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Abstract

In recent years, several legislations worldwide (Oceans Act in USA, Australia or Canada; Water Framework Directive or Marine Strategy in Europe, National Water Act in South Africa, etc.) are intending to assess the ecological quality or integrity, within estuarine and coastal systems. Most of these legislations try to define quality in an integrative way, by using several biological elements, together with physico-chemical and pollution elements. This approach will allow assessing the ecological status at the ecosystem level (‘ecosystem approach’ or ‘holistic approach’ methodologies), better than at species level (i.e. the mussel biomonitoring or Mussel Watch) or just at chemical level (i.e. quality objectives) alone.

Increasing attention has been paid to the development of tools for different physico-chemical or biological (phytoplankton, zooplankton, benthos, algae, phanerogams, fishes) elements of the ecosystems. However, there are very few methodologies integrating all the elements into a unique evaluation of a water body. The need of these integrative tools to assess the ecosystem quality is very important, both in terms of scientific and stakeholder point of view. Politicians and managers need to get simple, pragmatic, but scientifically sound methodologies, suitable to show to the society the evolution of a zone (estuary, coastal area, etc.), taking into account human pressures or recovery processes. 

These approaches include: (i) multidisciplinarity, in the teams involved in their implementation; (ii) integration of biotic and abiotic factors; (iii) accurate and validated methods in determining ecological integrity; and (iv) adequate indicators to follow the evolution of the monitored ecosystems.
While countries are increasingly using the establishment of marine parks as ways in which to conserve marine biodiversity, there is awareness at least in Australia based on terrestrial systems that conservation and management of biodiversity cannot be restricted to MPA’s but must include areas outside such reserves. An alternative approach which has been adopted in some areas of Australia is the declaration of multi-use parks which allow activities such as commercial shipping and fisheries although regulated.

This contribution reviews the current situation of the integrative ecological assessment worldwide, by presenting several examples from each of the continents: Africa, Asia, Australia, Europe and North America. 
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Introduction
The marine environment presents high levels of complexity, diverse habitats and supports a high level of biodiversity, providing goods and services together with different uses which should be undertaken in a sustainable way. However, the marine, and particularly estuarine, environment is facing increasing and significant impacts, which include physical and chemical transformation and changes in biodiversity. Causes include land reclamation, dredging and sediment discharges, pollution (hazardous substances, litter, oil-spills, eutrophication, etc.), unsustainable exploitation of marine resources (sand extraction, oil and gas exploitation, fishing, etc.), unmanaged tourism, introduction of alien species, and climate change. These are driven by economic and social pressures for development and access to marine resources and activities through commercial fishing, aquaculture, tourism, recreation, maritime transport, etc.
To face these problems, policy-makers world-wide tend to develop strategies to protect, conserve and manage the marine environment. Hence, the United Nations Convention on Law of the Sea (UNCLOS, 1982) is the international basic legal framework that governs the uses of the oceans and seas. UNCLOS establishes an obligation to protect and use the resources of the marine environment sustainably as does the 1992 Convention on Biological Diversity (CBD, 2000), as highlighted by Parsons (2005). 

At a national or regional level, several initiatives have been developed recently: (i) in December 1998, Australia released an Oceans Policy (Commonwealth of Australia, 1999); (ii) the Canadian Parliament passed the Oceans Act, which came into force in January 1997, being the Canada's Oceans Strategy released in 2002 (Parsons, 2005); (iii) in the USA, the Pew Oceans Commission, created in 2000, and the US Commission on Ocean Policy, created by the Oceans Act of 2000, reported in 2004 (Granek et al., 2005); (iv) in Europe, the Water Framework Directive (WFD), which promotes the protection of continental, estuarine and marine waters, was released in 2000 (Borja, 2005), and the European Marine Strategy (EMS) Directive, was presented in 2005 (COM, 2005a, 2005b, and 2005c; Borja, 2006); (v) in South Africa the National Water Act of 1998 (www.dwaf.gov.za/documents/publications) and the developing Coastal Management Act are presently in the form of the Integrated Coastal Management Bill (www.deat.gov.za); and (vi) in the People’s Republic of China (PRC) a substantial body of legislation exists to address environmental protection (laws on Water (1988/01/21) and Environmental Protection (1989/12/26): Sea Water Quality GB 3097-1997, Environmental Quality for Surface Water GB 3838-2002, and Provisions for Monitoring of Marine Culture and Propagation Areas (2002/04/01)).
The objectives of these initiatives are to protect and/or restore the corresponding seas, ensuring that human activities are carried out in a sustainable manner, providing safe, clean, healthy and productive marine waters. In summary, they try to promote the sustainable use of the seas and conserve marine ecosystems. Hence, the main objective of these legislations is to achieve marine waters in a good environmental or ecological status. Actually, the concept of environmental status takes into account the structure, function and processes of the marine ecosystems together with natural physiographic, geographic and climatic factors, as well as physical and chemical conditions including those resulting from human activities in the area concerned. 
Hence, this concept defines quality in an integrative way, by using several biological elements, together with physico-chemical and pollution elements. This approach will allow assessing the ecological status at the ecosystem level (‘ecosystem-based approach’ (EBA) or ‘holistic approach’ methodologies (Browman et al., 2004; Nicholson and Jennings, 2004; and Rudd, 2004)), better than at species level (i.e. the mussel biomonitoring or Mussel Watch) or just at chemical level (i.e. quality objectives) alone. The EBA is defined as: "a strategy for the integrated management of land, water and living resources that promotes conservation and sustainable use in an equitable way. The application of the EBA will help to reach a balance of the conservation, sustainable use, and the fair and equitable sharing of the benefits arising out of the utilization of genetic resources” (CBD, 2000).

Following this approach, increasing attention has been paid to the development of tools for different physico-chemical or biological (phytoplankton, zooplankton, benthos, algae, phanerogams, and fishes) elements of the ecosystems. However, there are very few methodologies integrating all the elements into a unique evaluation of status and performance of an aquatic system. The need of these integrative tools to assess the ecosystem quality is very important, both in terms of scientific and stakeholder point of view. The scientific challenge is to develop robust simple, pragmatic, but scientifically sound methodologies, which can provide communities and decision-makers with tools to define and monitor the evolution, current condition and biological performance of marine ecosystems and bioregions.  

These approaches include: (i) multidisciplinarity, in the teams involved in their implementation; (ii) integration of biotic and abiotic factors; (iii) accurate and validated methods in determining ecological integrity; (iv) accurate and validated methods for determining the extent and effect of human uses and impacts; (v) adequate indicators to follow the evolution of the monitored ecosystems; and (vi) use of protected areas as means of conserving and managing marine environments especially coastal areas where the greatest anthropogenic inputs occur.
The aim of this contribution is to review the current situation of the integrative ecological assessment worldwide, by presenting several examples from each of the continents: Africa, Asia, Australia, Europe, and North America.
Current situation in Africa
Legislative framework

South Africa is a dry country with an annual national average rainfall of less than 500 mm, well below the global average, with expectations of declines associated with climate change over the next century. Reviews of environmental legislation in South Africa, particularly relating to aquatic resources and the coastal zone, are associated with reviews by the Council for the Environment (1989, 1991) which began proposing policies for coastal zone management. The status of coastal management was subsequently reviewed by Sowman (1993) and this preceded the development of a green paper (Department of Environmental Affairs and Tourism, 1998) focussed on sustainable coastal development, followed by a white paper (Department of Environmental Affairs and Tourism, 2000) on the same topic. The appearance of these policy documents was paralleled by publications by Glazewski (1997) and Glavovic (2000a, 2000b) aimed at converting the policies and concerns articulated in the white paper into an integrated coastal management bill and ultimately a national Coastal Management Act (www.deat.gov.za) which is presently in the process of ratification.

On the aquatic resources side, which includes the freshwater, estuarine and marine environments, the National Environmental Management Act of 199  was superceded/complemented by the National Water Act of 1998 (www.dwaf.gov.za/ documents/publications). This new act represented a radical digression from the philosophy inherent in the historical approach to the management of aquatic resources in that aquatic environments, particularly fresh water and estuarine systems, were granted a legal persona in that the dependence of the functionality of these systems on a minimal level of freshwater flow was given a legal status which had to be taken into account when any water abstraction was contemplated. The arguable premise that aquatic systems, such as wetlands, rivers and estuaries are ultimately dependent on minimal levels of freshwater availability, beyond which their functionality will be impaired, clearly generates the question as to what this level is and how it might be established. This aspect will be dealt with in the next section.

Tools and methodologies used in assessing ecological integrity

In the present context the emphasis will be on the determination of the freshwater requirements of estuaries (DWAF, 1999): Resource Directed Measures for Protection of Water, henceforth referred to as the “reserve” although the procedure is described as part of a package dealing also with reserve requirements of rivers and wetlands (www.dwaf.gov.za/documents/policies/wrpp). 

