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Marine ecosystems, such as salt marshes, mangrove swamps, seagrass
meadows, coral reefs, intertidal zones, estuaries and coastal waters, continue to
experience mass die-offs of fish and plants, hypoxic events, unusual algal blooms,
declining water quality, and decreasing biological diversity. This degradation is
continuing despite numerous attempts to protect marine ecosystems with federal and
state environmental laws. The Clean Water Act of 1972 provides a case in point.
The massive amounts of money expended to control conventional pollutants and
dramatically reduce the discharge of phosphorus from wastewater treatment plants
and industrial outfalls have resulted in improved water quality in some of the nation's
rivers and lakes over the last two decades. However, rivers continue to discharge
pollutants into estuaries and other coastal ecosystems.

Levels of suspended sediments (from nitrate and total nitrogen from acid
rain, sewage, and fertilizers), and toxic metals (for example, arsenic and cadmium
from fossil fuel combustion, metals manufacturing, pesticides, fertilizers and
detergents) increased in U.S. rivers from 1974 to 1981 (Smith et al., 1987). These
pollutants are delivered by rivers, streams and winds to estuaries and salt marshes.
Many water bodies have levels of pollutants in excess of water quality standards,
even though most major industrial dischargers are incompliance withtheirdischarge
permits.

Sewage treatment plants continue to release heavy metals and nutrients
into estuaries and other coastalwatersand to sequester toxins into sewage sludge,
despite heavy regulation including discharge permits, toxicity testing and monitoring
requirements. Combined sewer overflows contribute contaminated runoff from urban
areas and overwhelm the capacity of sewage treatment plants during storms,
resulting in releases of raw sewage. Toxins escape from industrial facilities and
sewer lines into the atmosphere and are then deposited into waterbodies and their
watersheds, posing serious threats to the Great Lakes and other lakes and estuaries
throughout the country, despite the existence of airqualitycriteria.

The destruction of river bank habitat, wetlands, and other buffer areas
between the land and water due to logging, mining, road building and development
results in the runoff of sediment, pollutants, and excess nutrients (Water Quality
2000,1991). The coral reefs of the Florida Keys have decreased in vitality and water
quality (Dustan and Halas, 1987) despite the designation of the surrounding waters
as "Outstanding Florida Waters" (ostensibly prohibiting the degradation of water
quality) and of the Keys as an "Area of Critical Concern." Many factors have
contributed to ecosystem degradation. Increased levels of sediment loading,
nutrients and toxins are due in part to a lack of standards, lack of effective
mechanisms for ensuring compliance with best land management practices, and lack
of aggressive toxic-use-reduction strategies. Monitoring programs have to a large
extent failed to provide the information necessary to identify threats or incipient
damage (NRC, 1990). Water quality standards are seriously flawed, and standards
for sediment quality and bioaccumulation are lacking, allowing pollutants to cross
unchecked into various ecosystem compartments. Pollution is not managed at
appropriate spatial scales, and within appropriate ecological boundaries. Policy-
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makers prefer to "wait-and-see" whether development or discharges of pollutants will
result in degradation, rather than commit funds or risk being labelled "anti-growth"
while uncertainty exists. Meanwhile, degradation proceeds and few incentives exist
to reduce uncertainty in a timely manner. In this paper we propose new policy and
analytic tools that will result in greater protection of whole ecosystems by
institutionalizing the precautionary principle.

Wait-and-See or Do-No-Harm? Scientific Uncertainty and Decisionmaking

Most examples of marine pollution and habitat degradation can be
attributed to the application of the "wait-and-see principle." According to this
principle, toxic discharges, nutrient pollution, habitat alterations, introductions of
exotic species, harvest of organisms, water supply manipulations and all manner of
other environmental insults are allowed if the resulting environmental damage is
uncertain, but the costs of preventing degradation are known. Application of the
principle is particularly pervasive where future environmental damage is being
weighed against current costs.

The wait-and-see principle has been reflected in environmental policies,
programs and regulatory systems in the United States and in international arenas.
This has occurred notwithstanding the fact that the wait-and-see principle is
generally not formally acknowledged in environmental law. In fact, legislative
language often purports to place the burden of proving that pollution is harmless on
the polluter. In practice, however, laws are often applied in ways that place the
burden of proof on regulatory agencies, citizens and environmentalists; they must
show that pollution and habitat destruction/alteration are harmful to trigger regulatory
action. For example, language in the Toxic Substances Control Act attempts to shift
the burden of proof to dischargers of toxics, but regulators have interpreted this law
in a way that actually requires more information to trigger action than before the law
was written. Under the Clean Water Act, the flexibility afforded to local regulatory
agencies to design compliance schedules or develop site-specific standards has
often been manipulated to provide lengthy implementation delays; this puts
environmentalists in the position of demonstrating the environmental damage
incurred by the delay.

