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T H E  TWO CONVENTIONS signed at the 
United National Conference on Environ- 
ment and Development (UNCED, Rio de 
Janeiro, 1992), The Framework Conven- 
tion on Climate Change and The Conven- 
tion on Biological Diversity, and the rec- 
ommendations of Agenda 21, Chapter 17, 
require the establishment of an adequate 
observing system to develop understand- 
ing and to monitor change. To do this, 
continuing systematic, long-term, global 
observations of marine physical, chemi- 
cal, and biological conditions, analogous 
to the World Weather Watch, operating 
under the auspices of the World Meteoro- 
logical Organization (WMO), are re- 
quired. Guided by the Intergovernmental 
Oceanographic Commission (IOC), 
WMO, the United National Environmen- 
tal Program (UNEP) and the International 
Council for Scientific Unions (ICSU), the 
planning for the Global Ocean Observing 
System (GOOS) is being initiated. One 
aspect of the planning for GOOS is di- 
rected at considerations of the health of 
the ocean. The Health of the Ocean 
(HOTO) Module of GOOS will provide a 
basis for the assessment of the state and 
trends in the marine environment as it is 
affected by anthropogenic activities, in- 
cluding, inter alia, increased risks to 
human health, harm to marine resources, 
alterations of natural change and general 
ocean health. An international panel was 
formed under the leadership of the IOC 
to achieve this goal. The purpose of this 
document is to outline the strategy and 
detailed scientific and technical design 
for the Assessment and Prediction of the 
Health of the Ocean (HOTO) Module of 
GOOS. The discussion that follows is an 
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overview of deliberations that have taken 
place over the last three years. 

Background 
We face unprecedented pressures on 

our natural resources. Sustainable devel- 
opment of these resources is hindered by 
an inability to detect emerging environ- 
mental problems at an early stage when 
remedial measures can still be effective. 
Nowhere is this inadequacy so pro- 
nounced as in the marine environment. 
Global energy cycles and the biological 
processes upon which all life depend are 
critically influenced by the ocean. 
Knowledge of the ocean and humanity's 
impact on it is only now beginning to re- 
veal the complexity and interdependence 
of all aspects of the system. Improved 
knowledge and predictive capabilities are 
required for more effective and sustained 
development of the marine environment 
to reap associated economic benefits and 
to preserve marine resources. 

The two conventions signed at the 
United Nations Conference on Environ- 
ment and Development (UNCED, Rio de 
Janeiro, 1992), The Framework Conven- 
tion on Climate Change and The Conven- 
tion on Biological Diversity, and the rec- 
ommendations of Agenda 21, Chapter 17, 
require the establishment of an adequate 
observing system to develop understand- 
ing and to monitor change. Many of the 
processes that control the variability and 
change of global climate are themselves 
controlled by processes in the ocean. 
Public perceptions of risk are only eased 
when governments are seen to be keeping 
the environment,  including the ocean, 
under close observation. If the UNCED 
goals of global sustainable development 
and integrated oceans management are to 
be achieved, a much more integrated data 
management system and a biological dis- 
tress signal detection program must be 

developed. To do this, continuing system- 
atic, long-term, global observations of 
marine physical, chemical, and biological 
conditions, analogous to the World 
Weather Watch, operating under the aus- 
pices of the World Meteorological Orga- 
nization (WMO), are required. 

The scope and purpose of such an ef- 
fort mandate a sound scientifically based 
strategy and long-term international 
commitment. Many regular observations 
of the ocean are done by research pro- 
grams with limited funding, finite dura- 
tion, and single objectives, such as the 
global climate change research pro- 
grams. Other observations are made by 
operational agencies for specific pur- 
poses but are in limited parts of the 
world ocean, typically have only sparse 
coverage, and usually concentrate on the 
upper ocean and sense a limited number 
of variables.  The requirements of  the 
customers of such observations demand 
global coverage, including the polar re- 
gions, and scientifically designed, ro- 
bust, cost-affordable, long-term, routine 
and systematic observations. Most im- 
portantly, such an activity must be based 
on the principle of timely, full and open 
access to ocean data. 

This document outlines the strategy 
and detailed scientific and technical de- 
sign for the Assessment and Prediction of 
the Health of the Ocean (HOTO) Module 
of the Global Ocean Observing System 
(GOOS). An international panel was 
formed under the leadership of the Inter- 
governmental Oceanographic Commis-  
sion (IOC) to achieve this goal, drawing 
heavily on experience gained in imple- 
menting the IOC/United Nations Envi- 
ronment Program (UNEP)/lnternational 
Maritime Organization (IMO) Global In- 
vestigation of Pollution in the Marine En- 
vironment (GIPME, See IOC 1976 and 
1984). This discussion is an overview of 
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deliberations that have taken place over 
the last three years. 

