up onto the J\ 
reefs, so the coral has ,a chanee to rejuvenate., " , ' ~ 

'The motivation to save our reefs is more than protecting these ;: 
IiviDg organisms - it .is aiticaI to our economic survival ' (, 

Rehabilitation ~. JrvQV .~~. jlt~ ~ 



. 2-' ~' ~TiON ', . . : . , .', .. . . , 

brings high -profile events ~ 
o Conlinued ::om Pa;e 2.! 

Scien: ist.s 10nJ tUI\'t: I.:r,cd at· 
te:'lllo:'l to the ?Ianet's :lUinz 
rurs. bct thc~' :tre cOL!r\~inJ on a 
yU:-'s worth of h irh·p:-ofile 
e\'en!S in the Year orthc R('cito 
c!ri\'t their mesule ho~ .. ·, 

"' t's not (':,\o.:r:' to l:2l~ :t~ut 
the t':1,irol1rnent.1l ir.1?O~.:'-.,ct! of 
tto($ l!'l orac:, to ,,'?!Utc (;lubticl 
attention: Colwell nid. "You 
need to tAlk :t!:lout t."e economic 
"3.11.:, or reef!: 

} .. :nor.&, th~ least wuJe~to:d lOr :::: 
aU ~wn life forms on EL"'th. c:cr.d .z 
I'ftfs ha.:"bot a quarter of aU ~'"int :;0 

sptCits and supply 12 i!'f:'t'tnt of :;: 
the seafood. More than 100 n.· r-
tio:-..s ha,'" eeonomies tnat cfper:d :;. 
t."I jlL~ on reers (or lo~~S::'t or 10 ~ 
(HI:! thw- JH'Ople; and ColweU ~d .:: 
tHis :e:nai."\ -an aL"'04~ 1!,"'Ib?r'~ Z 
!-Ou."Cc or chernial Cl:I:n:c:.:.:u:!s- (0. : 
rncC.lcines """'Id other uses. ~ 

" Yet thry are tGtlapsi:'lr (or SO ;.. 
manf d.iJfe~t ru..-ons :h!lt IhCJe ~ 
,dentinJ warned :I unified itt .. N 

tema:i:)n;ll response is n~ed 10 .N 

t.\'ern the trend. The tl1.UOlU: i:; 
II Poor water quality - -the g 

most per"'''uh''c lhrc .. ~ to reci W 

ecosystems: said ~Iark Chi!lp· 
pone, .2 marine biologist at The 
N3.tutt Conser'lo"ancy in-Florida 
and Dnc of the nat ion', Ic"ains: 

~ Scientists sound alarm 
~ for world's coral reefs 
1 

recf t,'(p('r..s. Reefs require tlCM 
a:1.c! rcfati'''cly nt.!lrien:.{:ec w,,· 
lcr. but coas~,1 df:\'clo;m~tnt a."lC' 
Olsnc:.dhl.al runoff ~:-e des;roy· 
ing near· shore "'3ter c;c:tlity . 

• (nC're:"lng ten1peratu :-tJ , 
Ree(s, actually. men2liitrir: oi 
planll :ll1d :animals a:');) iti:'lr iim' 
imals kno .... -n IS ear!lls. Ih'e art 
the therm;" ed£c, TMJ" a:'r: c;( . 

&.remelY.$cnsiti\lc to ter:lJX':at~e 
swirt£s. whie~ ue ma:c C:l::'lman 
as water qC!llily dcclincs. 

, , ~1':5..E.!~.!=~.~;.£I ... __ , __ ~ ... -
"J '~,~t= N~\\"' ~I"'--:' i WA5HI ~GTO ~ - 'ilH 

'i- ·". -;:I='J corA! :'~t(" ~:n'l\~~:U th~ 
: ;"; ; ~ r~r'.!J:iO:' :~ e lXe:\~ for their 

~ ;"': : ~ : ;,io !?~::1I" H,OrC!. :=n:J.~ 
',/".: ~t !:\\'r:: 10:' '~tlr O!)\"l' 
:,. C::J. e:l\"iro:1:::cM::11 i::~· :;: 
Z f~~~~~~~~ ~.~/~~:\~~~ 
:.-:, J:::-.':\·., I 0 : C": :::1 J 01 
.... ..-:.,~::,,: :ries . s:it:::btJ 
~ nj.: W.;>ci:l.':J.::t:: . 

T h e t:\J ~ 
:.:. {-.)~ ~1ic:tbk ex;:::rts t.,ld .. 
, ;,::11 ~ .. "!i ;O:"',:~I ." they p:-c· 
~ ;,~rd [0:' tht 1:: :t ~:1. i l'm:t1 Ye;lr 
:.. ~:': :: ::, ii. ,:~r :~ t' -': : ::e"r: 10 ;J ':~~:I~ 

<; ' '::3 : ;:I'S COt,1! r ,:,:rJ a:c e!!':lU or 
~;':, :'I!!:" W?: : :;t- ~,c : a ~n~h': :' :;0 
';: : r:.~~ : c:')d-= c:t I:': t ~~ Q C:~C:1c!::'.t 
, :,::~?ut ;:;:'~~ :;'\! : : ;\ .;" : io~ . 

------- " 

·;::c~f~ a:,t in lr:It.!~!~ ~:O".::-:d 
t::~ \\'O:!-:: in trgl!~le (~om:t ~~ oi 
.?\l:C;';l: J.,id Ch:'lrl~1 WJh!~ or 
the i\',,: ion.;'ll OcC3.n!c- l'I~':i A ;.:::~ 
I~hc::- :c ,':"::1linil::",; i'l~ '.!- 01T:e~ 

0; O':C:1f1 n:u:! Co~ut:\i ::c· 
J,~: :,c:e i\1l'nI'lJr:r.c:':t. 

"'Is the:-t II c:isis: ui::i 
Stt'jlhen Coh·:ell. (,!,~. 
~:th't' d i :-~e t :) ! ?f t~e 
Co:,nl Rt'~i .';IIi~~!~ ' 1 
~rc.s. S i ~1plt ane! 
stra i ;:hti:l : wa r<!, I: 

you':-c talkjn~ abo~:::\ re· . 
som'C'e th;tt is one 0:' th~ I 

~.,o~:~~~~I~ ~~~:\~1~:;~;11:~ ~!;~~~~~ I ' 
:'I :-OI::~t! 51) ~:tu ion ~'~lI. rl. ,,::.2 :.':)''; I 
SN.:\ ell:t::;::- b:l trll: ;,Iit c!~:!:c" 

~t~,~~~ ___ ",_ , 

.OvC1'fsrL'1g,lt r:1."~:":'\'1 Fil, 
i;Jino 6shemu:n usi:'lr ~':.'\l"e!e a..,d 
dynz..-nil. to stun Md Q?ru.~ 6s" 
(or tho: aqr.:01o";:!m trnde to t.oa::c::ui\~ 
~ol~(w:h (or;aX!l.~O\-,:~, 
ha:'I.·u:i1'I; of other lir: ie~, 

• S tuchinE,1t·s c3ust'd wht':'I 
corals. wh ich arc translucent. 
lose their pl~cnted. on,:·cell :U. 
gae that Ih'e in them. It is ~ 
~world"'ldc phenomeno:t: SOlie! 
Cary,Oslriinder, associate dc..'1n 
(or resurch at the Jonns iiap­
J,;jns Unh'c:'sit)'" School o( ArU 
Vld $cienc;es, i'l inct ~·.se\c:'l ~: ' 
c;ent af tht C.1.I!lp:\g:as eO::lI, ;uc 
gone bcc:lun o( blc:\c;hi,,%," 

Co::\1 blc:\:hinC usu~ty is (:\ ' 
1.:11. bec:luse surioc:llin,lr lhie;' 
:tl.u 1\0rm~ly rc~l:lees tnc si:n· 
;lIcr (orn1s ,,,:\( carol Is n<ted to 
sUo"'vi\'c, fol3..";ne spc1: i~s the:'l net 
the b:llTcn co~s. doorn.::1, 'hera. 
~Ve're bc~nnini:. for tne (Irst 

time. to une!crst3nc jcs~ how 
comple:< thefe ceosyJleraS :l.rr: 
WAhle uid , ;ldding th:t~ nlany 
r!:!:( s~'flen1S h",'c sC$: :tincc! 
he!'\')' c!3.:n:\i~ ;md w\\ ,fr~ t-c;-in. 
"i:'l~ to fCC c::tshes.~ 

For .-\nt!:ric:\;'\s. IlnccrJ.::!:Idi:li 
the thre:tLS to rurs :I.:'Id lh!:::- b, 
PilC;t.s reqnirei lucid", no further 
than florid:t . where the onl~' ron · 
tine::!:11 U.S, r.:e( " : :llc:u IS un' 
der sie;e (rora poliut io::. O\'.:r · 
(ishin;, a:,d shif' ,",c:ldi::;s . 

The Floric:I Keys S:lW :heir 
(ir.t~ ~hleachi::, c\'en~~ in 1950. 
he s .. ie!. but ;ou1' nlore b:a~c out 
(ronl 1950·90 :lnd e:u:h fee~IU to 
iN le:!in!: worse. 

JilIe,", Sobel. dirc-::Io: of h.:auil.,t 
r;:J~~tion:lt the Cent.:t tor ~I:I ' 
:inc Cor.sen':\ :ion, s.'\i:! Ct'~:t :io ;'t 
of the fb:-id.:a ru:) "l s.,\!~L!:I.')', !\.:1c! 
the tDuch:: issu,! of e:e:ttin~ w::o­
l.'\k~. ZO:lo!S where 6.\\-O.1.-':!V'IQ :U;I ' 
nue liie collc:1inr: is ;Jro!l i!J;I~ , 
" ':\1 \\'h,,~ i, needed 10 protcct th~ 
kei's (rl)nt rerther dcstl"\let;ot\, 

Tne i:o:ner:tl public C!lrCI:\ Io~ 
:lbout carOl I reefs. out on .... :a 
s::1:211 port io:1 unc!c:,s::w.l.s i.h-: 
iSHles: Sluel s:tid. H·: s:\ id 0:'111' 
h:tif of I !'Jeteenl or th·: FloriC:I 
S:lnc;tu:\ry would l-c olTh:uiu II) 
fishi,,;, bu: e\'en Ih.:1t will be 

I ~c;ril i e:1I1~' i :nfolort ... n t to :he 
: ; hea lt" ~r Ihe r·:er' .3nc C3!'l h~!;.r 
I I · :"' f !"~C e ~!::r:i !'l ;; fi l~ 1 r 



TERRITORY OF GUAM 
OFFICE OF THE GOVERNOR 

AG ... N .... GUAM 96910 

U.S. A . 

PROCLAMATION NO.~ 

'YEAR OF THE CORAL REEF· 
TAKING RESPONSIBILITY FOR OUR ENVIRONMENT AND FtrrURE" 

\\'HEREAS, OUf Administration recognizes the significant ecological and cultural values oi 
Guam's coral reefs and the importance of protecting them from over exploitation; and 

WHEREAS, OUf coral reefs. including associated mangroves and sea grass beds, provide shelter 
from typhoons and tsunamis. shelter for OUf shallow bays and lagoons which oHef recreation and 
sustenance, nourishment for Guam's beaches which support OUf economy. and habitat (or the ~io· 
di"'ersity which defines the soul of our community; and 

WHEREAS, divers and marine biologists in Guam are under the impression that OUf island's 
coral reefs are being degraded, slowly dying by attrilion, i,e., corals die from natural and man-made 
causes; and 

WHEREAS, degradation of Guam's reefs i'lnd near-shore waters have resulted in toxification of 
seaweeds i'lnd fishes \,-hic.h has led to human fatalities; and 

WHEREAS, urgent and immediate action must be taken Ii we are to prevent the Joss of mO:it of 
Earth's coral reel ecosystems during our children's lifetimes: and 

WHEREAS, innovath'e partnerships are needed at Jocal, national and internationalle\'els to 
encourage and support eHorts by governments, resource managers. scientists, educators, non­
governmental organizations and the private sector to conser\'e and sustain these biOlogically dh'eue 
and economically important resources; 

1\'OW, THEREFORE. I, MADElEIi':E Z, BORDAllO, Acting Governor of the Territory of 
Guam, by virtue of the authority vested in me by the Organic Act of Guam, as amended, do heref:ly 
proclaim 1.'1.llas 'YEAR OF THE CORAL REEF" "TAKING RESPONSIBILITY FOR OUR 
ENVIROi':ME.'!T Az-.:O FUTURE." In so doing. I urge our community 10 ackno\\"ledge the importance oi 
preserving the coral reef that surrounds Guam and to "think glohally - but - act locally." 

FURTHER, on behalf of Acting lieutenant Governor Antonio R. Unpingco and the people of 
Guam, I extend congratulations to the Guam Coral Reel Coordinating Committee, and the Guam Coral 
Reel Initiat ive Policy Advisory Committee {or their participation and coordination in developing 
specific proposals to strengthen coral reef management efforts at local, regional, national and 
international le\'els , 

IN WITNESS WHEREOF, I hereunto set my hand and cause the Creat Seal of the Territory 01 
Guam to be raftlxed in the City of Asana, this!!h day oIFebT'unr,yin the Year of Our lord, Nineteen 
Hundred and Nlnety-Se\,en, 

RSIGNED, 

ANTO~IO R. UNPINGCO 
Acting 'cutcn.:lnt Go\'cmor of Gu:.m 

.~ 
ALLO 

Acting Govemorof u.:Im 



Maui's 'coral reefs: ' 
underwater tropical rainforests 

by Kelly Shimabukuro 

C
oral reef ecosyslems are home 10 a varielY of marine organisms. providing bOlh food and sheller 10 various fish and 
invenebratcs. Found in warm and temperate waters :lTound the world. these "undc("\I,'3tcr tropical rainforests," as coral reefs 
are ofien called. lake hundreds of years 10 develop. . 

In recent years, coral reefs h:lVC 

become increasingly Ihrealened by 
nalurally occurring dislurbances and 
dangers caused ~Y human negligence. 

In response to these environmental 
and man-made pressures. Ihe Coral Reef 
Research Sludy was 
eSlablished in 1989 
wilh Ihe purpose of 
studying threatened 
reefs along the \Vest 
Maul coas lline. 
Adminislered by Ihe 
Pacific Whale 
Foundation and funded 
by Eanhwalch. it is Ihe 
longest running 
continuous study of 
Maui's coral reefs. 

The slUdy. led by 
COTJI r::ef biologist and 
Ph.D. candidale Eric Brown, was 
initiated when Brown realized the need 
for OJ compreh=nsivc study to monitor 
coral reef ecosystems. Now in its seventh 
year. Brown and a team of morc than 40 
\ olunteers. work from lune through earty 
October gathering data on coral and fish 
populations at research siles located at 
Ihe We" Mall i bc,ches of Honolu. Bay. 
Olow,llI. Pu.man, and K.hckili Park. 

"Originally we began doing the 
project to characterize Hawaiian reef 
systems on to..'laui," Brown said. "\Ve 
were primari ly focusing on coral 

(ContinMd 011 pa.~t J) 

A di\'tr. conducting \'isualtranucts at Honoluo 
Bay, nlttntlres fish densiry and diversifY using 
an undtrwater slale. By employing the transect 
method. dlvus colleci dOlO with m;n;mum 
g';srupriott 10 tht tcosystem. 

-photo courtesy 
Pacific Whalt Foundation 

Me:JSllrtmenlS of coral diversiry and'perCtlll 
co\'uage art collected by ,Ii',,'ers at Ol;walu 
Bccu:h "s;ng ,he quadrot mttllod, This Method, 
also wed III the alhu two lone1e,," monito,.inS 
siles. ulilites mtltr·by.meter gHds/rom which 
IInderwaltr ,';sual measurements of coral are 
,,;ktn. 

-photo ,ouruty Pacific Whale Foundation 

t997: 
International 

Year of the Reef 

I n recognilion of Ihe . 
Inlemalional Year of Ihe Reef. 
the Se., Grant CoJlege Program 

al Ihe UniverilY of Hawai ' j has joined 
h.-nds with Ihe Pacific Science 
Associalion (PSA) 10 produce a 
volume on Ihe Slalus and he.llh· of 
corol reefs in Ihe Pacific. The PSA 
sludy is an aClivity of ils Scienlific 
Commillee.on Coral Reefs which has 
received suppon for the projecl from 
Ihe U.S. Slllle Depanmenl's . 
Imernalional Coral Reef Inilialive. 

The joinl effon belween ICRI. 
IYOR. PSA and Sea GranllSOEST 
will produce a series of 10 counlry 
repons on Ihe .health of the reefs in 10 
regions of the Pacific. Each monlh a 
summary of one country repon will 
.ppear as an eXlension of the UH Sea 
Granl web page al http://www.soest. 
hawaii.edulSEAGRANT/coral 
reef.hlm!. The full repon will be 
published by neXI July to coincide 
wilh the 8th PSA Inler Congress 10 be 
held July 13-19. 1997. in Suva. Fiji. 
Inlenesled panies should address 
inquiries 10 Ihc UH Sea Granl 
Communicalions al (808) 956-7410. 



QUEST PDMpei. aims 
-at ruf conservation 
The UH Marine Oplion Program 

(MOP) offered a modified version of ils 
Quanlitative Underwaler Ecological 
Surveying Techniques (QUES1) course 
in Pohnpei, federaled Slales of 
Micronesia, in AuguSI. Designed 10 suil 
Ihe needs of its panicip~nts . primari ly 
region:!1 resource m:magers. QUEST 
Pohnpei uses regional counterpans to 
each instruclional Slaff person from UH. 
The approach provides Iraining and 
experience necessary for the counterpans 
to continue the course without the direct 
assistance of UH staff. 

funded by the U.S. Departmenl of Ihe 
Interior, Office ofTemlori,1 and 
International Affairs. Ihe Quesl Pohnpei 
grant is adminislered by the UH Sea 
Grant College Program. Sherwood 
Maynard and Steve Russe ll coordinate all 
r-..l0P activities. 

A similar, modified version of 
QUEST is in the planning stages for 
Palau in 1997 and America Sarnoa in 
1998. RepreSCnla!ives from th~ dive lour 
industry. community college :lOd high 
school teachers, facully from the 
University of Guam. government agency 
and NGO resource managers, and 
community college students will be able 
to participate. A modified QUEST 
training workshop is also under 
consider3tlon (or volunteer red SUf\'evors 
of thc Hawai'i Coral Reef Initiative. '4< 

-. 

What is a reef? 

Coral reefs are one of the most diverse and biologically produclive 
ecosystems on eanh. Their high productivity is the resull of efficient 
biological recycling and a high relenlion of nutrienlS in an olherwise nurrienl­
poor environmenL Coral reefs are tropical, shallow-waler ecosyslems 
restricled 10 latiludes 25' 1030' north and south and year-round surface waler 
lemperatures of'25' 10 3~' C. Hermalypic corals (i.e .. reef-building or slony 
corals) are multicellular animals which colleclh'ely secrete the hard eXlernal 
skelelon of calcium carbonale Ihal form reef struClures. These reefs provide 
habitalS for a wide varielY of marine organisms, such as fish, sea turtles, 
marine mammals, cruStaceans and invenebrates. A critical aspect of r~ef­
building corals is their symbiolic relationship wilh Ihe unicellular algae, 
zooxanthellae. The algae live, conducl phOlsyolhesis. ,nd process Ihe coral's 
waste products ,11 within the cells of their host. The ,enlire biologic,1 
productivilY of Ihe coral reef ecosystem reSlS on this symbiotic relationship. 

Corals have "ery specific requiremenlS for Iighl. temperature, water clarilY, 
sJlinity and oxygen. Coral growlh is relalively slow. especially in areas where 
sediments are regularly dislurbed because silled substrates prevent larval 
selliement. If lighl penelration is decreased Ihese.is a reduction in 
pholosynthesis by Ihe Zooxanlhellae algae. Mosl corals, Iherefore, are 
reSlricled lo-deplhs of less Ihan 30 melers. Their lack of mobililY makes them 
vulnerable to environmental disturbances. such as oil spills. through 

.smothering and oxygen depletion. 

Coral reefs in Hawaii nre fair ly well de"eloped but display low species 
diversity because of Hawaii's extreme isol:nion and more nonherly latitude. 
The best developed reefs in Hawaii are found on I.eward(south and 
southwestern) coaSlS or in bays which are sheltered from wave aClion. 
Examples include Ihe KonJ Coasl of Hawaii, Ihe south coaSI of weSI Maui, Ih; 
north coast of Lonai and Kauai, Kaneohe Bay, Hanauma Bay and Barber's 
Poinl, Oahu, and the lagoons of Ihe Northweslern Hawaiian Islands. 4< 

-Oil Spil/~ ar Sea: Porenrial ImpaclS on Howaii, 1992 

Hawai'i Coral Card 
Available Free 

To help celebrate the International 
Year of Ihe Reef, staff at Ihe Hawaiian 

' lslands Humpback Whale Nalional 
Marine Sancluary on Maui crealed the 
Hawai 'i Coral Card. The waterproof card 
features Ihe mOSI commonly encounlered 
coral species in Hawaiian w:ucrs. as well 
as tips on carOlI conservation. 

The Haw.i'i Coral Card is available 
free allhe Hawaiian Islands Humpl?~ck 
Wh.le Nation.1 Marine S.ncluary: 

O'ahu: P.O. Box 50186, Honolulu, HI 
96850. phone (808) 541-3184, ittlerisland 
(800) 831 ,4888. 

Maui: Main office. 726 South Kihei 
Road. Kihei, HI 96753, phone (808) 
879·2818. 

K.ua'i : P.O. Box 3390, Lihue, HI 
96766, phone (808) 335-0555. 4< 



Maui's . coral ' ree6t (ContilUltdfrom pale J~I ____________ _ 

popul.tions :I.!ld fish populations and not 
only how they were different between 
sites. but how they ch.mged over time. 
Since then, we've e:tpanded our effortS 10 

look .t other areas or other aspects of the 
environment. such as water motion. 
sediment;ll ion. and faclors in'fluenc:ing 
water quality. which might help us 
explain some of the observed patterns we 
were seeing \\ ith car.ll and fish," In 
.ddition to studying the changes in fish 
and coral population. researchers arc also 
studying the effects of fish feeding at 
K. hekili Pork . • popular tourist are • . 

Corol .nd fish populations c.n be 
.ffected by pressures from the 
environment and from humans. 
.~ccording to findings from past years, 
n:lltlfal factors such as hurricanes can 
innuence reef structure over :1 short term 

period with regards to the density". of coral 
and fish. In contrast, human-use factors 
seem to t:J.ke longer to manifest their 
imp.cts upon fish .nd corol dens ity and 
diversity. 

According to Brown, co~l reefs on 
Maui are being threatened by shoreline 
development ilnd human pressure. Brown 
feels that ::mchoring. pOllution from boats 
and WJtc:r user3. and fi shing pressure are 
.:1 11 issues Jffecting coral reef ecosystems 
which need to be addressed. 

Fish feeding poses another threat to 
corJI reefs. Results of the research done 
. t K. hekili P"k indic.te that fish feeding 
h .:1S a negative effect on the cora l reef fish 
commuOIty structure. According to the 
study, fi sh fe:d ing causes a decrease in 
sp~c i es di versity, '\'ith an overall increase 
III fi sh density. This indicates that the 
more Jggressi\'e species mJY be 
displacing the less domin.nt fish species. 

r.ul Jokiel. Sea Gront researcher .nd 
Brown's doctorate advisor, has ass isted 
Brown wi th his field methodology and 
1!:< pcnment.:11 design for the study. 
"Brown has the best longterm nlonitoring 
datJ set of anyone in the state right now," 
soid Jokie!. " At the sites, the d.t. is 
c:c.tremely good because he has had very 
good qUJlity contra\." 

.l 

Dat. regording coral and fish 
populations for the long term monitoring 
sites o f Honolu. Bay, Olow.lu .nd 
Puarnan. ore gathered using SCUBA 
equipment and the qu.drot .nd transect 
methods. The qu.drot method utilizes. 
point- intercept method in which. meter­
by· meter grid is placed on the ocean 
floor. From th is method. coral coverage 
and divers ity are measured. Similarly, the 
modified Brock tronsect method is used 
to meosure fish density and diversity. 

"One of the neat things 

is that now we're getting 

the chance to see very 

gradually how a reef will 

recover, and at what 

rate it will recover. " 

Both methods employ divers who 
conduct underwater visual counts to 
obtain fish and coral measurements. 

Fish feed ing research .t K.hekili Park 
is conducted by dividing the park into 
three equivalent regions bosed on 
biological habitat and human use 
patterns. A treatment site, controlled 
treatment site, ~nd control site arc 

organized at the three regions to monitor 
ch.nges in fish density and species 
composit ion. 

Research for the study is g.thered b)' 
le:lmS comprised mainly of volunteers 
who arc trained in the necessary research 
techniques used to ossemble d.t • . E.ch 
te:tm surveys the different sites so every 
research location is studied several times 
by different groups of volunteers. This 
technique is used to reproduce results and 
give the study st.tist ic.1 reli.bility. 

Brown hos found th.tthe longterm 
monitoring sites of Puamana, OIOWlllu 
.nd Honolu. B.y have experienced 

v.:U'')'ing degrees of changes between sites 
o\'er the years, 

At Olowalu. there have been few 
changes obsen'ed over the course of the 
study. The st.bility of Olow.lo's reef 
community may be attributed to shelter 
from physical and b iological b ctors. 

In the case of Puarnana, coral 
cO"erage was severely .ffected by 
Hurricane Iniki , where coral coverage 
",os meosured . t 12.6% before Iniki and 
subsequently meosured to be 0.9% the 
following year. This major red"ction, 
c.used by Puam.na·s exposure to Iniki's 
southwesterly waves, lS not wita~out its 
benefits. "One of the ne31 thing3 is that 
now we're getting the chance to see very 
gradu.lly how a reef will recover, and .t 
whOlt rate It wi ll recover," said Brown. 

At Honolu. "B.y, r,esullS indicate two 
very diifcrcnt trends occurring within the 
b.y itself. "Pan of the bay has been pretty 
much st:able over the past six or seven 
ye.rs." Brown explained. "But the other 
pan of the bay has been experiencing • 
severe decline, Olnd we don't know what it 
is yet." 

The preliminary resuhs seen in this 
year's study correspond to trends seen in 
the post tWo years. so Brown believes 
th.t some of the reef areas may be 
beginning to stabilize. But he .Iso 
believes th.tthes.: trends may be more of 
a seilsonal occurrence and intends to 
sample through the wintertime when the 
big nonherly swells come. 

The Corol Reef Research Study will 
be entering a new phase of research, with , 
the emphosis 011 finding the cause-.nd-
effect rel.tionships between trends 
observed .nd the biological and physical· 
f.etors present. Findings to date have 
.1I0wed the Pacific Wh.le Foundation to 
work with both state and count)' agencies 
in order to preserve coral reef ecosystems 
by increasing the level of understanding 
on coral reef community dynamics. 

Brown presented his findings, with the 
focus on trends seen .t Honolua Bay. at 
the M.ui Summit held in I.tc August. 4< 



The 2nd Imemational Conf~ren,e on Open Ocean Aquaculture: "Charting the Future I 
of Ocean Farming" is set for April 23·25, at the Aston Wailea Resort, Maui, Hawai' i. 

Topics will include: 
~ C:lse Studies Worldwide 

• Bic-IOgy of Pou:ntbl Species 
.. Production Systems 

.. Large-scale Designs (or High·energy Enyironmenu 
.. Economics of Offshore Systems 

.. Regulltory & Envjronment31 Consider3tions 
.. M:uinc Tenure :md Leg-Oil Issues 

.. . ~peCi ilJ Applic'lI ions (0 P3cific islands 

Hawaii 's Rtadin~ss to Prevent and 
Respond 10 Oil Spills is a follow.up to the 
1992 report, Oil Spills 01 Sta: Porelllial 
Impacls on Ha .... aii. UH Se~ Gr>nt ' s 
'Iatest report focuses on the state's 
responsibilities for improving its oil spill 
prevention Olnd response capabilities. 

Sea Grant conducted the year· long 
study (0 :lssi;St the state in determining 
how to prevent and respond to oil spills. 
In preparing the summary, the auth.ors 
reviewed, C\'tlluOJled and synthesized 
inforrmllion, recommendations and 
r.tionales presented in the appendices. 

The Hawai'i conference follows up on the Portland, Maine, program held in May 
1996, The Hawai'i program will focus more on species and systems applicable to the 
Pacific Btlsin nations. \Ve strongly c:ncourJge the p:lnicipltion of fishermen, biologists. 
economists. eng ineers. investors. regulators. social scientists. :md other stakeholders. 
We especially invite our Pacific Basin colleagues in Australia, New Zeallnd, the 
People 's Republ ic of,China, Japan, Taiwan, Korea, Hong Kong, Southe.st Asia, and 
Pacific islands. The desired outcome of this conference is consensus· building for actions 
needed to develop a scaleable and sustainable open ocean aquaculture industry, 

p, Rapp~ and J.N. Miller, 1996, 
Hawaii 's Readiness to Pre\"ent and 
Respond 10 Oil Spills. UNTHI·SEAGRANT 
(CR·96·02); 36 pp.; no charge. 

Contact Ray Tabat., University ofH.wai'i Sea Grant College Progr3m. fax (808) 
956.2858, e·mail ocnaqua@hawaii.edu or visit the Hawai'i Sea Gr3nt web page at 
http://ww .... soesl.hawaii.eduiSEAGR.-\NT/aquaculture.html . 

Hawaii Convention & Visitors Bure~ll : I·SOO·GO· HAW All or hup:1I 
www. \·isil.hawaii.org . MauiVisitorsBureau : I·800·525.~lAUJorhup:llvis i tmau i.com/ 
ASlon Wailea Reson: 1·800·292·4532. 
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The National Sea Grant.CoHege Program is a nelwork 01 inslilUfions working 
logelher to promote the wise use, development and conser,ratlOn of the 
nation's co.sta/. marine arod Greallake.s reSOfJrces. Provisions of 1M 
National Sc, Grant Collepo and Program Act 011966 called for the creal;on 
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Sea Grant is a unique partnership 01 unj~rsity. govemment and industry 
focusing on marine researclJ, edLtCation and acMsory/4X1ension service, 



174 I /I,."". G_ 111111"111'1" 

til' nnl uislinguish helweellll,c uilTcrent forms of organic producliull. evclllllllUgh 
Ihc r:lle!. ur Ihe pnuhu:lion lind Ihe consumer cOllllllunities may dilfer mOirkedly 
ill Iheir l'umpnSiliun :IIUJ usefulnc:-.s HI top predalors like hUl11:1ns. It follows th:ll 
siluplc c:lrbun rnelilhulislH as:-.ays uf lrupllie SI:l1us c.lnnot be \I~cd :llonc us reliOlhlc 
TIIclrics ur cur:ll-rcef cumJilioll nr "henhh," 

More cmnplcle llle:ISUrel1lcnl regimes. involving ulher 1I111rienis hesides c:lfbon 
in inorganic ilnd organic fmms, ilrc relluircd 10 quollify mctric~ uf mllhrnpogcnic 
l'hillige in Ihe lruphic slntus ur rl.:c f cUlIIlHunities, Such ecuindic:'lurs l11uy pnlYc 
III bt! more :-.cn:-.ilive (lherehy pruvitJinc earlier warning) lImn Ihc chilrnclcrislic 
ch:lIIges in community siructurc thill follow nnlhropugenic imp:l(:ts. btu n,cre ure 
lun few d:lti' In judge :II Ihis lime, 

7,5,2. IIl1n,,.,fllll1/(' )'Cltl.f fmm R(",/s 

°n,e net cUlIlIllunity (excess) pruullctivity uf entire red systems sels the upper 
limit on suslaillilhle yields of org:lllic llIillerial from reefs at aboul'2-3% of gross 
productivity. This wuuld he :t hUl!C nt:lss (e:t. Jsn )( to" Me. f'resh Wt yr- I

) on 
01 l!hlh:tl btlsis. hut (If course only il ~m,,11 rraction is actually ;lvnilOible for Ilar .... cst 
hy humims, FirsHmlcr cstin1iltes ~ugtesl th;1I 15% of the eXCC~!i production is 
exported frulH reefs in ullus"hle fmm (e.g" dissul .... eu orgilllics. detritus) lUld 15% 
,Iccumubnes in rec( struclures. IC;1Vint only "bout 10% (ca, 35 )( 10" Mt. yr" 
globally) 10 he lisheu (Crossl:llld cl :11., 1991). This number is Clluiv<.llenl 10 well 
under 1% of the gnlss productiOiI hy reefs, II propOr1ion in accord with independent 
trophodynOlmit; anulyses (Fig_ 1-H). The errors inherent in nllempting to estimale 
recf.spceilic (much less spccies.spccific) fishery yields from measures of reer 
mel:lbulislI1 ;lIId proouctiun should be app:lrenl fmln this huge disercpaney be­
tween gross production :md Imrvestnblc secondary proc.Juction. 