The prevalence of the wait-and-see principle is, in large part, a simple
reflection of human nature. When faced with the prospect of requiring expensive
environmental controls or forestalling development and thus having large—and
quantifiable—effects on local economies, decisionmakers often want more proof of
ecological harm than the equivocal analyses preferred by scientists. Scientists often
respond to requests of policy-makers for advice with hedging on the value of
available data, presumably to protect their credibility in the likely event that
conclusions about the causes and effects of ecosystem degradation will change in
the future. This hedging paves the way for the verbal minimization of threats to
ecosystem integrity or human health, and the utilization of scientific disagreement
and uncertainty to justify inaction.

A substantial literature exists on modelling and statistical techniques to
support decisionmaking under conditions of uncertainty. Applications of such
techniques may prove useful in rendering more transparent the assumptions, facts
and logic used to reach decisions. Water resource professionals have devised rules
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of thumb and statistical criteria that make it possible for them to deal with uncertainty
systematically as they plan and build water supply systems, flood control projects,
and so on. Uncertainty inherent in the hydrologic cycle and other natural phenomena
can be quantified (not necessarily reduced) and handled in a consistent fashion by
using historical records in conjunction with concepts such as maximum probable
flood, drought return period, safe yield, etc. (Wagonner, 1990). Unfortunately, water
resource professionals often embrace the wait-and-see principle; many of them
lobbied against the passage of the Safe Water Drinking Act and the Federal Water
Pollution Act (Clean Water Act) and resisted their mandates after enactment.
Methods to systematize uncertainty should be applied whenever appropriate, but
with caution, especially as the past rapidly becomes the prologue to an uncharted
future of climatic change (Luecke, 1990).

The uncertainty inherent in predicting the harm that will result to
ecosystems, particularly marine ecosystems, from specific pollution or habitat
alteration practices is unlikely to change substantially in the near future. Scientific
uncertainty is the rule in marine environmental issues due to the complexity of
marine ecosystems (e.g., estuaries vary tremendously on various time scales, from
tidal cycles to seasons to years, and differ substantially from one another because of
different geomorphology, riverine input, watersheds, circulation patterns, etc.), a
general lack of powerful marine ecological theories that would allow generalization,
and a lack of long-term monitoring and research sites. Inadequate monitoring
protocols also do not allow the early identification of problems and do not supply the
information necessary to assess threats to and the status of the marine environment
(NRC, 1990).

Scientific uncertainty often persists even after intensive research has been
conducted because of natural variability, because effects cannot often be related to
single causes in complex ecosystems, and because the levels of importance of
various factors are difficult to quantify. Rather than narrowing the suite of con
tributing factors, research has tended to broaden the context of environmental
problems, forcing scientists to examine phenomena on different spatial and temporal
scales.

The water quality and other standards that are supposed to serve as
benchmarks against which potential damage can be assessed are fraught with
inadequacies and uncertainty. Standards are based on the notion that the capacity
of ecosystems to assimilate wastes and recover from physical alteration can be
quantified and predicted; however, little evidence exists to support this assumption.
More often, relevant standards simply do not exist. Standards currentlyexist for only
a few of the thousands of potentially toxic constituents that are discharged into water
bodies. Few standards for toxin and/or nutrient concentrations in the tissues of
organisms and sediments, major sinks for toxins, are currently in use. The
development of standards is usuallyslow, in part due to a lack of incentives resulting
from the wait-and-see principle; if, for example, discharges of unregulated toxins are
allowed to continue until a standard is set, the only advocates for a policy of rapid
standards development are affected citizens and environmentalists.