The Concept of the Global Ocean 
Observing System (GOOS) 

The objective of the GOOS is a per- 
manent system of global and systematic 
observations adequate for forecasting cli- 
mate variability and change: for assessing 
the health or state of the marine environ- 
ment and its resources, including the 
coastal zone: and for supporting an im- 
proved decision-making and management 
process, which takes into account poten- 
tial natural and man-made changes in the 
environment and their effects on human 
health and resources. 

The GOOS is an internationally coordi- 
nated system for systematic operational 
data collection (measurements), data analy- 
sis, exchange of data and data products, 
technology development, and transfer. 
GOOS will use a globally coordinated, sci- 
entifically based strategy to allow for mon- 

itoring and subsequent prediction of envi- 
ronmental changes globally, regionally, 
and nationally. Data will be generated by 
repeat sampling and remote sensing using 
sea-surface and subsurface instrumentation 
in the open sea and in coastal regions 
worldwide, including enclosed and semi- 
enclosed areas. Major physical, chemical, 
and biological variables have been 
identified by the HOTO Panel that can be 
used to provide an integrated assessment of 
the current health of the oceans and early 
warning of deterioration. 

Guided by IOC, WMO, UNEP, and 
the International Council for Scientific 
Unions (ICSU), the planning for GOOS 
is taking place within five specific areas: 

• climate monitoring, assessment,  and 
prediction; 

• monitoring and assessment of living 
resources: 

• monitoring the coastal environment  
and its changes: 

• assessment and prediction of the health 
of the ocean: and 

• marine meteorological and operational 
services. 

The GOOS is a set of activities that 
constitutes operational oceanography and 
its related efforts, including some di- 
rected and applied research. GOOS is 
Oceanography for societal and economic 
purposes (see Fleming, 1995), coordinat- 
ing and fostering ocean operations and 
applications that are long-term, routine, 
globally relevant, scientifically based, 
systematic, and affordable. 

The GOOS is not a research program 
but builds on research, it provides data 
for research, and supporting directed and 
applied research is a significant contribu- 
tion to GOOS. Academic institutions 
have provided the foundation upon which 
GOOS is built, through research pro- 
grams, technology development,  and 
training of human resources. A strong 

WHAT DOES GOOS/HOTO MEAN, AND WHAT WILL IT 
OFFER, TO THE MARINE SCIENTIST. 9 

By Herbert L. Windom 

T H E  IMPLEMENTATION of the Health of the Oceans Module (HOTO) of the Global Ocean Observ- 
ing System (GOOS) is intended to occur, region by region, in concert and ideally amalgamated, 
with the other GOOS components, particularly the climate, living resources, and coastal zone mod- 
ules. However, what HOTO potentially offers to the marine scientist is a scheme of continuing 
measurements accomplished in a more comparable manner, that can be used by individuals for their 
own applications. The global development of HOTO is through national and regional implementa- 
tion activities that address identified problems in specific geographic areas and assess their extent in 
time and space. Individual scientists, therefore, should seize the opportunity of becoming involved 
in the planning and implementation of such specific monitoring activities. HOTO data will be made 
available in raw form and in a range of collated and interpreted forms that will be useful for a suite 
of marine and nonmarine applications. HOTO also will provide a mechanism for obtaining a mea- 
surement series on which individual scientists can base, or piggyback, any specific measurement re- 
quirements that they have for scientific and/or management applications. This then is the promise of 
HOTO. It is now up to the community involved in the design of the several GOOS modules to 
complete their work and to use the international science, environmental management, and policy 
communities to ensure the implementation of all the modules in a systematic and coordinated man- 
ner. The entire sequence of operations within GOOS, if implemented as intended, will provide a 
vastly improved store of basic marine environmental data with higher spatial and temporal resolu- 
tion than available ever before. This will mean that individual scientists can reduce the effort they 
have to devote to routine measurements and concentrate their efforts on the necessary incremental 
measurements for their own purposes. 
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continued partnership between govern- 
ments and universities is essential. Appli- 
cations suggest new research areas and 
new research results suggest new applica- 
tions. 

Present Status of GOOS 
GOOS has been developing over the 

past 6 years. Efforts have included 
identification of needs, consultation with 
user groups, assessment of what is tech- 
nologically possible, identification of ex- 
isting scientific knowledge, identification 
of future scientific objectives, assessment 
of present routine and/or operational ob- 
servations, assistance and capacity build- 
ing for developing countries, and the de- 
velopment of models and requirements 
for output data products. 