Current cOitehes frolll coral-reef fisheries are but a rew percent of this estimated 
su • .,in.ble yield (M""h.lI. 1985: Russ. 1991). ,uggc<linC Ihal con,idcrablc 
pUlentiul exisl .... for increasing the harVe!i1 from reefs. Yet there ure alrcudy many 
e",mples "f uyerlishing (Russ. 1991 : R"ben, and Polunin. 1993). High yields 
;Ire gencmlly uhwincu \Vhen Ihe 'hiheries urc nonselective (most spccic~ uf large 
\'enebnlle .md il1vertcbmle cunsumer :Ire hnrvc:sleu) Dnd their long· term sustain· 
"bili,y h •• yel'o be dellloll' Ir,lled (Ludwig el nl.. 1993). II .ppe.rs Ihallhe creal 
diversity of reef food webs aClS tu limit both the harvesl efficiency of mullispecies 
lisheries and the eculogic;1I cflicil!llcy of energy transfer. Thc result is anomaluusly 
low fishery yiclds from reefs compnrcu 10 other m:r.rine ecosystems hnving similar 
rales uf prillmry productiun (Fig. 18-1). Givenlhe profound effects tlmt uverlish­
inc hus :dre .. dy lUlU un the slnlcturc nnd function of reef communities, it would 
he impnnlent tn ;lIIempt tn :lchieve the themetical maximum slIstllillilhlc yields 
frnl1l them. -Illey \ViII ceilSC tn be cur:'11 reefs Inng bermc Ih;1I puint is rc:tcheu. 
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Reproduction and Recruitment in Corals: 
Critical Links in the Persistence of Reefs 

Robert N. Ric"mond 

Ench chnpter in this bonk deals with filclors that cnll shift the bal:1RCe rrom 
pmcesses SlIPI)urting cuml-reef growth ond development 10 those Ihllt restlll in 
reef degradation. Reprouuclion anu recruitment nrc among the critical processes 
upun which the IlCrsistencc of cond reefs uepends. Reproduction is the process 
hy \Vhich new individuols nre formed . Recruitment is the process by which newly 
fmllled indivitluOIls become a pun or the reef conullunily. 111is di"Iinelion is 
importmll. as it is possible to Imve successful reproductiun, wilh healthy Inrvuc, 
lissue fragments, ur uther types or !iced material being produced. but evel1lual 
ueOllh or :I cural·reef cUl1l1nunity if the~e ncw individui"~ are unahle to find 
llpproprinlc ~uhstn"n ft)f settlement. or ir cOI1l.lition~ prevent growth. Inlltumtion. 
Ulld surviv:tI. . . 

This ch:lpler will describe Ihe melhods by which corols reproduce, how corol 
l.trvOle are formed IlIId de .... clop. (he foctors Ihnt arreee sile selection. selilemeni. 
anti Illclarnurphu!liis in COni I lar .... ue. and how particular problcms cnn arrect the 
success of bOlh reproollction :II1U recmitmcnt. Dy studying the biolOGY of corn I 
reprouuctiull :lIId recruitment, we gnin :111 unuerstaluling ur how it is possible to 
sluwly dcgnldc a reef, Ihrough the interruption or the c:rilieal proces!ies Ihal 
rcpleni!ih populations uf the!ic importunl orgnnisms. 1bis unuerstnnding is of 
ceillmi impmlill1ce In cunal-reer manugcl11cnl allll prcservuliun. Whether a reef 
is killeu (Iuickly by scuimclliation or slowly through reproductive or recruitment 
failure, tho result is the sume: the loss of the beauty, economic and cultural value. 
,lIId bellcfil.~ Ilml cum I reef" prnvidc. 

Itt:\(';m:h ~UIII"lflrd lIy NSI' 1 ~ •• 1II1 KKDJ ,\II ILlld NIIt l!f:llli sUfi CiM 4,11!H1.(K, ' l1,i~ h ,'ulIl.ihul"", 
nutllher ;iKnuflhc Univel!lil'1111 (ju;un ~brine t~I",ulnr'l . :lnt.I hdtdic:aIC:I.I In KC::!n:a Avc:ry kiclllnomJ. 
whll ,,~a:fllil':ll Juty :!7, 1'J'HI.loc:lw':cn Ihe: IWII :mnll.1I cut',,1 ~r:a"'nillr: c:vt'III\, I hup:: Ih:al .he inrlM'III:lIMIII 
in Ihi~ ,:h"rl.:r .11111 htHd. WItt hdr ill lite pmlt'l:l i UIi IIr l:1It;a1 ft'do; rur lI!!f dlilthtll. lI< wdl :10; lIlI 
rUlure I!tll(I:llitlll\. III enjtly. 
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H.1. Corul i{cproducliun 

Corills rellrullucl! bUlh ascxu;dly nnll scxulIlly. Ascx,,,,1 rCI,wtlllclinn in cnwls 
includes sC1Jcml processes by which onc cuml colony forms ilcJdiliurml colonics 
lhruugh the sepilmtion of tissue· covered fmgnu:nts, or thruugh Ihe :,hculling uf 
tissue alone. SeJ.ual reproduction is more cump'lex, and requires the fu siun of 
two gameles. egg and spenn. Iu form embryos lhut develop inln·Jrcc·swinuning 
planula larvae. Asexual and SCXUill processes arc not rnuhmlly exclusive: species 
and/or individuals may produce "offspring" bUlh W3YS wilhin Ihe Sill11e time 
period. The products of thc IWO Iypes of reproduction ctln differ bUlh physiclilly 
and ccologicillly. 

H. J .1. AS~.'CI1lI1 R~pro(IIl('I;ml 

In discussing ilsa:xua) reproduction in comls, it is ),,:Ipful to sepotmlc cnlnny 
growlh from the fonnation of new colonies. Most red-building Sl(lIIY corals arc 
lrue colonies, made up of hundrcds 10 thousands of interconnccted pulyps. Colo­
nies grow Ihrough Ihe asexunl process of budding, during which new polyps 
funn. Addilion.1 polyps C.II foml when one polyp divides into Iwo (inlralentoculor 
budding), or somelimes a new moulh wilh lenlntles can simply ronn in Ihe splice 
belween Iwo .dj.cenl polyps (extralentacul.r budding). Ir Ihc polyps .ndlissue 
fonned by Ihese .sexual processes remain .llached 10 Ihe parenl colony, Ihe 
resull is considcretl growlh anti is seen as an increase in colony size. H polyps 
or buds become detached from Ihe parent colony and give rise to ncw colonies, 
we consider Ihis 10 be asexual reproduclion, Ihal is, the direct formution of new 
individuals from prior stock. 

New coral colonies C3n be ronned asexually in sevcral ways. Fmgmenlation 
is common among finely branched or relatively thin plating corals (Highsmilh, 
1982). Coral fragmenls, including Ihe underlying skelelon. may become del ached 
(rom purent colonies as a result of wave aelion, slann surt;e, fish predation on 
associalcu animals. or other sources or physical impaci. U a rragmenl lanus on 
a solid bonam, it may fuse 10 the surface nnd conlinue 10 grnw Ihrough bUdding. 
Many fragmcnts generated by storms rol1 nroul,d, cvcnHmlly losing their Ihin 
cuvering of coral tissue, :lOd do not succeed in hecoming new colonics. 111011 is. 
Ihey do not recro it (Knowlton et al ., 1981). 

Picces of living lissue may IC:lVC the underlying coral skeleton, and through 
the use of cilia that cover the outer surface. swim amI drift in the water column 
until coming inlo contacl with un approprinte surface for senlemenl ilnd allach­
menl. 11\;s process has been refcrred 10 as polyp bailout (S;unmnrcn, leJR2h), a'!; 
polyp!!; appcilr 10 ilClivcly leilvc Iheir skclclcJI1s. In n silnilitr process. balls uf com I 
'issue m:,y rem"in on an otherw,se tll!:\d skelcton, or nmy UOle nut of the cornl 
calices and later differentiulc inlo coral polyps and begin secreting .. Clllc:lreous 
skelelon (Rosell nod Taylor. 1%9; Highsmilh. 1982; KruPI' el nl.. 1<)<))). Seclions 
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li,ken Ihmugh t:nruJ colunies, pilnicularly massive fnnns. of len reve,ll perinus nr 
l:ruwlh. clichOlcks. ilnd recrowlh ovcr :t previuus skcJewl lmse, Fur Ihis reuson. 
(ninny dj,lIncler limy nol always be a rclinblc meilsurc or n1;c (lluglu!s illJU 

liockson. 1980) . 
It is OIlso possible Ihat coral larvae may arise from unfenili1.ed eggs. Ihrough 

" process known as panhenogenesi. (Sloddan, 1983). While egg. ,ore produced. 
Ihey nrc not fcni1i7.ed by sperm, bUI develop directly. This aseJ.lml mcchani.o;m 
for production of embryos has been observed in planls and many clon~ll org.tnisms. 

Asexual reproduction results in the proouclion or offspring Ihat arc gcnetically 
itJenlicallo Ihe parent. As long as condilions remOlin the same. Ihe orrspring will 
enjoy Ihe same level of successlhat Ihe parenl colonics hild. In reality. the physical 
ilnd biolugic,,1 ilspects of coral 4 cecf communities v.try. Seawaler temperlllures nmy 
change because ur EI Nii'lo evenlS:. predalors may evulve new feeding h:lbits, a 
l1ew disc,ISC nmy appear. or it new competilor I1li1y immigr;lIc 10 the reef. A 
population with no genetic vari"bility is vulnerable to ch'lIlge.s in the physical 
or biological components of the environmenl. Another disadvallingt: of usexual 
reproduction in corals is thai rraglilents , residual tissuc.'i, _IOU some sheddcd lissues 
have limiled di5pcr~ml abilities. TIle dislribution of offspring is impur1:mtto the 
success or coral populalions and coral reefs . 

1J.1.2. SWIUI Rtflrod,lcrion 

Unlike asexual rcproduclion. which produces exaci copies or the parent. sexuoll 
reproduction orrers two opportunities for new genelic combinations to occur; (I) 
crossing over during meiosis in the formalion or eggs and sperm. and (2) Ihe. 
gcnctic contribution of Iwo different parents when :m egg is fertilized by a sperm. 
ll\esc serve to ulld genetic variation to populations. which milY lead 10 enhanced 
survival of a specics. In corals, the resuhing emhryo develops inlo a ciliated 
planula larva. Planulae are panicularly well adapled rur dispersal and can seed 
Ihe reef of origin. nearby reers, or reefs hundreds or kilometers aWil)' (Richmond. 
1987. 1990). 

H. I..I , G(modwr;sm Ver.m.f Hcrmnpl,rod;l i,f1ll 

If ;t species hus separate ma\cs prooucing sperm aulu remales producing eggs. 11 
is silid 10 be gonochoric. The Icrm J;o~cious is also used, but it is more appropriate 
rur plants. U. however. a single individual of a species is capable of prot1~ing 
bOlh eggs and sperm. it is said 10 be hermaphroditic. 111is term origimues from 
Greek mYlholog), . in which Hennes was the nmle Il1c!;senger god. anti Aphrodite 
Wl.IS Ihe guddess nf bcOluly. 11,,: joining of Ihese twu namcs is used In describe 
urganisms tlmt have bOlh mille alld fem:lle fUt1cl iull within Ihe s_une incJiviuuOII. 

AIlProxinmtely 25% oflhe coral species studied 10 dilte (e.g .• species of J'oriIC,f 
mld Galau',,) :ue gunochoric (lhurisol1 ,md W>lII:lcc . I'J'JO). The itll!ntilkOition 
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or sepamle sc;xcs ill coml.1i is .'mlllclil1lc~ confused by Ihc r;lel lhal il lilkes eggs 
lunger tu develup th:1I1 sperm: hellce :, study c:1rly in the l!lIIlIetnl,:cnic cycle nmy 
lemlln the ctlndu,inll thai i1 cuwl is Il'mak, ., illl:e lin sperlll wllulll he sc!.:u ulilil 
I:ller in lin: ye:lr. At.ltlitionillly, individual cnlnnies or sUlI1e specie", :lre distinctly 
IImle nr I'clII:lII:. while nlher clllunic" of Ihe saine specie" nmy he hermilphrodilic 
(Chufllesky mu..! Pelers. 1987; lIarrison :1IIl! WnHitce, 1990). These C:I"CS l11ay 
represent rCl"uM.lm::livc plast icity . (lr ill some Cil~es, dirrerences at the species level. 

If ;111 lIrl,:ill1i"lII h:l,\ bUlh nVilric'i fur producing egG~ :IOLi tcstes for pmducing 
!'oJlCrTlI :II the smue lime. il is (' :llIed iI sil1lull:lIleoll~ hernwphmc.Jllc. If, on the 
Illller llalld. 0111 inlli yidual is II fUlIl'tilllHiI nmle Iir51. Ihen develops inlt. It rcrlmle Inter 
fpnu;tIldry), ur is inilinlly felllOllc . evenltml1y eh:anging illio n nmle (protogyny), iI 
is n sC(lucntial hernmphuKlitc. Corals llispl:.y the full mnge of sexu,,1 clmrneteris· 
lics, willi the Ilmjurily uf SI,ccics !'otudicd su fOir idcntilietl ;:IS sil11ultilncnu ~ hcrlllilph .. 
rtM.lilcS (c .~ . , lIIoSt ;lcrnllOrit.l-.. f;lV iicls, ami sUllie pocilluparids). A few ~J>ccics 

Imyc heen found In he setillellliOiI hCrTmlphrudiles (c.g. Sly/ol,llOra l )iJlillulll :lIId 
Gtm;II,flrt'llfiJl'llllls: Rinkcvich 011,,1 Loyn. 1919b; Kojis :lIId Quinn, 1981). while 
ulhers OIrc gonm:: hnric_ 

HenmlphuKlilism is pilrtieul:lrly fnvomhlc in slImll pupuhllions, itS it ensures 
sexu,,1 pilrtllers wilt be prcsent if thcre :Ire more tlmn two il1lJividuals. If sclf­
rertili 7.lltiun is rn-''iihlc.:a single simultanculls hcrmaphrodite is cnp:&blc of sc:<l1il1 
rcpruoucl iun ,\OtI ;at ICil'il laking nUViIRt:ll!C of the genetic varioniun lntmducetl 
during Ihe crussill~·over "h:lse "f mciosis. 

I~.I A. IJflJmlill.,= V,·r.m.\' Spa"',,;,,.&: 

Comls tlisphlY IwO distinct IUndl's of reproductiun Ihal diHer in the way Ihc 
g:ll11elcs cume inlu contact wilh c:tch olher. In brooding species, eggs :Ire fenilized 
internally. with the emhryo develuping (0 Ihe (ll;\nllia st:age in~ide the cornl polyp. 
AltemilliYely. spawlling species rclcilsc egg:; and :;pcrm into lhc w'ller colullln, 
where subsequent cxtenml rerlili1.:lIion and development take place. ·1l1e differ­
cnces belween Ihc two mOl.les "f reproduction innuencc mlilly :aspects or conll 
eculo!!y, il1c1t1dill~ the Inmsfer uf symbiolic nlg:ae 10 the larvue,I:IrY:l1 CUltlllCtCI1CY 
(the period tluring which Itlrv:lc posses!\ the ability to successfully settle nnd 
mcullnorphuse), dispersal or l:Irv:lc, biogeographic dislribution p:allcrns, gcnetic 
v;1finnilily. :lOtl even mles of spel'i:l\ion and evolution (Rkhmund. tlJ90) . AIsn, 
spawned gnrnetes th:1I nUilt In Ihe slIrf .. ce muy be more vulncrahle 10 Ihe crfccts 
of pullulants uftcn f,,"nd in lhe surrilcc layer in coastnl waters. 

Plunula I;:aTViIC relensed rrom brnoding corals arc immedintcly competent. Ih:1I 
i~. cap:lble of settlement nnd l11et;lrnorphosi~. Uroodcd Inrvne arc genertilly Itlrger 
limn sp:l\Yllet! 11Irv:lc, :and in hCrluillypic (reef-buih.ling) cor:als. contain a full 
complement or sYlllbiotic 7.ooxmllhellOie from Ihe parent colony (Fig. 8- 1). It 
has been dCmonsl,.ucd thai 7.\K)X,Ullhellae eonlribute metabolites 10 the I;UVilC. 
!!iving lhcm addiliunal energy sourccs to promole long-dislnnce dispersal 
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Fi,-:II'" X- I. Plillllll:. ':lrV:I nr IJ"d Ull/llm, ,llIlIIi"'II'"i.r \Villi h'lUds ur ~ymbinlic l.DOJtan­
Ihell:lI! . 

(Uichmnnd. 19K7, 19HK). Nevertheless, Ihe :abilily to illlllledi:alcly sellle rcsuh!lt 
ill sOllie brondeL1 pl.mulue nllilching to Ihe ,subslrnltl wilhin cClltimelers of the 
IJ:lrenl cnlnny . 

Brooders. sometimes referred tn liS pl:umlnlurs, represent unly II slUIIII ponioll 
of the enrOlls !'itudiecJ. pcrlmps 15%. The p;m' PlIcilic cond I'm:illoJJ"m tlmnic:om;s 
rclc:lses hrnlKled planul:n: nn :I lun:lr cycle munthly, throughout the yenr, on the 
rcefs nl' MiclUllesia mid Ihlw"ii (Richmund illlll lokiel, 1984: Jukiel, 1985). TIlis 
sallie sped es rc1e il s~s lnrvnc unly a fcw month!\ per ye.lr in Okinawil and in 
western Att!'lo tml ia (SlndllOirt illld Uluck. 1985; RichnulIlcJ mid I-funler. 1990). 
rm .. .'ilI"pow fiflU,in'mi_f h:I'i :llsu been rel)urled tn sp",wn in Ihc caslem racific 
and wesler II AU li lntl i:a. ra i'iing questiun ... abnul Ihe t:lxunomy uf eurOils thai look 
;alike hUI delll(JnSlr:lle diffcrences ill relJfuduClivc clmracterislics (Glynn cl Ill.. 
1991 ; Ward. Ilinl_ 

r-nr uver 250 species IIf curnl!'i :llrc:ady slUdiclt , Ihe m:tjorilY (pcrh:lp~ 85%) 
un.: spawnl'r~ rr .. hh: K-I) , lUiIIly of which partidpille in rnuhispecies lIliiSS. 
sl'llwnillg ev.:nlS dllrill~ limited periolls e:lth yeo., (Fmllallilh, 1983: lIi1rrisoll cl 
ill .• 1984: IlarrisHn iIIul W"II:1CC. I 9tX): ltichl1l1m'tl nnd 1·lunter, 1990). 111 Okinawn. 
must spOl wlling ... pecics rcle;lse thcir gnmctes nver :1 5-K-t.l:ly periud cnll1l11cncing 
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NII't. While illl"'), he OIJo~uu1Cd II ... , cnul "I",de~ ulcnlilicd 01' !lllaW~,:\elJoCwhcu! .. bn ~'l;&WU inlhc 
I'hilil'piue,!; , III i10 13h1e hMli lei 3nd mooe 3!111nknnwu IInle!\'\ an ,",lu,,1 nbJoervlllion Wi!' rc~t.:Ulded . 'nil:: 

cnr,,'" liMed illi h:nlalivrly spawning in Ihe spring wcre ob~crvCII,u CUIII;l i" tip.! t:nmuls in Arril ::and 
~I::ty , 'Ill( dalQ SIUlU113ri/,cd herc <lrc based un J'IIchmin:ary OOICIVOIlin05 (cpurted in U('rm .. ~ c' ai, 1')1)). 
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Syml'hytlia ,te'" II S sp·iJ n 
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Nolt: A Imill ur III spedes tlUI or lS6 have b!c:n observed 10 In3'" spilwn durinG Ihe week 
'nUowin, Ihc rull muon in (kluber (M:C Willis el 31.. IIJKS. 'ur tklail!o'. 

Red Sea 

A('r"IH"", tUf7Jlfllru, H(pl:) S 'P 27 
Arml""" ht"'l"h'hi; II , , 2K 
Acn'porrr humiUs lI(p.) S ' I' 27 
Arrvpn,. ")'tw'i",h", lI(pg) S " 27 
' .... "'/",'11 .Jc·,III,/I"u 11(1'1t' S " 27 
AI"I'II/HI", .JIII',I"/r" IIIP.) /I .. ·w 27 
AJtl'tup4J'" 1Il)'riut,h,ludma IIIP') 5 Sf 27 
"·"'';n fin-tis IIIP.) 5 " 27 
G"Ia.ttfl !currn",,,,, IUP.) ' 5 " 27 
(imlim'rtfl tf'lifi,,,"iJ IIIP.) S " 27 
1'/u'JY'" 1111111'1/;1111 Ilh'g, S " 27.2K 
1""'U1"IIfJ", 1'''''IIl'IIm Ilh'g, S " 27 
S",u"('p"ra (',rlil'lll/nlln lI(pg) n sp ·)of. r 27,2K 
St,\"UJ,honi l,isliIlIII" IIIP~I n w·~p · \Vr 27,28 
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S,""rtJ: I . Eldhdlah, 1911]: 2. Kl~is ;JntJ Quinn. 19k,:.; ) , Kujis ant.l Ouil1n. I'JK2; oJ IIvlhwell. 
I'JK2: 5, lIarriul, PJUu; 6 . Stl1l:IIII-Frudidl. 19k4; 7. WYCr:i, 19H5: H. V:m Muur\.Cl, It}HJ ; 1J. IMM:uc .. k. 
I'JK4 ; 10. RichmumJ. p:rs. lib:.,; II. lIiltk:nck. II}K": 12. GrillA C:I ill .• !'JKI : IJ Slim!>!)fI , linK; 14. 
lI~yw.,rd , 19K9; 15. Krurv. 19K.l; It.. l13nic,n. 1912: 11. Ridullllnd ::md hlkk l. IIJK4 : I • . AkKla, 
11J51a: 19, K:IIwil"ui. 1940; 20. KOIwlJgul i. 1941 : 21 , Abc:. IY)7: 22, AIII,b. 19.11h; 2,1. Alndil. 1951h; 
201_ Kojiulld Quillu. 19K211; 2S , M:II"h.,1I 311d Slcflhcnsun. 19l3; 2(1. SanulI;lfcn, I'JHZh; 27. Shlcsilll!cr 
lind loy,., 19H5; n . Rinkcvk h and I..uya. 1979b: 21). SU1~n4. IIJKCI; ;\11. Il(nn;u; t:1 al . IIJ'JJ: 31. 
D;ai CI al.. 11JtJ3; 12. Glynn el ;a l. . II)tJl ; :\). RH:hlllIHKI. reu. vbs. SI'.' . II = hCrillullfllulJil ic; G .. 
I~unochoric; pg = pmlo;ynous: pOl .. pmlal1drnus; s ,. sillluhancuu!!o; a • unklltlwn, M",It'.· S ,. jo: p;JWllcr; 
n • brooder, Sf'IIS,,,,,' W = wimer: sp = !!oprine: 5f :l sUlUmcr; r .. rail ; yr ,. yt:ar,rnnud; II .. nul-nt)wn. 
A.hb.ev~tillns 'UI IIltHLU,S ;ne lI!'Cd wht:n ;availabk and appfUpri;tIt:. (Ulltl:!lell rrulII MichllHMllI ami 
thlnler. 19'.JO" 
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around the night of the Mny .lIld Juue full moons each summer (ll ilyashibara et 
al .• 11)93). In GU ilill. Microl1e~ia. pc:tk spawning occurs 7- 10 dilYS liner Ihe July 
[ull ",uon (Rich",und and lIunler, 1990). In Ihe nea,hy isl;,,"ls ,,[ I'al.u, cnral 
spOlwning appeOirs 10 occur several monlhs per yClir. inciuLling March, April. and 
May (Kenyon, 1995), In Auslralia, l\1ass spawnins evelllS \lCcur during November 
(Harrison el al .. 1984), 

Why arc Ihere differences in liming of coral sp:twning ;Imong ~ilcs. nnd yel 
so many specics have a high degree of synchronil .• uion al ;,1 p'lnicular localion'1 
A erhical aspect of spawning is synchronization OllUong members of iii. species 
in the production and release of sperm and eggs. If eggs an: ripe while Ihe spem. 
arc not, reproduction will be unsuccessful. 

Corals have Ihe abilily 10 respond 10 sevc:ral environmenlal faclors. Water 
temperalure is one signal Ihat determines che time of year when spawning will 
OCCUI (Shlesinser "nd Loya, 1985; Oliver el aI., 1988), Many invertebrales in 
polnr, Icmpc:rnle. sublropical, and tropical habilals reproduce during Ihe limes of 
maximum waler lempera.ures, The "fine~ tuning'" seems 10 be in response 10 lunar 
pllilsc. Since lides "re affecled by lhe moon. lhese mOlY ;lIso arreel liming. but 
stucJies have shown Ihal noclumal illumination plllYs :1 key role in reproduclive 
liming in enrOlls (Jukiel. 1985 ~ Jukiel el 011.. 19H~). 

C"fills arc sellsil ivc 10 chemic;11 compounds th;11 limy alsl» f:lcilitOlte synchro­
nized reproduclion uln a Iliul icular reef (Coil el til... 1989. 1990; Alkinson :md 
Alkinson. 19<)2)_ In simul",ncous compari~ons ;unnn~ reds in Jaran separated 
by tli :-.; tances uf over 50 km. different species were f.,lInd 10 s(lilwn on difrercnl 
nights during the period following Ihe June full Utoun ~ bUI hy Ihe end "f Ihe 
week. jill of Ihe same species Imd rc:letlsed their g'lOleles. Conl"giuus spttwning 
evenls occur ;IS Ihe g;uneles from one coral coluny slimulale ulher colunies uf 
Ihe 5;ll11e species downcurrcnt 10 release their eggs and speml upon conlact wilh 
Ihe gilillele cloud. These observalions :"upport Ihe nOl inn Ilml \.: hel11ical ~il:tn;ds 
ilre :t likely c;msc of synchronized spawning wilhin ;1 recl'. 

Spawning species thill ilre simuhaneous hC",'''phroc.Htcs lyric.lIly release cum· 
him:d egg-spcrm packets (Fig. 8- 2), wilh egg size ilnd number uf eggs per clu\lcr 
v'lrying ;ullong species. Gamele bundles may cnn~isl nr between I) and I HO eggs 
~urroundinc: or embedded within a mass of sperm_ Seclions lakcn lhrough i1 cnr .. 1 
pulyp prior In Gamele release revcill Ihe eGgs lined up VCr1ic;ally or in c1ustcr~ 
,,'nllt IIlcselHerin (Fit; , 8- 3). Spc:rnt · fillcd rackel~ h;lve .!lso hccn nh:-.crved wilhin 
Ihe Si11lle polyp. bUI aUachcd 10 different mesenleries (I'I:trrisnn lind Wallace. 
11)90), On lhe nighl of spawning, sperm packages ure moved tip from wilhif,1lhe 
culullY 10 .1 position ncar thc moulh of lhc ru1yp <lnd arc rol"lcd as eggs arc 
eilher i111t1ched 10 the oulcr surface (m.IOY acropnrids) or cmbcddcLl within Ihe 
sperm ..,ilckct (e.g .• Faviles) . 'ntC eXlIcl sctluellce uf events nmy difrer .lInong 
spedes. In some. the transparent expanded pll'yr~ ;\ppc:1f while ilS the spcnn 
p;u:kets :Ire moved up lowilrd the mOllth. bUI laler oecome or;mge. pink. or red. 
m .. Ihe culnred eggs arc al101ched (Fig. 8-4 ). EvelllU;tlly the Inuulh nf the polyp 
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I,'i.c:"'" .~~ Z , E~I:!·sl\Cnn dUML'rS uf At'",/mm sp. [!"ch chIsler eun"Iin .. 1)- 1(, egg~ !lim· 
rnundinp. :. ccntral !ol'crm p;,d;;CI. Eilch cluster is upprnxim;udy 1 ml11 in dliIlIlC\Cr. 
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e'ponds and the gamete cluste" nre relensed (Fig, 8- 5), In Ihe fielcl , these events 
1m! vhdblc 10 .he naked eye D~ the Dulcr ~urrDCC of Ihe coral colony lakes on 
color untl as Ihe colored g:Imclc clusters nrc releused. 

'n,. high lipid content or eggs mokes the cl" ... ,. positiv.ly buoya"t. Spenn 
nrc nculrnlly bUOyDI1I and would olherwise have 10 swim IU the !'iurfOlce in order 
10 fcnilizc the egg .... Combining the eggs nnd sperm as a cohesive unit guaranlccs 
the sperm will rcnch the OCCam's surfncc within moments of their release Dt no 
energetic emil, :nlll win be in Ihe proxilllily or nppropri:llc eggs if cunspecifics 
:ITC nemby. 

Once the combined egg-sperm pnckcts reach the Surf:ICC, there is n delay of 
illlProxitililtciy 10-40 minutes before they brenk npOlr\ :md (eni1iwlion Cim take 
place (Fig, R-6), Ex!",rime"', hDve shown thot eggs will not become r.rtilized 
until ,,1'teT this hrcilkup occurs , Whnlcycr the mechanism, lhe lime oe.l:,y reuuces 
the ch.lltec or sclr· fcrtilizntion amone ecg5 olld 5perm from the same cnlon). nnd 
inc rc:lsc~ the ch.lI1ces of rcrtilizalion ,"nong gumclcs rrom dirrerent inuividu:lIs 
(mllerussing). However, lhis observed charncleri5lie also increases Ihe period 
during which Gl.Illlclcs will be exposed 10 pollutants, like oil nnd coninminnnts 
curried in frcshwiltcr runofr, thaI nrc found CIt highcsi concentralions ill the 
oce:ln surfilce. 

8.1.5. Sc:Ij·/:'·""Ii:"tI;'m \I,·I',UI.\' OWntl.f.'ii".r.: 

A nUlllber of iUlcn:slin!! t(ucsliuns ilri .. c frnm Ihe uhscrVili ion .. or lIluhispccics 
11I;, \s ,sp;l\vninl! CVl'IIK Dues scl f· fcrtiliziIIillll occur, :111(( if su, .11 \Vlml frctlllcncy 
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F;K"r~ 8 ... $. A""'lmrn polyp~ rch::lsing cgg-:;;pcrm chISICr.li. 
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I-Igllu 8- 6, Egg.sperm dtl~h:rs hreakinG "(l'UI upproxinmlc:ly 20 miullics ;lrIC( n:lcasc 
The eatS arc now rcady lu be fCr1ilizcd hy sperm frol11 dirrc(clll 4.:ulun ics. 
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cump.lrcd 10 uUlcrossing? Docs hybridizalion occur ilmollJ:; closely rel illed spe­
cics'! Why does mUllispccics synchronization occur? 

IJaniers 10 selr· rertilizution do exisl in corals Ilml prulnale oUlcrussing. butlhese 
harriers may be lime dependent Dnd break down arh:r several hours (Heyward and 
Babcock. 1986; Richmond, 19930). In soone expcrimcnls, il h .. been shown Ihal 
sperm do nol rertilize eggs rrom the same colony unl il 6 hours Dru:r release, and 
evcn then, observed rates of self-rertilizOIilion arc less thun 10%. The same eggs 
Ire:tled wilh sperm from another colony of the same species dcnlunslrated rertiliu· 
liun rales of 70-100% within 2 hours or gamcl..: reiCiiSC. This wam~ us that 
fertilization rales and reproductiYe success or cor:'lls may be reduced by pollution 
wilh chemical conlaminants that can inlerrere wilh. chemical recognition be· 
Iwecn gametes. 