Some examples of integrative assessment

An example of the above where an assessment of the current status was followed by remedial action and the institution of a monitoring system to check on the effectiveness of the measures instituted is provided by the Mhlanga estuary (290 42’S; 310 6’E) on the northern outskirts of the city of Durban on the east coast of South Africa. This small system with an estuarine area of barely 12 ha (Begg, 1978) is nevertheless typical of many of the 73 systems which occur along the 570 km of the KwaZulu-Natal coastline and further south into the Eastern Cape Province. The major physical and chemical features of these systems are determined by the seasonal rainfall, and consequently variable river flow, coupled with strong wave action and longshore sand transport which typically result in the closure of these systems during winter low flow periods. Under these conditions tidal action is lost and with it any organisms dependent on an intertidal habitat. Salinities typically fall due to sustained low levels of fresh water input and outward seepage through the bar, but layering may develop if the bar is low enough for overwash to occur during high wave conditions. Water levels behind the bar will rise, depending on the height of the bar, and can result in substantial backflooding such that the overall extent of the aquatic environment, in terms of water column and benthic habitat, increases well beyond that associated with high tides during open mouth periods. Under natural conditions this bar would be naturally breached during summer high flow periods but historically (Begg, 1984) this pattern has been disrupted by artificial breaching to prevent flooding of cultivated land or infrastructure in the backflooded areas.

The Mhlanga estuary has over the last 25 years become one of the better known of the smaller KwaZulu-Natal systems by virtue of i.a., general surveys of the system carried out in 1980-1981 (Begg, 1984) and a coincident more intensive focus on the fish fauna which produced information on trophic relationships within the fish community (Whitfield, 1980a), distribution in relation to food resources (Whitfield, 1980b) and factors affecting the recruitment of juveniles into the estuary (Whitfield, 1980b).  Harrison et al. (2000) produced a nationwide assessment of the state of South African estuaries based on the geomorphology, ichthyofauna, water quality and aesthetics. The latter three parameters were rated on a scale of poor, moderate or good. The fish fauna was assessed on the basis of species richness and community composition, the water quality on suitability for aquatic life in terms of dissolved oxygen, ammonia, faecal coliforms, nitrate nitrogen and ortho-phosphate and the aesthetics on a “visual appraisal of the state of development in and around the estuary” incorporating i.a. any type of anthropogenic influence, algal blooms, odours, noise or invasive plants. The fish fauna and aesthetics of the Mhlanga estuary were rated as good but the water quality as poor.  The poor water quality reflects the vulnerability of these small systems during the closed mouth periods when water exchange is minimal and tidal effects non-existent.  In 2002-2003 a multi-disciplinary study incorporating mouth dynamics, physico-chemical conditions, nutrient conditions, phytoplankton and microphytobenthos, zooplankton, benthos, fish and birds, sponsored by the South African Water research Commission was undertaken (Perissinotto et al., 2004) aimed at contributing to the implementation of measures for reserve determinations for estuaries. In the local context the project focussed on the “responses of the biological communities to flow variation and mouth state in temporarily open/closed estuaries” one of which was the Mhlanga.  

In summary, the study supported perceptions and interpretations developed some 20 years earlier (Begg, 1984), viz. that the broad natural cycle of summer breaching and winter closure due to the seasonal rainfall pattern was a major driving force in the functioning of these temporarily open/closed systems. Although these estuaries became non-tidal and salinities dropped to virtual freshwater levels during closed periods, with a consequent limiting effect on benthic invertebrate diversity, the fish fauna, which tended to consist largely of juveniles recruited to these nursery grounds during open mouth periods or through overwash, appeared able to handle these low salinities.  Retention and accumulation of water behind the bar also resulted in an expanded aquatic and benthic environment relative to that existing under high tide conditions.  The increased and stable water column permitted the development of a phytoplankton and in turn the development of a zooplankton and a planktivorous fish fauna while the benthos was able to expand in abundance although not in diversity. Optimisation of these processes was dependent on regular seasonal cycles of breaching or overtopping, allowing fish or invertebrate migration, followed by periods of closure which allowed the accumulation of biomass, both plant and animal, before the next exchange.  Disruption of this cycle by artificial breaching and draining of the estuary during winter when water levels normally peak would disrupt this cycle. Additional impacts would be imposed by nutrient inputs resulting from agricultural runoff or urban pollution causing algal blooms, eutrophication and oxygen depletion.

In the Mhlanga situation records of mouth behaviour coupled with historical observations (Begg, 1978, 1984), calculations of the pristine mean annual and monthly runoff and the present situation indicated that outflow of treated water from a sewage works situated upstream of the estuary significantly increased the total flow into the estuary and the frequency of mouth breaching, resulting in the type of impacts described above. At low input levels the variable quality of the treated effluent was such as to generate periodic localised low or anoxic conditions resulting in fish kills. The increase in water inflow into the river from the sewage works resulted from the fact that the water used in the catchment was derived from other catchments and resulted in an overall increase in the Mhlanga flow. In this situation then the impacts on the estuary arose from the rather unusual situation of excess flow rather than the more common problems arising from water abstraction.  

The provisions of the reserve determinations allow for either the maintenance of an existing acceptable ecological status or the implementation of measures to improve the ecological status of an estuary. In this case the measures that have been implemented by the local municipality involve the installation of a pipeline to transport the excess water to an adjacent catchment which has been subject to significant abstraction as well as improved treatment of the waste water from the sewage works. A monitoring operation has been implemented to assess the success or otherwise of the reduction in water input as well as a closed circuit camera to monitor mouth dynamics including the possibility of anthropogenic interference.

Current situation in Asia

Legislative framework

In Asia, China possesses a comprehensive set of laws and regulations dealing with coastal areas, including over 25 legislative instruments (Cao and Wong, 2007) addressing issues as varied as regulations on dumping (1985, 1992), Marine Protected Areas (1994, 1995, 1997), EIA (2002) (Lindhjem et al., 2007), and a general implementation of the UNCLOS Convention in 1998 (Keyuan, 2001), together with specific dispositions e.g. as regards fisheries (Keyuan, 2003).

Integrated Coastal Zone Management (ICZM) requires appropriate legislation, and additionally benefits from the existence of strong public participation and independent coordination (Lau, 2005) thus avoiding the twin pitfalls of marginalizing stakeholders and encouraging sectorial management. The participation and coordination issues are not easily achieved in the present-day PRC, however a pilot structure for ICZM exists in Xiamen (Xue et al., 2004; Peng et al., 2006) and is planned for Shanghai (Lau, 2005). Nevertheless, the concept of integrated assessment, as set down for instance in the European WFD, does not seem to be widely applied.  
Tools and methodologies used in assessing ecological integrity

A review of available Chinese literature indicates that the application of extended tools to assess ecological integrity is incipient (e.g. Xue et al., 2004; Huang et al., 2006; Leung, 2006), but that there is a growing national concern in shifting from methods based on water chemistry and simple biological diversity metrics to more sophisticated approaches which use ecological indicators of degradation to provide a more robust assessment. Below two methods are reviewed: (i) the coastal eutrophication assessment, compared with the Assessment of Trophic Status (ASSETS) model (for details, see. Bricker et al., 2003; Ferreira et al., 2007; http://www.eutro.org); and (ii) the integrated Comprehensive Index Assessment Method (CIAM), for marine resource assessment. 

Coastal eutrophication assessment

The application of the ASSETS index to Chinese coastal waters (Xiao et al., 2007) provided an opportunity to review the methods currently used in China for assessing coastal eutrophication. Historically, this assessment has focused on chemical indices, using techniques such as the Nutrient Index Method (NIM), to study the effects of system loading by nutrients, and may therefore be considered “Phase I” (sensu Cloern, 2001) approaches (Yao, 2005). 
The NIM, proposed by the Chinese National Environmental Monitoring Center, is based on a nutrient index (Ni) in seawater (Lin, 1996), calculated using Eq.1:
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(Eq. 1)

where: CCOD, CTN, CTP and CChla are measured concentrations of Chemical Oxygen Demand (COD), total nitrogen, total phosphorus (in mg l-1) and chlorophyll a (in μg l-1) in sea water, respectively. SCOD, STN, STP and SChla are standard concentrations of COD (3.0 mg l-1), total nitrogen (0.6 mg l-1), total phosphorus (0.03 mg l-1) and chlorophyll a in seawater (10 μg l-1), respectively (Lin, 1996). If Ni is greater than 4 the seawater is considered eutrophic.
While it is widely used in Chinese coastal systems, research in the past decades has identified key differences, to nutrient enrichment, between the responses of limnology-originated methods, such as this one, and that of coastal-estuarine ecosystems (Cloern, 2001; Bricker et al., 2003; Ferreira et al., 2007). Partly, this is because in coastal environments there is often no clear relationship between nutrient forcing and eutrophication symptoms—systems with similar pressures show widely varying responses. In particular, nutrient concentrations have often been shown to be poor indicators of eutrophication symptoms (e.g. Tett et al., 2003), since ecosystem responses are modulated by typological factors such as morphology, tidal range, natural turbidity and water residence time.