The GOOS Strategic Plan (IOC, 1995) 
agreed to at I-GOOS-II and endorsed by 
Resolution 11 of the 1OC Assembly- 
XVlll (13-27 June 1995, Paris) will pro- 
duce a road map for GOOS and will iden- 
tify the priorities for the essential work 
needed to develop and implement GOOS. 
A Priorities Agreement Meeting for 
GOOS participants is an essential next 
step in the process and will be convened 
in early 1997. The basic purpose of this 
GOOS Priorities Agreement Meeting is 
for all the participants in GOOS to indi- 
cate those activities that they agree are 
important to maintain now, and to discuss 
and allocate priorities to future opera- 
tions. 

At the present time only two modules 
of GOOS have received significant atten- 
tion; the Climate Module (see OOSDP, 
1995) and the Health of the Ocean 
(HOTO) Module. 

Purposes and Benefits of the HOTO 
Module 

The HOTO Module of GOOS provides 
a basis lbr the assessment of the state and 
trends in the marine environment as it is 
affected by anthropogenic activities, in- 
cluding, inter alia, increased risks to 
human health, harm to marine resources, 
alterations of natural change, and general 
ocean health. 

The term "Health of the Oceans" is 
operationally defined for the purposes of 
the HOTO Module of GOOS as a reflec- 
tion of the condition of the marine envi- 
ronment from the perspective of adverse 
effects caused by anthropogenic activi- 
ties. in particular habitat destruction, 
changed sedimentation rates, and the mo- 
bilization of contaminants. Such condi- 

tion refers to the contemporary status of 
the ocean, prevailing trends, and the 
prognosis for improvement or deteriora- 
tion in its quality. 

Although the measurement of contarni- 
nant loads can and must be measured, 
such measurements by themselves cannot 
provide comprehensive quality criteria. 
Biological indices will have to be iden- 
tified at four levels: suborganismal, indi- 
viduals, populations, and communities. 
Molecular, cellular, physiological and be- 
havioral disturbances, and pathological 
manifestations will be needed to reflect 
responses at the individual organism 
level. At the population and community 
levels, effects might manifest themselves 
in changes in the reproductive success of 
species, the disruption of the dynamic 
balance between producers and con- 
sumers, or deviations from the natural 
range of biomass variability leading to 
abnormal phytoplankton blooms or 
monospecific swarms. Critical habitats, 
such as coral reefs, estuaries, temperate 
and tropical wetlands including man- 
groves, submerged macrophyte commu- 
nities, and other spawning and nursery 
areas will require identification of more 
specific biological indices. In all cases, 
biological indices will have to be as- 
sessed against the background of natural 
variability. 

Relationships Between HOTO 
Indicators, Global Ocean Health, 
and Sustainable Development 

The kind of systematic and global 
monitoring to be carried out under 
HOTO will provide a broad range of crit- 
ical benefits in two broad, but clearly in- 
terrelated, categories. Tables 1 and 2 il- 
lustrate the ways in which the HOTO 
Module can contribute directly to (1) our 
general understanding of the present sta- 
tus and future trends in global ocean 
health and (2) the ability of State and 
National governments to maximize socio- 
economic benefits derived from sustain- 
able development and the use of ocean/ 
coastal areas. 

A primary contribution of the HOTO 
Module is to develop a global perspec- 
tive of the impact of human activities on 
ocean health. This kind of long-term 
monitoring strategy will contribute di- 
rectly to a more basic understanding of 
marine ecosystem health, human health 
implications of regional and global dete- 
rioration of the oceans, the ability of 
States to achieve goals in sustainable 

development, and the influence of the 
oceans on global climate change. A gen- 
eral characterization of the relationships 
between the variables to be monitored 
under the HOTO Plan and measures of 
global ocean health is presented in 
Table 1. The respective assignments of 
the entries "3," "'2," and "'1'" signify in- 
creasing strengths in the relationships 
among the variables and the issues. 
Blank cells represent either a weak rela- 
tionship or one in which current sci- 
entific information is too limited to 
make an assignment. 

The increase of radiatively active, or 
so-called "'greenhouse" gases in the at- 
mosphere could lead to a change in cli- 
mate, although not specifically indicated 
in Table 1. This topic is within the 
purview of the Climate Module of 
GOOS, but some effects of climate 
change need to be considered in the de- 
velopment of the HOTO Module. These 
effects could include changes in the fre- 
quency and diversity of toxic algal 
blooms, changes in nutrient influxes and 
oxygen conditions in coastal areas, al- 
tered influxes of suspended matter, and 
changes in atmospheric precipitation pat- 
terns. The role of carbon dioxide is being 
addressed by major research programs 
addressing climate change such as the 
Global Climate Research Program 
(GCRP) and the International Geosphere- 
Biosphere Program (IGBP). 

Biological Health 
Key objectives of the HOTO Plan are 

to provide the information necessary to 
ensure the maintenance of biodiversity 
and the integrity of marine communities, 
minimize the loss of species, limit 
human influences on living marine re- 
sources (including genetic richness), pro- 
tect critical habitats, and safeguard 
human health. 