8, / .6. Hybridjzlll;(111 

During a multispc.cies mass.spawning event, sizOIblc slicks or coral eggs and 
sperm can be observed aboye reers, ex lending hundreds to thousands of melers 
in some cases (OIiYer and Willis, 1987). With so mnny eggs lind sperm from a 
wide variety or species inlermingling, the (IU(Slion arises, Can cl!Cs of one ,~pccies 

become rertilizcd by sperm from ;:molher? 
LOiboralory experitnenls have demonslraled Ilml hyhridi;'.:'liul1 does occur 

;unnng corals. This has been observed 1101 only nmong closely relilled species 
wilhillihe S:II11e gellus , but :ICroSS genera (RidwumtJ, 1993 ... 1995; Willis cl ;:11. , 

1993: Kenyon, 1993). In one case, crusses of A"ru/wru (/iJ: i,ifc:m .100 AL'TtlJlora 
.t:t·lJIlJIi/era ..... t:rc unidirectional, meaning eggs or A. lJiJ;ilifutl were fcrtilil.cd by 
sllCrm frolll A, gemlllifun, bUI eegs of It. gcmmifl!m were nOI rertilil,ed by A . 
(/igi(ifc", spcrm (Richmond, 1995). This Iypc or unidi«cl;"",,1 hybridizalion 
has been observed in echinadenns and rroil llies (Kaneshiro, 1987; Uehara el 

"I " 1990). 
1·lybridiz.lliun among species spawning on Ihe smile evening nmy be dclcrred 

by differences in Ihe timing or gamete release. SOIliC species !Jsuidly release their 
eggs nnd sperm .1round 8 II.M . (c.g .• A"ruportl I,"UI;,\" on Guam). whcrcils olhers 
cnn ... istenlly release gametes al 10 P.M . (Acropm'u I",milil' n n Guum). II I'.M. 

(ACTO/Jura va/ilia on Guam), and 11 :45 I'.M. (ACro/IOTlI Irr~J.:"'lIri.t un GUill1l). 

Corals may .. Iso s pawn during Ihe day, as demonstrated by certain pocillu porids 
(Kinzie, 1993), 

H. /.7. Ltln'ul Dcvclnlml~nI 

' l1u: pl:lIlul:.t larvOlc Ihilt develop (rom hroOlJin~ :u,,1 ~11;tWll i l1~ t:ural" ;I(C silllilar 
in !'iunu! ilSpcCls. Bulh nrc cil h1tell, rich in lipid . • HHI h:lYe chcl1IureCepltlrS u;\cd 
fur delceling the appropri"lc subslralO! ror sclllclllen( :.11 1(..1 1I1Cl i1l11urphu;\is. BUI 
hruoc.lctll;1rv.U! tcnd In be '"rgcr Ihill1 !;,rvilc that dcvelop ftom SP:1\YIICti gillnclcs. 
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POS!iiCSS ZOnxillllllell:IC, ilnd ;lrc c"pahlc of sCllling irnlllclJi"lcly upun rclc<lsc fruln 
Ihe pilrcnt culnny. 1l,C snmllcr larvilc Ih", develop from sp"wning corals require 
lime In rcuch u M:ll!C c:lllahlc of scltlcmcnt :n1l1 mClill11Urphusis . Sl11;1l1cr cess of 
the sp.lwning cum I ~cner;, /."1'101';11, Gfllli".rtrrfl. "m.l Mm"".rfn'u, OIvewging 
350-400 )J J1I in dial11Clcr. rC1luire I H hours before Ihey beeume ciliillcd .. nd 
cilpnblc of sCHh:mcnl, wherCilS Ihe larger cggs of many sp:lwning At''''lmm 
species Iilke ne4lrly 72 hours In reOlch the Sillue stnge of devclupmcl1t. 

Most ploullll:1 lurviu: Ilml dcvelnp from spawned ganleles do not conHlin sYlllhi · 
otic 200x:lI1lhellae, "111.1 dn nol ilppcar 10 ohlain them until :Ifler sclllclI1cnl amI 
mCliulIorphusis. C"lcul"tcd compelency periods indkate lIiuch I"rv:lc relilin their 
:lbilily 10 recruil for only 3-4 wecklli (Richmund. 1988). Afler th:lI. Ihey mOlY 
rcm:lin alivc hut Iilck the encrgy n~servcs neec..lcd 10 mOlke Ihe Iran"ifnrrn:uion In 

a bcnlhh: cillc:ificc..l Cor:l1. Cumls in Ihe genus Mmtli/mm nre an exception. ilS the 
~pawilcli ci!gs cunti,in1.o0x;II1thcllnc. All hruodcu plnnulltc studied ttl (hUe pnsscss 
z(Klxmllhellnc ... nd in the C01SC nf l'odllo/lOrtidamic",."iJ. the cumpctcncy period 
has bee" found 10 excced 100 d:lYs. <1l1ribulDble in parllo the contriilution of the 
symhintic nlgm: In thc lIulrilimml ncclls of the larva (Richmund. 19K1". 19KH). 

The biogcu~r;lllhic cJislrihuticm p:lHerns or !iipccifie groups of cuml5 suggc:sl 
dlill pO!iisessioll of zooxanlhellnc c..Iuring Ihe I"rvnl stllge cnhances dispersill ahility. 
Widcly distrihutcd species 11iIve :1 decrcased risk of extinction from IlK!al c:vcnls. 
Sume cnr .. ls endemic 10 J"p;ull1my be threatened with extinction due to nnlhropo­
~enic (1Iuln4ln-induccd) disturh:lncc (Chnpter 14: Veron. 1991)' 

M.2. Lurvul Recruitmenl 

Successful rcpftnluctiun is unly thc first step in the replenishment of corals on 
the reef. In ordcr fur coml pnpul;uion!'i 10 bc mainutined. dend cor:Jl!'i must be 
replaced. either from lilrvae or :t!'icxually produced product!;. Recruitment dcpcnd5 
un the ilbility of larvilc 10 identify .. n appropriutc 5ile ror seHlcment am) metamor­
phosis. Thc~e two tlislinct :\IuJ critical proccs~es nrc onen dependent on specilk 
chcmical signal!ii for lIIilrine im'crlebr:ues (Pawlik and Hadfield. 1990). 

1'1.2./. S('III('""..", 

Senlemcnt of cum I I:trv;le is it Chill\gC rrom n pl"nklonic cxislcnce IU a benlhic 
1ifestyle. :.nll usunlly inciulJcs ;1I1:u.:hmcni In the reef. In on.Jcr fur scult:d 1i1rvOlc. 
10 surviyc nod uevcloll into yuunG coruls. they musl sClIlc on un u(1proprialc site. 
11'1! crilcrhl fur i,pprupri:lle site."i include substratum type. wOlter mUliun. snlinily 
(gcnernlly nbuve 32'1,,). :ldcllUilie sunliglll for zoox:mthcllue. limilcd 5ellimelll 
tJcpn~itiun, iIIul snl1lctimcs specific :ll&:\1 species ur hioloSic;tI "'illS or tliiuums 
,II1l1 hOleh:ri". 

Site: sclcclion by coml planul;le lIlily be made on lhc basis of chemical lIiiClHlls 
Ihal arc affecting rCCeplOr.i lucOltcl1 on the outcr surface of the 1;lrvilc. Conti 

H'"IITI,tI"" Iim, "till H"t'",illJlrlll ill Climb I 19/ 

pl:mul:,e rCilct III hiull.t:ical lilms. ilnd in Ihe cotse of species of A.r:lIridll. species­
spcdJie chcmicul Sit:Ili1'~ from rmrlicui:u Iype~ nf Cnlsl0"iC camHine algae (Morse 
_"1(.1 Mnrsc. 11)9)), 

Intlle lillnlflltury. compelent planuln Inrvue can he uhscrved 10 swim downwarc..l 
unlillhey cnlllilcln surfilce. If Ihe subslnuum l13s Ihe proper lex lure and biochemi­
c;,1 t:unting. the phumht fnrms an :lttachment with the abornt surf:tce. begins to 
cUlltrOlcl, ;lIId lnys clown .111 organic 1IH1lrix. lilyer. followed by the dcposilion of 
Ihe: slnny cm·b0l1ille skeleton (Villlderllluclen, 1914). 

Substmhll1l type us well liS orienlntion cnn affcct recmilmenl. growth. anti 
survivlIl niles. In mosl 11Ibor.uory ~eHlcment expcriment~. planulae woultl nol 
settle (III luose sedimcnt. cspeciully if sulid subSlnttli were available. When sellle­
ment did occur un sedimcnt. coml pl;lI1ulae hild poor survjvill r.Ues. In lieltl 
experimcnts. Uirkd,lIllJ (1977) found rccruits hilt) fnlliler growlh rates on upper 
~lIrf:lccs uf :,rlilici:ll !iiUbSlnuiI. hUI lIiurvivnrship \ViiS grc:Uer for those hlrv:te 
seliling 011 vcrticul surf'lccs. The same !'itudy reponed "("!iiter growth ralcs of 
recruits ilt slmllower depths, bUI higher survivorship with intcnnedinte depth and 
<It luwer nutrient levels. SurvivOlI ul' yUllng cnmls de,>ends 1101 unlyulllhc nHrihUles 
(lr the scllicmelll surfnce. bUI on cOll1lletilion with uther urgnnisms including 
"Igile nnd cncnlsling inverlebrutes s\~ch us lIipanges. 

N.2.2. ML'ullllor/,/u,sis 

Mctillllorphosis is .t developmenlnl prncess during which D larva undergoes ~ 
scries of mnrphnlugicill nnd hiochemic:ll chnnges while completing Ihe lrondor­
IImtioll to Ihe benthic juvenile SInge. A plnnulil larva is quile diffcrenc from II 
coml polyp in Ilmt il uoes nol hove tenlacles for feeding, the mouth ha5 nol yet 
opened 10 Ihe gnslrov:t!iiculur cavity. dige.llilive enzymcs h.lVc not yct been produced 
fur helcrulrnphic rceding, :anti 110 calciHcRlion Im~ taken place. 

During mcuunurphosis.. II commitment is mndc 10 the sClllemenl sile. A calcified 
hilS,,1 pl:llc is secreled :IInng wilh Ihe firsl skcletul cup. and lenlnclcs complete 
with 1ilinging ccns known ns nem:11ocyslS form surrounding Ihe 1I10ulh. A new 
curtll cnlony will devclup rrom this !irsl or primnry polyp throuCh growth. bud­
ding. mId conlinued c:alcificillion. Larvne IIml develop from spawned egg!ii, and 
Ihal did nul UC(I"ire :wux:lluhellile frum Ihc pilrclII cnltlllY. will incm-purale Ihese 
,,11;:,1 "iymhiunls bum cxtcrn'll !-uurccs. Oh!oocrv:nions nmtic on II vnriclY 01' An,,· 
110m SlM!c:ics fUllud tll:1l these cumls ohl .. io their 7.Clux;utthcll:le only ufler ~ellle· 
menl :lIul mCI.lmnqlhnsis. :lIl(llh:1I recruits Ih:1I did not pick ufltheir al!!,,1 symhi­
Imts within 2 weeks wcre uftcn uvergrown hy l'rllsluse ctmilline or uther retlulgile. 

l.l\fViU: Ihal seulc. in unf:,vllr:t"Ie sites m:,y get" secnnd chancc. 11' ;\ newly 
mC(ill11urphused com 1 is strc!'iscd within days of setllell1ent nnd l1evelopl11e:nl. ic 
lIIay be able In rctrilcl its lis!iiue from Ihc freshly !iiccrelcd !\kelcton and return 10 
111l: plOlnklnn unlil nnniher !iiuit;lble sile is encounlercd (Richmond. 1985).1l1is 
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h;15 been observec.l in Podl/o/mra dillllif.:omi.f. but only frum the sinJ;lc·polyp 
stage and within J days of initial sClllcl11cnt ;lIld l1lelml101 phnsi .... 

1111: proccss of sClllemcllt uue.s nOi J;lmrantcc metiunmphnsis will follow. Por 
many types of invertebrate 1 .. (vOle, metamurphusis is a cumplex elmi .. of renetions 
that commences only in the presence uf a chemical inducer (1·ladlield ill1d Penning. 
ton, 1990). The inducer of Illctamorphosili can be highly specilic itS seen in coml 
planulae tlmt will only seule on a singlc ~(lCcics uf coralline ;llglle, ur more 
general in nalure. as with shnn·chain pcptides (lr general biolugicallcJialomacc{1l1s 
films (Pawlik .nu H.ufielu, 1990; Morse ano Morse, 1991). Observeu uifferences 
in species distribution p3ltemS arc more likely the result uf larval ~c1eclion than 
colony survivorship (Morse i1l1U Morse, 1991; Morse et ;11.,1994). 

An important consider:.uion in studies of recruillm!nt is th.1I cum I Inrvae rnily 
be sensitivc to chemical signals at levels below the detccl"blc limits of human 
lechnology. Bioassays. biological tests using sensitive organism~. arc the "ppru· 
priate lools 10 determine if environmental contamination is at levels lhat citn 
interfere with crilicn' biological processes lik.e reproduction and recruitment 
(Connell and Miller, 1984). 

However, Ihe choice of bioassay. is also import.nl (Cairns el al .. 1978). 
Aceepled sl.nuaruized prolocols, such as • 96·hour LC,. (Ihe eoneenlralion al 
which 50% of Ihe tcst orgunisms die wilhin 96 hours of exposure), ,lfe 1101 useful 
to the reef manager, as sublethal effects to organisms can be 'I~ damaging to a 
red over lime itS lethal crfecls. For example. an environmental toxin at a level 
thai allows 100% survival of larvae over 96 hours, but prevents them rrom 
dClecling (he appropriate scuh:ment cue and hence prevents recnlitment, ha!; the 
same overall cffect on thc rcef as causing 100% mortality or the larvae. RccCnl 
c:xpc:.rimelUs Ocl\tonstrateu thaI the pesticide Chtorpyriros. "' chemici" oflcn usell 
on golf courses, can be taken up by cruslose coralline nlgitc imd Ihilt c(Jmllarvac 
had slati~tical1y lowcr rccnlitl11ent ratcs on 5ubstmla expo~etl 10 Ihe chemic;:11 (5 
par1s per hiHiun) than on ul\\Ceatcd controls. 

By unucrslanding the biology of coral reproducliun "nd rccruitment, it is 
easy to see how environmentill qualily can affect lhese IWo proccss,,:s Ihill an: 
responsible (or the persistence of reefs. While corals nmy not repres..:"t the 
grealest biomass on the reef, Ihey do servc as primary fr;unework builders :lIId 
as on initial link in reef food chains as the host for symhiotic znoX'lIIthellae. 

8.3. Reproductive Dnd Recruilnlenl Fuilure of Cor.ls 

Cor-II rcefs :lre diverse and prcKiuclive ccosystcms wilh cumplex inter;lc tion~ al 
Ihe cellulur, orgill1i~Jlml. illUJ communily I..:vcl.s. Muny inICrUCli(}I1 .~, including 
those bclween adjaccnt cor .. ls. between their gilmcles. ami betwcen larvae and 
their scHlcmcnt substmtil, lire chemicillly II1cdi:lled (Coli et 011.. 1990; Atkinsun 
and Atkinson, 1992; Richmond. 1993;1, b; Morse el ;11 .,1994). Chunges in wnlcr 
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quality Ihat ilffcctlranSlIlission of these chemicalsignills can have negative effects 
UII reproduclive liming. synchronilaliun. cgg·spcnn intC(;:ICliulis. scttlcment, 
metamorphosis. and the incorporation of ZOOAtlllthenac. Jokiel (l9HS) ohserved 
Ihal challges in salinity, water temperature. and light availability affccted planula 
production in the coral Pacilloporu Jamic:omi.f. Kojis and Quinn (1984) found 
.. negative currelation between fecundity and deplh. turbitlily, ilnd sedimenhuion 
fur the cural AanlUJra Imlifun. They also fuund thaI :llIoc.uiun of energy to 
tissue repair in Guniaslr~a favlIllIs resulled in a uecrease in reproductive ability 
(Kojis anu Quinn, 1985). 

Colony sile hilS been found to be a determin:IIH of fecundity. Among smaU· 
Jlolyped com I culonies of Ihe same size. age can 1IIsCI ;Iffcct overull reproductive 
OUIPUI, wilh nlder corals being more fecund (Kujis anu Quinn, 19H5). For I,orgc' 
polypcd rOrnlS. such ilS Lobop/lyllin clJrymlw.m. polyp si/.1! was fnuRd to be more 
importanl Ihan colony size for bOlh malUrily anu fecunuilY (HaITiulI, 1983). For 
branching comls. including represenlalives from thl! gener .. I'm..'ill0l'0rcl and 
Arm/Jum. it appears \0 take al least 2-3 YCiUS 10 attain rcproouctivc maturity 
;Uld produce the lirst gameles and/or larvae. Massive corals (e.g .• species of 
Parites) may require a longer perio<! of growll. ano uevelopnlenl, ranging from 
4107 years (Rinkevich and Loya, 1979.; Szm.nl.Froelich, 19K5; Sim.nl. 1986; 
Ilabcock, 19H8a). qor species Ihal exhibil a uireel relalionship bel ween colony 
size .nd reproduclion (bolh onsel of sexual m,uurilY anu reproduclive OUIP"I), 
reouceu growlh from "slress" (Brown anu Ilowaru, 1985) will also lead 10 • 
depression of reproductive potcntial. 

Normal seawaler salinity for thriving conll reds is near 35'Xon. Coral culonies 
CiU1 survive higher anu luwer salinities for periuds nf lime, ;:uul if expused by an 
extremely low tide, c,m secrcle a layer of mucus to act as :l harrier against 
desiccation. Coral gametes, however, arc more sensitive to co",..Iition~ of ~lltercd 
salinity Ihim iltluh colonies. Since J>Cilk coral spOlwning occurs during the rainy 
season in Micronesia and OkinawOl, gametes retc"sed may end up in a surface 
I;lyer of reduced salinity. Field samples have founu surr;lce sulinities over reefs 
.u..ljnecnl to streams anc.J slorm c.Jraiu5 may be c..h!creased by mnrc than 25% to 
26'L or lower. Biua~$;tys designed 10 lest the d(ccts or sOilinuy un fertHil,iltiun 
:111(.1 larval develupment in corals found a 20% dmp in salinity fmm 35%0 tn 28%., 
CIIUSCU a corresponding 86% uecrease in fertili/.OItioll rilte (Richmond. 1993b, 
1~94 ; Fig. 8- 7). If reu clay snil is incluueu in Ihc runoff. Ihe same drup in 
fertilization was observed 10 accompany a smaller decrease in !tillinity (Iu 33%0). 
c.Jcmon~lf:lting sYllcrgislic e.rrccts. Additionally, 1;I(Y:1e formed in um;OnlOtf11lnatcc.J 
waters shuwctI decreaseu settlement niles in areas or lowered saHnily. 

.'I . . l/. Tan·.\"Iriul Illilloff (II1t1 Utller C/ar;l)' 

W;lIer clarity is un import"'" raclor "ffecting cum I gruwth, ilUd has ;lisu becn 
uhservcu tn affcct reproduction and recruitment Unkicl, J CJH5; TUIII:lscik imd 
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fi.l:urr' ,'\-7. Cuml t:t!~s hum :1 lI,.·t.!uccd s.;1iiniIY (2R%o) rcnili:'l.:uion hitlilSSOIY shuwiuG 
u"ly" (If JS c~tS fcn ili l cd. Thl" 1'IIIIIrui p·I1. ... ) eJi !"plilycd an KR% fcnililaliun r:llc Vl"r~tlS 
2~'iI:o fur Ihe cxpcril1lclII .. 1 IrC;IIIIICIII. 

S:uuJcr. ItJK1b). The symhiotic assOCl<lllOn between corals .lOd 1.0ox:ullhelhu: 
(Clmpler ~) "lIows reefs 10 nourish in nulricnl-poor waters ilntl .. Isn helps fullill 
Ihe cncrgelic deiliands III' corill reproducliun. Phutosynlhelic proUlicts "f zuultnn­
,hellilc cunlribulc 10 the productiun or cp,gs and I:.rvae (Rinkcvich. 19K9). Since 
conti rcc['Ii ilre prcdlllnimmtly coa .. lili. shalluw-willer fealures, Ihey nrc vulnefilhle 
In Illc inllucnce .,f lllnd·b:lsell :Iclivilies that resul, in nmulT :Inu incre:lscd turhidity 

(Ch"plcr 15). 
Sedimelitiltiull continue", Itl he Ihe musl persislenl problem ulTecting cUilslnl 

n:cf'li :toU Ihu\ ..: surruunllillg high ishll1us (Julmnnes, 1975; ltug,crs, 19lJll; Rich­
muml. ll)tJ3h) . ScoimcIUs mily eJ\,aCI an energetic co~t to the curul that must 
cletl1'''c ils ~urriICe . The resuh'i :Ire lower growth niles anti less energy ilvnil"ble 
fl,r reprnductiul1 (Tul11ascik nml SilJldcr. IIJH1b). Sedimcnl Cim also be n barrier 
preventing cur,,1 InrvO\c frum detecting the chemical ~ignal~ frum preferred seulc· 

melll !'ouhstril1;l like cor:t1linc niCOlc. 
Ntllfienl enrichment or eutrophication com be a problem arfccting rcpnxhll.:liun 

,lIId recruitment uf curolls rrumilscik, 1991) nnd can originate from several ~uurccs 
includill~ :tl!ril:uhufill runllff :lIul ~cw:tGc Olllfulls. Eutrophicillion c:m lead In 
reduced light levels by incrc~ilsing turbil..lity. Funhermore. elc:vOItedmllricnt levels 
give fast -gruwing org • .misms like nlgac. sponges, {Unic:ltes , .md bryol.0:1ItS :t 

competitive advilntng,e uver sluwer-growing cornls {Ilirkeland. 1977. 19HHil'. 
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Suell ciliupelilurs can uvergrow cornls .md domin.ue avuilnble substnll~, preyent­
ing cnr,,' I""'ile fmlll scnling. and nlily Icad In illtemate Shlhlc s,:uu (I·IO\lcher. 
19M"; T,,"mscik. 1991 ; DOlle. 1992; lIughe,. 1994). 

R.J.2. Wtllrr 1'"11",;",, 

A gencml consit..lcrminn for islanus nnu coastal communilies is thill subslances 
used tm I:mll hM.lay uflen CIltS up in the coast:11 7.one tomorruw. 11lt distance 
hetween snUfces III' chemic .. 1 contnminatiull 11111.1 corn I reefs "my he small . CalU­
mon lox ins in street nll1ufr. including oil and pelfoleul11 produtls, ciuJmium rmm 
O\tllomnhilc lire Weitr, and misccll:meou5 hel1vy melnls, enter the coastal 7.one 
evcry linte il mins. If iruJuslri:ll wl.IslcS :lIId loX ins me rciclisetl hUn rcsidcliliitl 
clrninilgc :lIId sewer systems, Ihey tuo can reach Ihc reef. 'Illese problems nil 
puint to Ihl! need fUT smHltJ watershed m:m"gement ami serve as cx.-mplcs of 
how lilllu-huscd activities must be regulated 10 prultCI the marine environment. 

Substances m..lhcril1G lu soil pilniclcs and cuntained in runoff water cnn be 
toxic iUlllJur interfere with chemical signi1ls (Ingerson, 1995). Pest icides and 
other chemicals may hind to soil particles on land. bUI due IU lhe difference in 
Ihe pll of sellWitler, they can be released when Ihese panicles reach the ocean 
(Collllell "n~ Miller. 1984). '1,e pc"ici~e Chlorpyrifos wns foun~ 10 <leere ... 
levels (If 1:lfv:11 sculcl11ent nnd mCUllnurphosis on sClllcmenl subslnlln that hod 
been incuhilted in Ihe presence ur Ihe chemical nl the level of 5 pans per billion. 
'nle behavior ur re ~tic i des ilnd loxic subslances cnn chunge over time nnd spnce. 
Brenkdowll pruducts may be: more 10xic 10 cells limn the original chemical 
form . nnd flflll'es.ses inc luding phutnisnmcri1.alicll1 nnd methylation may increase 
sl:Ibility. lux icity , and billlngic;,1 act ivity (Connell .md Miller. 19H4). 

Corilis inllo lIrea ilffec ted hy lin oil spill shuwed decreased gonad sile compored 
In culonies frum unaffected reefs: YClIr,'Ii ilrter lhe spill uccurred (Gu1".mnn IIml 
Hoisi. 1993). Oil pulhlliull was found 10 nhon the fOfllliltion "f viable '"rvae 
in " hron<.lil1& species nf coral (Loya and Rinkevich. 1919l. The presence of 
cont:ll11inullts in cnntl·reef waters: can also interfere with chemicnl signals: Ihill 
allow rcpnKluclive synchrony among cornl colonies as well as interactions be­
(ween egg lind sperm (Richmond, 1994). 

8,.1.3. Il lll",lmirm 0"1,":1;01. 

Coml pl:IIIUI;1 cumpetency und recruiunent pilliern s: suggest sottle reefs may 
depend nn distant cum I communities for their supply of planulae 1ilrvae (Rich­
mnn<l. 19M?; llahc\1ck. 19MR). If source reefs are ~i"urbe<l.lhe effecl< may nl,,, 
hc felt UII duwnl'unelll reefs . This issuc i!i imporlmll. a~ it points tn Ihe need fur 
interis land iIIlll reginl"ll conpcmtion if reefs lire til be protected. °nlis also 11iI~ 
implic;uiuns I'm pl ill\uing cnm\· red reserves, which should include consideration 
of d i ~ pcr!O ;11 palll'ms tWillimlls, ct ~I. . r9H4) . 
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Even if n:prnducliun is successful. rCl1lcnishl1lcnl of reef Ptlpul;llillll' i ~ nut 
guaranteed untH ,"trv;u: .md useuml prooucts succe!'s[ully recruit Planul;tc pro· 
duceu frum t.:(lI'"ls living un hClIhhy reefs will IIClI rCl'fuil Ullio reef., whcre 
suhstrOltl.l ur wOller 'lu;llity one umu:..:cpl,tble. l: ur cxmnplc ~ctlinll:nl;l1inn ;'111\ rUUI,ff 
mOlY be sublctlmllu mlll11 cnrals, yet C;III prevent larv"e [nun seltlinG (Rkhlllum..l, 
1993b). Living coral cover alone (ahumJ:uu:c anti lJivcrsily) tines nnl n:liolbly 
renectlhc health of a reef. Such values only tlescribe Ihe slale of Ihe reef allhal 
moment in lime. Recruiltnenl pOlUcrns .Ire irnpurulnl in pretlicting \VIm I Ihe future 
of il n:ef 11100Y be. Adult coni Is em' survive in "reas where rcprmlucliol1 is failing 
and larvae arc unable 10 sell Ie. 

Commercially valuable sc" cucumbers in Microncsh\ have provided an u .nmple 
of how popUlations of reef organisms 1I1:IY be affected by reproduclive anti 
recruilmenl failure. In Ihe laic 1930 •• prior 10 World W," II. I"rge numhers of 
edible sea cucumbers were exporled (rolll Chuuk (TOIk) to J:lp:m, with records 
ren.cling qUanlilies in Ihe hundreds 10 Ihousands of Ions. Surveys perfurmed in 
1988 found only Iwo individuals of Ihe valuable species /lo/ot/w";o lIubilis from 
ovcr eight siles in Chuuk Lagoon. Bused on interviews with local reliitlenls Olntl 
fishcnncn. it "PJlC"rs that (lopulntions of several "pecies uf sea cucumbers have 
not recovered from Ihe severe clpioilalion levels prior 10 ;lI1d during the Secontl 
World Wnr. It is rCiJsoOilble that for sp;twning species, once popul;,Iinns arc 
reduced below n ccnain level. chances of successful reproductive events OIre low 
beCDUS. of gDmel. dilulion (Alice elTeel; Levil.n el .1.. 1992). If an island is 
beyond Ihe dispersal range of I,,(vlle from olher suurce arcns, inunigmliull is not 
going 10 occur, and populations will nol rebound. The e(fect of popuhllion 
reductions on future numbers is cle.lr when considering the decrc;'Isc in rcprnduc4 
live SUCcess. 

8.1.4. PrCVCIII;Otl (11111 Miligtltio1J 

Corals can tlie ;IS " result of bOlh Oillural occurrences .Ind hUI1l;1II OIclivities. If these 
cor oils a.rc not rcplOlcctlthrough the processes of reproLluctinn anti rccnlilmcnl, Iht! 
recf will cventually dcgener:ttc. Conlls provide a prinl:1ry link in the fuotl chain 
ns the siles of photosynthelic liulion of light energy through Iheir 7.ooxanlhellac. 
They also provide a habi'''1 fur mnnerou~ a~sociated fi~h :lIld invertebratcs. If 
the coral populations on the reer go inlo tlccline,:.;o wllllhc re~t nflhc cUlillnunily. 
Whctl\cr a reef is killetl fluickly by cataslrollhc or slowly by aUrition (no populo,· 
lion replenishmerH), .he restlll is the smue: lhc loss of Ihe reef anti ;tli it has 10 offer. 

Our present knowleuge of r"clors arfecting rcprut.lucliol1 :lntl recruitmcnt en .. 
abies us 10 beller untlcrsttlnu huw to manilge activities Ihill ;'llTccl reefs, ,inti i1lso 
allows us 10 elamine nU:lhoc..ls for ;lpplying Ihis knowletl~e In- reseeding ;.mtl 
rehabilitating uilm:tgcd recfs once sui(;lble conditions return. Elpcrill1cllts on Ihe 
cultivation of coral larvile for reseeding h:lVC proven successful. L"rvOic miseu 
frum mass-spawning events havc bee" inlroduced onto ~i\litahle suhstnll:l in Ihree 
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Fil:lfU 8- 8. 
phosis. 

Aer"/'"'(" ,ecruils, aPIII UA.lUhuc:ly 201 h()lIr~ "fIcr sclllcmcni and nu:liU110r· 

ilreas tlamaged by crown-of-Ihoms slariish pretl:llinn anti by sediment. Numerous 
recruits were found in lhe sceded areas (Fig. 8-8), while no rccn.i's of , he species 
IIscd were fountl in udjaccnl reference sites. l11cse results intlic;uc Ih:1I if the 
environment is ilppropri;J1C ror recovery. rcst:cdi"~ CoUl cnlmncc rccmilmcnt rates 
;Ibuve n;.lturnl levels. Unfortunately, a 50-yc:lr-nltl c.;oral cunnul be replacetl by 
reseeding in less than lhe 50 years it look 10 grow 10 a particular size. Prevention 
of human-induced damage and protection of WOller and substratum quality arc 
Ihe must effectivc means of supporting succes~rul rcproc.Juction anti recruillnent 
of corals, and hcnce, the persistence of coral ree[ __ . 
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Books. videos, slid.s and 
other materials from 
SPREP and other 
~nvironmen:al 

organisations in the 
Pacific islancs 

T he ICRI Pacific Region.! Stntegy 
"'as developed and agreed to by 
par.icipants of the ICRI Regional 

Wo rkshop h~ld in Suv., Fij i from 27 
Novemb;r to 1 Dccembe~ 1995. Th is 
Stilcegy is built upon :lims to J.Ssist in the 
implemenl>lion of the ICRI c.1I ior 
acti on, ~'ieh emph3.5:s on: 

The glob.1 problem of serious dedine 
of coral reels, esoecially those nea: 
sh;:ll ja~ shelves and d:ns; populations. 
The threllS to com.! ecosystems by 
human activity :15 the primary agent 
of coral reef degr.loJeion. 
The signific2.nce o f carll reef eco­
systems in sust:aining in:'1umer:able 
cO:l.$[al communities wa:-ldwide. :\s 
cOr:lpetitian Jrnong mub?le users of 
reef resources incre:1Scs, so toO will 
thcir signific01nce to nc:":un POP\!· 
btions thlt depend on th!~ . 