Marine resources and ecological quality assessment

Most of the estuaries and coastal inlets and bays are also important fishery grounds. The Comprehensive Index Assessment Method (CIAM) has been developed and applied to evaluate the ecological quality of the marine fisheries environment for the major coastal areas of China (Jia et al., 2003; Jia et al., 2005; Ma et al., 2006). CIAM incorporates four assessment modules: seawater quality, nutrient level, primary production level, and diet organism richness, the index is the mean value of the sub-module indices. 

Seawater quality assessment in CIAM is focused on water pollution status evaluation. The main components of coastal pollution in China include organic pollution (indicated as COD), eutrophication, total hydrocarbon pollution, and heavy metal pollution. The organic pollution status is assessed using the Organic Pollution Index method (the A value), while the status of other kinds of pollution is assessed using Factorial Analysis (Pi) according to Fishery Water Quality GB 11607 -1989 and Sea Water Quality GB 3097-1997. The classification of sea water quality used in CIAM is given in Table 1. The A value is directly used as Pi during the comprehensive ecological quality assessment stage.

Concentrations of dissolved nitrogen (DIN), phosphate and silicate and their ratios are used in the sea water nutrient level assessment using a NIM (the E value). The seawater nutrient level is classified as: E=0-0.5, Grade: 1, Nutrient level: Low; E=0.5-1, Grade: 2, Nutrient level: Medium; E>1, Grade: 3, Nutrient level: Eutrophic. The E value is used as Pi in the CIAM.

Primary productivity level and diet organism richness are important indicators for the fishery environment quality status. Since they vary significantly among different areas along the China coast, six grades are used to classify the quality status (Table 2). The index level for each item is taken as Pi in the final CIAM. The CIAM index is calculated using the following equation:
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Ip: comprehensive ecological quality index; Pi: index level assessed for indicator i (i.e. indices for seawater quality, nutrient, primary productivity and diet organism richness); n: total number of indicators.

The CIAM of the marine fishery environment is classified into six grades according to quality index Ip: excellent, fine, relatively fine, moderate, poor and very poor (Table 1).
Some examples of integrative assessment

Eutrophication assessment of Jiaozhou Bay, Northeast China
The ASSETS model was applied to Jiaozhou Bay, together with a comparison with the evaluation of eutrophication status using chemical indices. The ASSETS method applies a Pressure-State-Response model, focuses on primary and secondary symptoms of eutrophication (rather than causative factors such as dissolved nutrients), and combines indicators such as algal biomass, harmful algal blooms and submerged aquatic vegetation. 
Jiaozhou Bay is located on the west coast of the Yellow Sea (35(57(-36(18(N, 120(06(-120(21(E) with a surface area of 397 km2 and average depth of 7 m (Editorial Board of “Bays in China”, 1993). It is a semi-enclosed water body, connecting to the Yellow Sea through a 2.5 km channel, and has a mean tidal range of 2.5-3.0 m. The tides can reach 4.2 m at spring tide, and induce strong turbulent mixing, resulting in nearly homogeneous vertical profiles of temperature and salinity (Liu et al., 2004).

The bottom of the bay contains spawning, nursery and feeding grounds for fish, and intensive mariculture. Historically, this has focused on the bay scallop (Argopecten irradians) and Pacific oyster (Crassostrea gigas), cultivated on long-lines. Recently, the long-lines have been removed and the system is used for Manila clam (Tapes philippinarum) cultivation, with a production of 200,000 t yr-1. The main issue in Jiaozhou Bay is the increase since 1990s of both the frequency and magnitude of harmful algal blooms (HABs), although most events are non-toxic (Han et al., 2004).
The volume of Jiaozhou Bay is 1900×106 m3, which, together with a nitrogen load into the bay of 30 ton per day (Wang et al., 2006), result in a “High” rating for the nutrient component of IF (0.933). Strong tidal mixing and high river discharge (8×108 m3 y-1) contribute to moderate flushing and dilution potential (Editorial Board of “Bays in China”, 1993). However, the intensive top-down control of the food web has a significant impact on mitigating eutrophic symptoms. 

The susceptibility component of the IF based on only natural circumstances is considered “Moderate” but when shellfish aquaculture is taken into account, the overall susceptibility is considered to be “Low”. This is one example of the difficulty in universal application of this kind of method, since ASSETS must be potentially adapted to incorporate local societal factors. The combination of “High” nutrient load and “Low” susceptibility gives an overall IF rating of “Moderate Low”.

Chlorophyll a is the only indicator with information for the primary symptoms. No information was found for macroalgae, which was therefore classified as “Unknown”. Maximum chlorophyll a values in Jiaozhou Bay did not exceed the threshold indicated in ASSETS for “Medium” eutrophic conditions. ASSETS uses the 90th percentile to provide a typical maximum value for chlorophyll a, and in the bay this value is between 4-5 μg l-1, i.e. in the “Low” category. Therefore, the rating for primary symptoms is “Low” based on chlorophyll a.
Discrete data for dissolved oxygen were collected from various sites to cover one annual cycle, as secondary symptom. No information was found for submerged aquatic vegetation, but considering the historical scale of kelp aquaculture in the bay, the level for this secondary symptom would be at worst “Low”. 

Very few values below the ASSETS threshold for biologically stressful dissolved oxygen condition (5 mg l-1) were detected in Jiaozhou Bay. As described earlier, the 10th percentile is applied to provide a more consistent minimum value for dissolved oxygen. In this system, the 10th percentile for annual dissolved oxygen data is between 6-7 mg l-1, indicating no problems for this indicator.

According to Han et al. (2004) there were up to 69 harmful algal species observed in Jiaozhou Bay. Toxic blooms are registered episodically, and usually last for only few days, e.g. a Skeletonema costatum bloom was reported to last for five days in July 1998 (Huo et al., 2001). Therefore, the symptom of “nuisance and toxic blooms” is rated as “Low”.

In synthesis, the highest level of the three secondary symptoms falls into the “Low” category, and the OEC
 resulting from the combination of primary and secondary symptoms for this system is “Low”.

The estimate based on the current development scenario gives a 9.3% population increase over 20 years (P.R.C. National Bureau of Statistics, 2001). In addition, Qingdao (the main land nutrient source, pop. 8 million) is strongly promoting its tourism industry and less space is available for mariculture in Jiaozhou Bay. Accordingly, the reduced top-down control on primary production could lead to increased eutrophic symptoms. Additionally, Qingdao prepares to host the Olympic Sailing Regattas in 2008, which has focused attention on water quality issues and mitigation of eutrophic symptoms. The government has pledged to build more wastewater treatment plants in the near future, and more restrictive pollutant emission regulations are coming into effect (Wang et al., 2006).

As a whole, nutrient loads are expected to decrease in spite of the increase in the urban population, and the water quality in Jiaozhou Bay is likely to improve. The Future Outlook can therefore be considered to be “Improve low”. Table 3 summarizes the results obtained from the application of ASSETS to Jiaozhou Bay, which resulted in an overall score of “High Status”, indicative of a system without eutrophication problems.
The result is better than expected due to top-down control related to intensive shellfish mariculture in this system. This has important implications for successful management of nutrient-related problems, which are not captured by the Chinese Nutrient Index “Phase I” methods, which classify the system as Eutrophic. Furthermore, the Nutrient Index Methods cannot by definition be clear indicators for a large system, because there is no accommodation for spatial differences in impact level within a waterbody. The evaluation of systems by salinity zone, as in ASSETS, contributes to a more accurate evaluation of the system and subsystems, which is necessary to target management efforts. A comparison of various methods for eutrophication assessment is shown in Table 4.

The top-down control of the food web in Jiaozhou Bay suggests a feasible way to manage the eutrophication in a coastal system. These strategies for eutrophication control, which have traditionally been used in China for many years, are being discussed with respect to practical implementation in the EU and the US (e.g. Lindahl et al., 2005; Ferreira et al., 2007). Paradoxically, the Chinese, U.S. and other governments and scientists currently focus mainly on a bottom-up approach in improving water quality, though there is still plenty of scope to promote top-down control in the food chain. Water quality data collected in Jiaozhou Bay during 1999-2000 were used to estimate the gross removal of algae by Manila clams. On the basis of reported bivalve stocks, these organisms annually remove about 627 t yr-1 of chlorophyll a, which (considering a carbon:chlorophyll ratio of 50 and the standard Redfield C:N ratio of 45:7 in mass) corresponds to the removal of almost 4,900 t yr-1 of nitrogen, i.e about 1.5 million population equivalents, or 17% of the population of Qingdao, and to about 45% of the estimated 11,000 t yr-1 nitrogen load. Along with economic benefits, the introduction of filter-feeders on a reasonable scale thus allows for cost-effective removal of nutrients and mitigation of eutrophic conditions, which is more environmentally-friendly and sustainable for a coastal system (Shastri and Diwekar, 2006).
Marine resources and ecological quality assessment in the South China Sea

In order to understand the health status and ecological quality of the fishery environment in the northern South China Sea, a comprehensive and systematic survey program was carried out (including Taiwan bank, East Guangdong, Pearl River estuary, West Guangdong, Southern waters of Hainan, and Beibu Bay), from 1997 to 2002. The quality status of the fishery environment in the northern South China Sea was assessed based on the data of seawater quality, sea water nutrient structure and nutrient level, primary productivity and diet organism level using CIAM (Jia et al., 2005). 