Relationships between HOTO 
Indicators, Human Uses, and 
Socioeconomic Factors 

In addition to making a fundamental 
contribution to our global, long-term un- 
derstanding of trends in global ocean 
health, the HOTO Module can provide 
critical insights into the development of 
management strategies designed to maxi- 
mize the benefits of sustainable marine 
resource use. Table 2 provides a general 
assessment of the nature and scope of the 
relationship between marine resource/use 
benefits and certain contaminant/analyte 
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T a b l e  l 

Rela t i t )nship  b e t w e e n  g loba l  ocean  heal th,  c o n t a m i n a n t s / a n a l y t e s .  

and  sus ta inab le  d e v e l o p m e n t  

VARIABLES 
CHEMICAL/BIOCHEMICAL 
Synthetic Organics 3 3 3 3 * 
PAHs 3 2 3 3 
Trace Metals 3 2 3 2 * 
Petroleum (Oil) 3 3 3 2 3 1 3 * 
Herbicides/Pesticides 3 3 3 2 2 3 3 3 
Dissolved O: 2 3 2 * 

Artificial Radionuclides 3 * 
Pharmaceuticals 3 , 
Phytoplankton Pigments + , , * , 
Human Pathogens 1 1 * 
Nutrients 2 3 1 * 
Algal Toxins 3 1 3 * 
PHYSICAL 
Litter/Plastic 3 3 3 * 
Suspended Particulate Matter 2 3 2 2 , 

- Strong 2 - Moderate 3 - Low * Directly Related 
+ Phytoplankton pJgrnenL'; may serve as indicators of global ocean health, 

classes. As in Table 1, the numbers 3, 2, 
and I denote increasing importance, and 
the arrows signify the direct ion of  im- 
pact. Blank cells represent either a weak 
relationship or one in which current sci- 
entific information is inadequate to make 
an assignment. 

Specific HOTO Measurements 
Required 

The problem areas identified in the 
preceding section can be best addressed 
through the use of  appropriate suites of  
physical, chemical,  and biological mea- 
surements.  Here, the measurements  se- 

T a b l e  2 

h n p a c t  on s o c i o e c o n o l n i c  bene f i t s  in the coas ta l  zone  

VARIABLES 

C H E M I C A L / B I O C H E M I C A L  

Synthet ic  Organics "3 t 2 ' 3 

PAHs ?3 ~2 ~3 

Trace Metals  *1 '2 ~3 

Petroleum (Oil) ) 3  tl ?3 
'2  ?2 ~ t2 Herbicides /Pest ic ides  
' 1 ' 1 .~1 Disso lved O., J 

Artificial Radionuclides 

Pharmaceuticals 2 

Phytoplankton Pigments 

Human Pathogens ? I ? 1 ' I 

Nutrients 2 3 

Algal Toxins ? l ? 1 ' 1 

P H Y S I C A L  

Litter/Plastic I~ 3 3 

Suspended Particulate Matter t3 ~3 

~3 "1 "2 3 ' 3 ~  2~3 3 

5 ? 5 3 "l ~z "3 "3 
~2 "l?. 5 "i ~2 2 2 
*1 2 "3 I?1 ~2 "1 t3 *2 ?1 ?3 ?1 

"3 ~1 '2  "3 t2 32 ~2 t2 '2 "1 
I 

"i "1 "~ t3 3 3 ,J r3 ~3 '2 ~ "3 5 
"~ 3 

"3 2 3 I 
"3 "1]~ "z ,3 "3,1 tl 

"] ~] "3 
"3"1 i2 : '3  l:~ "3 , i ' t  

['l 

I 1 3 3 

-~ ; i- ~ 1:21 _ 13 l ' l  5 "3 ~ ~1 ~2 ?3 ?3 2 2 "1 

lected for inclusion in the HOTO Module 
are specified in two categories: 1 ) chemi- 
cal, biochemical,  and physical analytes: 
and 2) biological  effects measurements  
and indicators of ecosystem health. 

Chemical, Biochemical, and Physical 
Analytes 

The fol lowing set of  basic variables, 
which have been selected for inclusion in 
HOTO, correspond both to the variables 
identified in the analyses depicted in Ta- 
bles I and 2 above and those identified as 
priority contaminants  within the Global 
Investigation of  Pollution in the Marine 
Envi ronment  (GIPME)  Program (IOC, 
1976 and 1984) and in the UNEP Re- 
gional Seas Action Plans (UNEP, 1991). 