Scientific uncertainty surroundingthe causes, extent, and future evolution of
ecosystem degradation, combined with very real and quantifiable costs to prevent
projected degradation, has resulted in many examples of the application of the wait-
and-see principle and of the placement of the burden of proof on regulators and
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citizens. First, we present a few examples in which decisionmakers waited for
evidence to accumulate (obviously degraded ecosystems) and then acted to try to
reverse the degradation:

(1) Nutrient loading from septic systems and sewage discharges continue
despite good evidence that many estuaries, coastal embayments, coral reefs,
etc. respond to nutrient additions with excessive growth of opportunistic algal
species, simplification of communities, and sometimes anoxia or hypoxia.
Macroalgal blooms in Kaneohe Bay (Hawaii) (Smith et al., 1981), the nearshore
waters of the Florida Keys (Lapointe et al., 1990) and Bermuda (Lapointe and
O'Connell, 1989), and the subestuaries of Buzzards Bay, Long Island Sound,
and the Chesapeake Bay are examples. Only after these impacts became
obvious were potential solutions explored. Recently, tertiary treatment of sew
age prior to discharge and bans on phosphate-containing detergents have been
used successfully to reduce these effects. In the Chesapeake, Buzzards Bay,
and Long Island Sound regions, comprehensive plans to address point and non-
point sources of nutrients and nutrient loading standards are being developed. A
ban on phosphate-containing detergents and other ways to reduce nutrient
loading (e.g., improved on-site disposal systems, small-scale and alternative
technology-based sewage treatment plants, etc.) are being considered in the
Florida Keys. Cost-effective remedial measures have been identified to address
the problem of excessive nutrient loading at a variety of different scales and
under a variety of different geological and hydrological conditions. Financing for
new sewage treatment works on the appropriate scale and using appropriate
technology to remove nutrients effectively will be required. This is especially
true for important marine habitats in less affluent regions of the United States
and in developing countries.

(2) In 1968, Swedish scientists elucidated the theory that sulfur oxide gases
could be transported over long distances and transformed into acids, explaining
the phenomenon of acid rain. In the mid-1970s, evidence indicating that the
same phenomenon could be occurring in the United States began to
accumulate. However, U.S. policy-makers allowed utilities and other dischargers
to continue the use of tall smokestacks, resulting in the acid rain problems
documented over the last decade. Recently, another problem was recognized:
acid rain also deposits nitrogen into the watersheds of estuaries such as the
Chesapeake Bay, contributing to eutrophication (Fisher and Oppenheimer,
1991). Legislation to control acid rain by cutting SOx emissions was finally
enacted in 1990. EPA's NOx criteria documents are currently in review; ideally,
new NOx criteria will protect sensitive marine ecosystems from atmospheric
nitrogen deposition.

(3)The depletionof the stratospheric ozone layerand the recent increase in the
amount of ultraviolet (UV) radiation reaching the earth's surface resulted from
the unexpected effects of chlorine and bromine (delivered by
chloroiluorocarbons, or CFCs, and halons), sulfur, and nitrogen oxides. After
evidenceof negative effects appeared inmid-1970s, consumers boycotted CFC
propellants despite considerable scientific uncertainty. CFC producers adopted
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the wait-and-see principle, arguing that CFC production and release should
continue because uncertainty existed. The discovery of the ozone hole over
Antarctica prompted agreements to cut production and release. The rate of CFC
phase-out depends on the best available evidence, according to international
agreements on this issue. Newer evidence indicates that stratospheric ozone is
declining more rapidly than expected, and that enhanced UV flux results in
decreased marine primary productivity.
Other issues could be resolved with modifications to legislation and regulation:

(4) Discharges of toxic metals and organic compounds have been allowed while
effects were uncertain, despite evidence that these compounds have negative
effects on marine organisms in laboratory tests. The Clean Water Act promotes
the goal of "zero discharge" of toxics, and directs regulatory agencies to require
discharge permits with adequate allowance for uncertainty. Most urban harbors,
the Great Lakes, and most U.S. estuaries are victims of toxic discharges;
diseased fish, contaminated shellfish, and "hot spots" with high residual
concentrations of metals and organic toxins are the result. Discharge permits for
individual sources may not protect water bodies from the cumulative effects of
many point sources and non-point sources. Community-level indicators of the
incipient adverse effects of toxic discharges are needed. Biological criteria
based on such indicators may help to prevent the contamination of relatively
pristine water bodies (EPA, 1990). Standards are needed for sediment loading
and for toxins and nutrients in sediment and the tissues of organisms (e.g.,
bioaccumulation) in order to identify sites in need of remediation and to protect
all components of marine ecosystems. Mandatory programs for reducing the
use of toxic substances, aided by mechanisms which establish economic in
centives for pollution prevention and recycling, are needed to reduce exposure
of workers to toxic substances and to reduce loadings of toxic pollutants to the
atmosphere and to waterbodies.