The results showed that the overall water quality index was within the criteria limit of Fishery Water Quality GB 11607 - 1989 and the Grade criteria of Sea Water Quality GB 3097 – 1997. The organic pollution index (A value) range was 0.411~0.237, and the nutrient index (E value) range was 0.10~0.34, which indicated the waters were not organically polluted and the nutrient status was low. The primary productivity of the waters, ranging from Grade 5 to Grade 1, with an annual average of Grade 3, was in a “medium” level. For the richness of diet organism, the grade of phytoplankton, zooplankton and benthic organisms were 3, 5 and 4 respectively, within a “relatively high” level in general. 

The comprehensive quality assessment results (Table 5) showed that the quality indices of 9 factors (including DO, DIN, PO43, A, E, primary productivity, phytoplankton, zooplankton and benthos) were all lower than 1.0 and the comprehensive quality index was 0.58, which indicated the ecological quality of the overall area was relatively fine. However, the comprehensive ecological quality index of Pearl River estuary, East Guangdong waters, West Guangdong waters and Beibu Bay were all over 0.60, and the quality status was “moderate”, far worse than the “fine” level, which is a sign of environmental degradation along the coast of Guangdong Province, and means that due to the continuous and rapid growth of industry and economy of Guangdong, especially in the Pearl River Delta, more attention should be paid to environmental protection and ICZM.
Current situation in Australia

Legislative framework

Australia adopted an Oceans Policy in 1998 and subsequently established a National Oceans Office that initiated a process of marine bioregional planning. These measures reflected requirements and obligations that arose for Australia as a signatory as the United Nations Convention on the Law of the Sea (UNCLOS) came into force in 1994. Subsequently, the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) provided the overarching framework for management of Australia’s national and international marine environmental responsibilities.  

In 2005 the Australian Government brought its program of regional marine planning directly under the scope of the EPBC Act 1999.  

However, as a federal nation, the situation is complicated by the history of internal jurisdictional responsibilities for the original 3 nautical mile territorial sea that existed prior to the development of arrangements under UNCLOS.  In 1975 a decision of the High Court of Australia upheld legislation vesting sovereignty in respect of the territorial sea in the Federal Government.  The implications of this were addressed by the Offshore Constitutional Settlement of 1979 whereby legislative competence and proprietary rights over the 3 nautical mile territorial sea were transferred to the States and Territories through the Coastal Waters (State Titles) Act (1980). This revalidated pre-existing state legislation and restored the title, responsibilities and rights of states and territories with respect to the seas, seabed and subseabed within the 3 nautical mile territorial sea and internal waters.
  As a consequence the States and Territories have primary responsibilities for management of marine environments, natural resources and the impacts of human activities within internal waters and the 3 nautical mile territorial sea. The States and Territories have differing approaches to management of marine ecological integrity.

Federal responsibilities relate primarily to areas beyond 3 nautical miles although Section 23 (2) of the EPBC Act (1999) gives the Federal Government an overarching capacity to address issues that actions taken outside Commonwealth Marine Areas that have, will have or are likely to have a significant impact upon them.

In parallel with the development of a broader political and legislative framework for marine environmental management in the context of UNCLOS, Australia was engaged in the implementation of the Great Barrier Reef Marine Park Act (1975) which provides for the Great Barrier Reef Region to be for conservation and reasonable use. 

Currently there is no standard set of environmental indicators used across Australia by the states and federal governments. After 2001 the Australian State of the Environment (SOE) reports, an attempt was made at the following Australian and New Zealand Environment and Conservation Council (ANZECC) to obtain some uniformity of indicators across Australia. A core set of 75 indicators was established but efforts to reduce this to a smaller core set were unsuccessful. Subsequently for the SOE 2006 process, a data reporting system (DRS) (www.deh.gov.au/soe/DRS) was developed.  However a brief review of the various SOE’s for each state government for an evaluation of the status of estuarine and inshore coastal waters, revealed no uniformity or consistent pattern of indicators being used between the states, although virtually all were physical parameters with no biological indicators being used.  

In 2004 there a comprehensive report prepared on estuarine, coastal and marine indicators for regional NRM monitoring by the CRC for Coastal Zone, Estuary and Waterway Management (give website) and they summarised the issues to be targeted such as inland aquatic ecosystems integrity and estuarine, coastal and marine habitat integrity as well nutrients, turbidity and surface salinity in freshwater aquatic environments, significant native species and ecological communities and invasive species. For each of these items for targeting they provide a detailed summary of useful indicators. However there is no attempt to discuss the actions to be taken by the relevant authorities (of which there are many) to act upon the results obtained from any monitoring undertaken. The situation is confused by the State Federal boundaries. It is unclear as to whether any real progress has been made in co-ordinating these measures and then acting on them.
Tools and methodologies used in assessing ecological integrity

In parallel with the development of a broader political and legislative framework for marine environmental management in the context of UNCLOS, Australia was engaged in the implementation of the Great Barrier Reef Marine Park Act (1975) which provides for the Great Barrier Reef Region to be managed for conservation and reasonable use. 

With an extent of 350,000 km2 and little physical survey of areas beyond shipping lanes, preparation for ecosystem scale management of the Great Barrier Reef required development of approaches to implement a working understanding of bioregionalisation in a data-lean environment (Kenchington, 1990). The initial tasks included commissioning of a geomorphological classification of reefs and shoals at a scale of 1:250,000. This was followed by detailed surveys of reefs conducted by the Australian Survey Office and subsequently by the development of 1:250,000 rectified maps of the Great Barrier Reef region drawing on LANDSAT imagery to infill ground survey data (Kenchington, 1990). These maps were used for expert consultation on the distribution of ecological communities and fisheries resources. Data on the occurrence and distribution of biological communities was extremely patchy with major data sources being reef research stations and expeditionary studies. The community and resource distribution maps resulting from expert consultation were then used to seek comment and amendment during a phase of public consultation prior to development of a draft zoning plan for a section of the Great Barrier Reef Marine Park (Kenchington, 1990).  

The initial zoning of the Great Barrier Reef took account of seabed communities known from fisheries surveys and production and benthic communities such as Halimeda algal beds and sponge beds but focussed largely on coral reef communities. In 1998, the Great Barrier Reef Marine Park Authority started a process of review of zoning in the light of experience, new information and changed circumstances of use and management of the Marine Park (Lawrence et al., 2002).

A major element identified in the context of management responsibilities was the need for an adequate network of highly protected (no take) areas representative of all of the bioregions occurring within the Great Barrier Reef World Heritage Area. Using groups of specialists GBRMPA convened a series of facilitated workshops and they identified 

There are 30 reef and 40 non reefal bioregions which could be characterised by physical and biological features. A decision was made that at least 20% of each of these bioregions was to be declared as a no take zone, after the complete rezoning, many of these bioregions were represented by more than 20% no take. The location of these no take zones took into account economic and social factors to try minimising the impact of these zones on the users of the GBR. Ongoing monitoring during the next few years will attempt to obtain data to support the declaration of these no take zones and identify if additional such zones need to be declared, especially in the light of ongoing climate change.

Some examples of integrative assessment 
An example is the Integrated Marine and Coastal Regionalisation for Australia (IMCRA). The methods developed for assessment of the Great Barrier Reef region were an important input to the process of developing a marine biogeographic regionalisation of Australia which was required to address commitments in connection with the creation of a national system of representative marine protected areas. A workshop in 1994 (Muldoon, 1995) led to the development of an initial interim biogeographic regionalisation (Thackway and Creswell, 1995), a series of updated versions and most recently in 2006 to an integrated marine and coastal regionalisation of Australia.

The IMCRA has developed best contemporary understanding of provincial bioregions based on regionalisation of demersal fish communities (CSIRO, 1996).  Nested within this, a meso-scale regionalisation has been developed using finer scale information provided by relevant State and Northern Territory agencies. The third element is a map of sea bed classified into 14 classes of regions of similar geomorphology.

The IMCRA process is dynamic providing for updates as new data comes to hand indicating need for revisions.

Current situation in Europe

Legislative framework

In recent years the European Union has adopted several Directives for the nature protection (e.g. for Habitats and Species, Wild Birds, or Environmental Impact Assessment). However, increasing pressures and impacts within European estuaries and coasts, have lead to the approval of a series of laws focus on water management (e.g the Water Framework Directive, the Recommendation on Integrated Coastal Zone Management (ICZM), the Directive on the Marine Strategy, and the Maritime Policy) (for details on these Directives many references can be consulted, such as Borja et al. (2004a), Borja (2005, 2006), or a recent special issue in Marine Pollution Bulletin (2007: 55(1/6)). All these Directives emphasise the increasing need of protecting European coastal and estuarine ecosystems and the move towards marine integrative management.
Hence, the main objective of the WFD is to achieve a Good Ecological Status, for all European water bodies, by 2015. On the other hand, the EMS requires achieve a Good Environmental Status, for all European seas, by 2021.