Biological Effects Measurements 
The H O T O  Module  will employ si- 

multaneous monitoring at different levels 
of  biological  organizat ion to provide a 
better understanding of  the mechanistic 
links among changes at each level (see 
Fig. 1 and Table 3). This will also aid in 
the assessment  o f  the effect iveness  of  
management and mitigation measures lbr 
dealing with contaminant  disposal and 
degradation. A further advantage of  this 
strategy will be the potential to assess the 
effectiveness of  management and mitiga- 
tion measures dealing with contaminant  
disposal. 

Changes  at the popula t ion /commu-  
nity/ecosystem levels of biological organi- 
zation are of  ultimate concern. However, 
such high-level responses are generally 
complex and far removed from causative 
events and are manifestations of damage 
rather than predictive indices. Detection 
of  lower level changes (e.g., molecular, 
cellular, physiological, and behavioral re- 
sponses) that underlie higher level effects 
and for which causali ty can be estab- 
lished, may provide early warning of im- 
pending environmental damage. Individ- 
ual and subindividual responses may also 
be more amenable to detection by auto- 
mated monitoring systems. 

To ensure global applicabi l i ty  of  
methodology in different regions of  the 
world and to ensure uni form interpre- 
tation of  results, the use of  biological  
techniques at the organismic and subor- 
ganismic levels (e.g., biomarkers, physio- 
logical techniques, etc.) requires the prior 
identification of  related/analogous mem- 
bers of  a given biological  group (not 
necessarily the same species) considering 
climatic/geographical variations and dif- 
ferences,  but cor responding  in genera,  
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family, or biological class. Such use of 
analogous members would provide a uni- 
form and reliable global picture of partic- 
ular analytes/contaminants/situations un- 
der consideration. Furthermore, this will 
also enhance the global relevance of such 
techniques. 

mospheric transport is the primary agent 
of contaminant delivery to the area con- 
cerned, measurements should be made of 
this input. Recognizing relationships be- 
tween anthropogenic stressors, contami- 
nant levels, and associated biological re- 
sponses is a prerequisite to the prediction 
of future environmental changes. 

Monitoring Considerations 
The HOTO Panel stressed that it is es- 

sential that the goals and objectives of any 
monitoring program be clearly stated from 
the outset. The entire design of a program 
should flow from these goals; no monitor- 
ing program can measure every variable or 
address every management issue. Once the 
goals and objectives are clear, the sam- 
piing design must be tailored to meet 
them. In particular, it is imperative to spec- 
ify the level of change anticipated or di- 
rected by policy objectives, in quantitative HIGH 
terms, the minimum magnitude of change 
or effect that the program must be able to 
detect, and to ensure that the design has 
adequate statistical power to accomplish 
this. 

The statistical design must allow as- 
sessment of both the spatial and temporal 
scales of environmental effects. In rela- 
tion to the monitoring of chemicals: 1) 
the relationship between measurements 
and matrices, 2) the relationships be- 
tween difficulty of measurement and the Z 
importance of the measurement, and 3) 
temporal and spatial aspects of contami- ~ 
nant monitoring have to be considered. In r~ 
addition, this approach must be tested by ~r~ 
an evaluation of the variables in the con- < 
text of their relative regional importance. 

In making decisions regarding sam- 
piing in new localities, ordination tech- 
niques can be used to rank the status of © 
study sites relative to one another and 
with respect to conditions at sites consid- 
ered to represent background conditions. 
However, for successful managerial ac- 
tion, temporal (i.e., longitudinal) sam- 
pling series are advisable so that patterns 
and trends in anthropogenic stressors, 
contaminant levels, and associated bio- 
logical effects can be monitored. Such 
sampling permits the consequences of 
managerial actions adopted to ameliorate 
adverse environmental consequences of 
anthropogenic activities to be evaluated. LOW 
Usually, a significant proportion of study 
sites should be located in the vicinity of 
expected contaminant sources (e.g., in 
the vicinity of river discharges and urban 
harbors) to maximize the signal-to-noise 
ratio of measurements. In cases where at- 

Statistical Design Criteria 
Once the objectives of the implemen- 

tation plan in a given region have been 
formulated, attention must be given to 
sampling design. If no data are available, 
pilot studies will be needed to assess the 
scales of spatial and temporal variability 
in the analytes measured. 