(5) Destruction of habitatand buffer zones. Mangrove chipping in the Caribbean
region, dynamiting of coral reefs in the Phillipines, and the use of coral reef
limestone as construction material in Indonesia are all examples of habitat
destruction (Wells, 1988) taking place despite the obvious detrimental effects
and despite uncertainty about the full value of these ecosystems. Natural
ecosystems allow us to avoid costs such as artificial breakwater construction
(which coral reefs provide free of charge) and contain large unrealized
economic potential from sustainable fisheries, pharmaceuticals, ecotourism, etc.
Compelling data on the full value of marine ecosystems managed in ways that
protect biological diversity and the resource base are needed, along with a
popular mandate to do so. Comprehensive land use plans, sanctuaries, and
sustainable harvest practices must be implemented with the full participation of
local resource users. Federal oversight, interagency cooperation, and land
acquisition will be needed to implement measures to protect habitat in the
United States Development assistance will be necessary to implement this kind
of management in less developed countries.
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Finally, we present two examples in which decisionmakers are still waiting to see
what degradation results from ongoing practices and where little impetus for
corrective action exists:

(6) Fish, shellfish, liverock and other marine organisms are harvested without
certain knowledge of the effects of harvest on individual stocks, let alone the
effects on ecological integrity. For example, removal of grazing fishes could
trigger eutrophication in coral reefs. Selective removal of large fish could result
in selection for small spawning size, and hence lower fecundity. Ecological
impacts must be ascertained, harvest limits should be based on the
minimization of these impacts, and refugia for big fish will probably be needed
to keep fecundity high, by protecting highly fecund stocks. The lack of ecolog
ically based fisheries management is the rule in most nations, be they
industrialized or less developed.

(7) The U.S. policy on global warming represents one of the best examples of
the wait-and-see principle. Although warming has occurred over the last
century, the causes of the historical temperature increase remain uncertain (with
greenhouse gas accumulation the most likely cause). There is a high degree of
scientific uncertainty concerning the potential impacts of climate change on
ecosystems, although circumstantial and experimental evidence strongly
indicate that mass coral reef bleaching is linked to anomalously warm local
temperatures (and that these localities have spread around the globe during the
last decade), and that many terrestrial species appear to have shifted their
ranges northward. Increased greenhouse gas concentrations are expected to
increase ocean temperatures generally; continued ocean warming would in turn
be expected to result in increased temperatures near coral reefs, and to trigger
more frequent and severe mass coral bleaching events. Climate change poses
a threat of very large magnitude (extinction and range reductions; collapse of
coral reef ecosystems; physical destruction of wetlands, etc.) and of a long
duration (in some cases irreversible on ecological time scales).

A threat with these characteristics should clearly result in action to reduce
risk despite a large degree of uncertainty. The effects of greenhouse gas accumula
tion on ecosystems will be very difficult to demonstrate until long-term (perhaps 30
year) temperature records are compiled (unusual in marine systems); even then, the
evidence will be circumstantial. The lag time between reductions in greenhouse g&s
emissions and the effects on climate may be about 40 years (due to the thermal
inertia of oceans). Hence, action to reduce effects taken when the effects are
obvious and demonstrable will be too late. Some solutions: gradually increase global
energy efficiency, gradually increase the cost of fossil fuels to reflect total costs
(social and environmental) so as to provide a level playing field for renewable
sources of energy, remove subsidies for highways and provide incentives for
construction and use of mass transit facilities, reforest deforested land, provide
economic incentives for conserving carbon reservoirs (e.g., forests), and provide
environmental technologies on a concessionary basis to less developed countries.
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How to Protect Whole Marine Ecosystems

In each of these examples (with the exception of global warming, for which
past and current effects are uncertain), the wait-and-see principle has resulted in
ecosystem damage and health risks, as well as costly clean-up operations, and
sometimes irreversible degradation: loss of species, destruction of irreplaceable
habitat, continuing toxicity of toxic metal "hotspots". Since the nature of scientific
uncertainty and of equivocal scientific judgements is unlikely to change, the
pervasive use of the wait-and-see approach is also unlikely to change unless a clear
attempt is made to design policies, programs and laws to counteract the tendency to
wait and see. The wait-and-see principle should be replaced at every level with the
do-no-harm principle. The do-no-harm, or precautionary principle would require
polluters, developers and other users to demonstrate that their activities are not
harmful to individual species and/or to whole marine communities and ecosystems,
both local and remote, prior to engaging in them.