Reducing the thrc;Iu from hum:an· 
rd:ated impacts through ii'!l?roved lna 
suStained mlnagemcnt pr:u:tices; 
ancrcl.Sing nation:al:and lo.::ll c:aplcitie:) 
for coru reef ecosystem rnan.ilgement; 
incre:uing political support for 
manlging COr:l1 red ecosystems; and 
sh:1:-ing of existing imp07t:1nt ne";\· 

new 

The International Coral Ree: 
Initiative (ICRI) Pacific 

Regional Strategy 

information rebted to malnt;Unlng 
these ecos)'stems. 
Integnting cO:1.Stal management into 
10clI, nationll .nd regional coast. I 
development pllns and projects ; ,nd 
supporting the ir l ong~term imple­
ment:il.tion and developing coni red 
init i:ltives to encoul.Ige local putici­
pAtion. 
Caplcit j" building, in terms of 
establishing regional networks (0 share 
information, develop and support 
educ:1tional and inform.iltion pro­
gramm~ aimed at reducing the adverse 
implCts of human activities. 
Developing reselrch and monitoring 
networks to achieve beuer coor­
dination using re~ion:al nee~'orks 
:1mong nlt ionli rese:arch progl.lmmeSj 
promoting linkages bet""een glob:al 
rese:arch lod monitoring progl.lmmes, 
projects .ilnd lcti .... it ies identified lS 
essential to mlnaging reef ecosystems 
for the bendit of hum:1nkind; :and 
promoting the development and 
maintenance of a glob.ill coral red 
monitoring nct'\VOrk. 
Periodically revie~' ing the extent lnd 
success of ehe implcment:ation of 
let ions id::ntificd i:l the initilt i ..... c. 
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The Str01tegy in this ::?Oit has been 
de\·eleped ior the s?e.:: :fic issues :and 
?rioritics of the Pl: ::i:: region ior 
conseJ"'\·3tior:.. mln.ilge::::::: :and sus:3in­
able developmen;: 0:' .:~:-;d :-ecis J:1d 
e::osystem). Detlil:Q ~: : :o;.s ~o ldciCSS 
m3ny rele\·J.nt issues l:: : ':~:;~ific.:i in :'L 

r:l:lge of other sour::es i::': ::":'::!i~ J nU::1ber 
or n:gion31 3:ld in!:.n:l: ::::-.ll i:"elties J:to 

:l.greements. Ho .... eve:, ::::s :-:?on IS nOt 
i:lrended to rcoreduc! i '~:h high,level 
d!tail but ntncr to h i ~r.L~ht the st:-J!::gy 
[hlt will be implement:: !:llight of ~hcsc 
instruments and in us;::.~ other rdevlnt 
tools. The object ives ~:"'. : l~tions in this 
report bro:adly identi~: r:\:r:,~· thi~ sUlteg)" 
should be cJrried am in ~ .:llnner ~'hich 
is lpproprilte: to the Pl~; E:c region. ~ 
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Pacific Year of 
the Coral Reef: Why? 

Major concm" about increasing throats to coral roefs ha':Je prompud Pacific Island gowmments to d«lt"e 199i as the Paci] 
Y.ar of th. Coral R«f 

This decision is b3sed on a 
re::ornmend:ltion by the Interna­
tional Coral Reef Initi .. ;"e (ICRI) 

Pacific Regional Str.ategy. Reseaich reveals 
that 10 oer cent of the " .. odd's coral 
reefs :l~e degr2ded beyond 
recove:}" •. 'hile an eVeil greater 
percentage is threatened. If chis 
trend cominu::s, most of [he 
ean:h's tee: r~ources ~:i ll be lost 
!n the next century. This trend 
:dfecu [he Pacific region more 
than any o:he!", given i:ne P3ciiic 
Island ?eopJe's high dependence 
on the se, for the ir daily 
subsistence requirei.l::nts. 

The Phnning Meeting for the 
Pacific Year of the Corol Reef 
Campaign. held from 2 to S July 
1996 in N.di, Fij i, produced a 
n:gio n:d c:u:lp3ign plan and 
n3tionli clr.":p:lign plan s (to be 
fin,lised in.country) . 50m: of 
the ke >' OUtouts from the rn~et i :1 C1" . . 
... ·ere: , slog:uJ (Cor4i Reefs: The:r Hdth. 
Our Future'); key "'''''ges (such as 
Drn3miting kills con.! r~~fs :md b l o~'s up 
our f3mil i ~s' future!) ; :lnd key :lud;ences 
(for eXJ.mpl~. r~sourc:! cseO'S :lnd o";\'n~rs) , 

Also the partic;p,ntS ""ere briefed on how 
to inte:olct and work ~'ith the medi:l, 

According to the region:!1 coorcin:ltor of 
the Clmpaign. 5PREP's Wetl,nds ,nd 

Mangrovcs Officer Mrs Lucille t\pis . 
O,·erhoff. "The Pacific Ye" of the Co,,1 
Reef Camp.2ign ;;aims co incre:ue 
understlnding, :apprecil.tion. suppOrt :lnd 
immed iJte J.ction for carJ.) reef con· 

The Pacific Year of the Coral Reef 
Campaign aims to increase 
understan.ding, appreciation, 
support and immediate action for 
coral reef conservation and wise 
use through the use of a range of 
communication tools 

servJ.cion J.nd ~'ise use :~ :nugh .he !,!$e 
a r.mge of commun i ;:2.~ : o:"'. too!s", 

The c:lmp3ign ~'il I be : .l:.!:;c~~d simc 
l:lneously 3cross the P::..: ifl c ~:g i o :-: i 

FebruJry 1997, ::)::'!5:~g 0 ;'\ ~O' 
communities CJ.:; :':':0:-;;: in':oh": 
in the protectic:-o 0;' t~! ree;3, 

/>.'1" :dS t 
mcn'cioned :i-:~ ..:0 1:.l00.1:ln' 
3ssist:tnce rro~ :::: G i::".l~ BJr:ie 
Reef ;\13rine Pl: k :l"l!~ho:- ! : : 
(GBRMP .. \). t~:o~ :;" ~lr D., ·.·" 
Liard. ~'h i ch ?:,oi:h::ed C:-:;.fi 
l\\',Ueness :lnci ::sour;:e mlie:- iJ!! 
far the ClmpJ ; g~ a5 ~,,'d l .lS J 

tnining 1\'orks ~ o? on r.Hciil 
skills. 

"The cJmpligi'! dyn:l:7lics hl'.'e 
been mobilised ;0:-,= :7lo~entll:71 is 
glther ing daily from th e r:!?o:is 
'nO: ha\'e had f:o::: the COllr.. : !:!i o 

These include !';!r.a S1.l::' 15 

artwork, music. poe::::. sio:;'lel! t:1g 
cc.:" using the canol r~: i' ~ h:!!7Ies :,"d ke;­
messJgc:s, Al so, the win;;!:- or the region:t l 
:1(t~'ork competition c-.:rrend)' in pro· 
gress, will be :lnnoct'!-ced eOlrlr in 
December," said lvlrs A~i5,O\'::-hoff. "I 
010'1 conrident the cJ.m·?lign t\· ill be :l 

Success b:lScd on the cnti°:'.!si:uc ic SU?P0 :1 

received fronl the cour.~r~ eJ: through our 
fOCJI points, [he experi:!"!..:: gJi:led from 
the successful Ye" 0 ; :h e S., Tu"le 
Campaign through ~.!5 Sue Mille:-. 
together ~.:i t h suppOrt t:u :'il SPREP, la 
memher countries ~nd o:::!: oi1lnisJtio:ls 
such as GBR1>·IPt\ . I no" thl( "' ,~e 
c:unp:lign kicks off, the ;n'e.:ii;o l:td other 
orglnis;uions will reinfo.:::! the gnod o;o,'ork 
thilt ins ",I ready begun,"Q;, 

For morc info:-mOltion CO:":L~.':: : 
Mrs Lucille Ap;s.O,·erhofi 
\'\!ctbnds :md ~hngro"'es O:fic!!:­
SPREP 
PO p·o, 240 
Apiil, \'G'cstcrn S:lmoa 
E'mlil: )ucill:@pJ.ctok,?e;_:l?c,o:g 
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ECOTOXICOLOGY OF TROPICAL MARINE ECOSYSTEMS 

ESTHER C. PETERS.Ot NA"'CY J . GASSMAN •• JULIE C. FIRM;"S •• ROBERT H. RICH~10ND§ and 
ELIZABETH A. POWERII 

tTclr~ Tech. Inc .. 10306 £:.alon PJOJce, Suite 3..aO. FOJ irr~x . \ 'i rs ini:s 1~030. L'S.-\ 
: ROjcnsticl School or ~t:mnc 3nd Almosphcric Science. Uni \lcnilY or Mi3mi. ':60(> Ricl.:::nb:sdct C.lUSC\\3Y. ~113m i. Florid.:. .:o J 1':9. L'SA 

§~l.3rinc L3bor310ry. Un iversilY of Guam. UOG St:lIion. M.3ngilao . GU3m 9691) 
IIEVS En\'ironrncnt Consuhanu. Lid .• 195 Pemberton A,,·cnuc. ""'onh Vancou\"cr. Bnlish Columbi:s V7P 2R-' . C:snlib 

(RcUI\-cd 27 March 1996: Acccp'~d6 August 1996) 

Abstratl-The ncg3ti\'c eJCCttS of chcnlic31 conlamin3nu on tropic:.) nurine ccos~ s tems :uc o( incrc.1slng concern ,u hum:.n 
popul:uions e.tp.:and .:adj.:aeent to lhese communities. Watershed slrcams and ground \Io'31er e3rry .:a \ nlcty of chemie:Jls from 3,@ricuhur:.l . 
induslri.:al. .:and domestic activil ics. wh ile wi nds and currcnts Ir.nsport pollutants from :almospheric 3nd oce3mc sources to these 
,:o.1st31 ccosystcms. Thc implicalions or the hmited inform:uion a\'::til3ble on imp3cu of ehenll':.11 stressors 'on m3nsro\ c iorcsu, 
SC.18r:155 me.:ado\los, .:and cornl recr, are discusscd in the context or ecosystem m.:an.:agement .:and ccologic.:al risk asscumcnl. Three 
c1.:asscs o( pollut!!.nts h.:a\'c rece ived allent ion : heavy met.:als. petroleum • .lnd synthctl': orS3nics such 35 hcrb icides and pc:uicldes, 
He:!\'y me131; h:l; .. 'e been detcclcd in alllhree ecosystems;-C3us in, physiologie.:al Slress, reduccd reproductl\'-: success. :and outnght 
mor131i1)" in 3sso':laled in .. crtebr3lcs and tishes . Oil spills ha\'c been respons ible for the deslrucllon of enlire co.:uil31 shallo\,!,··",,:atcr 
("ommunil lcs , "" jlh reco\'ery requirin, rurs.. Herbicides .:are p.2nicub.rl ), delrimenta l to m:angfo\ es 3nd 1C38f3sses and :.,j, \·crseiy 
a(fcc l the 3nlmal-JlgJI symbioscs In cor3ls. Pesticides interfcre ""'Ith c:hcmical.:ues responsi ble (or key blologlcJI processcs. lncludlng 
reproduction and recfu itmenl oC a \';IrlclY oC orlan isms. (n(orm:llion is l:u:kJng with rc gard to lonl· term rcco\':ry. indic;uor species. 
and biom3rkers for tropical communi tics, Critical areas that are beginnins 10 be addressed include the dc\clopmCnl or appropriate 
Ih:nchmarks rOt risk 3ssessment. basdine monitoring crheria. and crfecu\-c management slrltcgics to prolect lroplc31 mltlne cco· 
s ~ slems in the race o( mounling anthropogen ic disturbance. 

Kcywords-EcolOlicology Coral reefs. M3ngrO\'es 

I:\TRODUCTIO:\ 

',l:lnds 3nd C03S131 ".--aters of [he tropics :and 5ubtropics pos· 
S!!H un ique . speciose . and highly product ive ecosystems. in· 
d udmg mangrove forests. seagrass meadows. and cora l reefs . 
Th~ se economically and culturally valuable ecosystems had 
lon,£ been considered to be pristine and s:lfe from the degra. 
d3t ion of human activi ties. However. in the late 1960s and 
ell'ly 1970s. as nalural resource explo itat ion spread from tern· 
pt'r.:ue reg:ions to the trop ics. en \-' ironmental conCerns led to 
numerous repons document ing the decline of these ecosystems 
( I I· Scientists no ..... agree that shallo ..... -wi:ucr tropical marine 
c,:-ojystcms in mlny areas an: degraded. if not destroyed. as 
3 result of exposure to sedimentation. nutrient load ing, and 
chem ic31 contamin3ntS as well as phys ical habitat destruct ion 
3H IX13h:d with human harvest ing of wood, and food. mining 
oi coral block 3nd limestone. and dredgIng and filling for 
conjtruct ion (1-6J. [ftstruct ion of these import3nt ecosystems, 
u 'hich form and prolect b,nd maSSeS from the open ocean. has 
senous consequences in are:lS where tropica.l storms. hurri. 
Clnel' . or typhoons occur, Disrupt ion of ecologic:1I processes 
In these ecosystems affects not only the res i d~nt organisms 
but 31so Ihe hU013ns who depend on them for food and rec. 
rC:llian . 

At the interf3cc between land Olnd se:l, .... ·:l ... e :lcl ion is dis. 
~ i r:ltcd by s:aIHoler:lnt mangrove forests . The roots of these 
tree) Ir3p .:an4-·sI3bilize sediment as PCOlt (3 combin3t ion of sil1 . 
s3nd. and decomposing forest detrilus) . ""hich prevents fine 

• To \10 hom correspondence may be o1ddressed. 
Contribution 363 oC Ihe University of Guam M3rinc ubor.:atory. 
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particles in cOJ.s t31 ri vers from reach ing offshore se38r3ss beds 
and cor31 reefs. The rOOtS pro\'idc 3 substralUm for encru~lIn~ 
algae, sponges. 3nd molluscs . attr3ct ing crustOlCeans and fishes 
that feed on these resources and provid ing shelter for thesc 
org.:an isms. many of .... 'hlch are ju\enlles of species found in 
seag.rasses :lnd on coral reefs 35 adults (7) - The le3.f detritus 
and .3.ssociated microbes form the basis of the mangrove com­
munilY food " 'cb 3.nd are also a food source " .-hen tr3nsportcd 
to adjacent deeper waters (8] . 

Se3!r3SSeS inhOlbit mud or sand boltoms to 3 depth of 30 m 
or more throughout tropical and subtropic:al arelS. Pri ncip:l1 
tropic.:al seagr:lsses include the flat-bladed Cencr:l Thnlassia. 
Halodult. and Halophila and round·bladed Sy,ingodium [9). 
The blades of the grasses can extend approx. ~O to 60 cm 
a.bave the substratum 3nd are anchored by an extensi ve system 
of rh izomes, Se3gr:lSSes grow rapidly and have high organic 
product ivity. sc:rv ing lS food for herbi\-'orous urch ins. mol· 
luscs. fishes . and sea tunics. as .... ell as produeing Ia.rge qu;tn· 
lities of delrital mated:!.1. \A.·hich serves as another food source 
when exponed to adjacent ecosYStems. The dens~ le:l\'es and 
roots also buffer the coastline. trapping sediment and reducing 
erosion while pro\'id ing: altachmenl For epiphytes and shelter 
for a varie'y of organisms [9.10). 

Coral reefs arc biogenic fring ing. bank. barrier. or :11011 struc, 
tures that are the sC:lward component of much of the Iropical 
shorel ine . bufferi ng it from wave action. Coral reefs are formed 
primarily by the c:alci fical ion processes of coralline algae and 
scleractinian corills. produci"!. structural hab itat for filamen· 
tous :lnd fleshy :1I&3e. invenebriltes, and fishes. The unique 
symbiosis of the reef·build ing scleractinia with single·celled 
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dinotbi~II,:u~s. also kno"'n 35 zoox:J.nthellae. enables these 
,,"IrgOln isms to Ih··c in cIC;l(. oligotrophic w:ucrs with low nutrient 
11!\'elii r 11.12J. Corals arc very suscept ible to ch:mges in en· 
\ ironmcmal conditions including light levels. nutrients. and 
l~mp~r:l(urc. outside thc range that they normally cxpe.rience. 
Such changes affect the coral-algal symbiosis and. uhim::uely. 
c31citkation and the entire reef community. The dC3th of key 
Or2:1R1SmS on the reef or the shift from an autotrophic to a 
hc~crotrophic (suspcnsion/detritus .. feeding) community 
.:hOln!eS the dominant ecological process from c31cium car .. 
ronate deposition 10 erosion (13]. Many organisms (e.g., ur .. 
chins. sponges, fishes) assist in the destruction of !he reef and 
the formation of sand. 

Like coral reef ecosystems. sealrass meadows and man .. 
grove forests are also ad,'ersely affected by changes in water 
qU31i1)' (increased or decreased temperature. salinity. oxygen: 
increased turbidity; presence of chemical contaminants) or 
substratum quality (alterations in grain size. composition. po· 
rosity ). which can cause direct monality or physiological .11· 
tl!rJt ion3 [see reviews in 1-4.14}. Sublethal effects of envi· 
ron menta) changes arc r~ftecled in impaired reproduction and 
r~cru i tment of key species. eventually resuhing in a cascade 
of 1051<5 within the ecosystem [13 J. -

Because concerns about the demise of cor31 reefs and ad· 
jJcent ecosystems have increased. there have been numerous 
international effons to conserve and protect them. primarily 
b~' dcsignating marine park.s (e.g .. Grelt Barrier Reef Marine 
Puk. Queensland, Australia: Florida Keys National Marine 
S,nctuary. Florida. USA). Efforts are also under way to ed­
uC3te pcople and chJn!e :mitudes and practices that arc ad .. 
\'crse)y affecting the ecosystems. including those associated 
\.\ ith fishing and hind management. ~fanagers of tropical m:l· 
nn~ ccosystems need to be able to synthesize infonnat ion on 
stressors 3nd develop methods to assesS and predict risks to 
th~5r: ecosystems. To determine risks . howe\·~r. there must be 
kno\\ kdge of th:: mJgnitude of stressors at which effects be· 
..:ome apparent. Although much research has been conducted 
on factors Jffecl in! tropical marine ecosystems. panicu)arly 
coral reds. dfons to direct research to address manJgement 
goals and decisions hOlve been limited until recently. 

The " Framework for Ecological Risk Assessment" [IS] pro­
\ ides guidance to evaluate what is known about an ecological 
r~sourc~ 3nd its suscept ibility to physical. chemical. or bio .. 
logical Sln:ssars with the intent of de\'eloping one o r more 
ejtim.ues oi risk involved from past or potentiJI exposure to 
thcse stressors {16.I7J. Statements of ecological consequences 
r I7J help provide managers with options to more effectively 
prOlcct resources at greatest risk "'hilc balancing costs and 
bencfits to society. Although most ecological risk assessments 
hJ\'e been site- or stressor-sp.:cific. effons ilre under way to 
de \'elop assessments on larger temporal and spatial scales. This 
is pan icularly impon:lnt for ecosystems. watersheds. or land· 
scapes with numerous ecological components involved in com· 
plc~ inleractions and exposed to' muhiple and different types 
of strcssors. Such an Jpproach might also be appropriate for 
coral reefs and adjacent tropical marine ecosystems. 

A recent review of poliUlion in trop ical marine ecosystems 
d iscussed a varicty of stressors and effects and proposed some 
prel iminary tolerance Ic\'els for corals on the Great Barrier 
Reef (~l . This anicle focuses on the current stilUS of knowl· 
edge on chemical contamin3tion in tropical cOolst31 ecosystems, 
how this information might be used in the context of ecological 
risk assessment. and the need for fun her ecotoxicolo&y re· 
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search. The valued ecological resources for th~s( I!cosystelT'':' 
are primary producers. those org3nisms that pro\'i J~ physic';:': 
structure and food far the major communities on .... hich olh~ 
organisms. including humans. depend. The (ollowlOg re· 
sources. which might serve as index species or the focus C'i 
assessment endpoints in assessing ~cological risk.:u~ large ted: 
for mangrove forests. Rhizophora and A.\·ic~nnia spp.: for sea­
grass beds. the tunle grass Tha/assia t~studinum: and for cora:! 
reefs. scleractinian corals. The three ecosystems differ in th~L: 
structural basis (tree. macrophytc. and colonial in\'enebralJ: 
containing symbiotic algae, respectively) as ""ell as in Ion· 
,evity (decades for mangroves. 1 year for seagrasses. ccnturi~ 
for corals). Tropical fishes are also discussed, although ther< 
is limited research on the effects of pollutants on these or· 
ganisms. Many fishes migrate from ihe reef to sug .. ss bed; 

and mangroves or spend pan of their lives in the adjacent 
ecosystems. potentially transferring pollutJnts from one ec~ 
system to another. Fishes are imponant components of marin: 
food webs and can pass bioaccumulative chemicals acquired 
from these primary producers andlor invertebrate prey to fishe; 
at higher trophic levels and to coaslal birds and mammals th:u 
prey on fishes. 

Here "'e review the current data Jnd make r~cor.unend;uion) 
for funher research that c:ln b~nefit manag:~rs .J11d users ie 
prOtecting these imponant ecosystems [18]. In tropical marin~ 
communities. waterborne chemical threats can come from (ar 
as well as near. from both point and non point sources. Througb 
a bener understanding of the tropical marinc ecosystems and 
thdr responses to chemical stressors, managers \10 ill be ablc 
to more effecli .... ely address the ,o:lls of reducing negati\t 
effecls and improving mitigation measures by des igning ar­
propriale policies and regulations. 

STATUS Of KSOWLED,GE ABOUT CHE~IICAL 
STRESSORS IS TROPICAL ~tARISE ECOS\'STE~tS 

The sources of chemical contamination in traplcJI marinf 
environments are similar to those in temperate marine eco­
systems (Fig. I). Terrestri31 runaf( from dvers ilnd strcami. 
urban areas, and agricultural areils is probably Inc: most im­
portant. In addition. some urban areas have se\'\'ale outfall~ 
near coral reefs (19.20J or can contribute to the contaminant 
load through des.lination plants [21]. Landfills c.n leach d" 
reeety or indirectly into shallow water tables. streams, and the 
coasl.,,1 tone. :1 panicular problem on porous limestone islands.. 
Many rcefs are located near population centers and arc the 
focus of tourism. which makes them vulnerable to chemical 
inputs from recreational uses and industries related to recre· 
ad on (e.g .• boat manufacturing. be3ting. fueling at marinas I. 
Reefs 3re economic3.11y 3nd socially imponant for !.heir fishery 
resources. and chemical .. based fishing methods (e.,! .. us ing 
bleach or cyanide) are not uncommon in de\'eloping regions. 

Some shallow coastal zones are near shippina: lanes where 
ships pump out contaminated bilge water or spill their cargo. 
Dredging of channels to allow ship traffic can incre.lse chern. 
ic:ll concentrations through resuspension of buried organics or 
hCilVY metals. Dceiln disposal of waSle chemicals or incidental 
'chemical spills are also contributing f:lclors. Industrial inpuu. 
from cOilstal mining and smelting operations (22J are sources 
of he3vy metals; offshore oil and gas activities and coastal 
petroleum refineries contribute metals. phenols. and oil {201 
from tanker loading. spills. well blowouts. and pipeline rup-­
tureS. 

Because the transpon of most point ilnd nonpoint source 
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Fig. I. VIC"" from thc ree( 0(( GuarlniUa and Tall:lbol 8ays. a heavily industrialized :uea on thc southern COlst of Puc:no RIco. Simll:llly 
de\elo~d CD.1Slal .lrcas occur in thc ~;cinily of mangrovc (orests. scagrass meadows • .1nd coral reefs around the world, 

(o.'d c:tnts is primarily (rom Inland to offshore. the ecosystem 
j,ectlons In this documl!nt are arranged accordingly, i.e .. from 
i nshor~ (m:lngroves) to offshore: (coral reefs), The fate and 
tr::ln i pOrt of Chenlk JI pollutants. fJCIOrS influencing bioil\·ail · 
abil ilY and to :~icit)'. and ecosystem cffec(5 are discussed under 
the: c:ue:gories of metals. oil :lOd dispersed oil. 3nd pesticides 
and other organics. One gener:ll factor :lffecting the bioayail· 
.lbili ty of cOnt:lmin:lOlS is th:u the organic carbon content of 
sediments decreases from mangra\'e:s: to seagrass beds to coral 
r~.:fs . An overview of the ecologic31 signific:lOce: of these: con· 
tam inant.c:; and reports of trends in canlaminant loading in these 
c!co .. ~ i t~m !i .:ue :1lso included in the: following discussion. 

,\tmlgrow: f orests 

~I J ngro\'c~ ion:sts are:.3n important buffer for :1djacent marine 
ecasys t~lT1s . trapping sediments :lOd nutrients. as well as many 
:1 nthropoge:nk chc::mic~1 cont.3min':l:Rts, Different species of 
m:.ngroye trc!es h:I\'e different types of sed imenHrJpping root 
syslems adapted for combauing the 10\A,'-oxygen conditions in 
the peal. includ i n~ the poreS or lenticels on the br:1nching prop 
rOOts of the red mangroves (RJr i:OI'Jrorn spp.) or on the cy­
lindrical pnc::umatophorcs of bl:ad:. mangro\'es (A\'icelln ia 
spp.l. which project abo\e the ..... ater le\' el. Species in these 
g~nerJ ':lTe the most s:1I1-IOler.3nt mangrove:s. :1nd lhe:y form 
~ 'h~nsi \'e fore::st communit ies criss-crossed by tide.draining 
channels OIlong tropicOiI .3nd subtropical CO:1Sts . Physical de­
st ruction or thi~ ecosystem ror building materials, fuel. and 
land fe::clJI11:u ion has i ncr~ascd greatly durins: th is century. 
IJrgel y becJu~e or population pre::ssures. 

HI..·nry tnt·tals. Impacts of he3\'y metal exposures on man­
grove trees :Ire :lIpparently minor or nonexiste::nt, Mangrove 
~cd i menls , cClOlpose:d of fine:: p;micles with 3 high organic con­
tent :1nd 10 .... pH. are panicularly effective in sequestering po­
h:nlla ll y to.,ic heJ \'Y metals. which ;1fe immobil ized as sulfides 
In the:: usually an:lcrobic sediments {23~26]. Ho\\'cver. met031s 
CJn be reintroduced to nearshore waters when they OIre taken 
up by mangro\'e trees and concenlrated in exported Icaf de­
tri tus. Storm!: ::md humnn act ivities such as dredging or clearing 
of mangrove forests also remobilize metals and f03cilitilte trans­
port from mangrove foreSts to coastal waters. 

Whethcr metals OIrc :1 vaiIOible: ror uptake by mangrove trees 
and to what extent metals are trans paned out of m:mgrolo'c 

forests to cOOistOiI waters ate debatable. 5ih'03 et al. l27J foun d 
that sediments Were thl! m~in reser'ooir of the total metal con· 
tent in a mangro\'c forest dominated by Rhi:oplrofn mangl~ 

and concluded th:u the Ol.3jor panion of m~131 s is prob3bly 
unavailable for mangro\'e uptake. Howe\·er. Rhi:.opJrorn spe­
cies lppc.3r to take up metals in a dirr~rent mann~r and to a 
lesser c:(tenl than other mangroves species 128-311, In oth~r 
studies. metal concentr03tions w~re higher in le3\es Ih3n in 
wator or sediment (18.29.31], Tam <l at [32] did not det<Ct 
lead. chromium. or cadmium in le3f samples from the m3n· 
grove:s Kmldelin ctlfJdel OInd Atgicuas cortl ;cu/ctlfttt: in the 
Futia" ~allonal Nature Reserve. Chinos: these O1el31s occurred 
in sediments 31 high concentrat ions at some Slles but were nOt 
bi03v3i1able. ~,tc:t3Is ""'ere 31so concentr.:lled in ~renni:ll tis ­
sues such as thl! trun)..: and limbs (27]. 

l:1cerd:1 e( 011. (33) argued that pl.:lnt liner is \cry poor in 
trace mct.3ls. k01d ing to very 10\\' e."tpon, E\en if the mate rial 
is poor in trace mct:1ls. substantial qU3ntities of mangrove" 
delritus are exported from the forests and used as a food source 
[34.35). This ,erve, as an avenue by which metals could be 
lransponed from mangrove forests to surrounding communi· 
ties. Mercury. :1 bioosccumul31ivl! metOiI . \to'as detectcd ,n red 
mangro\·es. mangrovc oysters. OInd 01 \'3riety of fish~s . includ­
ing gre:1t barracud3. from Pueno RICO J.nd the U.S. VirglO 
Islands {J6J, ~bng:ro\'e leilf detritus is enrich~d in mel.3ls as 
it ages (J01 . possibly as .:I result of the loss of orgOinic m:lIlCri.31. 
and metOils 3re ~nriched in suspended mailer [24.371 . Delaune 
et al. [38) c.lculated that 3% of the annu.1 accumulat ion of 
copper OInd 5% of the annual accumuli1t ion of zinc in a m:1n­
grove ecosystem were exponed through detritus and (hOlt COld· 
mium. lead. OInd m3Jlganese were OIlso exponed lo'i:1 detritus. 
Nye [39) est imated that 3.499 kg of iron. 9.130 kg of m.n· 
ganese. 1.063 kg of copper. and 412 kg of zinc are exponed 
annually from mangrove forests in sOuthe:OISI Aorida , TidJ.1 
deposition might also inftuence the distribut ion of melills in 
mangrove scdil11e:nts {~O] . Table I summarizes rOinges of metOiI 
conlaminOints tn~asured in mangrove forests . 

Oil and dispersed oil. Mangroves are \'ery sensitive to oil . 
The low wave J.clion and smal11id31 amplitude Ch:1racleristic 
of mangrove swamps make them excellenl1raps fOf oil slicks 
{4l ,42}. At very 10\10' concentrations. oil stimul:ues growth. 
This phenomenon. hormesis. might be due to the hormone· 
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Table I . Melal concentlalions in man&rove ecosystems' 

Component Fe Zn 

Sedimenu (~!Jg dry v"eiBht) lOO-33.J9~ 0.~S-379 

Suspended m:llerial (~!IL) 195-2.808 18-595 
Rhi:.ophofa spp. (~,/I dry ""cilhl) 0.16-166 0.03-n 
In\"ener:ue5 htl/, dry ",·cIChl) 12J-886 30-I.SOO 

'Compiled (rom (24.27.29-33.39.JO.3J9-361). 

like action or some aromatic hydroc:nbons or to selective ac­
tion against a p:uasile l43-47J. However. because mangroves 
sp.ln the air/water boundary. they come into direct contact whh 
spilled oil. and the physiological adaptations that mangroves 
h3ve evolved to survive anaerobic soils make them panicularly 
vulnerable to smothering by oil slicks. The specialized &3.S­
exchange pneum:l1ophores are susceptible to dogging, and 
when they are blocked the roots die from 13d. or o;(ygen 
[45A9] . 

O:<.ygen concentr:uions are lower in warmer waters (SO]. 
..... hereas respiratory rates are higher. and aerobic tropical or­
g:misms must live at o;(ygen levels closer to their lethallffilits 
Ih.n do Ihe biOla oC cooler walers [1.3]. Spilled oil has a large 
biologic.1 oxygen demand (BOD). which can Cunh .. eucer· 
bate the oxygen shonage. In addition. oil ~onlains toxic com­
pounds that can disrupt the metabolic acth·ity or sensitive 
organisms [23]. tn experiments with oiled pn~umatophores. 
bOlh lighl .nd hc.vy oils efCeclively bloeked gas exchange 
lhroush the lenticels. even when most or the oil was washed 
awOl), (5 I], Damage to pneum;uophores COln (ilia: a ye:u' or more 
to become noticeable I-l3.52.S3]. \\'hen 3c!rial rOOlS regrow, 
they are o(len deCormed or abnonn.1 [~9.53.5~-57). 