Tools and methodologies used in assessing ecological integrity

The achieving of the abovementioned objectives requires the development of tools and methodologies suitable to assess the environmental quality in an integrative way. The integration of several elements of the ecosystem, including physico-chemical and biological elements (phytoplankton, zooplankton, benthos, algae, phanerogams, fishes), is essential in the assessment. 

The European scientific community is developing many different methodologies to assess the quality of each of the elements separately, within the WFD. Some of these methodologies can be consulted in volume 55 (issues 1-6) of Marine Pollution Bulletin, together with the report “WFD intercalibration technical report. Part 3 – Coastal and Transitional Waters” (March, 2007. www.xxxxxxxxxxxx). Conversely, the efforts addressed until now for the EMS implementation have been focused in fisheries management, under the EBA (Browman et al., 2004; Nicholson and Jennings, 2004; Rice et al., 2005; Frid et al., 2006).

However, very few studies have been published in integrating all physico-chemical and biological elements in a unique assessment of the ecosystem status (Borja et al., 2004a).
Some examples of integrative assessment

The approach of Borja et al. (2004a) was expanded to include  physico-chemical (Bald et al., 2005), chemical (Borja et al., 2004b; Borja and Heinrich, 2005; Rodríguez et al., 2006), and benthic communities (Borja et al., 2000; Muxika et al., 2007).

The WFD established two different quality statuses: chemical and ecological status. The chemical status is based upon metal and organic compound concentrations, and is determined by comparing monitored concentrations with quality objectives (QO) (if concentrations are under QO, the chemical status is met; if concentrations are over QO, the chemical status is not met). The WFD only mentions water quality in assessing the chemical status, but some authors include sediment and biomonitoring  quality (Borja et al., 2004b, 2006; Borja and Heinrich, 2005) or just sediment (Crane, 2003) (Table 6).

Conversely, the ecological status integrates physico-chemical, chemical and biological indicators. The physico-chemical indicators used in this assessment are those supporting the biological elements (thermal conditions, salinity, oxygen, nutrients, transparency). The physico-chemical status is assessed by means of a Factorial Analysis (FA). Hence, the projection of each sampling station, to the line connecting reference conditions of ‘high’ and ‘bad’ status, is calculated in the new 3-dimensional space defined by the FA (see Bald et al. (2005), for details). Consequently, those stations located near the high reference would represent a ‘high’ physico-chemical status, and stations located near the bad reference, would be classified as in ‘bad’ physico-chemical status. Intermediate stations would be classified in ‘good’, ‘moderate’ or ‘poor’ status. 

Pollutant concentrations are also used in assessing the ecological status, but only to determine ‘high’, ‘good’ and ‘moderate’ status (see below). In this particular case, the WFD defines ‘high’ status, when concentrations of pollutants remain within the range normally associated with undisturbed conditions (i.e., below the background level). The concentrations between background levels and QO are in accordance with the WFD ‘good status’ definition, while ‘moderate’ status can be considered when concentrations are over QO (for details in this assessment, see Rodríguez et al. (2006)).
The metrics used in the methodologies implemented for the biological quality assessment, within the WFD, are very diverse (Table 7). These methodologies include multimetric and multivariate approaches (Borja et al., 2004a; Muxika et al., 2007). These authors provide the way to assess the quality of each of the individual biological elements (i.e. phytoplankton, macroalgae, benthos or fishes). However, it is also necessary to integrate these individual results in a unique quality value (Borja et al., 2004a).
Following some interpretations, the classification of the ecological status in the WFD should be based upon the worst of the values in the biological elements. Hence, if the phytoplankton has a moderate value and the remainder of the elements has a high status, the global classification should be moderate ecological status. Taking into account the variability of some of the biological elements, and the absence of accurate methodologies in assessing the biological status, Borja et al. (2004a) propose the weighting of those elements, such as benthos, with contrasted and intercalibrated (Borja et al., 2007) methodologies. Hence, a decision tree permits to derive a more accurate global classification, including also physico-chemical and chemical elements (Table 8). 
Most of the methodologies used within the WFD, determines the quality at the sampling station level. However, the Directive requires integrating quality at the water body level. Hence, one of the possible ways to achieve this is by using Table 9. This example illustrates a water body with 4 sampling stations, each of them representative of a certain surface, within the water body. When obtaining the status for each station, this result can be substituted by an equivalent value, which allows weighting the global status, depending on the representativeness of each of the sampling stations. The same approach can be used in a previous step, when integrating values of biological or physico-chemical elements, as shown in Table 8. 

Current situation in North America

Legislative framework

In the United States (US), recognition of short and possible long-term impacts led to legislation to monitor conditions and study the causes of eutrophication, in order to provide a basis for protecting water bodies from further degradation and for appropriate management measures that will improve water quality at impaired sites. The main legislations for the US are the Clean Water Act  (CWA) of 1972, Air Pollution Prevention and Control Act of 1977, Coastal Zone Management Act of 1972, Harmful Algal Bloom and Hypoxia Research and Control Act of 1998. The responsibilities and interactions among US agencies are shown in Figure 1.
National monitoring and assessment of water quality and nutrient inputs in the US is shared by several federal agencies, primarily the Environmental Protection Agency (EPA) and the National Oceanic and Atmospheric Administration (NOAA). The EPA is charged with regulating most aspects of water quality (e.g. development of nutrient criteria, 305(b) and 303(d) reporting requirements and total maximum daily load (TMDL) development) per the federal CWA (USEPA, 2003). Responsibility for implementing water quality standards and criteria, and for monitoring to assess attainment, is generally delegated to state water management authorities. States and tribes are thus required to report periodically to the EPA on water quality conditions within their states, and to develop plans to remedy impairments when they occur. EPA and NOAA support regulatory decisions by providing research and assessment results and share some management responsibilities (e.g. Coastal Zone Management Act Reauthorization Amendments [CZARA] Section 6217 coastal non point pollution control program; CZMA, 1996).

The CWA establishes that, wherever possible, water quality must provide for the protection and propagation of fish, shellfish, and wildlife, and recreation in and on the water and/or protection of the physical, chemical, and biological integrity of those waters. In adopting water quality standards, states and tribes designate uses for their waters in consideration of these CWA goals, and establish water quality criteria (that contain sufficient factors) to protect integrity and those uses. In 1998, EPA developed the National Strategy for the Development of Regional Nutrient Criteria (USEPA, 1998). This strategy presented EPA’s intention to develop technical guidance manuals for four types of waters (lakes and reservoirs, rivers and streams, estuaries and coastal waters, and wetlands). The approaches described in these manuals have been applied by EPA and resulted in the publication of 26 ecoregional nutrient criteria documents, under CWA section 304(a) for lakes and reservoirs, rivers and streams, and wetlands, to assist states and tribes in establishing numeric nutrient criteria to protect uses when adopting water quality standards.  To date, there have been no such 304(a) criteria established for any U.S. estuary, however, the technical guidance manual for estuaries and coastal waters was published in fall 2001 (USEPA, 2001). It presents EPA’s recommended approaches for developing nutrient criteria values for estuaries. In this document there was ambiguity regarding whether nutrient concentrations or nutrient loading are to be considered optimal in the context of estuarine eutrophication management.

Tools and methodologies used in assessing ecological integrity

There are several methods for evaluating ecological integrity or condition status of coastal waters and they have different issues of focus. Here we discuss and give results for the application of two methods for eutrophication assessment, the National Estuarine Eutrophication Assessment/Assessment of Estuarine Trophic Status conducted by the National Oceanic and Atmospheric Administration and the Environmental Protection Agency’s National Coastal Assessment. The EPA NCA includes indices for evaluation of additional pollutants and ecological compartments including a Benthic Index which here is compared to the IBI developed elsewhere (Dan…..you have expertise in this which I do not, could you add some discussion here? Thanks!). All of these methods are designed to evaluate conditions and some methods also address the causes for observed impairment with the intent to inform management.

NOAA’s Estuarine Eutrophication Assessment and the Assessment of Estuarine Trophic Status (NEEA/ASSETS) 

NOAA’s nationwide assessment of 141 US systems used assessment of individual systems, synthesized to regional and national levels, to show that nutrient related water quality problems occur on a national basis (Bricker et al., 1999; NOAA, 1996, 1997a, b, c, 1998). The recent update examines changes that have occurred since the early 1990s (Bricker et al., 2007). The NEEA Program established working groups to improve accuracy and applicability of the methodology with the intent of being complementary to the National Research Program for Nutrient Pollution in Coastal Waters (Howarth et al., 2003), interactive with the EPA NCA, and to support efforts by US states and the European Commission (EC) member states to fulfill requirements of the CWA section 305(b) and the EU WFD (eg. Coast, 2003 and OSPAR, 2002), respectively. 