The implementation of the do-no-harm or precautionary principle will require
new analytical tools. Monitoring protocols capable of predicting threats to the marine
environment and of providing the information necessary to determine the causes of
degradation are urgently needed (NRC, 1990). Threats analysis, or risk assessment,
is a promising analytical tool but still appears to be very sensitive to input
assumptions, and hence very easy to manipulate in order to rationalize preconceived
results. Less quantitative, more transparent methods may be more useful, such as
jury-like deliberations based on the best available evidence to prioritize threats,
assign responsibility, and determine remedies.

New policy tools must also be incorporated into legislation and regulations if
environmental degradation is to be prevented, rather than merely dealt with when
crises arise. Regulators, scientists, and policy-makers must be inculcated with the
precautionary principle, so that well-intentioned attempts to shift the burden of proof
or prevent degradation in the face of uncertainty are not subverted by poor or even
damaging implementation. Discharges of currently unregulated toxins and nutrients
should be frozen at present levels if the best available evidence indicates that they
pose a risk to the environment. The freeze would be lifted only if sufficient evidence
to the contrary is provided, or when protective standards are developed. Such
emissions freezes are needed to at least preserve the status quo while uncertainty
exists, and to provide incentives for the timely development of standards. Flexibility
will be needed to provide for new evidence and for the fact that freezes are being
imposed on the basis of incomplete evidence. For example, enforceable timelines for
standards development could be established.
Standards should be designed to prevent degradation. In many cases, the concen
tration of a toxin at which adverse effects (including subtle behavioral changes and
other sub-lethal effects) are likely is much lower than the concentration at which
adverse effects are clearly demonstrable. Standards should prevent relatively
pristine waters from degrading; here, a premium must be put on the sensitivityof the
standard, so the standard should be low enough to reduce or eliminate the risk of
degradation even if degradation is not clearly demonstrable. Another type of
standard (such as the concentration of a toxin which yields statistically significant
declines in organism abundance or viability) may be required when a high degree of
demonstrability is needed to justify, for example, a costly clean-up. Deviation of
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water, sediment and/or tissue concentrations of nutrients and toxins from values
characteristic of pristineecosystems should triggeremissions freezes if, as is usually
the case, the present and future capacity of a given ecosystem to assimilate toxins
and nutrients cannot be quantified.

New analytical tools, new kinds of precautionary standards, and new policy
ideas like the emissions freeze should be used in the context of a comprehensive
view of threats, interactions between ecosystems, and ecosystem boundaries.
Cross-media pollution caps will be necessary to ensure that air quality, surface water
and groundwater standards are stringent enough to prevent pollution in marine
ecosystems. Caps on pollution that shrink over time present opportunities to use
tradable emissions reductions credits or other economic incentives to decrease the

cost of pollution reductions (Tripp and Dudek, 1989; Project 88,1988). Care should
be taken to ensure that such trading schemes do not result in harmful
concentrations of pollutants in some sites. Sediment, water, and tissue
bioaccumulation standards should be used together to prevent the movement of
pollution into these ecosystem compartments and to ensure that, for example, water
quality does not remain high at the expense of sediment quality. Circulation patterns
and interactions between ecological communities, drainage basins and airsheds
should be used to define boundaries that reflect ecological realities and to implement
comprehensive pollution reduction strategies that protect all interacting components,
transcending if necessary jurisdictional boundaries. Marine ecosystems must also be
protected from global warming and ozone depletion, and may prove to be sensitive
indicators of these stresses (e.g., coral reef bleaching), helping to define maximum
tolerable rates of climate change and increases in ultraviolet radiation.

In conclusion, it seems clear that the wait-and-see principle is prevalant in
our society. It probably results from the perception of a dichotomy between econom
ic interests and environmental protection, and from the contrast between the readily
quantifiable costs of pollution prevention and control and the less tangible costs of
ecosystem degradation. These factors provide a basis for the historical bias on the
part of decisionmakers to protect economic interests at the expense of
environmental interests. However, a new understanding of the importance of
ecological integrity to economic interests and quality of life, and a new focus on
sustainable resource use and the need to provide a quality environment for future
generations, are emerging. These new understandings are eroding the false
dichotomy between economic interests and environmental protection, and should
make the implementation of the do-no-harm principle more tractable. Scientific
uncertainty should not be an excuse for inaction, but rather should result in prudent
measures to prevent degradation due to ignorance.
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