The anaerobic conditions and low redo;( potential .... alues 
round in m:lOgrove s~djmtnts are known to be unf3\'orabJe ror 
Ihe biodegradalion o( hydroearbons [55]. and substanlial con· 
centr:uions of hydrocarbons rem3in in mangrove sediments 10 
'0 30 ye.rs aClCr spills [59.60]. Three ye.rs aC ... Ihe 20< Col· 
ocotron;s spill in Puerto Rico. soil samples rrom the mang:ro .. ·c 
community had up to 80.000 ppm extr3clable hydrocarbons 
[611. M3.ngrovcs can translocate aromatic hydrocarbons into 
their tissues (46}. and the to;(ic components of retilined oil 
continue to cause sublethal efrects. including reduced produc­
tivity. lower rates or litter production. and lower seedling sur· 
\ i\'.ll (62J. In this state or chronic stress. mangro\'cs are highly 
susceptible to any additional penurbation or stress (621. Dodge 
el al. [60) no.ed in an ex peri menial field exposure Ihal Prudhoe 
Bay crude oil killed 11% or mangrove trees after 2 ye:us and 
469(- ,,;Cler 10 years. ""ith degraded oil still present. Gundlach 
.:md H3yes (53} concluded that mangro"'es are the cOilstal ma­
rine environment most vulnerable to oil spill impacts (see also 
~ J. Oil spills rrom tankers have caused massh'e die-offs or 
mangroves and their ilssociared organisms (~2.48.62.55-7 t. 
reviewed in 55]. 

Once a mangrove rorest h3S been d3maged by oil. recovery 
is often slow. Some areas or Bahia SUciOl. Pueno Rico. that 
were destroyed by a l:uge spill in 1973 were still devoid or 
mangrove growth 20 years later (72). Subsequent erosion pre­
"'cnted reco\lery. and it takes al least 3 years for debris from 
the rormer mangrove community to decay [73J. Lugo et al. 
(52) reponed mangrove seedlings 10 be more resistant to oil; 
however, seedlings that coloniz.e an 3.rea berore debris has 
decomposed can be scoured away by the tidal movement or 
dt:bris. When recovery occurs. it takes a minimum or about 

Cu Mn Cd Pb 

0.3-75 1.13-6-\0 0.1-2.39 1-650 
62-76 J66-788 2.85-3.:! 21-139 

O. I~-II 0.·a::!-J97 O.04-().~J 0 . .13-27 
2.~20 J.S-31 O.J-IO 09-5.06 

20 years [7J-78]. and tree. mi,hl nOI re.ch Ihe ir (ull hei¢1 
(or 80 years. The rate or recoloniz.ation often depends on t!'.c: 
size o( the patch ilffected. with large p:nches relying on r!­
eroilmenl o( planklonic propagules [79]. In(auno! populati~'" 
might recove.r rapidly. but some epibiont invenebrate po~­
lations. including shrimp, polychaetes. cerethid snails. and 1:­
punculids [69]. ean be a((ecled Cor severo! years [SO-52). KJe· 
kowski .. al. [72} reponed thai Ihe biOla o( oil.polluled I1l.1:r 

grove habitats might e;(perience increased mutation rates. 
Because mangroves are very sensitive to oil spills and slo~ 

(Q recover, it has been suggesled that every eHon should ~ 
made to keep spilled oil (rom re.ching mongro"es [~5). b 
some cases, trealing oil with dispersants mitigated d.ilm.a.f~ 

[43.46.47.48,60.83.84}. bUI in olher cases. addilion o( adj;· 
persan. increased 10xicilY [43.40-48.83}. The lOX icilY o( 3lI 

added dispersanl can be a(Cecled by the IYpe o( dispersanl u .... '>l 
and the concentration in water. the type or oil spilled. and ~ 
age and spt.cies of the mangroves trealed. The toddty of Ik 
dispersant to adj.ilcent marine communities should also ~ 
t:liken into consider.uion. Seagrasses .ilnd corals are very SCD­

shive to Corexit 9527, but Elastosol. Cold Clean. and Fina..~1 
are much less toxic 10 these organisms and ha\'e been rc,:­
ommended ror tropicOlI estuarine spills ""hen mechanical pr~ 
cE:dures are inadequate to cont.lin the spill (85]. 

P~slicides alld lu:rbicides. Mangroves arc also susceptiblt 
10 herbicides [53-58]. During .he Second Indochina lIi.r. 18.9 
million gallons of herbicides WOlS sprayed on rorested and ill­
ricuhural areas or Vietnam. or all the habilal types in South 
Viel~m. the cOilst:.1 mangrove forests were the most vulnC1-
able.o wanime herbicide operations [89-91}. In Ihe Rung 5.1. 
are3. 73% or mangrove cover was destroyed [89J. It is e~ti­

maled thai 41% (124.000 h.) of .he lo.al mangro"e Corest arn 
or Vielnam experienced significant monality during the Sc:­
ond Indoehina War [90-92}. 

The reason ror this sensitivity is poorly understood but couJJ 
be relate:d to the physiological stress or living in a saline cO-­
vironment [77]. Species or A. ,';unn;a have been shown to ~ 
more resistant to 2.':-dichlorophenoxyacetk acid (2,4-01 
[86.93]. bUI Rhi:opilora. Ihe moSt economieally and ecolo~· 
ical1y imponant genus or trees in South Vietnam, was ($­

pecially sensitive to hormone-mimicking pesticides [90.91]. 
In an experimental exposure or mangro\'e species in Florid1. 
USA. 10 2,4-0, Ihe buttonwood Logutlcular;a raCtmOSQ ",.~ 
the most sensitive species tested. It victnnia g~rminan.r \10"3:$ 

the most resistant. and R. manglt was intermediate (93]. Seed­
.lings were also much more sensitive than .. dulls. Rhi:,ophofa 
manglt has been shown to take up and translocatc 2.-1-0 and 
picloram 10 various planl p.ns [93-95]. and 2,4-0 induced the 
breakdown o( cell wall. in bolh rOOIS and leaves [94.95). Dutil 
of mangroves exposed to 2.4-0 is believed to be due to lbt' 
loss oC meri'lemalic .issues [96]. 

Some herbicide residues remained in the environmenl 5 to 
10 years after intensive spraying. but they were far bela'll.' 
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\c"els .h •• would inhibi. seedling eSl.blishmen. [89J, L.bo­
r:ltory ':lO:llyses of reiiduill herbicides and breakdown products 
in .lquatic or marin.e sediments arc limited bUI indicah~ thon 
moS( do not persist .:11 high concentrations (97). However. Snc­
~.k<r [90J ,,'.med .ha •• he absence of da .. should no. be 
interpreted to mean that no problems exist. 

In the Rung Sou arClJ of South Vieln:lm. numerous differ­
~nces h.;],\"c been nOied in biota inhOlbhing dc:foli.ued versus 
undjslur~d 3(C35. but it is not known to wh:u degree the~ 
differences were caused by herbicide e:tposure or habilat de­
~Iruction . The abund:mce and species richness of planktonic 
orSimisms and large fish were lower in spr:lyed ':lre.lS. while 
fish egg3 and Jan'ae were more numerous in denuded regions 
[89J. possibly as a resuh of an absence of pr<da.ors. Orians 
and Pfeiffer [98) reponed an enormous reduction in numbers 
of birds . Marine fi shery slocks declined, and certain species 
disappeared [99.looJ. 

Although the dC\'asI3tion of mangrove forests by herbicides 
is uncontested. the rale of reco",oery of sprayed forests. like 
mangroves destroyed by oil spills. is uncertain. with estimates 
' -"ying from 20 years [76.90J '0 more .h.n 100 years [89J, 
R~c:slabHshment might occur only along the edges of the "",'cr 
channels and bad:wau:rs (78.98] . Natural regeneration ofrlliln­
groves has been minimal in coastal South Vietnam [91,101). 
Important factors impeding recovery are the ill most complete 
d imination of mature seed- or propagulc-bcaring trees in 
sprayed areas [89,90.102J. lack ofvege ••• ive cover [89J. debris 
[102-1 Q.I J. and increased erosion [91.1 02J, However. erosion 
might actually Decelleral!! revegetation by exposing reduced 
s~dimcnts. lowering land elevation rel:uiv~ to surfac~ water 
d~\'3tion. promoting beneficial surface water recirculation and 
flushing. and remo\'ing p~rsistent herbicides from the system. 
In certain deforested areas. weed species now dominate the 
h:J.b ilal to the e"clusion of various mangro\'e spc!cies and will 
prob3bly rc:mOlin domin31H for some time (90) . 

Very little inform:uion is availOlble on the possible effects 
of other pesticides on mOlngrove forests . Mosquito larvicid~s 
such as lemephos are regularly sprayed on m3ngrove com­
munities in the Florida Keys and elsewhere. Concenlr:uions 
oi lem<pho, doclin< rap idly .f.er applica.ion [105-107]. Te­
mephos persists on mangrove leaves for up to 72 h and in 
oy"ers for up '0 48 h [I 07J, A. nonnal applica.ion r •• es. 
concentrations of temephos in water reach levels that are toxic 
'0 mysids [I 07J and can cause suble.hal effeClS in fish 
1105.108). Tc:mephos h:l:s 31so been shown to h:lve a signific:lnt 
effect on fiddler crab populations al normal application rates 
{l09-111 J. 

S("agrass m~ado",:s 

Se\'e:n of the: 1 ~ ~ene:ra of sc:agrasses occupy tropical cli­
males (Halodllt~. Cymodocca. Syringodium. ThQllassod~n· 
drum. Ellhaills. Thalassia. Halophila). A few species of the 
remaining five genera 3re occasionally found in subtropical 
.nd !ropic.1 wa.ers [112J. The majori'y of .he work on .he 
impaci of anthropogenic inputs has been performed on tem­
~rate grasses such as Zoslt:ra and Posidonia. A decline in 
the heahh of seagr3ss beds has been reponed recenlly in many 
>r<as of .he world. including .he Uni.ed S.a.es [113-115J and 
Australi3 [t 161. pnd shifts in dominant species have been found 
'0 correl .. e wi.h pollu .. n. e.posure [117 ,118J, Seagr.ss die­
offs resulting from chemic31 cont3minants. as well as physical 
dJ:mage and dise3se. reduce h3bitat availability and sediment­
IrJ:pping ability. leading to increased transpon of contaminated 

E,e. Peters el .11. 

sediment panicles 10 coral reefs. [n addition. decreased dt· 
composition of delTitus alrers carbon cycling and tr:lOsport of 
contaminants. 

Hca,.,), m~rals, In temperate s~cies. metals can be incor­
porated into se3gr3ss leaf tissues directly from ",'ater and sed­
iment (119]. and in uncontamin.:ned areas. seagras5lea\'e5 con­
stitute the major transpon pathway for the cycling of cop~r. 
iron. manganese. and zinc between these media (120]. Trace 
mer:lIs in Halod"/~ "'rightii are positively corrclaltd \\'Ilh con­
centrations in sediment (121) . Metal concentrations lend to ~ 
higher in leaves than in shoots for indonesian tropical sea­
gr3sses [12~J and H. "'rightii (121 J. These result5 retiect [he: 
bioa"'ailability 3nd translocation of contaminants to biomas5 
above the sediment. Biotic tr3nspon of trace meilis from seJ:­
&rass detritus may occur through the food ch3in (2~] . 

Field studies of seagrasses have shown that st\'cral species 
arc capable of accumul.:n ing a range of trace met31s [e.g .. 12 1-
124]. Baseline data for nickel. copper. lead. and zinc have ~en 
collected for Indonesian s~agrasses [122J. Halodu/~ o~'Dlis had 
higher levels of zinc than other congeners [12~.1:!.J J and there­
fore might be a zinc 3ccumulator. In Thalassio microcosm 
studies. seagrass communities w~re shown to rapidly take up 
and process tributyltin (12S]. increasing the potenti:J.1 ex.posure 
of associated fauna. 

Se\'eral studies using microcosms demons'rat~d .3 similar 
potential (or ecosystem-wide effects in tropical SC3grass beds 
from toxic chemicals such as tributyltin [J 30) • .u have been 
found in metal exposures of temperate seil~r:lSs spe:cies 
[22.126). At 22 )J.g/l. of tributyhin. carbon turnover decrc3sc:d. 
with reduced detrital decomposition and abo\·e·sediment plant 
biomass. in T. usrudilillfll [127]. Benthic in\'enebr,:nes de­
cfC3sed in abundance (1281. Cymadusa and Crtpidula \4'ere 
identified as indicalors of impending in\'enebrate monality. 
Exposure to drilling muds containing fen-achrome lignosu', 
fon31e. (FCLS) and other metals such 3S bOirium :J.ffected the 
abundance and species richness of the invertebrate community 
in a Thalassia microcosm [129.130J, Associ •• <d epiphy.es h.d 
decreased photosynthetic potential and biomass \4'hen trealed 
",i.h drilling mud [129.131], Th«onconlra.ion of chlorophyll 
a per gram dry weight of leaf tissue and the rate of leaf de­
composition were reduced (129.130J. Producti\·ity. measured 
as gro\\·th rate and carbon uptake. was reduced. \10 ilh an ob­
served seasonal v.riabili.y [131], 

Oil alld dispersed oil. Dam3ge to seagr3ss communities 
from oil exposure includes 3CUIc mortality resulilng (rom phys­
ical impacts (Le.. smothering. fouling. asphyxiation) and 
chemical toxicity: indirect monality as the result of light loss. 
death of food sources. or the. destruction or removll of habitat: 
destruction of sensitive juvenile fishes and in ... ·enebnnes ; ilnd 
acc:umulation of potenti311y carcinogenic or mutil!enic sub­
Slances in Ihe food chain [132J, The 1986 spill .. Bahia Las 
Minas. Pan3ma. demonstrated sever31 of these effects. Oil and 
possibly oil plus dispersant caused monalhy of intenidal Thal­
assia beds (133J. as well as damage to shoreward m3rgins of 
.he beds. which receded [118J, Thalassia subsurfoce biom.ss 
increased at oiled sites. whereas S ... ·ringodimn biom3ss con­
.i"ued '0 decline [118J, These findings agree wi.h resulls of 
Thorhaug e. al. (I34J. who exposed bo.h species .0 oil. In .n 
experimental spill. hormesis . evident 3S increased biomass of 
se~grass. was observed. with minor or no overall effects on 
seagr3sses resuhing from oil or chemically·dispersed oil up to 
10 years af.erward [47,60J. 

Fauna and flora associated wilh sea grasses are also affected 
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Table 1. Mc:ul concc:nlnlions in cor411 red CC'os)'slcms~ 

Componenl 

Walcr column (mIll) 
Sediment (JoI.!/g, 
Cor:al s),;elelon (.,..,1,) 
Cor:allissuc (Jo'.I/ dr)' ,,"cilh!) 

'Compiled from (196.198.362). 
~:o."O • not detected, 

Fe 

1.0-5.93 
237-11.4-15 
:-10-560 
:-;0 

b,' oil. Fleshy and calcareous algae did nOI recoloAize oil· 
d~aged areas at Bahia Las Minas. Infauna. nearly completely 
ki1l~d by oil exposure. gradually returned to abundances above 
pr<'pill levels (118). However. only species ~'ith high repro· 
du~t i \e potential or planktonic stages recovered quickly. The 
effects of oil on tropical fish have not been extensl\'ely studied. 
Sublethal doses of No.2 fuel oil. at concentrations grealer than 
1.0 ppm water·soluble fraction. caused decreased growth and 
510",' avoidance responses in the estuarine spotted seatrout. 
CUloscion n~bulosus lOS) . Metabolic rates were affected by 
~troC'hemical effiuents in the warm-water pinfish (LAgoaon 
rhomboidts) ; sublethal effects were aggravated by salinity 
ch.ng« .nd differed with size class [1361. 

Oil in direct contilct with seagrasses causes decreasing 
growth rafes. smothering of leaves. leaf ycJlo~'ing and brown· 
ing. loosening of leaves. and decreasing percent cover (137). 
L:Jbor:Jtory experiments have demonstrated reduced photosyn. 
th~lIC' 3bility depending on oil type, exposure time concentra· 
tion .• nd species «Slcd (1J4 . IJS.1391. Howeler. the WSF of 
Kuwilit crude oi l h:Jd no dfecl on the photosynthetic param· 
eh:rs or respirat ion in seagrasses indigenous to the Persian Gulf 
[ I~OJ, Field observat ions of s~ci(s composition. distribution. 
ahundilnce. productivity. and morphology for thr~e species of 
seagrass in the Arabiiln Gulf indieated that the Gulf Wilr oi l 
spill had little or no impil.CI on the seagrasses I I~ I J. 

Of the C3ribbc:an seagrassc:s exposed experimentally to dis· 
p~r$ed oil, T, resrudinum had a higher LC50 than H. '~'righrii 
and S. filliforme (134). Dispersant type and len!th of exposure 
influence response. The latter (wo species were more sensitive 
to dispersant alone than T. rt.sludinllm, which sha",'ed no effect 
after 100 h of exposure (134). Tho/essio w.s most .ffected 
by e:o:posure to dispersant ovc:r longer time periods and ex· 
pasure to greater concentrations of dispcrsant mixed with oil 
(141) . 

Peslicidts and OliJu organic.s. Seagrass beds located near 
agricultur31 regions likely receive runoff containing pesticides. 
Chemlcills such as atrazine 3nd pentachlorophenol (at can. 
centrations of I ppm) depressed the rate of oxygen evolution 
(photosynlhesis) and oX)'gen uptake (respiration) of leaves or 
T. uswdinum [I·BI. Atrazine (30 ppm) caused a significant 
reduction in survival, production of new ramets. above-sedia 
ment biam3ss (greater than 50%). and growth or H, tl,'righrii 
(I..!-lJ . Cropping and variation in light and salinity did not 
influence the biological response to atrazine. Halodule wrighti; 
appears to be more tolerant to pollution than other species 
(111.1441. At 50 ppb. organophosphorus. earbama'e •• nd or· 
ganochlorine "pesticides. especially dichlorodiphenyltrichloa 
roethane (DDT) .and lindane. caused decreased net photosyn. 
theSIS ilnd incre3sed dark respiration in Holophilo and Hat­
odule $PP .• but to a lesser degree than observed in the mac· 
ro.lgae tested (145). 

Zn 

0.02-1.5 
7.~D 

0.08-25 
NO-126 

Cu 

O.OI-l .S 
2,2-17 

0.24-18 
7.5-18 

Cora/ reefs 

Pb 

0.18 
18-45 

0,Q.!-39 

~i 

74-122.6 
ND-126 

AhhoU2h coral reefs are composed of diverse organisms. 
the majo; structural components of reefs are the scleractinian 
corals. with more than 600 species in tropical and SUbtropical 
climates. The reefabuilding. hennatypic coral species can fonn 
branching, foliose. and mound·. or boulder-shaped colonies 
occupying tens of cubic meters , These corals contain symbiollc 
algae (also known as zoox3nthellae) within their g3stfodennaJ 
tissue. This animal-algal symbiosis is maintained through 
chemical communication between the panners via the: trans­
location of metabolites (11.146.147). Branching species might 
be more susceptible to some chemical contaminants than arc 
massive cor.ls [148). Scon (149) found that small·polyt:><d 
species were more adversely affected by increased concentn· 
tions of heavy metals than are l:trge·polyped species. Larger­
polyped species appear to be bener adapted to camivory (150) 
and might be less dependent on high light levels required for 
successful algal photosynthesis. Coral sp.:cies and individual; 
also differ in their ability to remove sediment panicles faltin~ 
on their surfaces. depending on their orientation. gro\l,·th fonn. 
and mucus production (1511, Coral colonies are p3J1icul3J'ly 
susceptible to contaminants dissolved in se3\\'3ter or adsor~d 
10 panicles be:cause the byer of tissue cO\'ering the coral skel­
eton is thin (only .ppro • . 100 J1m) and rich in lipidS. facili· 
tating the direct uptake of lipophilic chemicals. 

In addition. chemical communieation plays an imponanl 
role in mediating processes central 10 Ihe existence and p!r­
sislence of reefs. Reproduction and recruitment of many rec:( 
organisms are known to be chemically mediated. Changes in 
water quality, mOSI notably caused by coaslal pollution. can 
interfere with eritical interactions among reef organisms ilnd 
reef productivity and hence result in the eventual de3th of the 
cor.1 reef (I J.152). Brooded planul. larvae of some cor.1 spe· 
cies might be afforded some protection from taxies: however. 
larvae of many broadcast spawners pass through sensitive early 
stages of development at the sea surface. where they can be 
exposed (0 contaminants in surface slicks. Reef communities 
can harbor an estimated standing crop of fishes 20 to 30 times 
greater than those found in temperate waters (153). but our 
understanding of the effeclS of chemicals on these fish com· 
munities. and on associated reef invertebrates and algae. is 
very limited. 

Heavy metals. Elevated concentrations of metals have been 
.found in the: tissues of some reef invertebrates from con tam· 
inated sites (Table 2). Giant clams of the genus Tridacna col· 
lected (rom a populated atoll h.d significantly higher concen· 
trations of iron. manganese. copper. zinc. and lead than clams 
(rom an unpopul.ted atoll [1.54). Similar rel.lionships hal'e 
been seen in cor.ls [155.156). .nd some cor.ls might be bener 
indicators of metal exposure than others (155.157.158). 

Metals might occur in coral skeletons as the result of Struc· 
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tur.1I incorpor:nion of met:1Is into :I~!onit~ {\59-162}. inclu· 
sian of paniculale materials in skelctal c3\'ilies (16J) . surface 
.dsorp,ion onlo "posed skel<lon (161. I 64.165J .• nd chel.,ion 
" 'ilh Ihe organic malri, of Ihe sk.lelon (161. 166. 167J. Howard 
:tnd Brown [lSS.ISS] found that metal concenlrOuions were 
higher in the tissues than in the skeletons of corals ne!lr a tin 
smelcer and suggested th.1t coral skeletons were not :1 good 
indicator of en\'ironrncntal melal concenlr:uions. Ho"'c"cr. 
several other studies reponed gre:ltcr concord:mce of d:ua on 
mC10lIs concenlfOitions in cor31 skeletons [holO i n t is~ues at met· 
.J.con,.min.,ed siles (149.168-170]. 

~fCl3ls can enter coral tissues or skelc:oton by several path­
ways. :lnd there is some evidence that corals might be able to 
regulate the concentrations of metals in their tissues (171-
176). Retraction of coral tissue in response to environmental 
stress ~;(poses skeletal spines, \I,'hich can directly take up met­
als from Ihe surrounding s •• w ... r (169). Anolher common 
response to physical and chemical stressors. panicularly met­
.Is. is Ihe produclion of copious amounls of muCUS (177-184J. 
which c.n effee!i"ely bind heavy mel.I, (185-189J and may 
b,: involved in metals rc:gulaEion (177 .190), H'lfland and Ngan­
ro ( I 90J found Ih., Ihe rale of copper uplake in an .neruone 
increased after mucus production ceased. 

Organisms in low-nutrient tropical "'.ners might be partic­
ularly sensith'( 10 pollutants that can be m~labolically substi­
tuted for essential elements such as manganese (191.192). The 
s) mbiOlic algae or zooxanthellae of corals can inHuence the 
skektal concentrations of metals through enhancement of cal­
cific.,ion rales (160.193J. and Ihey mig hi ~ involved in Ihe 
uptake of metals in cases where potentially tox.ic mel31s are 
m<l.bolically subsliluled. H.rland and Nganro (190] found 
that AClillia equina. an Olnemonc 10lcking algOl1 symbionts. ex­
hibited lower uptake ratcs of zinc and cOldmium than did ,-\trt'­
monia \'Iridis. Jn an~monc ..... ith alg31 symbionts. Benson 3nd 
Summons [I94J proposed that oceanic arsenale was :lssimi· 
lOlled by the symbiolic algae of giant clams. Symbiotic :1fgae 
h.:t ... e been shown to accumulate higher concentrat ions of mct-
• Is Ih.n do hOSll issues in cor.ls (156.19O.193J and in c lams 
119-1), Sequestering metals in symbiotic algae mighl diminish 
possible lo,ic effeels 10 Ihe hosl (190]. The expulsion of sym­
biotic algae has been reported as :l stress response to heavy 
melals (156.184.195] and h.s been proposed as. meehanism 
for Ihe excretion of melals (176. I 90]. 

Tin was highly concenlrated in reef sediments in the vicinity 
of a tin smelter in Thailand, and copp~r and zinc were slightly 
el".,ed (I 96J. Ahhough Ihere were no significanl differences 
in coral cover. diversity, or growlh rale in Ihe study. the colony 
size of massive sP'!cies such as Porius tended to be smal!~r 
in areas exposed to copp~r. zinc. and tin (196). Latcr evidence 
indicated thaI the smdter effluent reduced the growth rate of 
branching corals (I 55). :lOd whc!n branching corals were tr.lOS­
planted to a conlaminal~d site from a relati'Vely pristine site I 
km distant . linear extension and calcium carbonate accrelion 
"'ere signific3ntly reduced. Cor31s in a polluted estuillry in 
Hong Kong also sho\,l,'ed clear signs of stress resulting from 
incrc!asing ~xposurc to heavy mClals . pesticides. nUlriencs. sew-
3g.:. 3nd turbidity (149). Growth rates. species abundance. di­
\I!rsily, and cover declined between 1980 and 1986 during a 
pc:riod of decreasing waler quality. Corals were replaced by 
ascidians. mussels. and hololhurians. and corals from the mor~ 
polluted site were slower growing and more heaVily bioeroded 
(1~9] . Ahhough Ihe effecls of he.vy melals were nOI isolaled 
from the possible effccts of olher stressors, the concentralions 

E.C, Pttc:rs c:t .I!, 

of heavy metals reponed were OI~ high as or hi~~r than th~ 
reponed by other invcstigator~ :lnd inctl!asl!d '" ft.' time (J':';; , 
Harland and Srown (197] not~d th:u labor;:nor~ clpOSUrl! .:'r' 
Por;us /tIft'a co ~Ievated iron resulted in loss. "", symtH~:': 
algae. The response waS most noticeable in c",'f'lJs obt:urJ!'J 
from prisline areas. bUI response wa~ Icss in ~N:lfj thai ~.!J 
been e:;'posl!d to daily runoff from an tnrich~d iron efRut'::' 
suggesting th.ll the ~orals could dl!\'elop ill tol::"Jnc~ to :..:.: 
melal (156]. 

Metals have also been del~cted in r~ef fish('~. and sC'=~ 
effects on fish populations h3V( be~n do.:umenttd , Tissue m:;· 
al concentrations of zinc. copper. cadmium. and mC'rcury frC'O 
50 species of fish from the Great Barrier Reef \I.-tre grealer in 
liver than in muscle: however. all levels were \ cry low, Of 
ehese (our metals. mercury was posili\'ely corr(l3.t(d with 5tU 

and trophic l~wl(19SJ , Comparison of n\ercur)' I(vels in H.l­
",.ii.n (USM fish at d ifferenl Iroph ic le".ls sho"ed ,h., m<r· 
cury tissue concentration incre:ls(d fro m herbhore (0_0::-
0.036 ppm) 10 omni'ore (0.05S~.070 ppm) 10 carni,·"" 
(0.75~.SO ppm) and Ih., levels are higher in Ihe "ophi< f",'\J 
thOlins for fish feeding above the sediment/ ..... ater inl(rface th.ll1 
for those in direct contact with Ihe sedimc:nl {199. see J.l.:.v 
36]. Zinc concentrations in the li\'cr of blue·str ip.:d grunt H,;~· 
mil/on sciurJls from Scrmuda werC' two to Ihre( tim.:s hi,gb:r 
in grunts from clean sites (20-30 j.Lg/g Ii\·~r) than in grunt; 
(rom shes with five times ehe le .... els of hea\'y m(tals (60--0 
Ja,g/g liver) POOl· Behavior31 modifications. including erra::..: 
swimming. increased gill ventilation. and disrupted schooli:~ 
ability, were notcd in tropical fish e~posed to h(a\'y me~j 
(201]. Increased mucus production. fin erosion. and changt :01 
color wer.: 31so observed. 

The drilling of oil \"'ells near cor31 reefs has bcC'n a conctm. 
Howard and Brown (157J noted that concentrations of up iloJ 

6 mglL FCLS mighl occur wilhin 100 m of. di!Ch.rge. Sa 
months of exposure to FCLS (concentrations nOI reponejl 
decreased growth rates in the coral MontDs/rofa multl/aris 
[2021. line:lr growth and e~tension of calices f5t.:clelon ~U:­
paning the polyps) decreased in response to lat-oratory (1. • 

posure to 100 mglL drilling mud. nnd the lower calieal relj~i 
mighl imp.ir .. dimenl·shedding capabiJilY (I S;], Field 3;. 

sessment of a reef several years ;Jfter drilling indicated 01 -0 
to 90% reduction in abundance orfolio~e. branching. and pla!:­
like cor.3ls within 85 10 115m of a drilling silt. althoufh 
massive corals apJ>(OIred relatively unOlffected t~03] , Th~~ 

findin!s agree well with predictions based on 13Nr.uory uJ 
field e;(.periments. indicaling that detrimental effccts on cor~; 
seem probable with in 3 minimum distOlnce of 100m from :l 

drilling sile (179. 181-183.104-206]. 
Oil and dispus~d oil. The pOlenli31 threat of oil to reefs is 

high gh'en their proximity to shipping lanes and offloadiD: 
shes in shallow coastal environments. SlUdies indic:lIe th1l 
small. fr~quent spills might be a greOlter threat 10 rc~fs than 
single-spill events l207-210J. Acute exposure of mangro\'C. 
seagrass. and rtef ecosystems to spilled oil can occur from 
land runoff. as in Ihe Gulf War or Panama spills. or from 

,accidentOlI discharges from ships at sea, as hOls occurred oit' 
Pueno Rico and in the Red Sea, Eighty-three of the more than 
ISO major oil spills in the tropics caused by shipping from 
1974 10 1990 occurred near coral reefs, sea grass beds. red; 
flalS. sand ~.ches. and m.ngrove forests (208). 

Petroleum reaching the re~f might floal abo\'e the reef anJ 
never directly contact ie. although buoyant eggs and deveiopiD~ 
coral larvae could be arfected. Reef flats are more vulnerable 
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to direct coating by oil. Petroleum hydrocarbons. in the form 
of naturally and chemically dispersed oil or water-soluble com­
ponents. are available for uptake by corals. and oil globules 
can adhere 10 Ihe coral surface [133.211.212]. Perroleum hy· 
drocarbons were found in oiled corals (25-50 mg hydrocar­
bani! lipid) in Panama 5 monlhs afterrhe original spill [213] . 
Gas chromatographic p:lUems indicated uptake primarily from 
the waler column and not from the sediment (19-715 JLg oiUg 
red sedimenl). Within 2 years. hydrocarbon residues were 
substantially reduced in sediments and coral tissues at high­
en~rg:y reef sites [2141. Uptake and incorporalion of petroleum 
hydrocarbons into coral tissues has also been demonstrated in 
experiments [2 I 2.2 I 5]. The relatively high lipid conlenl of 
corals contributes to rapid uptake of aromatic hydrocarbons. 
while deloxificalion and depuralion can be slow [212.2 I 6.2 17]. 

A combination of dispersants and oil has been shown to be 
more loxic Ihan oil or dispersanl alone [47.60.66.209.218-
221). Comparisons among studies are difficult because of in­
t~rlaboratory variation in experimental methods. concentra­
tions. oil fractions. duralions of exposure. and species tested. 
No effects were observed for shan exposures followed by shan 
recovery times [222] and for shon-term. low-level dosing: "",,·ith 
long recovcry times [223.224]. Howe ... ·cr. even whcn no gross 
effects are seen, histological changes can occur from oil ex­
posure [215]. 

Effects of oil on individual coral colonies range from tissuc 
death to impaired reproduction to loss of the symbiotic algae 
(bl<aching) [22 I J. Srress. defined by a decline in teOlacular 
e:tpansion. occurred at greater than 20 ppm of oil and dispersed 
oil. but recovery was observed within I week of exposure 
{220]. Photosynthetic rates decreased in some. but nm all. 
laboralory-exposed corals [218.225]. Burns and Knap [213J 
nOled a trcnd toward increasing proteinllipid ratios in corals 
e~posed in the field ror 5 months. suggesting thai lipid reserves 
are reduced in oil-stressed animals , These reserves might be 
used to suppon prolireration of mucus secretory cells (215] 
and increased mucus production caused by exposure (133]. In 
the field. oiling can lead to the increased incidence ofmonality 
and continued panial monality afcoral colonies [133J. During 
5 years of monitoring on the reefs oiled by the refinery spill 
at Bahia Las Minas. the percentage of injured corals was cor­
related with sediment concentrations of oil [226.227). 