In the past, sampling designs have 
concentrated on reducing statistical 
type-I errors (i.e., the risk of rejecting a 
null hypothesis when it is true). This is 
done by setting the probability of reject- 
ing the null hypothesis at a value of p = 
0.05. Yet, if one reduces a type-I error, 
one increases the risk of committing a 
type-II error (i.e., the risk of accepting a 
null hypothesis when it is false). This is 
particularly relevant for HOTO consid- 
erations. For example, if one does a sta- 
tistical test, such as a "t-test," on mean 
concentrations of two samples of heavy 
metals in fish consumed by man and 
finds no significant difference, this may 
simply be due to the sampling design 

Loss of Habitat (1),  

*Reduced Diversity (2) 

,Altered Abundance (2) 

,Distributional Changes (2) 

,Reproductive Failure (2) 

,Degenerative Diseases (2) 

*Reduced Fecundity (3) 

,Size Reduction (1) 

,Reduced Growth Rate (3) 

,Tissue Resorption (1) 

,Negative Energy Balance (3) 

,Abnormal Physiology (1-3) 

*Cellular Pathology (1) 

,Behavioural Changes (1) 

*Biochemical and Cellular Biomarkers (1-2) 

EARLY 

DISTRESS SIGNALS OF DAMAGE 

1",3: Increasing Difficulty of Measurement 

Fig. 1: Biological distress signals of  damage to ocean health. 

LATE 

18 OCEANOGRAPHY'VoI. 10, No. 1"1997 



Table 3 
Contaminant and stress-related signals of harmful biological 

effects in individuals 

Lesels of  B i o l o g i c a l  Organt~fion 
C e l l / l q s ~ e  

t M o l ~ u l a r  I I I O r g a n i s m ~  

Synthetic Organics Q • • Q • Q • 
PAHs • • • • • • • 

I 

Trace Metals 0 0  0 0  I l o o  • 
Petroleum (Oil) • • • • • [  • • 
Herbicides/Pesticides • 
Dissolved Oxygen 
Artificial Radionuchdes • 
Pharmaceuticals 

Phytoplankton Pigments • 
Human Pathogens 
Nutrients • 
Algal Toxins • 
Liner/Plastic • 
Suspended Pamculate Matter 

being too low power ever to detect such 
a difference.  In such cases, one must 
quote the power of  a particular test to 
detect a change (Peterman, 1990; Fair- 
weather,  1991). Power analyses are 
highly relevant  to management  issues 
where managers  can decide a pr ior i  
what magnitude of change they are con- 
cerned with. Then it is possible, using 
power  analyses,  to design a sampling 
program to detect such changes. 

In addition to the incorporation of 
power analyses in the design of sampling 
programs,  there is a need to consider 
other new approaches such as Beyond 
Before-After  Control-Impact  (Under- 
wood, 1991, 1992). Here, emphasis  is 
placed on multiple controls and random 
sampling over time in order to distinguish 
effects of impacts over natural variability. 

Feedback monitoring (Gray and 
Jensen, 1993), which tests predictions 

Table 4 
Measurement phases for contaminants/analytes 

Contaminan t /Ana ly t e  

Algal Toxins 

Artificial Radionuclides 

Herbicides/Pesticides 

!Litter/Plastics 

Human Pathogens 

Nutrients 

Dissolved Oxygen 

Synthetic Organics 

Petroleum (Oil) 

PAHs 

Suspended Particulate Matter 

Trace Metals 

Phytoplankton Pigments 

Pharmaceuticals 

3 3 

3 3 3 2  

3 3 2 2 2  

* 1 

2 2 1 1  1 

1 1  

1 l  

3 3 2 2 2  

1 1 1 i 2 2 1  

2 2 2 2  

i l l *  

2 2 2 2 2  

1 1 3 

3 3  3 3  

//#7 

3 

3 

The numermal entries in this table represent the relative slmpbc2ty of the measurement 
of the relevant analyte/matrix combination An assignment of 1 signifies that the 
m e a s u ~ n t  ls routinely made ~ d  there is widespread competence An assignment 
of 2 stgmfies a ~ m e w h a t  more difficult me~urement  but one that can be made by 
marine or public health laboratories in essentially all regions of the world An 
assignment of 3 signifies a n~latlve]y dlfflealt and complex measurement for which 
there are a hmlt~d number of laboratories worldwide able to make it. A * denotes that 
the analyte and the matrix are synonymoug, 

made in monitoring programs, can play 
an important role in the management of 
the marine environment. 

Measurements Versus Matrices 
The Panel identified the matrices 

where many of the analytes/contaminants 
are measured and presented an evaluation 
of the present state of measurement in 
these matrices (Table 4). Three categories 
of difficulty were determined. The first 
are relatively easy measurements that can 
be carried out with routine technology. 
These have been assigned a "1.'" The sec- 
ond group were defined by the Panel as 
those requiring more specialized equip- 
ment or training but could be analyzed by 
monitoring laboratories within most na- 
tions. These have been assigned a "'2." 
The third group require more sophisti- 
cated measurements that would most 
probably be made by experienced re- 
search laboratories and do not exist in all 
countries. These have been assigned a 
"3." The matrices chosen were seawater, 
groundwater and freshwater, suspended 
particulate matter, biological tissues (i.e., 
fish/seafood), and sediments. The Panel 
also added beaches--to represent the fact 
that litter and oil spills (i.e., petroleuml 
impact these areas. Precipitation was also 
added because this is a mode of entry to 
the marine environment of some of the 
analytes discussed above. 