The method and ongoing modifications are described here in brief. A full description of the Pressure-State-Response method can be found in Bricker et al. (1999, 2003, 2007), Ferreira et al. (2007), Scavia and Bricker (2006) and at http://www.eutro.org and http://www.eutro.us . 

Pressure–Influencing Factors (IF): Pressure is determined by a matrix combines the magnitude of inputs from the watershed with some measure of the system’s ability to dilute or flush the nutrient inputs (i.e., susceptibility). A model compares anthropogenic nutrient loading with natural background concentrations and also factors in potential nutrient inputs from oceanic sources providing insight to whether management measures would be successful. Where monitoring data is inadequate, model results are used to estimate nutrient loads and sources from watersheds and to examine the primary causative factors in the development of problems and potential benefits of BMP application (eg. USGS SPARROW model, Smith et al., 1997, and WATERSN  model, Castro et al., 2001; Whitall et al., 2003, 2004).

State– Overall Eutrophic Condition (OEC):  Five variables are used to determine condition. These are divided into two groups: 1) chlorophyll a (Chl) and macroalgae, called primary symptoms, indicate early stages of eutrophication; and 2) low dissolved oxygen (DO), losses of submerged aquatic vegetation (SAV), and occurrence of nuisance and/or toxic algal blooms (HABs), called secondary symptoms, are indications of well-developed problems. An area-weighted-estuary-wide value for each variable was determined based on concentration, spatial coverage, and frequency of occurrence of extreme or problem conditions. The primary symptom expression level is determined by averaging the values for Chl and macroalgae, while for secondary symptoms the highest score (worst impact) of the three is selected for precautionary reasons. These values are combined in a matrix to determine an overall ranking of eutrophic conditions, or impact level, for the estuary which fall into one of five categories; High, Moderate High, Moderate, Moderate Low or Low.

Chl and DO scores are determined using statistical criteria (percentile 90 for Chl and percentile 10 for DO using annual data; Bricker et al., 2003) while macroalgae, HABs and SAV loss are determined heuristically. Improvements have been proposed for macroalgae and SAV assessments based on a comparison of potential colonization area and observed colonized area. Threshold levels for specific HABs have also been considered, such as the index for brown tides developed for the Maryland Inland Bays by Gastrich and Wazniak (2002). 

Response–Future Outlook (FO):   Response, the expected condition at some time in the future, is determined by combining susceptibility of the system with expected changes in nutrient loads. Predictions of future nutrient loading (increase, decrease, unchanged) are based on predicted changes in population and watershed uses, mitigated by planned management actions. Note that this is not the traditional use of response which usually refers to the behavioral or management response designed to mitigate and prevent further problem occurrences. A more traditional Response component is being developed to complement the existing Response component (Ferreira et al., 2005)

ASSETS Synthesis: The three components are then combined into a single rating for the estuary resulting in a rating of: Bad, Poor, Moderate, Good or High.
Modificatios to the NEEA/ASSETS:

Modifications include development of a type classification, type-specific indicator thresholds, and a human use indicator (Bricker et al., 2007). 

Type classification: Addition of a classification by type is expected to improve the assessment accuracy and management effectiveness. Typology groups embayments within a small number of classes based on similarity of physical characteristics such as morphology, freshwater discharge and salinity stratification, using both qualitative and quantitative criteria. The aim is to use type specific indicators that are manageable and can be used to characterize status and provide “early warning” of impending type-specific problems. The number of types should be kept as small as possible, and a subset of well-studied systems used to represent each type to reduce monitoring costs while maximizing prospects for successful management of systems that are not well studied. 

The EPA has developed a classification using a similar clustering approach, however, additional pollutant stressors are included in the EPA classification framework (eg., suspended sediments, toxics, habitat alteration) as are other types of water bodies (i.e. the Great Lakes and Great Lakes coastal riverine wetlands; Burgess et al., 2004). Despite the differences, the EPA classification resulted in 11 groupings compared to the 10 NEEA groups (Bricker et al., 2007; Kurtz et al., 2006). The EPA and NOAA are currently collaborating on testing and intercalibrating the two classifications.

Human use impacts: Despite its importance, few previous studies have looked at the social and economic costs of eutrophication, and those that do focus on lost productivity because indirect and non-use costs are so difficult to measure. Given the complex nature of eutrophication, there are a variety of potential human-use impacts, (e.g. commercial and recreational fishing, fish consumption, swimming, boating, aesthetics, tourism) that can be examined, however, adequate data is not available for most of these activities (Bricker et al., 1999, EPA 2005). Recreational fishing is important in most estuaries and one that is often directly impacted by eutrophication. Fishing data can be combined with water quality monitoring data and analyzed to determine whether recreational fishing catch rates are related to eutrophic conditions within particular estuarine systems (e.g. Lipton and Hicks, 1999, 2003; Bricker et al., 2006). When a significant relationship is found, recreational fishing catch rates, with appropriate adjustments for other influencing factors, can be used as an indicator of human use impairment due to eutrophication. With additional data and analysis, a dollar value estimate of lost economic welfare can be estimated directly using techniques such as travel cost and random utility models (Herriges and Kling, 1999). Alternatively, with a large number of recreational fishing value studies available in the literature, an approximation of lost economic value can also be determined using benefits transfer (Walsh et al., 1992).

EPA National Coastal Assessment 

The US EPA's National Coastal Assessment (NCA) Program surveys the condition of the nation's coastal resources through nationally integrated, comprehensive monitoring in coastal states. The Program is implemented through a federal – state partnership and is designed to answer broad-scale questions on environmental conditions to supplement section 305(b) of the CWA, which requires EPA to report periodically on the condition of the nation’s waters (USEPA, 2003). All samples are collected at stations that are randomly selected using the EPA Environmental Monitoring and Assesment Program’s (EMAP) probablilstic sampling framework. Data were sampled once per year during a summer index period (June to October) which typically represents the time period of greatest observed nutrient-related impacts (USEPA, 2001a). 

The National Coastal Condition Reports (NCCR1, NCCR2; USEPA, 2001, 2004), developed and reported regional and national results for five primary indices using data available from the NCA and other national coastal programs: water quality index, sediment quality index, benthic index, coastal habitat index, and fish tissue contaminants index. These indices were selected because of the availability of relatively consistent data sets for these indicators for most of the country. They do not address all characteristics of estuaries and coastal waters that are valued by society, but they provide information on both ecological condition and human use of estuaries. The Water Quality Index (WQI) is the indicator describing nutrient related conditions and will be the one discussed here for comparison to the NEEA/ASSETS.  It is a combination of data on the status of 5 indicators: dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorus (DIP), Chl, water clarity (Secchi depth) and DO. A rating is developed for each of the 5 indicators. The WQI is intended to characterize acutely degraded conditions within coastal regions during the index period. The aim is to develop a national picture through a probabilistic statistical approach that is not expected to capture site-specific details. If a site is designated as fair or good, it may be characterized by poor conditions for short time periods but outside of the index period.

The NCA Benthic Index is a set of regionally based (Northeast, Southeast, and Gulf coasts) benthic indices of environmental condition for estuaries that reflect changes in diversity and population size of indicator species to distinguish degraded benthic habitats from undegraded benthic habitats (Engle et al., 1994; Weisberg et al., 1997; Engle and Summers, 1999; Van Dolah et al., 1999). These indices reflect changes in benthic community diversity and the abundance of pollution-tolerant and pollution-sensitive species. A high benthic index rating for benthos means that samples taken from an estuary’s sediments contain a wide variety of species, a low proportion of pollution-tolerant species, and a high proportion of pollution-sensitive species. A low benthic index rating indicates that the benthic communities are less diverse than expected, are populated by more pollution-tolerant species than expected, and contain fewer pollution-sensitive species than expected. The benthic condition data presented throughout this report were collected by the NCA Program unless otherwise noted. Indices vary with region because species assemblages depend on prevailing temperatures, salinities, and the silt-clay content of sediments. (Dan – I stole this from the NCCR2 introductory chapter…feel free to modify!)
The NCA complements the CWA Sections 305(b) and 303(d) state reporting requirements, which identifies waterbodies with eutrophication indicators that do not meet adopted state water quality criteria for designated uses. For waterbodies that do not meet the criteria (i.e. impaired waters) special state actions are required, specifically inclusion on the Section 303(d) list of impaired waters, which establishes  protocols, such as development of total maximum daily load (TMDL) analyses, that must be taken to correct pollution caused impairments (USEPA, 2003). 

Each of the five indicators are assessed for each individual site based on existing criteria, guidelines, or the interpretation of scientific literature. The five indicator ratings are given equal weight and combined to give an overall rating for the site. Then a regional rating for each indicator is developed based on the condition of individual sites within the region. For example, in order for a region to be rated poor with regard to the dissolved oxygen indicator, more than 15% of the coastal area in the region must have dissolved oxygen measured at less than 2 mg. L-1. A particular strength of this program is that the regional criteria boundaries (i.e., percentages used to rate each regional condition indicator) were developed by EPA in conjunction with NOAA and other agencies, environmental managers, resource experts, and the knowledgeable public. This type of collaboration, designed to produce more accurate assessments should be encouraged and continued as type classification and load response relationships are developed for the US and waterbodies globally.