In contrast to some laboratory studies that showed no change 
in coral growth rales with oil exposure (224J. growth rates 
were reduced during longer-term field exposures [47.226). In 
a field e~periment in Panama. the dispersed-oil site had de· 
creased percent cover of corals. which did not return to preex­
posure levels after I year. Growth rates of the corals Montas­
'ra~a annularis and Acropora ctrvicornis were not affected 
by dosi ng with oil or dispersed oil. but the growth rates of P. 
porilts and Agaricia ttnui/olia decreased at the dispersed-oil 
si te . These do:llo:l suggest that dispersion or oil has a greater 
impact on reef organisms than oil alone. However. 10 years 
later coral coverage at the dispersed·oil site was the same as 
or grc::uer than at the untreated site (60). Newly developed 
dispersants might be less loxic 10 corals [228J. 

Oiling affects not only coral growth and tissue maintenance 
but also reproduction. Histological evidence confinned im­
paired gonadal developmenl [2 I 5.229J in bOlh brooding and 
broadcasting species. In field exposures. increased injury and 
associated reduction of colony size led to decreased egg sizc. 
a sensitive indicator of coral reproductive viability. and de. 
creased recundity in colonies of Sidtrasrrta sidtrta 5 years 
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after the Bahia Las Minas oil spill in Panama [129J. Dama!ed 
reefs depend on recruits from unoiled reefs. Premature e~­
pulsion of planulae from brooding cnidarians following oil 
exposure was demonstrated by Loya and Rinkevich (230) and 
Onnond and Cald"'ell [23 I J. Spills occurrin! near or al peal: 
reproducth'e season (e.g .. late August in the Caribbean and 
Gulf of Mexico. April in Ihe Grear B.rrier Reef area) could 
effectively eliminate an entire year ofreproducli\'e effon whil~ 
continuing to reduce fecundity through panial monality and 
impairment of gonadal development. In addition. successful 
recruitmeO[ and recruit sur\'j"al can be compromised by oil 
exposure [209.226.232]. 

Shan-term laboratory studies do not accurately predict long­
term community effects. which vary greatly by region. species. 
and type of oil. Long-term studies are more lik::ly to reRect 
impacts at sites with chronic petroleum pollution or at sites 
subjecled 10 lorge oil spills. While Bal: [207J sr .. ed Ih .. oil 
spills are uniqu~ events and chronic pollution is l greater threat 
to reefs. the results of his study of the effccts of chronic re­
finery petroleum pollution on a reef do not differ greatly from 
Ihose found at Ihe refinery spill in Panama [226]. BOlh Studies 
found decreased coral cO\o'er and di\'ershy in Caribbean reefs 
due to petroleum exposure and decreased local recru itmenl 
[207.226]. Acropora pa/mala was identified as a sensitive in­
dicator species. whereas Dip/oria slrigosa. the subject of many 
of the Bennuda studies [233J. mig hI be hardier Ihan other 
Caribbean species [207.226]. In Ihe Gulf War spills. no long­
tenn impacts on coral reefs of the region were' identified [23-' J. 
Unlike the other field studies discussed. no dispersanlS ""er~ 
used on these spills. and significant weathering of oil may 
have occurred before iI reached the reefs . Panial monalilY of 
colonies. identified by Guzman et al. [226] as a sensitive mea­
sure of impact. ",,'as observed on Kuwaili reefs surveyed in 
the Gulf bUI "'as nOl Ihoughl 10 be caused by Ihe spill [234J. 

Pesricides. The literature on concentrations of pesticides 
occurring in reef en ... ·ironments and reef organisms is patchy 
but does suggest that pesticides occasionally reach reef eco­
systems. sometimes in high concentrations. In a baseline sludy 
of organochlorine pe:sticides on the Great Barrier Reef. lindane 
was the only compound that was consistenlly detected. with 
concentrations of 0.05 10 0.39 nglg wet weight in coral reef 
organisms [235]. McCloskey and Chesher [236J found DDT 
at 3 to 12 nglg wet weight and dieldrin at 0.260 to 0.320 nglg 
weight wet in coral tissues off R odda. Pesticides were also 
found in 96.6% of Ihe scleraclinian corals and 100% of the 
gorgonian corals sampled off Ihe nonhem Aorida Keys. with 
concenrra.ions up 10 7.6 Ilglg weI weight [237J. Chlordane 
was the most frequently encountered and highly concentrated 
pesticide. Samples of corals. lobsters. sponges. and fishes from 
sites funher south on the Florida reef tract had lower concen­
trations of pesticides. A more recent study of sediment and 
biota samples in Pennekamp Coral Reef State Park and Key 
Largo National Marine Sanctuary. Florida. USA. also detected 
low concentrations of organochlorine pesticides in sediments 
and tissues of sponges. corals. crustaceans. and fishes [238J. 

. .No obvious effects on organisms or reef community damage 
were observed in these studies. 

ECOTOXICOLOGY AND ECOLOGICAL RISK 
ASSESSMEl'o'T OF CHEMICAL STRESSORS IN 

TROPICAL MARINE ECOSYSTE~IS 

Research during Ihe lasl 20 years has confirmed Ihal chem­
ical contaminants are present in the water. sediment. and biOla 
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of tropical marine ecosystems and that exposure concentrOl ~ 

(ions. frequency. and duration are not unlike those found in 
lr:mp~ralt: marine:: ecosystems. Although the pOlential for im· 
pacts (rom toxicants appears greatest for the nearshore m.m­
grove and scagrass ecosystems. offshore shaJloYo' and even 
deeper coral reefs (:tn be directly and indireccly affected by 
chemical e~posures. What is less certain is whether fate and 
transport processes in this environment occur in (he same man­
ner. or at the same rates. as in temper:ltc regions and to what 
CXh:nl tropica l species react to equivaknt c:\pasures in the 
same way as temperate species. G3pS in OUf knowledge of 
these topics are greillcr than for temperat.: ecosystems, In the 
following sections, we identify several broad but key issues 
and information needs to focus funher research in uopical 
marine ecosystems to close critical infonnation gaps and to 
impro· .. e the use of assessment tools for exam ining and pre~ 
dieting potential impacts from chemical and other stressors, 

Whm manag~rs n~~d 10 knou: 

Protection of coasl:,11 marine ecosystems is becoming rec­
ognized as critical in m.my tropical and subtropical areas. Reg­
ulatory agencies arc instituting ne ..... policies and regulations 
reflect ing public concerns to reduce or restrict en\'ironmental 
impacts to these hab itats. ranging from conservation to im­
proving efHuent qU.3liry, For chemical contaminants, the iden· 
tific:Ulon of point and nonpoint watershed or oceanic sources 
of poIJU[:J.nts might nOt be easy, and such contaminants do not 
r¢cogn i1.e polit ical boundaries. Restrict ing the movement of 
chemicals to the mangroves. seagr.3ss meadows, and corOiI reefs 
might be imposs ible. Funhc:rmore. Jh!rs istent and b ioaccu~ 

mulative contaminants C.3n remain in sediments .3nd biol.3 for 
ye.3rs. causing long-t(:rm impacts and limhing ecosystem reo 
co\'er ,!. 

Mallngtment issues. An .3ssessment of risks to an ecosystem 
can be prospect i,,·e. me.3ning it willallempt to pred ict problems 
Ihat might occur in the future g,ven a parricular scenario (e.g .• 
c1c:uing a mangrove forest that h.3s Irapped contaminated sed· 
iments). or rctrospec ti\'e. meaning it will OI!lempllO asseSs risk 
pllsed by stresses that h.3ve occurred in the past (e.g .• effluent 
from .3 desalination plant released ncar a reef). M:magers need 
10 understand thal chemical stressors might pose Significant 
risks 10 tropical marine ecosystems. Exist ing statutes. laws. 
and regul.3tions can be used to reduce imp3cts. For example. 
m.Jny human communilies 3re di \'ening scw3gl! discharges that 
contain potent ially toxic chemicals to deep \,Ir,'3ler. away from 
reefs. Peslicide runoff from golf courses or olher areas might 
be: controlled by requiring \'egetation buffers or holding ponds 
near shore. Toxicants in ground \,Ir".lIer could reach reefs 
through the porous limestone substratum. which could require 
pumping .3nd (reatmenl strategies. Oil tankers could be re­
stricted to offshore shipPing lanes and ""'ell-marked harbor 
approaches to reduce the possibility of groundings and spills . 
Sediment loading from land clearing can cause problems not 
only by physically smothering sedentary organisms but also 
through chemical tox icity. Land management practices could 
be modified to minimize such effects. Dredged material man~ 
agemenl is a key issue in tropical marine ecosystems as well 
as in temperale ecosystems in reg.3rd to removal and disposal 
of contaminau:d sediments . In addition. the timing of crh ical 
events. like reproductive periods. could be incorporated into 
m:1nagement plans 10 reduce interference wilh chemical cues 
used for synchronization and to reduce effects on particularly 
sensitive life· hiSlory stages, 

E,e . PCI(,U rill . 

At any panicular sileo man3~ef!i nc:ed lO e:unline th~ ry~s 
of stressors lh:u could :lffect the ecosystems anJ to id~nt:j~ 
man.3gement options or ahern.3.th'es f,,)r con5 i J~ration tr .. l[ 
could help them meet c1~arly defined gOOlls 10 pr\ll(,~c resour.:t'S 
[as e,,'aluated in -'7), They need 10 work with I~"'al c i t i z~ns 
and governm~nts • .3S .... ell as wi. th ~ci ent i sts . 10 unJ('rstand l~ 
nature of the ecosystems and the best \.\'ay to nllninlize eOl· 
vironmental imp.3cts whi l ~ minimiling societal (( .~ .. econOr:l ' 
ic) impacts' (2391. This inform.3.t ion is needed to de\'~lop ~ 
sound decis ion framework and to identi fy the b.3.sis for de.:i· 
sions and scientific d3t:1 needs (3 .240.:!·U ). E.:~'loli ical ri :, k 
assessment is a tool th3t pro\'ides .3 fr3nlework (Ilr decisi,""ID ~ 

making by using screening ~ lt\'e( to sophisl ic3ted .3n.3lyses to 
successively evaluate risks to the ecosystem ov~r 3 long periN 
of time. An example of the de,,-e!opment of such .3 framewon..: 
to support decis ions on Joss and recoverabili ty of reefs or tJ'l( 

Great Barrier Reef h.s b<en described by Done { ~42J , 

COllctplual models. A,s pan of the problem fonnubt iCln 
phase of an ecologic.31 risk assessment II S. see also 2-'3). :I 

conceptual model is de·.-eloped to help focus the risk asse5.)­
ment process. The conceplu31 model B1ustrates. in words. pic. 
tures. or diagrams. how the ecosystem under consider.3tioD 
works and how the stressorS are affect ing or mi~ht affect th.! 
components of the n.3tur.31 en\·ironment. EcOIO!iI:.31 comp'-~ 
nents or featu res of valued resources th.3t are considered im~ 
ponant. also known as " assessment endpoints" II 5.161. 3J"C 

selected on a site· specific basis. These include scientific. cui· 
tural. and policy considerations_ The inter.3.C(ions or the biotk 
and abiotic components and the energy requirements and flo\,lr, ) 
that occur in the ecosystem must also be consid~red bcC.3U~ 
.3ny ch,lnge th3t occurs to e"'en .3 single compon~nt can J.1t~r 
established rel3tionsh ips and. hence. the ecosyslem. Measure · 
ment endpointS .3re m~J.Surilble responses 10 a stressor. such 
as concentrations of chem1c3Js. thJ.t 3re related to the ":1luai 
characterist ics selected as the .35SeSsment endpoint. for e~ · 

ample. fish popul:uion size and condition. areal coverage 01 
m3ngroves or seagrasses. or coral reef community composi~ 

tion, These endpoints must be pcninent to the deLisions th.11 
m ight be made to protect the en\'i ronmenl. The preliminar~ , 
quatit.3tive analysis of the ecosystem. the stressor character· 
istics and pOlenti31 or actu.31 ecological erfeClS within the ec()o 
system • .3.re used 10 identify possible -exposure ~cn.3rios f('lf 
the assessment. 

Figure 2 presents a generic conceptual model 01" ac tua l or 
potent;.31 effecls of chemical stressors on tropical m.3.Tine ec()o 
systems. including the principal ecological components and 
biotic and abiotic processes. For any panicular site. or pOlnk~ 
ular group of chemical Siressors such as metals . different as­
pects of th is conceptual model would requ ire modificOlt ion or 
emph.3sis. Site.specific exposure scenarios need to be dev~l~ 
oped. including c:onsider.3tion of direct and indirect exposure; 
for plants. invertebrates. and venebrates, as well as factors th.3.t 
could modify the amount and toxicity of the chemicals. in· 
cluding adsorption. photolysis or photoactiv.uion. I~mperalure. 
and microbial alteration. 
.' For example. the uptalr;e or heavy metals by fishes. primaril~ 
through gill and intestine, depends on food choice. metabolic 
rate, and bioavailability of the met.3ls (2431 . In mangrove for~ 
em. mel.ls and highly hydrophobic organics might .dsom 
onto sedimenc particles and not be bioav.3.ilable and d irectJ~­
tox ic to fishes. but they could be ingested by wonns living in 
the sediment, which might then be ingested by fishes or birds. 
In seagrass meadows. exposure of fishes to pollut.3.nlS can occur 
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Fig. 1. Simple conceptu31 model of sources of chemic31 conlamin:uns and potential exposure P:l1hW3YS in uopic!1.l m.3rinc ecosystems. F31e 3nd 
If3nsport "·3ricS v.'ith differenl chemic31s 3nd Ihould be e.,(3mined on ;1 si te,spcc i li .:: b:uis. 

through passage across the gills. by uptake during seawall:r 
ingestion. through tht: food chain. or by e:'(posure through con­
tact v. ith contaminated sediments. Uptake of polycyclic aro· 
malic h)drocarbons from the water column by the warm-water 
benthic toadfish OPS(JIIIIS bela is concentration-dependent and 
temperature-sensitive. with greater uptake occurring at higher 
temperatures or during acute increases in ambient temperature 
due 10 changes in respiratory rate [244}. In seagrass meadows 
and reds. v.'here sand h:ls low organic carbon content and 
highly hydrophobic chemicals are readily absorbed by coral 
tlSSUI;!' and not greatly metabolized {21 2.2 15.216). th~se chem­
icals can be transferred to grazing herbivorous fish~s and sea 
urchins or other organisms. Suspect~d direct and indirect con­
lacts \\'ith chemical Slressors could then be targ~ted to e .. 'aluate 
ecological effects of the chemical stressors. using literature 
values. laboratory and field to:c.icity tests. histopathological 
exanllnations. and species abundance surveys (me:lsurement 
endpoinls). 

Linkages between assessment and measurement endpoints 
and policy goals need to be clearly identified for each exposure 
scen:lrio. The value of organizing this infornlation in one or 
more conceptual models lies in developing and refining a series 
of testable hypotheses about how a panicular stressor mi~ht 
affc:ct ecological components or coneet:" so that analyses con­
ducted during the assessment can establish. to the extent pos­
sible. a causc;·and·effecl relalionship [15J . One example of 
such a statement is "Pesticide X causes 30% or greater re­
duction in coral cover." The appro:lch used and the: types of 
data :lnd analytical tools that are needed to analyze impacts 
and risks are based on information cOnIained in the conceptual 
model. The problem formulation phas.e: of the assessment is 

criticaf to its success and must b( conducted carefully; the 
abundance of species. complexilies of these ecos~·5tems. and 
limited funding resources could quickJy lead the assessment 
astray. leaving managers in conrusion instead of helping them 
evaluate management options. 

StltClioll of appropriau aSstssmttlf and mt!osurtmtlJl tlJd· 
points, The valued ecological resources or assessment end· 
points should be susceptible 10 the stressor in question and 
should also reftect policy goals and societal values. In our 
review v.'c: identified the major strUctural components or each 
of these ecosystems (mangrove: trees. seagrasses. scleractinian 
corals) and fishes as polenlial assessmenl endpoinlS [15.16J. 
However. other biotic components need to be considered in 
assessments of these ecosystems, such as those encrusting 
mangrove roots (algae. sponges. bh'alve molluscs), soft-bol' 
tom fauna (polychaetes. bivalves. burrro\lw'ing crustaceans. hol­
othurians). and hard-bottom species. such as coralline algae, 
sponges. or sea urchins. that could be ver), sensitive to chem­
ical stressors and might be easier to smdy than the structural 
biota. In addition. sea tunics. m:uine mammals and seabirds. 
and endangered or threatened species (e.g .• osprey. manalee) 
are imponant assessment endpoints. Keystone species are 
those known to control the abundance and distribution or many 

. other species in the community; the basic ecology of the trop· 
ical ecosystem should be considered OIl the conceptual model 
stage. Thus. although scleractinian corals have economic and 
aesthetic value. species less valued by humans but crucial (or 
the survival and health of reefs (6). such as herbivorous fishes 
or long-spined sea urchins. mig.ht be useful indicator species. 
Efrects can occur at every level of biological organization. so 
a variety or indicator species and appropriate biomarkers might 
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!i\'~ :Id\'ance warning of ,he bio:lvailabilit)' of the contami· 
nants and pot~ntial effeCts prior to the loss of significant habitat 
[245). For ~,ample. Olmphipods. tanaids. and echinoderms 
(holochurians. ophiuro ids, echinoids) \\'ere most affected by 
th~ 83hia Las Minas oil spill and might be .lppropriah~ sentinel 
sp<cies to . ssess pollution (II S), 

For ~ach of these ecosystems. a suite of assessment and 
measurement endpoints that addresses potential populat ion and 
community impacts might be needed 10 estimale the risks to 
Ih~ ecosystem. If possible. ecological endpoints thac measure 
the characteristics of ecosystem susl3inability 3nd energy ftow. 
such as physical Structure of cor31 reefs. seagrass or fish pro· 
ducti \,i ty. and aherations in trophic SU1Jcture. should also be 
included l2-*6}. Differ~nt species vary in their susceptibilities 
to streSSors. and different ltfe stages of organisms also exhibit 
dlff~rent susceptibilities, Because no sing le measurement can 
describc the effects of a stressor on 3n ecosystem. multiple 
endpOints need to be eV:Jluated and must be selected on a case· 
by. case basis to de\'elop successful, integrat i \'~ assessments 
of chemic.1 con .. min.tion (247), Both B.llou et al. (47) and 
Ke ller and Jackson (2481 assessed s~\'erOlI t)'~s of measure· 
mtnl endpoints for e:Jch assessment endpoint to examine I~hal 
and sublethal effects of oil on m.3ngroves. se3grass meadows. 
and coral reefs . which provided important information to link 
c:Juse and effect and I!sl imalc reco\'ery rat~s for the affected 
ecos.ystems. 

Emillntion of ch~micat srressors 

EXlensh 'e dfons have been directed to ..... ard moniloring of 
coral re~rs and adj:&cent mOlrine ecosystems. but most moni· 
loring programs quantify ecolo£;ical responses and have only 
limited quantitk3t ion of stressors . Rapid ecological :lSSeSS· 
ments. such as that conducted at Palau f2~9]. orcomprehensi \'e 
monitoring progr.3ms. such 3S Ihat conducted for Jam3ican 
cor3' reefs [6J. provide a bas is for quantifying trends in coral 
co\'cr and diverSIty. as well as ident ifying posl\ ible stressors 
and e\'alu3t ing the role ohare events such as hurricanes, How. 
~ ver, f~\\· programs collect data on chemical conlamin:JOts in 
addit ion to assessing such biological parameters as CO\'er, spe· 
CICS dl\'ersity and evenness. and recruitment. A thorou,h e;t · 
aminalion of the uncenainties and limitations associated \4-'ith 
these methodologies is also required to help improve assess· 
ments of chemical exposure and effeclS. Numerous issues st ill 
rem3in for developing appropriate guidance to evaluate eco· 
syslem responses to stressors in the well·studied temperate 
reg ions of the world (re\' iewed in 16.23.246,250,251). and the 
literature should be consulted for the latest methodological 
deta ils . This section highlights only a few of the many specific 
needs to collecr data for .3ssessin! (he condition of and risks 
to tropical marine ecosy~tems , 

£.fpOSU'~ nna/yuJ. These analyses focus on determining 
the sources. pathways of exposure. fates . and concentrations 
of polenl ially toxic chemicals in an ecosystem. 3S well as 
identify ing Ihe populations of organisms most likely to be 
3d\'ersely affected by exposure to a panicul3r concentration. 
~1e3sured or estimated concentrat ions of chemical stressors in 
water and sediment (16J and the duration and frequency of 
exposure observed in the ecosystem are the primary data on 
which the ass.essment IS based. Levels measured in biota prOa 
vide imponanl information on the form of the chemical (sol· 
uble or adsorbed 0010 panicles), whelher. and to what extent. 
the contaminant can be taken up by living organisms (i tS bioa 
3vailability). and the abilicy of the organism to bioconcenuate 

E.e. Pecers ('I ",1. 

or btomagnify the contamin;tnt. In adcJition. metals and hy· 
drophobic or!anics can bioaccumulate in tissues 3nd can be 
transferred to young t \ ia yolk or seedl ing rc:s~r\'es) and Iv 
organisms at higher trophic le\'els in the ecos)'sl~m food \\cb. 
so meta ls and lipophcJic contaminant concentralJons should 
also be measured or modeled In organisms (rom tWO or more 
trophic le\'els. This inrormation is used to identify potent ial 
conraminants of concern in the ~cosystem , 

Our kno\4-'ledge of the concentrations at which panicul.1C 
adverse effects arc ob$cr\'ed in the field is limiu:d. ~1ost studies 
fail~d to measure contaminant levels in water. sediment 3tld 
organisms at the same time and from the S3me locations (but 
see 2521. For e:<:ample. pesticides and metals were measured 
in corals but not in WOller or sedimeniS' [237J : pestiCides \Ioer~ 
measured in sediment and organisms (238]: n·.1lkanes \Ioerc 
measured in sediments. fishes. crustaceans. corlls. and mol· 
luscs (253); hydrocarbons in dissolved and parti;u l ... ph ... s 
were measur~d in a mangrove lagoon {254j : mel.l ls w~re mea· 
sured in sediments {255}: 3nd metals 3nd P'=sticid:s were mea· 
sured in oysters [256J. Johannes {2 i"91 noted th3 t d ~ttrmination 
of potlul3nts in the \1' 3Ier column coupled with obsen'alions 
on th~ plankton at Kanehoe Bay missed the imp:!i:ts occurring 
on the reefs. *Whc:re pollutants settled to the bottom and sorlxd 
to the sediment and the impacc of pollut ion \Io'as more profound 
in bottom communi ties. Media on reefs (207 .:!09.2511 and 
seagrass beds (141 J \Ioere not analyzed for oil contJmination. 
even though there was evidence that oil might be a significan t. 
although not the only. stressor at ch~se sites Olnd thaI effects 
obsen'ed might be concentral i on · d~pendent. t'ot.lbl.:: exccp' 
tions to [his ",'ere the studies conducted by Ballou et aJ. (~71 . 

Getter et .1. (55). and Keller .nd Jackson (2~S) , in ,,-hkh 
ecolog ical effc!cts of mcasured concentrations of petroleum 
hydrocarbons and d i s~rS3nls "ere studied foll(J\\log appll · 
c3t ion in experimental enclosures and accident:!1 spills. rt: · 
spc!cth·ely. ",'aler samples. mangrove leaves. se3grasscs. and 
oysters were analyzed for up to 20 months arrer the spill In 
one study (471 : W.3ter, sediment. and oiled producers and con· 
sumers were analyzed in another (551: and petroleum hydro· 
carbons in surface sediments. coral tissues. and bivalve mol· 
luscs were measured in the third study (24S) . The. feas ibili1Y 
of measuring metal loads in samples of sediment and cor::ll 
tissue {258.2591 and echinoderms (260) and of measuring or­
ganochlorines in coral eggs [~6 (1 h3S been investigated. 

The types and number of contaminants examined ha\'e also 
been limited compared to studies conducted in temperale 
regions , Polychlorinated biphenyls were detected in mangro\ e 
organisms in the C.ribbe.n in the early 1970s (36.262) but 
have nOl been measured more recently, except in oysters In 
HawaH [2561. and dioxins have not been examined at all. even 
though almospheric contributions mighl be significant in some 
areas {2631, Standardization o( chemical analytical method· 
ologies lags behind chat (or studies conducted in temper.lle 
freshwater and marine ecosystems, The high costs of chemical 
analyses and lack of analytical facilities are often cited as the 
reasons thOle they are not performed, Computer models ha\ e 
been developed to pro\'ide estimates of environmental can· 
ccntrations of chemicals in temperate ecosystems, However. 
unless appropriate chemical an:Llyscs are performed for water. 
sediment. and tissues of organisms. it will be impossible 10 
develop concen,ration-response relationships (or trop ical rna· 
rine organisms or (0 examine differences in fate and lranspon. 
biodegradation r3tes. biotransformations. or bio.ilccumulation 
[23), Invenebrates and fishes feeding on contaminated coral 
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tissue can accumul:ue chese compounds. but \\o.~ ha\'e no idea 
how rapidly they mighc be metabolized. how easily they mighl 
be passed on to larger fishes and marine birds. and what tax· 
icological impacts might occur. 

In the 1980s extensive research was focused on developing 
reliable biom3rkers of exposure (264) chac could be used to 
identify populalions and communities exposed to "'oarious can· 
taminants. and senral studies examined the utility of Ihese 
biomarkers for tropical marine organisms (Table 3). HOIslrand 
and Haux (2ooJ demonstrated that the concentralion of hepatic 
mela!lothioOlcn (MT). a protein that binds strongly to heavy 
melals. shows a dose-response cur"e following intr3peritoneal 
injection of cadmium chloride. The concentration of MT has 
been shown to increase wjth environmental exposure in two 
reef species, substantiating ils usefulness as an indicator of 
heavy metal ~xposure [200]. However. there can be v3riability 
in MT concenlr:llions bel ween species and among individuals 
within species; handling stress. salinity ch.lRges. and repro­
ductive status significantly increased the amount of zinc as· 
soci:1led with MT in estuarine teleosts [265]. Therefore. care 
must b~ taken in the interpret:uion of elevated MT levels. 

The cytochrome P,,",50 mixed function oxidases located in 
the ~ndoplasmic rc:ticulum of the liver and other tissues are 
responsible for the me:[abolism of lipophilic xenobiotics and 
endogenous compounds such as steroids and prostaglandins. 
E,'posure to pollutants induces increased activity of these en~ 
zymes and might allow some species to deloxify pollutants. 
The P450 response to organics has been described for only 3 

few ..... arm·w:lIer species [217.266-271). Enzymatic induction 
of q 'lochrome P,,",50 in fish increased \\ ilh grc:aler proximiry 
to the areas most affeclc:d by the 1991 oil spill in the Arabian 
Gulf during the Gulf \\'3r [272J . demonstrating that mixed 
funct ion o:ddoase activilY can be used in tropical systems as 
an ind icator o( hydrocarbon exposure. Con\'ersel)". in some 
tropical fish. elevated enzyme levels might be indicati\'e of 
allclochemical. nOt conl:mlinant. exposure (271]. Temperature 
o r sI!3sonal changes in temperature are also imponoanl (actors 
to consider when using xenobimic·metaboJizing enzymes as 
indicators of pollution exposure. even in the tropics. The Ca· 
rib bean coral Favia fragum had very linle cytochrome P450 
(2161. supponing observat ions that the roate o( xenobiotlc de· 
to., ification or eliminalion in corals might be slow 
[~13 .~ 17.237.26-1.273.274]. In some corals. Ihe ,clivilY of glu­
tillh ione·S·troans(c:rase (GST). an enzyme th31 conj ulates en· 
dogenous molecules to subslrates to incre3se hydrophilicity. 
exceeded that found in most marine invertebrates [216.275-
277] .nd some fish species [278.~79 ] bUI w.s nOl .s high as 
in some species of cr3bs and mussels {2S01. Additional work 
will be nec:ded to determine the most appropri:ue techniques 
(or u~e oand Interpretoation of these biomarkers and others. such 
3S stress protein synthesis. in tropical manne organisms (281]. 

For reef corals 3 suite of behavioral effects has been used 
as oan indicalor of exposure to contaminants (e.g .. polyp ex· 
pansion. mesenterial filament extrusion. mucus production). as 
well as tissue color change related to loss of symbiotic algae. 
bUI th~re is often great \·ariability between and within species. 
Funhermore. these p,3fameters. as well :LS monoality in adul! 
corals. cannot be: as easily quantified for corals in 13boralory 
toxicity tests as for other organisms 1148] . Once the symbiont 
association breaks down and "bleaching" occurs (the while 
exoskeleton of the coral shows through Ihe translucent tissue 
\Iro·hen the symbiotic algae are expelled or the algal pigments 
are destroyed). some corals die. while others show signs of 
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stress until algal populations :Lrc reco"'ered (rc\'ie\\"ed in speci31 
coral bleaching issue of Coral Ruls. B.E. Bro"·n. ed .. vol. 9. 
no. 3.1990). Urge·scale bleaching e"'cn15 have been attributed 
to tempcracuTe~induced stress a.nd increa.sed expo)urc to ultra­
violet radiation related to EI ~i~o \I.·anning e\'ents and other 
seoa surface temperature anomalies (28~.183) . Pollutants ap· 
pear to be: responsible: for more localized ble3ching events: 
etev3ted le\·~ls of iron resulted in the loss of zoo'(3nthellae in 
P. luua {156], The pesticide atr3Zine is Slable enough in sea~ 
waler to permit exposure of sus~ept i ble marine life. 'and the 
chemical's rolc as 3 photosynthetic inhibitor could affect the 
coral-algal symbiosis [184 ). Few studies h3\'e been performed 
to delennine what levcls of en\'ironmentoa) contamination arc 
sufficient to cause. localized bleaching e\'ents. Such studies are 
needed to address the effects of herbicides. in particular when 
used in agriculture and on golf courses adjaccnt to coral reefs, 

Toxicological endpoints that indicate imp3ired function o( 
the coral-algal symbiosis. such as photos~ nthesls 3nd loss of 
,ymbiolic algae or algal pig",en .... are needed. Lang .. al. [285] 
have quantified digitized pholographic images of the reef cor· 
als P. astuoidts and MorttaStrDtD spp. to create color indices, 
although they noted that there is considerable individual van~ 
ability as ..... ell as variability in color brightness values 3[ dif­
ferent seasons o( the yc:ar. In situ measurements of photosyn­
thesis and cor31 growth rates hne also been allempted. but 
techniques used thus far in"'olve handling coral colonies. which 
can introduce additional stress {~.2,,",.2861 , Other research is 
under \:o'ay to develop Olore at'cul'J.te nonin\"3si\"e measure· 
menlS of photosynthesis that are based on natural fluorescence 
of chlorophyll. spectral fluorescence. and spectr:lI reflectance. 
which could .1'0 b< linked 10 coral !ro",h 1287.288]. The 
data need to be quantitoative to be convened 10 chronic crhl!na 
or to be used in simulation models (or predicting ecosystem 
risks. 

Temporal scoles in the detection of e,'l:posure and resulting 
impacts can vary ''''idely: chanles in seagru5 produclivity 
could be measured in a (ew hours. whereoas induction of mu· 
talions by polycyclic 3romalic hydrocarbons (FA-H) resulting 
in \'isibly manifested chlorophyll deficiencies in mangroves 
172] miJht require more than 10 years to detect. Fate~and· 
lranspen models are incre3singly being applied in coastal m3· 
rine sludies to determine pOlenlial inputs from chemical and 
physical stressors and. with moditic.:uions. might prove useful 
for tropic31 C03Slal ecosystems. A few lIttemptS ha .. 'e been 
made to devclop population food \I.'eb. and other simulation 
models in tropical moarine ecosystcms. Se .. 'eral studies have 
examined the ECOPATH model (or coral reefs. a top~down 
(top carnivores to primary producers) food chain model that 
can provide estimates of meoan annual biomoass. annuoal biomass 
production. and annual biomass consumption for each species 
group (species having common habitat and similar diet and 
life· history characteristics) and can be tested by providing an 
independenl me.sure of primary produClivilY [289.290). Ap­
propriate models could be applied to describe and lest sitt· 
specific pattcrns of exposure. and bioaccumulation by sensith'e 

.species or life stages to chemical or other stressors occurring 
in Ihese ecosystems. The models could examine differences 
in phannacokinelics between tropical and temperate organisms 
and Ihe potential for toxic effects at higher trophic levels. as 
well as changes in biomass and trophic flows resuhing from 
impacts at lower trophic levels. 