Difficulty of Measurement Versus 
Impact 

The Panel evaluated the analytes/contam- 
inants for degree of impact versus difficulty 
of measurement. This evaluation drew on an 
analysis of regional concerns conducted dur- 
ing the Seventh Session of GIPME in 1991 
(see IOC, 1991), which took advantage of 
the experience gained by the GIPME Expert 
Groups in relation to both measurement ca- 
pabilities and issues of concern within re- 
gional marine areas. As discussed in the pre- 
vious section, different matrices present 
different challenges. However, the analysis 
is represented in Figure 2. The analytes fall 
into three distinct categories. 

Category 1 analytes are those judged 
both to have high impact and be relatively 
easy to measure, such as nutrients, 
pathogens, suspended particulate matter, 
and plant pigments. Also included in this 
category are ancillary properties for the 
characterization of the sampling regime 
such as salinity, temperature, and dissolved 
oxygen. Litter and petroleum also have a 
high impact near sources (spills and dump 
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Fig. 2." Impact versus difficulty of measurement for contaminants/analytes. 

sites) as well as at some distance from the 
sources. These are relatively easy to mea- 
sure and also belong to Category 1. These 
analytes are also judged to be useful for in- 
ternational training programs under, for ex- 
ample, IOC's Training, Education and Mu- 
tual Assistance (TEMA) Program. 

Category 2 analytes were judged to be 
difficult to measure and have a lesser im- 
pact (i.e., trace metals, artificial radionu- 
clides, and pharmaceuticals). These ana- 
lytes require sophisticated instrumentation, 
considerable training, and specialized stan- 
dards and reference materials. It is worth 
noting here that the Panel's conclusion is 
contrary to public perceptions of the im- 
pact of these compounds. However, many 
nonspecialists who consider this issue have 
a different perception because they often 

look only at very localized situations rather 
than at the entire marine environment. 

Category 3 analytes were judged to be 
of high impact and are presently difficult 
to measure. These are algal toxins, syn- 
thetic organics, herbicides and pesticides, 
and, but to a lesser extent, Polycyclic 
Aromatic Hydrocarbons (PAHs). It is im- 
perative that efforts be made to reduce 
the difficulty of measurement of  these 
analytes as a high priority. 

Time and Space Scales 
Factors that bear upon time and space 

scales for measurements are of three 
types. 

1. Managerial Considerations: Assess- 
ments of the state and trends in environ- 

mental conditions are required for local, 
regional, and global purposes. For local 
conditions, the highest spatial and tempo- 
ral resolution will be required. Such reso- 
lution is reduced for regional require- 
ments and reduced further for global 
purposes. 

2. Scientific Considerations: The scales 
of change resulting from anthropogenic in- 
troductions of contaminants are an impor- 
tant consideration in selecting spatial and 
temporal frequencies of measurement. The 
spatial and temporal resolution required to 
detect and understand conditions and 
change will be greatest near to sources and 
lowest furthest from the sources. This as- 
pect of measurement frequency is further 
discussed below. For contaminants having 
natural components, it will be necessary to 
define the envelope of variability against 
which anthropogenically induced change 
can be detected. This will be contaminant 
specific but likely to impose higher spatial 
and temporal measurement frequencies in 
coastal areas than in regional and deep 
ocean areas. 

3. Scales of Natural Variability: Ease 
of measurement of biological variables is 
compared with their ecological sig- 
nificance and rate of response in Figure 
1. Easy to measure indices at lower lev- 
els of the functional and organizational 
hierarchy offer the best means of obtain- 
ing an early warning of deterioration in 
ocean health. However,  with regard to 
assessing the current extent of habitat 
loss, measures of community/ecosystem 
status offer greater potential. A further 
consideration is that the signal-to-noise 
ratio will tend to be generally higher at 
the lower organizational levels (i.e., mol- 
ecular, cellular, and physiological) and 
will decrease as the ecological sig- 
nificance of the measurements increases. 
However,  biological communities are 
naturally variable in both time and space; 
hence any measurement  strategy must 
take into account, for example, natural, 
seasonal cycles and spatial patchiness. 

Figure 3 attempts to define measure- 
ment intervals (i.e., the inverse of mea- 
surement frequencies) appropriate for 
monitoring different contaminants in the 
context of distance from their sources. It 
has been formulated on the basis of sci- 
entific considerations relating to the like- 
lihood and value of making measure- 
ments of change for local human health 
protection purposes, for example, and for 
detecting change at locations more re- 
mote from sources. 
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assessments. 

All Monitoring Networks Should Use the 
Simplest Methods' Available 

If capability exists in a region to em- 
ploy more sophisticated techniques and 
instrumentation, these should also be 
used. However, under no circumstances 
should the simpler techniques be forsaken 
because of the presence of the capability 
to employ more sophisticated alterna- 
tives. 