Other Benthic Index/Indices……Dan – this is a place holder for  the benthic description of which I have little expertise, feel free to move etc it’s just so it has a place
Some examples of integrative assessment

The results presented here are from applications of the NEEA/ASSETS and the EPA National Coastal Assessment.

NOAA’s Estuarine Eutrophication Assessment and the Assessment of Estuarine Trophic Status (NEEA/ASSETS) 

The NEEA/ASSETS method has been used to evaluate individual systems, results that can then be summarized regionally and nationally to provide a broader picture of conditions. The results that follow are from the recent National Estuarine Eutrophication Assessment (Bricker et al., 2007).

Influencing Factors: The majority of systems assessed (36 of 64) had high influencing factor ratings, indicating that these estuaries receive a large amount of nitrogen from human related activities compared to their capacity to dilute or flush nutrients (Figure 2). High nitrogen loads were largely attributed to the influence of expanding and dense coastal human populations. Influencing factor ratings were high along the Gulf of Mexico and mid – south Atlantic coast, low in the North Atlantic, and mostly unknown in the Pacific region. Low influencing factors in the North Atlantic region are likely due to relatively low nitrogen loads and strong tidal flushing. In contrast, high ratings in the mid-Atlantic region likely result from high nitrogen loads relative to susceptibility. The high geographic variability of nitrogen loading and susceptibility indicates a need for locally tailored management action.

Overall Eutrophic Condition: Eutrophication is a widespread problem throughout most of the regions (Figure 3; for more detailed regional results (see Chapter 4 in Bricker et al., 2007). The majority of estuaries assessed (64 of 99 systems) had eutrophic conditions rated as moderate to high. These systems represent 78% of the assessed estuarine surface area. The largest concentration of highly eutrophic systems is located around Chesapeake Bay, an area that also has high influencing factor ratings and the highest population density of any region. There were 35 systems (21% of assessed surface area) which exhibited low to moderate low overall eutrophic conditions. More than half of these estuaries were located in the Gulf of Mexico and Pacific Coast regions. Overall eutrophic condition (OEC) and symptom expressions were geographically variable though systems with high OEC ratings were mainly located in the mid-Atlantic region (Figure 3). There were differences in eutrophic status among estuaries in close proximity with the net effect of this variability being no national pattern of overall eutrophic conditions or symptom expressions. The most commonly occurring eutrophic symptom was high spatial coverage and high frequency of elevated chlorophyll a levels (Figure 4a). Most estuaries also exhibited at least one other moderate to high symptom expression in addition to chlorophyll a (e.g. nuisance/toxic blooms; Figure 4b). 
The most frequently noted caused of eutrophic impairments were agricultural activities (crops and animal operations), urban runoff, wastewater treatment plants and atmospheric deposition. These are the major sources of nutrients that are included in the total loads used to determine influencing factors. There are patterns that exist between influencing factors and eutrophic conditions. Of the 15 estuaries with high OEC, 13 had high susceptibility scores. In contrast, of the 35 systems with moderate low or low OEC scores, 31 had low or moderate susceptibility. Eleven of these 31 systems had a low or moderate low OEC rating despite high nutrient loads. These systems seem able to naturally suppress eutrophication.  

Data confidence and reliability (DCR) varied among systems. The general trend showed moderate DCR ratings in systems with high overall eutrophic conditions but low DCR ratings in systems with moderate or low OEC ratings. Most of the systems with high confidence are located in the North and mid-Atlantic regions, while those with low confidence are located in the Gulf of Mexico and Pacific Coast regions.

Changes in eutrophic condition since the 1990s 
Comparison of eutrophic conditions assessed from the early 1990s to 2004 indicates similar levels of eutrophication (Figure 5) despite population increases in coastal counties nationally of 13% between 1990 and 2003 (Crossett et al., 2004). Among the systems where data were available for comparison (58), conditions in 32 had remained the same (77% assessed surface area) while conditions in 13 systems had improved (9% of assessed surface area), and in another 13 systems conditions had worsened (14% assessed surface area). In the early 1990s, 69% of assessed systems (72% of assessed area) had moderate to high eutrophic conditions compared to 65% of assessed systems (78% of assessed area) in 2004 (Figure5). However, these results must be viewed with caution, because the total number of systems for which conditions are unknown has increased from 17 in the 1999 assessment to 42 in this assessment. Similar to the early 1990s, the Pacific Coast region had the least robust data and the lowest assessment confidence.

Future Outlook: Worsening conditions by 2020 were predicted for 65% of estuaries and improvements predicted for 20% of estuaries for which the analysis was performed (Figure 6). This is largely based on population estimates which, on a national basis, suggest that coastal populations will increase by 12% during the same time frame (Crossett, pers. comm..).  This is a bleak outlook for the nation’s estuaries, however, future outlook was not determined for 67 systems, illustrating uncertainty in the future outlook conclusions. There are presently 12 systems with a moderate low to low overall eutrophic condition but moderate to high susceptibility and a worsening future outlook. Although many systems are predicted to worsen as population in the coastal zone increases, the systems with low eutrophic conditions and moderate to high susceptibility should be a priority for protective management because they are the most at risk. The potential for changes in nutrient loads and hydrology due to climate change should also be explored when considering the future estuarine health. 

ASSETS: The assignment of an ASSETS rating requires data for all three components and there were adequate data for determination of an ASSETS rating for only 48 systems. Only one system was rated as high quality (Connecticut River), while five were rated as good (Biscayne Bay, Pensacola Bay, Blue Hill Bay, Sabine Lake, Boston Harbor). Eighteen were rated as moderate and 24 systems were rated as poor or bad. The single rating of ASSETS allows simple comparisons between and among systems. It has been applied at a national (this study) and international level (http://www.eutro.org). The intent is to share lessons learned and encourage more pro-active approaches to the protection and maintenance of estuarine health here in the US and globally. 

A Human use Indicator for Barnegat Bay: Barnegat Bay is an excellent candidate for the application of recreational fish catches as a human-use indicator. Surrounded by a large population center, Barnegat Bay sees a lot of recreational fishing activity. Barnegat Bay is also frequented by a variety of recreational species targeted by fishermen. Through the Marine Recreational Fisheries Statistics Survey (MRFSS), the National Marine Fisheries Service regularly conducts surveys of recreational fishing activity and success in most U.S. estuarine systems. Salinity, temperature, and dissolved oxygen data for Barnegat Bay sampling stations were averaged by month and year and then matched to the month and year of the fishing trip from the MRFSS data. 
For Barnegat Bay, summer flounder, the most sought after species, is a good indicator of the human use impacts of eutrophication. The solid line in Figure 7 shows the average actual catch of summer flounder in a month for the period from 1997-2002. The statistical model was then used to predict summer flounder catches under different water quality conditions. Specifically, an upper limit on chlorophyll a concentrations was set so that they could not exceed the sample averages of 7.12 μg L-1, and a lower limit on dissolved oxygen of 6.51 mg L-1. The dashed line in Figure 7 represents the predicted summer flounder catches under these improved water quality conditions, and the distance between the two lines is the impairment due to eutrophication. In some months, the limits are rarely exceeded and there is no difference in expected catches. Overall, the average catch of summer flounder is reduced from the predicted average of 1.25 fish per trip to 0.92 fish per trip, a 26% reduction.

EPA National Coastal Assessment 

The NCCR2 summarized results by region and show that overall the condition of estuaries in the US is fair. Figure 8 shows the results for the combined indicators for all regions, though each indicator and region can also be seen individually.  Only one of the five indicators of estuarine condition received a poor overall rating, the coastal habitat index. The water quality index, the equivalent to the overall eutrophication condition component of the NEEA/ASSETS, and the fish tissue contaminants index received a fair rating, and the benthic index and sediment quality index were rated fair to poor (Figure 8 summarizes U.S. estuarine condition). These ratings are based on samples collected at 2,073 estuarine sites in the conterminous 48 states between 1997 and 2000 (about 90% of the samples were collected in 1999 and 2000). Of the five summary indicators (water quality index, sediment index, benthic index, coastal habitat index, and fish tissue contaminants index), only the fish tissue contaminants index was rated good for any region of the United States. The water quality index is rated fair throughout the estuaries of the United States, although estuarine waters in the Northeast Coast region appear to have poorer water quality conditions than those in other regions of the country. The sediment index is poor in Northeast Coast and Puerto Rico estuaries and in the Great Lakes; borderline fair in West Coast estuaries; fair in the Gulf Coast estuaries; and borderline good in Southeast Coast estuaries. The benthic index shows that conditions are poor in the Northeast Coast and Puerto Rico, borderline fair in the Gulf Coast and Great Lakes, and fair in the Southeast Coast and West Coast. Condition as measured by fish tissue contaminants is poor in Northeast Coast and West Coast estuaries and fair to good in the remainder of the country. More specifically, 21% of estuarine area in the United States (excluding the Great Lakes) is unimpaired for human and/or aquatic life uses (Figure 9). About 28% of estuarine area is impaired for aquatic life use, 22% is impaired for human use, and an additional 44% is threatened for both uses. Impaired aquatic life use was indicated by lower-than-expected biodiversity, increased abundance of pollution-tolerant species, decreased abundance of pollution-sensitive species, poor water quality condition, poor sediment quality, and coastal wetland losses. Impaired human use was defined as exceedances of fish tissue contaminant risk-based guidelines for consumption (based on four 8-ounce meals per month). Threatened use is equivalent to fair overall condition for any of the indicators.