Developing residue-effect relationships can link infonnation 
from (ate·and.transpon models to food chain accumulalion and 
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Table 3. Biom~rktrs in tropical muinc Otl~isms' 

Biom:uker 

).fcl:tllolhionein 

Cytochrome P4S0 

GIUI:tlhione·S· 
tr:tnsferase 

Bleaching in corals 

Mucus production 

Species 

Squirrelfi~h Holounmu 
rUfus. blue·striped 
Brunt Ha~nluloll sciu· 
rIIS 

Blue·striped grunt Hat· 
nlulon sdurus 

SquirTClfish Holoctnmu 
rufus 

Gulf loadfish Opsanus 
b"a 

Coral Faria fragllm 

SI:tr cor:ll MotUastrta 
am.u/aris 

Sur coral Montasu,a 
annularis 

Slar cor:tl Montastrta 
awmlaris 

Cor.11 Podllopora darni· 
cOfnis 

ResultS 

COrTel:lled dose-response to 
inlr3periloneal injections of 
CdCI: MT incre:ucd .... ·ith 
environmental e~posure to 
metals 

Peak induction of mixed func­
tion oxidase svstem secn 3 d 
afler injeccion' with> I 
mgAg PAHs~ returned 10 

conlrol level in 10 d 

Linle induclion observed fol­
lowing injection wilh PA-Hs 

Enzyme induction ,re:uer duro 
ing summ,:r months in field . 
conecled.fish 

Activity of enzymes ~nd (or. 
m:ltion of DNA adduclS in· 
cre3scd ",·hen exposed 10 xe­
nobiolics at higher temper::.­
lures 

Lillie P~50 detected 

C),lochrome P4S0 and EROD 
activit)' nOI detected 2fter in· 
lermillenl exposure 10 15 
","gil... chlordan.e for 90 d 

GST .3cth'iIY significandy in. 
creased by a faclor o( 2.6 
a(ler inlcrmiuent exposure 10 

IS ","gIL chlordane ror 90 d 

J·monlh exposure 10 I to 15 
","gIL chlordane caused rapid 
3nd signific2nt deprcssions 
of respiralion. pholosynthe . 
lis, densilY of the al.:tl sym· 
bionts. and chlorophyll ; cor· 
als expoiCd 10 I ~gIl. chlor­
dane allained normal ratcs 
or photosynthesis afler 2 
weeks in clcan seawater: 
respiration rates returned 10 

norm31 le,·els. but chiaro· 
phyll concns. wcre still sig ' 
nificanlly depressed afler .s 
vl.e.:ks of rccovery 

AI lowcsi concns. o( 2.4-0 and 
2 • .a.S· T administered (100 
IJ.,II...). specimens produced 
copious 3mounts of mucus 
and died uo"ithin 24 h 

Considtr:uions Reft:rt:nce 

SquirTelfish h2d MT ' ·2Iucs 2 [200.:!68 1 
orders of ma,nitude above 
those or ,runts: Conens . of 
Cd. Zn. and eu in squirrel· 
fish (1.0. 2.630. and 231 ""I 
! Ih·cc. rcspcclh'ely) .... ·erc 
10 times stt:tlcr Ctu.n those 
in grunts at unpolluled siles; 
Zn concns. in grunt were 
20-30 IJ.!1, liver at clean 
siles and 60-70 ","gIg liver al 
siles wich S limes the le,'e' 
or heavy melals 

Dose-response relationship to (269) 
amounl of P .. ~Hs injected 

Possibly more susceptible 10 

pollution 
Enzyme 3Cl;\" it)' increases with 

lemper31urc 

Enz~ me 3Cli"iIY increases with 
lempcl'3lUrC 

Corals m3Y nol be capZlble of 
metabolizin, PAHs 

Grc;uer GST acth'ity induction 
dun reraned (or rresh~ater 
mussels (3651. not 3S gre:tl 
2S th:u seen in cr3bs Zlnd 
shrimp [3661 

LaborZilory uposures to pesli· 
cides can h2\"C dc\'aslaling 
effects on corals al ,·ery low 
concns. 

Lambens {367) (ound no c\!i· 
denc!: or injury in couls. ex­
posed to conens, of 10 ","gil 
10 2 mg/L or 2.4-0 for 24 h 

(269) 

(~,J , G.usman et 
OIl.. unpublished 
dal.1 ) 

(170.363) 

(216) 

[36-11 

(36-11 

131S) 

{3681 

• EROO ... elhoxyre~orufin-O·dcethylase: GST - ,lulathione,S'lransferase; MT - mCIZIllolhionein: PAH - polycyclic Momatic h~'drocarbon : 
:!A·O = 2.4-dichlorophenoxy:tcetic acid: 2 . .1.5. T • Irichlorophenoxyacclic acid , 

xute ~nd chronic C(fects detennined from lo"kity tests 3lld 
bioassays. potentially allowing predictive modeling of popu­
lation impocts [23. 250.291-2941. Models have limitotions in 
(he numb~r of contaminants and routes of uposure that can be 
C'xamined. but they could be useful in identifying imponant 

routes of exposure and potential impacts "'-'hen coupled with 
appropriale chemical analyses of water. sediment. and biot:l. 
Rogers et .1. [2951 provide methods to collect data on basic 
water quality and on cumnt speed and direction. which arc also 
needed to analyze exposure in tropic::J.1 marine ecosystems. 



E~olo~ic:olo,y of tropical m3rine e(,oJy~em:i 

Ecological rtsponst onalysts. Monitoring of ecolo&ic~1 ef­
fecls in lropical mo:lrine ecosystems and v.-hat methods are mOSl 
appropriate for panicular habhats or biota (e.g .. forereef vs. 
b~ckreef, mangrove mud or seagrass meadow \·s. rubble field) 
have: been intensely deb'lIed :n numerous meerin£s and in the 
liter.lture, Ecological effects should bt: e:umined at se\'eral 
levels, from individual to population to community. within any 
ecosystem {23.246j. Ecological effeclS must also be examined 
on appropriate spatial and temporal scales and with respect to 
the ability of the ccosystcm to recover from obsen'cd damage. 
SC:::lSonal variability occurs in the tropics as v.-ell ~s in tem­
pc:ratc: regions; changes in temperature. rainfall. stonns, tidill 
ranges. current panerns. and insolation are observed. and these 
natural disturbances and their impacts on the ecosystems need 
10 b< analyzed, Again, biological and physical d.13 need 10 

be collected at the same time as dala on chemical or other 
stressors to determine the correlation between exposure and 
<ffeClS, 

AI Ihe individual level. effoclS of chemicals on physiology, 
biochemistry. reproduction. and pathology have been docu­
menled (see reviews in 23.296.297. Ihis paper1 and will b< 
refte-cted in responses at the population and community levels. 
In Biscayne Bay. Florida. USA. a subtropical estuarine eco­
system. abnormalities and increased incidence of diseases ha\'e 
been documented in several fish species over the last 20 years 
and have been associated with exposure to sewage. petroleum 
produclS. heavy mel.ls. and indusorial chemicals (298-300), 
Allhough palhologic.1 responses can be difficuh 10 inl<rprel 
as indicators of ecological effects. there is increasing evidence 
Ihal cYlochrome P450 (C¥PIAI) induclion is associaled v,'ilh 
liver neoplasms and exposure 10 PAHs: the distribut ion of 
abnormalities in Biscayne Bay has been correlated with sed­
imenl hydrocarbon concentrations (300). Few studies of trop­
ical ecosystems have examined Ihe toxicological p:nholo£y of 
fishes and other organisms in m:mgrove forests. seagrass beds, 
or coral reefs. but this area of rese:lrch provides imponant 
tools for linking biomarkers of e.'(posure to ultimate effects 
\,I,'llhin an organism. population. or community. as \,I,'ell as for 
comparing responses in the field with laboratory e;'(posures to 
chemicals using appropriate condition indices. 

The c;ollection of information on populations and commu· 
nities using quantitath'e teChniques is imponant for evaluating 
stressor impacts {23.301 J, Metrics inc1ude species composi­
tion. presence or absence of sensitive and rare or endangered 
species. species richness and e\'enness or diversity. relative 
abundances. dominance. resemblance indices. population bio­
mass and age. community trophic struclure. and producth·ity. 
Ballou el 011. (471 uamined sever31 parameters or survival . 
growlh. and reproduction in mangroves. seagrass beds. and 
corals that \,I,'ere experiment311y oiled and e:"(posed 10 disper­
sant. A variety of methods have been used, For sedenlary soft­
and h:ud-boltom organisms. chain or line transect and random 
or belt qu~dra( methods all have proponents and opponents. 
and ease of data collection must be weighed against infor­
mation obt3ined and amount of time spent under waler, In 
addition. the patchy distribution of faun3. comparabililY of 
sites. and hypotheses to be examined must be considered. More 
recenlly. pholog'raphy and videography have b<en ad,pled for 
use in coastal areas. including digitizing aerial photographs 
and incorporating these into geographic information system 
(GIS) analyses and conducling high-resolulion pholography 
.nd \'ideolaping along oran,eelS of cor.1 reefs (285.302-3051. 
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Biological monitoring methods fllr rcefs in the tropkJI \,I,'estern 
Atlantic and CaribbeOln are des"db<d by Rogers et a1. (295]. 

Despite numerous auempls. howt\·er. no specific criteria 
have been eSlablished as to what constitutes optimum condi­
tions in tropical marine ecosyslems. and b~eljne dolta are often 
not 3\'ailable. As in other ecos),st(nts. risk assessors need to 
look for relative chOln!es at a particul:u site o\"er time. or 
differences between similar habitats in which a gradient of 
e~posure to chemical stressors is ~pparcnt. Funhcrmore. se ... ·­
eral different mecrics should be combined to mor( appropri­
ately describe communities (spe,, ~es pn:se-nce or 3bsence. di­
.... ersity, abundance. competition. trophic snucture). but Iiule 
work has been done on combining metrics for tropkal marine 
ecosystems. 

It is also imponant to describe and quantify the nsh com­
munities that might be affected by chemical contaminants. and 
more work needs to be done to delermine appropriale methods 
for conducting fish censuses. For e~ample. even in the e:uen­
sive long-Ienn Sludy of Ihe Bahi. las Minas spill . Ihe slo'" 
recovery of fish communities from ·oiled seagraB beds \,I,'3S 
describ<d only by densily of fish caughl by push nC!, nOI spe· 
cies composition of the total community (118J. Shirts in com­
munity structure of herbivores favoring damselfish were doc­
umented on oiled versus unoiled reefs C226J. pOh:nti3l1y iden­
tifying a reef species tolerant of oil exposure or one that can 
rapidly colonize and exploit resources abandoned by other 
species during the early stages of oiling, Following the Gulf 
War. reef fish popul,"ions on oiled reefs appeared 10 be heallhy, 
Comparison of long-term data re ... ·ealed both incrcases and 
decre:lSes in species composition 3.nd densities follo\l,ing oilin2 
(3061, Could some of Ihese fish species h,\'. dC\'eloped PAH: 
induced neoplasms that arc now affecting the populJtion and 
community structure? A broader ... ·jew is needed to understand 
and quantify imp~cts on and recovery of fish communities 
exposed to oil and other chemic:.ls. 

Another imponant analytical tool (or e\'aluating the poten­
tial for chemical impacts is the bioassay. p;micul3J'ly because 
the toxicity or haz.:Ird potential of chemicals can "'ary with 
environmental conditions. The phrilse "below detecIilble lim­
its" is commonly used to report levels of environmental pol­
lutants, yet this finding can often result from technological 
limitations or use of inappropriate protocols to identify and 
quantify compounds rather than the prcSC'nce of levels below 
those that affect tropical marine organisms. Bioa5S3)'S that take 
advantage of organisms' responses to detect toxics ue clearly 
needed. Testing procedures for acute and chronic loxicity of 
water and sediment samples using temperate marine indicator 
species have b<.n developed and Slandardized by Ibe U.S. 
Environmental Protection Agency. lhe American Society for 
TeSling and Maleri.ls. and olhe" [e,g .. 23.307-3091, However. 
we have little knowledge of how well the sensith'ities of these 
species compare to those of tropical marine species or how 
well they might test under tropical conditions. Most chemicals. 
including pesticides .and inorganics, elicit an increase or de­
crease. in LC50 in exposed temperate species by i factor of 2 
10, 4 per 10' C change. conforming 10 Ihe QIO concepl (3101, 
Tropical and subtropical fauna appear to be at least as sensitive 
10 the effects of toxic chemicals as arc temperale-and cold­
water species (133 J. but these species could be living at their 
upper Jimit of temperature. which mighl affect their responses 
10 10,ieS (11. 

Work is needed to determine suitable tropical leS( species 
(amphipods. bivalve larvae. echinoderm embryos. coral em-
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Table 4. Summary of (oxicily tests using coral embryos and I~t\'ae 

Type of lest Results Consickntions Reference 

Goninslrt'tl asptra. Fa\'ilrJ 
chintns;s. PIllrYlyra ryll' 
kutnsis. eggs and sperm 

Static. renilil.1lion Zn Il 1.0 mgll reduced fenil · 
iUlion to 6.3'i:: threshold 
for fen ihulion inhibition. 
0.01-0.1 mglL 

(369) 

Dip/aria slrigosa. newly fer· 
lilized embryos 

96·h sialic aCUle 'o~ · 
icity 

Larval 5ur\'ival and inhibition 
of de\'elopmenl affecled by 
exposure to sodium dodecyl 
sulfate 

Sensitivlty comp:uabJe 10 the (3701 
sea urchin renilizalion and 
embryolo,ical developmenl 
,cule loxichy tests: coral 
IU"ae may be \'cry sensitive 
to chemical contaminants 

Pod lloporo damicornis. plan· 
ula larvae 

96·h sl.llie acute tox· 
icil,' 

LCSO for Cu. 0.067 mill AI 0.01-0.1 mIll Cu. symbi· (184) 
otic algac were cxpelled. 
and mucus ""as produced 

PodlJopora dom icornis. pllln· 
ula larvae 

SUllie ,"cute loxicity 12·h LeSO for nickel. 9 mg/L Lar"'ll sc:ulcmcnl reduced afler (371 1 
exposure to I mgll. nic:kel 
for 12 h 

PodJlopora domicornis. plan· 
ula larva.: 

SIalic acute lOX icilY Effects of pest icides (carbaryl. Preliminary tests. used differ· (372.373) 
I-naphthol. chlorpyrifos). 
metals. and petroleum prod· 
UClS (benzene. gasoline/oil 
mixture) were cxamined: 
neither LCSOs nor EC50s 
""'erc calculated 

cnt procedures. uposure pe. 
riods. and endpoints 

bryos or larv:le. symbiotic algae) that are or relate to potential 
imp~cts on keystone species as well as appropriate lest con· 
didon, (311-3131 _ For example. Ihe scleraclinian coral 'pecies 
j"'l. nnnularis and D, sirigosa h:l\'e been used most frequently 
in I:lboratory tests of slressors: they are among Ihe major reef 
framework builders in the Caribbean. but they may not be the 
most scnsitj,,'e species. depending on the chemical contaminant 
to \l .. hich they are ex.posed, Acropora spp. are very susceptible 
10 adverse changes in WOller quality and should be more sen· 
siti\'e to potentially to,d e chemic:Jls. but they require strong 
currents and r:Jp id watt'r exchange and arc difflcull to maintain 
in aquaria. os are many olher co<31 species [148.313). Specially 
prepared. un iformly sized "nubbins" and e:c.pl:mts or cores of 
sckr:Jctinian corals provide more suitOlbie materi3.1 fo r field 
and I:lbor:Jlory s1udies than large, irregUlarly shaped whole 
colonies Dr ponions [313-315). 

The use of surrogate species for those aC1ually found in the 
ccosystem assumes thac chemical e:'(posure in the laboratory 
can be rel:ned to species found in nature and Ihat surrogace 
organisms arc representative: of the ecosystem. A factor can 
be added to allow a margin of safety when thcse results arc 
c:ur:lpolated 10 the organisms in the ecosystem under inves· 
ligacion [148). Nganro [3161 observed Ihal Ihe .oounthell.le 
anemone A. vi r idis was as sensitive to copper ex.posure as 
corals. coral gametes. and larvae and Ihal i1 might serve as a 
usdul surrogate tesl species , HO\l.'ever. Ihis approach will not 
work well in complex ecosystems or ",,· jlh chemicals chat cause 
persistent ecological effects a1 low levels (17). 

Bioassays should also be designed to study the effects of 
pollutants on processes that are chemically mediated at Ihe 
community level and not just the organismal level. Studies of 
the effects of chemicotS contaminants on embryos and larvae 
of fish (again. mostly freshwater andlor temperate) indicate 
that most are more sensitive than adults. and fun her decreases 
in populations over naturoal monality. not only as a result of 
chemically medialed monalities but .. Iso teratogenic effects 
and adverse effects on hatching and growth. can be highly 
detrimental (317) , Sublethal effects COl n occur in corals and 

other reef organisms exposed to minute chemical concentra· 
lions chat affect chemical signaJs between obligate algal sym· 
bionts and corOlI hosts. can interfere wilh chemical cues used 
10 synchronize reproductive acti\'ity among indh·iduals within 
a population. and can disrupt seulement cues and metamorphic 
inducers. affecting recruhment processes and ultimately a(· 
fecling key species and communities [9.318.319). 

Coral gametes and larvae pro\'ide suhable tools for studying 
coral reef ecoloxicology since our present kno\lo'ledge of n: · 
productive timing and subsequent recruitment processes in cor· 
OIls is substantial. In addition. the numbers of gametes and 
larvae that can be produced and used in bioassays is large 
enough to allow good st:J1isli'o3l analyses. a problem that oflen 
arises \to'hen trying to observe both lethal and subiethOl1 effects 
in colonial organisms. Many of the coral species studied in 
Ihe Indo-Wesl Pacific and tropical Western Atlande spawn 
once a year [320.321). of len during Ihe rainy season. when 
coaslal contaminanl concentrollions. panicularly in the SQ.iJ,m . 
thick sea surface microlayer. would be expecled 10 peak. Con­
sidering that most coral eggs are buoyant. ftoaling in the sur· 
face water layer for up to several hours before fenilization 
occurs. terrigenous runoff and coastal pollution have the po· 
1ential 10 produce reproductive failure of spawning reef spe· 
cies. G.:.metes of S. sidtua were released at the Bahia us 
Minas oil spill sile during the rainy season. when oil slicks 
were common [248]. Examples of toxicity 1eSts condueled with 
cora) gametes. embryos. and larvae are presented in Table 4, 

With respect 10 recruitmenr processes. many species of ben· 
th ic marine invenebra1es have larvae that respond to specific 
mec.morphic inducers [322.323). Morse and Morse [3241 
found several species of corals were highly selective in choos· 

. ing settling substrala. reOlciing only to certain species of crus· 
tose coralline algae. Metamorphic inducers can be small mol· 
ecules and mighl be effcctive in concentrations below 10-10 

M (323) . PollUlanlS in lhe waler column al levels below Ihose 
lelh.1 10 adull or,anisms. below deleclable limits by high. 
perfonnance liquid chroma10graphy. or bound up in substrata 
where they are not identified by routine monitoring protocols. 
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Fir:, J, Effects or chlorpyrifos on CODll;1rv~1 settlement_ Percent of cor:ll pl~nul.1 larvae th:ll sellled on coralli ne alpe SUbsU':llUm mcub:lted (or 
11 h in filtered se:l""-:lter cont.1ining: O. S. 20. 3nd SO ppb chlorpyri(os. after 24. ~8. and 72 h (cumulative seulemenl rercent3!Cs). '-\I~ll substr3t.1 
u"ere rinsed with fi llered se.lu,'3Ier. then pl3ced in 200 ml of untre31cd fi llered se3\1. aler (or the senlemenl tri31$_ T",,·o repil c31es t.!O l':U\-3C per 
repl ic31e l u,,·ere conducted for e:rch o( the (our Irealmen15. 

Ciln hil\"t: :l negati\'e effect on recruitment processes, However. 
this type of subleth31 eff~ct can be more difficult 10 discern 
since the time frame is longer (i.e ,. months 10 deleCt settled. 
growin! colonies), Coral I:UV3e e:c:posed to chemically trealed 
sub"'al' rot her th.n directly to chloll'yrifos [325J exhibited 
signific3ntly lower le\"cls of settlement and metamorphosis 
,han 'he conlrols for each of 'he 3 d.ys of exposure (Fig. 3) 
(R. Richmond. D. Crosby. S. Leo ... and H. Wood, manuscrip' 
in prepar3tion)_ Chlorpyrifos was recovered from coralJin~ al­
gal substr:ua extracted after initial treatment in the chlorpyrifos 
solut ions. Th~s~ results were consistent with :l previous study 
that demonstrated that th~ p~sticide p.nitroanj soJ~ was taken 
up by the cruSiose coralline .Iga Paralirhan .p. [326J. Many 
pesticid~s are hydrophobic. and seawater analyses mi&ht not 
detect these substances c\'en though they are present in the 
reef en"ironment in other media, The fate of chemical con· 
tamin:mcs. including half·lives. breakdown rates. and break· 
down products. is imponant 10 our understanding of the effects 
of pollutants on coral reefs, 

In addition 10 concernS about bioassay test condilions. such 
as water quality and feeding. exposure to ultraviolet light can 
increase: the toxicity of PAHs to benthic invenebrates placed 
in contaminated sediments [312.3:!7} and planktonic fishes . 
crustaceans. and 31gal species exposed to PAHs in the w:uer 
column [328}. Because organisms in tropical marine ecosys­
tems could be exposed 10 ultraviolet irradiation [329}. PAHs 
accumulated and not metabolized by these organisms could 
become more toxic through photDactivation. Bioassays need 
to be desi~ned to accounl for a variety of factors that could 
affect the loxicity of chemical contamin3nts under field con· 
ditions, 

Multiple-species tests and microcosm and mesocosm studies 
composed of several species of marine plants and animals 
should prove useful to examine effects of toxicants on eco­
system processes such as food chain and food web bioaccu· 
mulation and impaers. primary and secondary productivity and 
dl!composition rales. nutrient cycling. and pollutant dearada-

,ion. among o,her f.otors [127-1 ~9.330.331]. Conlrolled ex· 
perimental manipulations of whole ecosystems. such as those 
performed by B.llou e' .1. [47J 'a Sludy 'he effeCIS of pelro­
leum hydrocarbons on tropical marine ecosystemj under field 
conditions. can provide II more realistic ... ·iew and providc di­
rection for extrapolation from laboratory tests to ccosystems. 
detecting. for example. \I;hich fishes might a\'oid cOnlaminanli. 
how metal melhyJ:llion by microb~s in situ increajcs toxicit>'. 
or which coral species ar~ most susc~ptible, HO\lroc\er. another 
imponanr tool used in temperate to~icity evaluations is in silu 
(cage) restinl using several benthic and epibenthic species 
andlor water column species that represent djfrer~nt trophic 
levels 01 the Sludy site [297J. Cage Sludies could be used in 
mangrove channels or over seagrass beds; for reefs. small col­
onies of adult corals. such as those de\-cloped for physiology 
studies. could be cemented 10 inen frames and p13ced on the 
reef for observation [148.219.286J. 

In any case. it will be important to transl:ue bio3ssay ""ater 
or sediment concentrations to reftect toxicokinetic5 :lnd toxi­
codynamics (uptake and toxic response) in the effects mea­
sured in the bioassay. Measuremen1S of whole· body residues 
to detennine concennations of chemicals taken up by biOla in 
site·spec:i1\c bioass3Ys (critical body residue method) can pro­
vide additional information on bioaecumulation :1nd potential 
food web effccts [294 J. 

Risk characlt!riloalion for tropical marint tCos."J1tms 

To characterize risks to an ecosystem. correlations must be 
developed between observed adverse ecological effects and 
the stressor. Compilrisons might be made between 3dverse ef­
feCIS observed in the exposed ecosystem and the condition of 
a reference site. between toxicity test results and observed 
adverse ecological effects. or between expect~d environmental 
concentrations and criteria and standards, Thus. we need 10 
develop stressor-response profiles based on measured or mod· 
eled chemical concennations plotted against obsened adverse 
effects in potentially exposed sites and reference sites to es· 
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Fig. 4, Effects of copper on corals. Rererences (rom which (his in· 
(orm:ltlon was compiled ate cilC~:d in brackels . 

limatt risk to an ecosystem and for comparisons with stressor­
response profiles in which toxicity has previously been doc­
umented. E~ilmplcs of c.'(posure-response profiles are pre· 
sc:nlc:d in Figures 4 and 5, but few srudies have provided these 
types of correlations [e.g .• 72.259.316J. Keller and Jackson 
[:!~8J noted concentration-respons( correlations of amount of 
oiling with coral tissue: injury and growth rate, mangrove leaf 
longevity and biomass. and proponions of dead mangrove 
roots 

The risk assessment process initially rdics on comparisons 
of measured or modeled concentrations of contaminants in 
w;Jlcr. sediment. ilnd biota to pc:"tncnt qualitative and qU:In· 
tirati\-e Ihreshold values or benchmarks : contaminant concen· 
tralions below the benchm3lk should, with some degree of 
confidence. not result in J.dverse effects (16). Benchmark com· 
pari sons are used as a screening 1001 to identify contJ.minanls 
of potential concern and to assist in characterization of risks 
following the analysis of e:tposure and effects data . Such 
~nch01arks arc usually developed from the results of C3C1: full y 
controlled laboratory chemical analyses and toxicity tests (a 

provide a standard (or estimating the magnitude and proba· 
bility of potential dangers. However. benchmarks cannOI ac· 
count for synergistic or interactive effects of multiple chemical 
stressors and are most useful for prioritizing contaminants for 
further evalu:uion. In the 6m11 stages of the risk assessment 
process. benchmarks th:at evaluate risks to panicular assess· 
ment to:ticologicOlI endpoints can be deri\-'c:d from statisticOlI 
evalu:uions of sile&specific bioJ.ssays and mathematical sim· 
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ulation models. Hnking obscn'ed e:tpo)ures with stressor-re· 
sponse profiles [291j. 

The U.S. Environmental Protection ."'-gency h3s developed 
saltwater ambienl W31er quality criteria (acute. m3ximum cri· 
terion concentration: chronic. crit~rion continuous concentra· 
lion) for the proteclion o( aqu3tic life for ::lpprox.. 30 chemicals 
and is finaliling sediment quality Criteri3 for :he chemic31s 
bas<d on the equilibrium partitioning appro,ch [332.333\. 
These benchmarks were derived from to'(icity test results using 
temperate organisms. as wer~ the "Apparent Eiiecls Thresh· 
olds" developed for Puget Sound [334\ and the "Effects 
Range-Low" and "Eff~cts RJ.nge-Medi3n" \3lues reponed 
by Long el al. [335) for sedimcnl cont3min3nlS. \\'~ are unsure 
about how protecth'e of tropical marine species these criteri:a 
might be . For e)l;aOlple. the lo:ticity of organics such :!s car· 
bophenothion. chlorp~'tiJos. and fen\'aler3le .. a:i!:i widely be· 
tween different eSluarine fish species. The sublropical bench.c 
gulf toad fish. OpIa"UI bela. has a 96-h LCSO on< to three 
orders of magnitude higher than that of .~f<l1Ic:c spp. [336\. 
suggesting that some ..... ilTm-\Io·aler estuarine spe: i:s might b~ 
relaltvely tolerant of chemicals in their en .. ' ironment. Ninety· 
six· hour LCSOs for ' .... 0 tropical Australian fish exposed to 
different metals were lnnuenced by exposure. iaiinity. and life 
stage. but not temperature (201 I. For the mangrove·sediment­
dwelling fish Rh'ulus marmoratus. the 96·h LC50 for c3dmium 
at 14 ppt salinity was similar to LCSOs found for zinc and 
copper using Fundulus heurodilIls (337). 

Clearly. much work is needed in this are3. Oe\'dopmcnl o( 
toxicity tests for tropic31 species is und~r way J.t a number of 
locat ions around the .... orld. SCientists <It the Vnh·ersity of MI· 
ami have been test ing tropical species of SC::J. urchins :and oys­
ters and mangrove propagul<s (D. Rumbold. S. Snedaker. per­
son31 communication). Under th~ act ion plan for .:onser"·31ion 
of nature in the Association of Southeast Asian Nations 
(ASEAN). the 7-year (1991 - 1998) ASEAN...{;anada Cooper­
ative Programme on Marine Science [338\. Pha .. II (CPMS­
II). (ocuses on establ ishing en\·ironmenlal criteria for devel· 
opment and mJ.n38emcnl of Jiving marine resources . To sup· 
pan this Objective. one of the majn activhi~s is lo:\icity testing 
of approx. 10 chemicals using tropical marine algae. inver· 
tebrates. and fishes. Acute. sublethal . and chronic toxicity lest 
protocols are being de\'eloped (or organisms indigenous to the 
ASEAN are3. More than I' toxicity testing labor:nories from 
the ASEAN region arc involved in CPMS-II. and the data 
generated will be used to suppon formulation of tropical en­
vironmental quality crileria. In the ASEAN region. toxicity 
testing is becoming more common in environmental assess· 
ment. For example. the oil and gas industry conducts biologic31 
testing to evaluJ.tc: the impacts of its activities. such as the use 
of oil dispersants. drilling muds. and other produ:ts. 

Worldwide environmental qUJ.lity criteria. guidelines. and 
standards. with a focus on tropical criteria. where possible. 
were compiled in a database [339\. This project reviewed the 
methods used 10 fonnulate environmentOlI qUOllity criteria and 
to summarize the values obtained for various jurisdictions. The 
review. which was reasonably extensive bUI nOt exhaustive. 
Indicated that few tropic31 marine jurisdictions ha"'e published 
environmental quality criteria. In Table 5. environmental qual· 
ity values (i .e .. criteria. guidelines. standards) for tropical 
regions are presented ror a (ew representative paramelers. 
However. the ability of these criteria to adcqu:uely protect 
mangrove forests. seagrass meadows. and coral reefs hots nol 
been thoroughly investigated. 
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Fig. S. Effects or rcrrochromc lignosulfatc (FCLS) and drilling muds on corals, References from which this inform:uion ""35 compiled arc cited 
in brackets. 

Btcause of the variability in the species found in different 
tropic31 marine ecosystems o( the world and perhaps their 
rel.u ive sensitivities to chemical stresson. to}l;icity tests (01-
lowing strict protocols should probably be developed for a 
suite o( specit:s in each ecoregion. such as the tropical western 
Atl:mtic. Great Barrier Red. Hawaii. Red Sea. and southeast 
Asia. Simuhaneous multiple-species toxicity tests 1331] could 
provide 01 more rapid approach to obtainlng minimum data to 
develop toxicity criteria (340]. Comparillive toxicity tests. (or 
example, simultaneous testing of several species of tropical 
amphipods (rom each region. could assist in determining the 
ability o( the tests to predict toxicity for criteri:! development 
on 3 glob.1 b:uis. 