Research and Technology 
Requirements 

Ocean measurement problems are for- 
midable. Current technology permits sys- 
tematic observation and analysis of the 
global oceans from a physicochemical per- 
spective: however, on-line, automated bio- 
logical systems have only recently become 
available (e.g., see Scholin et al., 1994; 
1996 C. Scholin, P. Miller, F. Chavez, P. 

Harris, P. Haydock, J. Howard and G. 
Cangelosi, unpublished data.). Continued 
development of these techniques, together 
with research into how best they can be 
applied, is a major aim of the HOTO 
Module. Increasing the cost-effectiveness 
of marine observations will be fostered 
and the production and quality of data will 
also be enhanced. This will, in turn. neces- 
sitate the development of rapid data han- 
dling and interpretation systems so that 
tangible benefits can be derived rapidly 
from the data generated. 

There needs to be continuous evalua- 
tion of technical developments and, where 
appropriate, integration of new techniques 
for assessing biological effects into the 
HOTO Module. As temporal changes in 
the nature and quality of physical, chemi- 
cal, and biological measurements occur, 
research will be needed to provide insight 
into the relationships between the different 
types of measurements, if the continuity of 
monitoring is to be maintained. 

For biological response measurements, 
the identification of sensitive indices that 
can be mechanistically linked to specific 
contaminant exposures is essential. This 
would then permit evaluations of the po- 
tential of new technologies for making 
more frequent, more ubiquitous, and more 
synoptic measurements. Technologies in- 
clude development of sensors, remote 
sensing, unattended moorings with or 
without real-time data telemetering, and 
autonomous underwater vehicles. Tech- 
nologies showing most potential for bio- 
logical response measurement include re- 
mote methods of assessing community 
structure, density, and diversity, on-line, 
computer-aided physiological and behav- 
ioral monitoring systems, molecular and 
cellular biomarkers of exposure and dam- 
age. as well as molecular diagnostic tests 
such as immunofluorescence detection of 
proteins and polymerase chain reaction 
(PCR) for DNA amplification, for exam- 
ple, to detect viable but nonculturable 
pathogens. Currently, limitations in the 
measurement of biological responses in 
the marine environment is the most severe 
impediments to the implementation of the 
HOTO Module. 

Systems that exist could be improved 
such as networks of marine laboratories, 
existing time-series programs in the 
coastal ocean, and mussel watch activities. 
New camera systems for benthic surveys, 
remote submarines, and networks of on- 
line biological sensors near major point 
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sources are just some of the tools that will 
be part of assessing the health of the 
oceans. 

Activities to be Undertaken 
The areas of initial emphasis are rec- 

ommended to be as follows: 

1. Development of a set of reliable, 
relatively easily applicable biological 
stress indices reflecting the condition 
(i.e., health) of the marine environment; 

2. Monitoring of the extent of habitat 
losses in coastal zones; 

3. Monitoring of the effects of altered 
sediment loads on the coastal zones: 

4. Monitoring concentrations and 
trends of contaminant loadings in coastal 
zones in relation to community re- 
sponses; 

~D 
rr. 

5. Further development of methodolo- 
gies for the evaluation of assimilative ca- 
pacities of coastal marine areas for conta- 
minant introductions: 

6. Reclamation of available data/in- 
formation on contaminant levels/commu- 
nity responses at regional and national 
levels as baseline information for HOTO 
monitoring activities; and 

7. Development of monitoring/assess- 
ment protocols directed at public health 
protection from marine environmental pro- 
tection and marine resource use. 

8. Aside from the chemical, biochem- 
ical, and physical analytes noted above 
as being the initial basis of measure- 
ments that would formulate the HOTO 
Module, there are a number of biological 
effects measurements that for the most 

part require further research for full im- 
plementation in any observing system. 
These are 

• Molecular and Cellular Biomarkers 
• Cellular Pathology 
• Physiological and Behavioral Re- 

sponses 
• Population and Community Monitor- 

ing 

GOOS Modular Interaction 
Each GOOS module can benefit from 

the receipt of data collected within other 
modules (see Fig. 4). There may be 
significant overlaps (i.e., partial duplica- 
tion) among the measurements required 
by individual modules and that, given 
the correct type and level of coordina- 
tion, these can be minimized while at the 
same time offering increased economy 
and effectiveness. Similarly, there will 
be components  of the interpretative 
products of individual modules that will 
be relevant to meeting the objectives and 
providing contributions to the interpreta- 
tive products of other modules. Again, 
appropriate coordination within GOOS 
should ensure both economy and effec- 
tiveness in the aggregate operational ac- 
tivities of GOOS. 
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