Procedures for both acute and chronic: toxicity tests ate need · 
ed. and appropriate sublethal endpoints (growth. reproduction. 
immune responses. development. carcinogenesis. neurotoxic­
ity) must be ,evaluated (or organisms from tropical coastal 
ecosyStems. Although it is difficult to bring massive corals. 
mangrove trees, and seagrasses into the laboratory, procedures 
(or testing t~mperate sea urchin embryos. bivalve larvae. and 
seed germination can be ad~pted for tropical sea urchin species. 
cor01I 100n·a~ . and mangrove propagules. Perhaps simultaneous 

mUhiple-species acute and chronic tests could be conducted 
using mangro .. ·c propagules. fish and coral larvae. scagrass. 
and Sea urchin embryos with appropriate endpoints (e.g .• ger­
mination, monality. productivity) to determine criteria. Gome 
et al. (341) reponed that symbiotic al~ae (rom corals (Sym. 
biodinium kowagutii) could be used in toxicity testing. If si­
muhant:ous tests were conducted wilh the intact coral-algal 
association to detennine the responses. then the algae alone 
might be used as a standard leSl species on which 10 base 
crheri~ and conduct bioassays II pott:ntially contamina.eel 
sites. The species included and endpoints e~amined should be 
linked to different assessment endpoints identified for each 
tropical marine ecosystem. Approprilte concenuation-re· 
sponse distributions should be developed. Care must be taken 
-in extrapolating results to less w1:H-studied species IS}. Based 
on our review. we conclude that the effects of chemicals on 
reproduction and recruitment of corals and other key tropical 
marine organisms merit more emphasis in research prosrams. 
Efforu to coordinate species and lest selection could prove 
fruitful and eliminate redundancy in the development of chem· 
ieal criteria and benchmarks. 

Risk characterization also involves the use of appropriate 
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Table 5. Summary of criteria \'alu~S (or tropiC'.l1 jurisdictions (or 5c'''c(31 common ('n\'ironmenl~1 p.3.tamt'tcrs4 

Tropical 
jurisdiction Criteria 

Cd Austnlia 2.0 ~glL 
Hawaii 9.3 ~IIL 
Hau-:ali 43.0 ~IIL 
Th:ailand 5.0 ~!IL 

Cu Austr:lliia 5.0 ~gIL 
Philippines N:UT::uivc 

Thailand 50.0 ~gIL 

Pb Ausuali .. 5.0 ~JIL 
Hawaii I~O.O ~gIL 
Thailand 50.0 ~IIL 

011 and gn:::1Sc CaJifomWOtean N:unlivc 

Florida Narrative 

Hawaii Nurali\'c 

Philippines ~3rT3tivc 

Th:iiland Sot visible 

Zn AU51r3Ji3 50.0 ~IIL 
Aorida 86.0 ~IIL 
HlU,;lll 95 .0 ~!IL 
Hau:aii S6.0 ~glL 
Thailand 100.0 "gIL 

• Refer to the specific critcri3 documents (or mOfC detlils. 

Commt:nls 

AI any time 
As a 24.h average: 3ppl i t:~ to Ih~ di~!>~'I\'ed (r3':llon 
AI an)' lime; applies to the di;(:\ol\- ... .J irJ~lion 
Condit ions unspeC'incd 

At anv lime 
Dissoi,;cd Cu; cbss 58"; :!O.O ~~Il: d3:SS SC ... 50.0 

"gIL 
Conditions unspecified 

AI :any lime 
AI Oln)' lime; :rpplies to the dissoh'ed (raction 
Conditions uns~c i fied 

Floating p:lMicut:nes and gn:ase ,md oil sh:JlJ nOI be 
visible 

Dissolved or emulsified oils :lnd gre3ses Sh311 nOI ex· 
ceed 5.0 mgIL: nO undissoh'cd oil. or visible oil 
defined :lS iridescence. sh311 be presC'nt so as 10 
c4luse I:lUe or odor or olher",:ise in(erfere with the 
benefld31 use of ",'3ters 

All "".lIeU Sh311 be free of subs(.:mces :mribul3ble to 
domestic . industri:at. or other conuoll3ble sourceS 
of pollut:ants. including no.ning debris. oil. gre:ase. 
scum. or other n03ting materi31s 

CI:ass S8:. 2.0 mIlL: cJ3SS SC1, 3,0 mglL 
Conservation of n3tur31 3re3S: :aqu3culture :and s~lI · 

fish. not \'isible 

P741 
[3;;1 
[3;;1 
[J76[ 

[3741 
[3771 

[376[ 

[3741 
[3751 
[376[ 

m!1 

[3791 

[3751 

[3771 
[3761 

At any time [37.1) 
Conditions unsp<:cified (3791 
At any time: :applies to the dissohed (rachon (37-1) 
As 3 24 · h :a\'erage; applies to the dissoh"ed (r.lclian [37J) 
Conditions unsp,:c:ified [3761 

I' 58 cl3s~ification rdcn to Recreational Wiler Class I (Areas regul3r1y uSl!d by the public (or 5wimmin,. skin di ... ing. etc . • and Fishery Water 
CI:l!iS 1 1 Sp:H~:n j ng. are:u (or Chonos chonos or "b3ngus" and s' miJar species) uS3gc:. 

~ SC c l:ls:i dl~3t ion rcfefs to Recrc.3l ion31 W~tcr CI3SS II (c ,g .. b03ling. CIC.) 3nd FI~hcry WOller CI3SS If (Commcrct31 :lnd suSI(nlnCC fishing ) 
U$olge, 

SI:1liSlic31 procedures to determine the significance of observed 
or predicltd effects. :md there have been many rec~nt devel­
opmenls in this field that could be appl ied to tropical marine 
ecosystems. For c:W;;lmple. Logan and Wilson (342) ouclincd a 
methodology for estimating. ecological risks in situadons in 
which popul.uions arc cxpostd to mixtures of chemical can· 
13min:lOts. Muhivariale techniques. such as nonmelric clus­
tl!nng and association analysis (343). can combine different 
types of scales or melrics in muhivariate analyses and could 
be us~d to combine large dala sets inlo distinct measures to 
be used :15 a measure of risk and a teSt of the prediction of 
risk. These procedures could also improve the selection and 
int~rprel:ltion of assessmeOl and measuremenl cndpoinu be­
cause mult i\'.ariale d:u.a can be used to identify natural and 
toxicant-induced panems. New technologies such as GIS can 
provide overlays of spatial and temporal scaling of stresses 
.... ·hh spatial and lemporal aspects of species and life stages :u 
risk [2-16.3051 to improve the interpretation of d:ua collected 
in support of chemical contaminant assessments. Risk assess­
ment methodologies should be applied in tTopical marine eco­
systems as appropriale ~nchmarks and toxicity tesls are" de­
",..::loped and refined to in ... estigate site-specific risks to spec­
ified assessment endpolOls and to funher validate and refine 
the methodologies for general use whh populations ,lnd com· 
munities of the tropics. as well as to identify the uncenainties 
and limh.at ions thai \A,1J1 bt:: associated with these: methods . 

Risk ch.uacleriz3 tions for tropical m:lfine ':Cosysh:ms need 
to be 35 rigorous as possible and should include the spectrum 
of factors known to .affect organisms and their habitats and 
evaluations at several le\'el5 of organization to allow inter· 
prctation of the ecological significance of exposure to Slr.:isors 
(i.e .• potential for ecosystem recovery from observed or pre~ 
dieted impacts). Multiple suesson (e.g .. sedimentation. o\'l:r­
fishing) should be factored into sile. specific ecologicOlI risk 
assessments. and ranking of stressors (exposure and effects) 
must be <ondu<,ed [142J. 

Even for the well-studied temperate ecosystems and biota. 
however. uncenainties abound in ecological risk ;lssessment 
because fe .... · ecological risks can be measured with precision. 
resulting in wide confidence intervals for ecological predic. 
tions (17). Careful discussion of uncenainties and use of "best 
professional jUdgment" in assess ing ecological risk .... ·ill 011· 
ways be imponanl. Ecological risk assessments should provide 
infonnation that can help managers evaluate their options and 
direc, further data collection to refine the assessment if nee· 
essary. The weight·of-evidence approach. involving imerpre. 
talion of qualitative: and quanlitative data and consideration of 
risks from all stressors identified 10 different ecological com­
ponents a1 different levels of organization. is recommended 
IISJ. Throughout 'he process, ,here muSl be sufficient knowl­
edge and documentation or uncenainties. assumptions. and 
limilations th.u might affect the e\'alu:uion of risks. 
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SU~IMARY AND CONCLUSIONS 

~t;:lngrove forests are sinks for heavy metals because the 
physical and chemical propenies of mangrove sedimenls allow 
them 10 sequester I:lfge quantities of metals. For this re3.son 
man2roves toler3.te hi2h metal ftuxes and serve as a buffer 
prot;cting adjacent ma;ine communities. Ho .... ·e\·er. mangroves 
are extremely sensitive to oiling and herbicide e~posure. \Vhen 
m.3ngro\·es .3re destroyed. metOlls and organic compounds that 
mi!i!ht be bound in the sediments C.3n be mobilized by erosion 
.lnd o:\id.3tion of the sedimentS. Destruction of mangroves also 
e;tposes seagrass and coral reef communities to ::a pulse of 
nutrienu and increased sedimentation. Seagrass meadows and 
coral reds exposed (0 chemical contaminants from point and 
nonpoint sources from land and ocean also experience adverse 
effects on productivity. reproduction. and recruhment of com· 
punent organisms. leading to eventual replacement of the com· 
munities with fewer. more lolerant species. as in temperate 
ecosystems [30 I J. 

These retrospective insights suggest that tropical marine 
ecoSVstems can be eV.illuated and that risks from chemical 
con,;minants can be assessed and used to assess the need-for 
remediation or prevention of adverse ~cological effects. Fur· 
ther work ..... ith tropical species will be required, however. The 
prim3ry producers di3cussed in this review are sensitive to 
ch.:anec:s in \4·aler qu.:aJity. and their abundance can be visu311y 
assc:s~c:d with relative ease. but they can be difficult to maintain 
Olnd test in the labor:uory. Other species might be used more 
successfully in toxicity tests to develop benchmarks for esti· 
m:uing risks. 

One final question on ecotoxicology of cornl reefs and ad· 
j.ilcent ecosystems: Is this a moot point? TropicOlI marine eco· 
!;vstems OIre vulnc:r.3ble to other environmentOlI stressors. pOlr· 
tlcu l.:arlY habitat destruction. sedimentation. and nutri~nt )03d· 
ing !2.3 ... tI2J. AI some sites these stressors can be over­
whelmingly more imponOlnt than chemical contOlminants. For 
e.~3mp le. eutrophication might pose a greater threat to seagr3ss 
communities than do organic pollutants and heavy metal con .. 
laminltion [116.344- 346). Yel. despile much ,eseuch. ou, 
knowledge of the: tolerance ranges and critical levels of nu· 
trients for seagrOlss meOldows and coral reefs is also minimal. 
Elevated nutrient levels can be considered "toxic" to corals 
in th:u they aller the animal-algal symbiolic association {12]. 
The photosynthetic efficiency of corals is reduced in the pres· 
enee of added nutrients because of the accelerated growth of 
zoo,.anlhellae (10 Ihe poinl of becoming self-shading) (3~7J . 

Shift ing competitive interactions among coral reef species to 
favor faster·growing forms and Heshy Ollgae increases the risk 
of bacterial infections in corals and reduces the amount of 
hght avai1:lble to the zoo~anthellae by supponing phytoplank· 
ton growth. No studies on the role that chemical contaminants 
in se",,·.:age discharges might play in the ··toxic·· response have 
been conducted. 

Chemical contOlminanlS have sublethal chronic. 35 well as 
acute. direct and indirect impacts on mangrove. seagrass. and 
corOlI reef organisms. Howe\·er. lillie is known about the in· 
terOlctions of these contaminants with calc:ueous sediments and 
b10ilvaBabilitys the influence of high li&ht and temperature. 
microbiOlI degradation in the tropics. and food web bioaccu· 
mulation. The ecological effects of contaminants are often not 
dist ingui5hilble from anthropogenic or natural sedimentation. 
nutrient loading. and habitat destruction. Metals. petroleum 
hydrocarbons. and some pt:~licidcs often persist in the envi· 
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ronment in sediments and or2.:anisms lone afler liources arc 
remo\cd. Changes in ..... OIter qu~lity or mov~mentlJf sedimt:nu 
can increase thdr bioanilability and to:ticity. 

Therefore. considerations of chemical contamination can N­
imponant in evaluating the st3tUS of il tropical marine e,,(\o­
system and in predicting the likelihood of its demise or re .. 
covt:ry under different management scenarios !~~1J . Rese3r.:h 
must be reie\'ant to managers and must include quantific:ui"n 
of diverse effects and interactions. including physical and bi· 
0102ica1 stressors and overfishing [S.2~2.3..tSl. Funherresl!ar.:h 
on ihe quantitir::s and roles of anthropogr::nic chc:mkal c:ont:un~ 
inanls and the de\'elopmenl of appropriate risk criteria 3fe 
needed by managers now. and managers need 10 interact u·ith 
scientists and assessorS to focus research e(fons (15). As more 
guidance on tolerance levels becomes available. L1e ecolagk3.l 
risk assessment process can assist in sorting out the rel::uiv( 
risks at particular sires to strengthen management. Prevention 
through early delection and appropriale action should be the 
goal of scientists and managers concerned with protection oi 
these vulnerable ecosystems. With a better undtrstanding ot' 
ho ..... tropical marine ecosystems work. managt:ment practices 
that both reduce and mitigate for the negative efiects of con· 
trollable human activilies on these biological communities C3I1 

be developed. 
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SPECIAL EDmON . 

Guam's Year of the Coral Reef 

EDITORS NOTE: 
In celebration of the Year of the 

Coral Reef, this edition of MAN, LAND 
~ SEA will devote the entire issue to 
the topic of coral reefs and their 
importance to our community. 

On May 12, 1997 Governor Carl 
T. C. Gutierrez signed Bill 49 into law 
(P.L. 24-21), thereby creating 5 marine 
preserves on Guam. Governor Gutierrez 
also signed Executive Order 97-10 
adopting the Guam Coral Reef Initiative. 

WHO NEEDS MARINE PRESERVES? 
WE DO! 

S
' omething must be done! Over the 

last 15 years, we have lost 50% of 
our coral cover, are now harvesting 
77 % less fish, routinely have to 

announCe poor water quality conditions for 
swimmers and have reefs which are dying or 
being overtaken with algae. Bill 49 was 
introduced and as of this writing was passed 
by the Guam Legislature. Among other 
things, it will establish marine preserves. 
This proposal stems largely from the 
dwindling health of reef fish populations. A 
healthy coral reef community is a delicate 

balance of the interactions of all the animals 
and high water quality. This balance has 
been broken and is going to take commitment 
from all factions of the community to restore. 

To understand how marine preserves 
will help address current problems, the 
problems need to be better understood. 
Declining fish harvests or fish populations 
result from several factors which are 
accelerating the rate oHoss. Fish, like most 
other coral reef animals, are dependent on a 
healthy habitat. Normally, coral·reef slopes, 
the area just outside where the waves break, 
are rich in live coral, having 60 % coral cover 
or higher. Today, live coral cover on 
Guam's reef slopes has been reduced to 20 % 
or less in many areas. This is the result of 
poor water quality affecting corals in two 
ways; Smothering through sedimentation, 
and; Reduced fertilization. 

Guam's rapid economic growth and 
poor !and management practices 

(Continued on page 2) 
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Preservation .. . (conI. from page 1) 

hav~ introduced many potential 
environmental hazards to the surrounding 
ocean. Land clearing for development, 
frequent wildland fires, and the inability to 
revegetate exposed soil have resulted in 
extensive sedimentation. 

Initially, this does not seem like a 
coral reef issue, but what we do on land is 
eventually going to affect the surrounding 
coastal waters. Rain erodes exposed soil and 
carries thesilt laden water into rivers, which 
empty into the ocean. Corals need light to 
survive. Sediment in the water obstructs 
light and can actually smother coral. Many 
reefs in southern Guam have been smothered 
to death. Corals grow only V2 to 6 inches a 
year. Some corals on Guam can grow larger 
than a school bus; these corals are hundreds 
of years old. These corals can be lost in a 
matter of weeks by pollution and 
sedimentation, and cannot be replaced in less 
than the hundreds of years they originally 
took to grow. 

Second, research at the UOG Marine 
Laboratory has shown that suspended solids 
(silt in the water) and chemical pollution can 
prevent coral eggs from being fertilized by 
sperm. Since corals usually spawn only once 
a.year, poor water quality during the single­
spawning time can cause corals to lose an 
entire year's production. One of the main 
sources of such pollution is oil contaminants 
from vehicle exhausts, which are washed into 

storm drains and dumped into the ocean. 
Many reefs around Guam have not had ~ 
juvenile corals produced in the last 5 years, 
or so. In all living populations, if the 
population is healthy, the number of animals 
dying is equaled or exceeded by the number 
of new individuals recruiting. This is not 
happening on Guam. Corals die of natural 
causes, like alI other living things, but many 
are also dying from man-caused events. 
There are few or no new corals being formed 
and, therefore, the reefs are dying. 

This is further complicated by another 
aspect of the water qUality. The 
sediment-rich waters also are nutrient rich. 
These conditions support the rapid growth of 
algae. As coral is slow growing, algae has 
overtaken the ·coral. The coral provides 
shelter or food for almost all the life on a 
reef. Naturally, with dwindling coral 
populations everything else declines also. 

Finally, the balance has been further 
disturbed by the absence of large schools of 
herbivorous fish normally present, that graze 
on the algae to keep it under control. 
Because of poor water quality and increased 
fishing pressure, these large schools of 
grazing fish are gone. This has allowed the 
algae to grow out of control. 

This does not suggest development 
should be stopped or fishing prohibited, but 
rather that development needs to be better 
managed and water quality better prot~cted. 
Likewise, if fishery management is done 
wisely, fish populations should increase and 
offer more fishing opportunities. Preventing 
reef loss and destruction should always be 
easier than recovery and this needs to be the 
focus. 

Fortunately, reefs can be restored if 
suitable conditions are provided. The logical 
approach to restoring balance on the reef is 
through improved water quality , 
re-establishment of reproductive pools and 
prev~ntion of further damage. The 
establishment of preserves will not fix all 
these problems, but is the first step in 
addressing some of them. 

(continued on page 3) 
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Restoring healthy natural conditions is much 
preferred over reseeding or restocking 
because these are typically only temporary 
fixes and are usually in response to specific 
short-term disasters or needs. 

Since it is important to restore all 
marine life forms, the proposed preserves 
were selected to ensure a wide range of 
habitat types and cover large areas to serve as 
reproductive pools for many species. 

With respect to fishing, the preserves 
serve the public well. Preserves do not 
target a specific type of fisherman. They 
exclude everyone equally. There is the issue 
of NIMBY or "Not in my backyard." This 
simply means most people may support 
establishing preserves until the area selected 
is their favorite place to fish. It is impossible 
to avoid this, but the proposed preserves 
were scattered around Guam to minimize this 
effect. This also has merit because the ocean 
current circulation continuously changes 
around the island, so scattered preserves 
ensure better egg and larval distribution. An 
alternate management approach often 
suggested by the public is implementation of 
fish size restrictions. This approach creates 
the problem of having several hundred 
different size requirements due to the many 
types of fish on coral reefs, and becomes an 
enforcement nightmare because every 
infraction requires inspection and 
measurement. A biological problem of this 
approach is that reef fish reproduction is very 
dependent on the largest fish within a 
population surviving, and size regulation 
allows the very largest animals to be 
harvested; a few very large fish can produce 
many more eggs than hundreds of small fish . 
If these regulations are passed, in several 
years more fish should be available to be 
caught in non-preserve areas than are 
available islandwide prior to the preserves. 
In many other places in the world, fishermen 
opposed preserves but later became staunch 
advocates because of increased catches. 
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Economically, Guam depends heavily 
on tourism. Marine preserves fit well with 
this concept because each preserve is an 
attraction in and of itself. They will serve as 
public attractions, augment SCUBA diving, 
snorkeling, etc. The number one reason 
people come to Guam is for tropical weather 
and beautiful ocean. We have lost some of 
the beautiful ocean and need to ensure our 
future by protecting and restoring this' vital 
resource. 

These proposed regulati9ns are the 
first step in recovering our depleted marine 
resources, but this will not work without a 
healthy environment and the support of the 
public. Given the facts, we need to. act now! 
(Written by Gerry Davis. Dept. or AgricuJture, DIVLSlon of AqUiltlC 
and Wildlife Resou=s) 

The Future of 
Guam's Coral Reefs 

Guam and the other islands of 
Micronesia possess natural resources of great 
economic and cultural value, as well as 
unparalleled beauty: Coral Reefs. Coral 
reefs are structures built by a variety of 
plants and animals, including corals and 
algae, that protect our shorelines during 
typhoons, provide the white sand for our 
beaches, recreational opportunities for 

(continued on page 4) 
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residents and visitors alike, a habitat for fish, 
lobster, octopus and other edible creatures, 
and an attraction for tourism. Guam's reefs 
are among the richest in the world in terms 
of diversity, that is, the variety of species 
pr~s~nt. Much of Guam is built from pre­
eXlstmg coral reefs, as seen in the limestone 
outcrops from the central portions of the 
island through the northern cliff lines. 

To understand how coral reefs 
function, it is important to look at some of 
the key animals and plants that build these 
unique structures. Corals are animals that 
produce a hard skeleton made up of calcium 
carbonate. This white, stony substance is 
what most people think of as coral. The 
living portion of the coral is a thin layer that 
overlies the skeleton. With the aid of a 
microscope, it is possible to see most corals 
are true colonies, made up of hundreds to 
thousands of interconnected flower-like units 
called polyps. Each polyp has a central 
mouth surrounded by tentacles, and can share 
food with neighboring polyps when it feeds. 
Most of the corals on Guam's reefs possess 
algae that live inside of the coral cells. 
These plants use sunlight, and through 
photosynthesis, provide energy to their coral 
host. 

Coral reefs throughout the world are 
showing signs of degradation and loss as a 
result of both natural and human-induced 

disturbances. Guam is no exception. During 
the past decade, Guam's reefs have lost 
considerable co~al cover, and the trend is 
continuing. Sedimentation is a serious 
problem, as it not only kills corals through 
burial, but prevents new corals from 
replacing those lost from both natural and 
human-induced causes. The poor quality of 
our coastal waters is also having a negative 
effect on coastal reefs, as pollutants and 
nutrients continue to interfere with critical 
reefs processes, from spawning and 
fertilization of coral eggs, to the development 
and settlement of the coral seed or larvae. 
Areas that used to be suitable for coral 
growth are now covered by sediment and 
algae, making recovery difficult to 
impossible. 

Considering the value of coral reefs to 
Guam, it is surprising how little is being 
done to protect these resources. Both federal 
and local legislation is lacking, and what 
laws do exist are weak, hard to enforce, and 
don't really address the critical issues. We 
presently know more about how coral reefs 
work than ever before, and it is essential that 
this information be applied to protecting our 
coral reefs. Without immediate action 
future generations will not be able to enjo; 
the benefits coral reefs provide. 

An effort is presently underway to 
provide much needed guidelines for coral 
reef preservation. These include guidelines 
for improving land-use practices, controlling 
the level of sedimentation and runoff 
reducing the levels of coastal pollution, and 
establishing marine reserves which are 
essential to maintaining the production of 
corals, fish and other key coral reef 
inhabitants. 

While laws are necessary, 
enforcement is always difficult if people are 
unwilling to comply . Education is a key 
component of any efforts at coral reef 
preservation, and programs are being 
implemented this year, the International Year 
of the Reef, to raise public awareness. An 
education video on coral reefs has been 

(continued on page S) 
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produced by the University of Guam Marine 
Laboratory and the Guam Department of 
Agriculture's Division of Aquatic and 
Wildlife Resources. Copies can be obtained 
by contacting either of these agencies. 
Several community-based coral reef surveys 
will take place this sururner, with future 
opportunities for public involvement in reef 
protection. The hope is that better public 
knowledge and awareness will eventually 
lead to a stronger "political will" among 
island leaders to support the protection of 
Guam's most valuable natural resources. 

The positive news is that coral reefs 
are robust creatures that can recover if given 
a chance. If care is taken to control erosion 
and sedimentation, wave action can cleanse 
the reef surfaces, supporting recruitment of 
young corals. Repairing Guam's sewage 
systems and extending the outfalls will 
reduce the amount of nutrients being released 
onto the reef, and also support recovery. 
The establishment of marine preserves will 
enable fish populations to recover, and assist 
corals through the fish grazing down the 
algae dominating the reef surface. Mooring 
buoys will reduce anchor damage in popular 
dive sites. Through understanding, 
community cooperation, compliance with 
rational guidelines, and appropriate care, we 
can ensure that Guam's coral reefs will 
survive to support the needs of future 
generations. 
(Written by Roben H. Richmond, Ph.D. Professor of Marine 
Biology) 
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Wetlands are Mother 
Nature's system of flood 

Control ...... . 

Wetlands are like sponges. They 
absorb surging storm and flood waters and 
release them slowly. This process saves 
hundreds of thousands of dollars in flood 
damage to agricultural, urban, and shoreline 
areas. Often, existing wetlands can provide 
better, and more cost-effective flood control 
than any man-made or constructed flood 
control facility can achieve. 

As an added benefit, Guam's wetlands 
function as protectors of our coral reefs. 
Storm water run-off is one of the major 
threats to the health and survival of our reefs. 
Wetlands catch polluted run-off from 
agricultural or urban areas and remove or 
reduce the sediment, silt, excess nutrients, 
and other harmful substances that, when 
carried to the ocean, will smother or poison 
our delicate live coral. 
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Coral Reef in Your 
Medicine Cabinet: 

The Biomedical Applications of 
Marine Organisms. 

What do didemnin B, diazonomide A, 
dolastatin 10, and discodermolide all have in 
common? They are all potential cancer 
fighting compounds, and they are all derived 
from marine organisms which live within 
coral reef ecosystems. Bryostatin I, another 
promising anti-cancer agent, is produced by 
a particular population of the plant-like 
bryozoan Bugula neritina. The 
pseudoptero~ins produced by the Caribbean 
sea whip Pseudopterogorgia elisabethae, are 
anti-inflammatories. The compounds from 
this soft coral accentuate the healing process 
of human skin and are now used in some skin 
care products. Curacin A is produced by the 
blue~green algae Lyngbya majuscula, and 
functions as an anti-proliferative. It inhibits 
cell division, the mechanism by which cancer 
grows and spreads. In addition to anti-tumor 
and anti-inflammatory compounds, marine 
organisms also produce chemical compounds 
with anti-viral, anti-bacterial, and anti-fungal 
properties. 

_ Coral reefs, the rain forests of the 
sea, offer a rich array of both biological 
diversity and chemical diversity. Over 6,000 
unique chemical compounds have been 
isolated from marine organisms. Hundreds of 
these compounds have provided "drug 
leads" , while a few, including those 

described above, are "drug candidates" in 
various stages of testing. It is I~ely that these 
compounds represent only a fraction of the 
useful chemicals produced by marine 
organisms. According to William Fenical, a 
natural products chemist at the Scripps 
Institution of Oceanography, "marine sources 
could be the major source of new drugs for 
the next decade ... Unfortunately, many of the 
undiscovered compounds might remain 
undiscovered as marine biodiversity is 
diminished due to the destruction and 
degradation of coral reefs around the world. 

Not only will the resulting loss of 
marine chemical diversity and potentially 
useful compounds have long-term negative 
effects on the quality. of human life, it will 
also have quantifiable economic impacts. For 
example, the royalties received by the 
University of California for patented 
pseudopterosins have reached $1.2 million. 
This number does not include the revenues 
earned by the major cosmetics firm which 
uses pseudopterosins in its products. Without 
the Caribbean sea whip Pseudopterogorgia 
elisabethae, these revenues and royalties 
would not have been generated. 

In addition to potentially life-saving 
chemical compounds, coral reefs supply the 
structural components necessary to repair 
human bone. Interpore International 
manufactures bone graft material by 
converting the calcium carbonate 
endoskeleton of coral into calcium phosphate, 
or coral line hydroxyapatite, which closely 
resembles the physical and chemical structure 
of human bone. Other companies 
manufacture pieces of coral for the same 
purpose without changing their chemical 
composition. Unlike allograft bone, obtained 
from a cadaver, grafts manufactured from 
coral do not carry the risk of implant 
rejection or transmission of infectious agents 
such as hepatitis and HIV. 

The - United States government 
supports-research on the biomedical uses of 
organisms associated with coral reefs through 

(continued on page 7) 
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the National Oceanic and Atmospheric 
Administration/National and State Sea Grant 
College Programs, the National Science 
Foundation, and the National Institutes of 
Health/National Cancer Institute. 

Protecting Our Coral Reefs 

One way to protect Guam's coral 
reefs is to protect the Territorial Seashore 
Reserve. The Seashore Reserve includes not 
only the shorelands, but also the water 
extending seaward to the ten fathom contour 
including all islands within the Government's 
jurisdiction, with the exception of Cabras 
Island. 

Any proposed development within the 
seashore reserve is subject to review and 
clearance by the Territorial Seashore 
Protection Commission (TSPC). Applicants 
requesting for a TSPC permit must 
demonstrate that the development will not 
have any substantial adverse environmental 
effect; is consistent with the objectives of the 
Territorial Seashore Protection Act; and that 
some of the following conditions are met: 
public recreation areas and wildlife preserves 
are reserved, the potential dangers of 
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flooding, landslides, erosion and siltation are 
minimized or eliminated and access to 
beaches and recreation areas is increased 
through dedication. 

For further information or assistance 
in obtaining a TSPC permit application, 
contact the Department of Land 
Management. 

Did You Know??? 

1. That rainfall acts as nature' s shower. 
Contaminates are washed from the surface of 
the land into the island's rivers which carry 
these contaminates to the sea. These 
contaminates are called "no-point source 
pollutants" and the process is called 
"non-point source pollution". 

2. That the average surface runoff from 
streams into the sea is 250 million gallons 
per day. 

3. That wetlands provide habitat for 
aquatic animals and act as natural water 
tr~atment systems by trapping or consuming 
such pollutants as sediments and nutrients. 

4. That it is illegal to operate motor 
vehicles on Guam's beaches except when 
loading or recovering a vessel from the 
ocean. 

5. Miles of coastal reefs that took 
hundreds of years to grow have been killed 
on Guam in less than a month by erosion and 
sedimentation. 

6. That shore access fishing on Guam 
has dropped 50 percent and catches have 
dropped by 75 percent over the last 10 years. 

(continued on page 8) 
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Did Yon Know? .(cont. from page 7) 

7. Fertilizers washed into Guam rivers 
are discharged onto the reef flat where they 
feed algae and disrupt the natural balance 
between algae and coral. 

8. That corals have stopped recruiting on 
many Southern reefs because of poor water 
quality. 

9. That parrot fish (lagua) are 
disappearing from traditional fishing method 
catches and because of reduced stocks, 
fishermen are having to go deeper with 
SCUBA gear to find them. 

10. Coral reefs have little to no protection 
under Guam or Federal law. It is easier to 
build on a coral reef than in wetland. 

11 . Guam currently does not have an 
Environmental Impact Assessment statute 
(law) to require comprehensive evaluations 
and mitigation for land development 
activities. 

MAN, LAND AND SEA 

This newsletter is funded by the U.S. OcpL Of 
Commerce, Office of Ocean and Coastal Rcsourtc 
Management. and the Guam Coastal Management Program, 
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Administrator. GCMP, P.O. Box 2950 Agana Guam 96932. 
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Earth Week 
Essay Contest Winners 

Photo provided by GEPA, pic1UTed in front left 10 right Francis P. 
DamianiGEPA. Jacquie Quiblgua RonaniSoroplOmist President, 
Christian BasaIFirtt pJace winner. Owloae Dinwuan/Pres. 
Elect, Nancy TaniSorOplOmist member. and Tom ChuranlAAFB. 

Andersen Air Force Base, the 
Soroptimist International of the Marianas, 
and the Guam Environmental Protection 
Agency are proud to announce the winners of 
the 1997 Islandwide High School Essay 
Contest held in conjunction with Earth Week 
activities. Essay topics dealt with the 
protection of the island's coral reefs. 

The first place winner is Christian 
Basa of John F. Kennedy High School. He 
will receive $200.00 plus a $50.00 school 
contribution to be used by the school to 
purchase aluminum recycling bins. Second 
place winner is Simon Libao also of John F. 
Kennedy High School. Libao garners the 
second place $150.00 prize money. Third 
place winner is Patricia Camacho of George 
Washington High School who will receive 
$100.00 in prize money. 