Other Benthic Index/Indices……another place holder for results that can then be compared to the benthic index in figure 8.

Discussion

As illustrated above, several legislations were at present created in USA and Canada, Australia, European Union, South Africa, and China intending to assess the ecological quality or integrity, within estuarine and coastal systems. Most of these legislations tend at present to define environmental water quality in an integrative way, requiring the ecological status to be assessed at the ecosystem level. For this reason, there is an increasing interest in developing assessment tools for different physico-chemical or biological ecosystems’ elements, although very few methodologies integrate all these elements into a unique evaluation of a water body. In practical terms, from the management point of view, decision makers need to get simple but scientifically well grounded methodologies, susceptible of showing to the general public the evolution of a zone (estuary, coastal area, etc.), taking into account human pressures or recovery processes. In this scope, a major scientific challenge is to develop suitable tools, which may allow defining adequately the current condition of marine ecosystems and bioregions in terms of biological performance and monitor their changes through time.  

Among such tools, ecological indicators are widely used to supply synoptic information about the state of ecosystems. Most often they address ecosystem’s structure and/or functioning accounting for a certain aspect or component, for instance nutrient concentrations, water flows, macro-invertebrates and/or vertebrates diversity, plants diversity, plants productivity, erosion symptoms and, sometimes, ecological integrity at a system’s level. In general, the main attribute of a good ecological indicator is to combine numerous environmental factors in a single value
,, which might be useful in terms of management and for making ecological concepts compliant with the general public understanding. But the application of ecological indicators is not exempt of criticisms, the first of which is that the aggregation of results in oversimplification of the ecosystem under observation and are not efficient in capturing qualitative modifications resulting from the emergence of new characteristics arising from self organisation processes (e.g. in a global climate change scenario). Moreover, problems arise from the fact that indicators account not only for numerous specific system characteristics, but also other kinds of factors, e.g. physical, biological, ecological, socio-economic etc. Thus, indicators must be utilised following the right criteria and in situations that are consistent with its intended use and scope; otherwise they may drive to confusing data interpretations.

In view of management needs, what might be the characteristics of a good ecological indicator?, What kind of information, regarding ecosystem responses, can be obtained from the different types of biological and physicochemical data usually taken into account in evaluating the state of coastal areas and transitional waters? The analysis of the current situation in different continents shows that these are still pertinent questions. In fact, coastal shallow water ecosystems are extraordinary valuable in terms of services and goods, correspondingly subject to strong human impact, and at the same time extremely vulnerable to climate change. Consequently, appropriate, accurate, and efficient information on ecosystem status and trend constitute a prerequisite of sustainable development of marine ecosystems and resources, including not only environmental protection but also economic growth and social welfare (see for instance the Lisbon Agenda).

Measures and indicators presently proposed, which focus on the living part of aquatic systems and its “supporting” hydro-morphological, chemical and physicochemical elements to evaluate aquatic ecosystem health and fitness, are reasonably able to describe the current status of an ecosystem in terms of actual criteria as outlined in the European Water Framework Directive (WFD, 2000/60/EC). In this sense, for the time being, they fulfil what appear to be needs of managers and decision-makers.

But with regard to coastal and transitional waters, biological elements are limited to composition, abundance (and biomass) of phytoplankton, other aquatic flora, benthic invertebrate fauna, and fishes. The measures used to quantify these biological elements can be categorized broadly in tools describing distributions/gradients, ratios, biodiversity indices and classification schemes (Indicators and Methods for the Ecological Status Assessment under the Water Framework Directive, EUR 22314EN). Modelling approaches, for instance, are still rare and limited to sub-systems.

Therefore, measures used today may provide “snapshots” of given ecosystem structural properties, but provide lithe or no information about ecosystem functioning. In fact, the causal links between the measured quantities/qualities and underlying ecosystem functioning remains largely uncertain or even unknown
 (introduce here a figure – scenarios analysis - refer here consequences in terms of the Ecosystems Services and Goods Approach). Will this be sufficient in the near future? Will it be good enough to achieve for instance the objectives of the European future maritime policy, which indicates strong demand for higher integrated and more holistic approaches towards the sustainable development of the European marine heritage (a typical back-cast scenario approach)? And what about the magnitude and speed of anticipated changes related to global change combined with the increasing intensity and multitude of marine environment use by man?

In order to fulfil future needs, environmental science must complement the “static” look at structural ecosystem properties through an approach towards the ecosystem function and dynamics, which will provide a sounder and reliable basis for successful management strategies. Common reductionistic approaches can only partially cope with ecosystem complexity that arises from its large number of components, interactions and its spatio-temporal dynamics. Inevitably, we must recognize that the whole behaves differently from the sum of its parts, and thus neither examining a small subsystem nor reduction to simple relationships are sufficient approaches to understand ecosystem functioning. What happens is that specific qualities/features/properties emerge at the ecosystem level, and must be related to ecosystem functioning. 


Trophic interactions (who eats whom) of organisms, although governed and modulated by external boundary conditions, appear as the most prominent and significant type of ecological relationships. A way to access the ecosystem level is looking upon it as a network of such trophic species-to-species interactions. Through holistic approaches, for instance Ecosystem Network Analysis (ENA), properties of both ecosystem network structure and network flow (of matter and energy) can be explored with respect to ecosystem functioning (e.g. overall system stability and resilience) and general principles might be derived in the relationship between ecosystem network, ecosystem functioning, and ecosystem services and goods, based on a comparison of many ecosystems using a standardized approach.

This is a possible vision of tomorrow.

Conclusions and recommendations 

(Taking into account the discussion, we can propose several recommendations for future developments)
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Table 1. Classification of sea water quality used in CIAM, including organic pollution assessment, TPH (Total Petroleum Hydrocarbon), and heavy metal pollution (adapted from Jia et al., 2003); and comprehensive ecological quality grade of marine fishery environment (Jia et al., 2003).
	Organic pollution assessment
	Quality index (A value)
	Grade
	Quality Assessment

	
	< 0
	1
	Excellent

	
	0~1
	2
	Clean

	
	1~2
	3
	Relatively clean

	
	2~3
	4
	Slight pollution

	
	3~4
	5
	Medium pollution

	
	>4
	6
	Serious pollution

	TPH and heavy metal pollution assessment
	Pi
	Grade
	Quality Assessment

	
	<0.4
	1
	Background

	
	0.4~0.6
	2
	Clean

	
	0.6~0.8
	3
	Relatively clean

	
	0.8~1.0
	4
	Slight pollution

	
	1.0~2.0
	5
	Pollution

	
	>2.0
	6
	Serious pollution

	Comprehensive ecological quality grade of marine fishery environment
	Index range
	Grade
	Quality status

	
	0.2
	1
	Excellent

	
	0.2~0.4
	2
	Fine

	
	0.4~0.6
	3
	Relatively fine

	
	0.6~0.8
	4
	Moderate

	
	0.8~1.0
	5
	Poor

	
	>1
	6
	Very poor


Table 2. Grade of primary productivity and diet organism richness (Jia et al., 2003).
	Item
	Grade

	
	1
	2
	3
	4
	5
	6

	Status
	Low
	Relatively low
	Medium
	Relatively high
	High
	Super high

	Index level
	>1.0
	1.0~0.8
	0.8~0.6
	0.6~0.4
	0.4~0.2
	<0.2

	Primary productivity (mg C mg-1 day-1)
	<200
	200~300
	300~400
	400~500
	500~600
	>600

	Phytoplankton

(104 ind m-3)
	<20
	20~50
	50~75
	75~100
	100~200
	>200

	Zooplankton (mg m-3)
	<10
	10~30
	30~50
	50~75
	75~100
	>100

	Benthos (g m-2)
	<5
	5~10
	10~25
	25~50
	50~100
	>100


Table 3. ASSETS application to Jiaozhou Bay.

	Index
	Method
	Indicator
	Level of expression
	Index result
	ASSETS score

	IFa
	Susceptibility
	Dilution potential
	Moderate
	Low 

(due to intense shellfish aquaculture)
	High

	
	
	Flushing potential
	Moderate
	
	

	
	Nutrient inputs
	
	High
	
	

	OECb
	PSMc
	Chlorophyll a
	Low
	Low
	

	
	
	Macroalgae
	No problem
	
	

	
	SSMd
	Dissolved Oxygen
	Low
	
	

	
	
	SAV loss
	Low
	
	

	
	
	Nuisance and toxic blooms
	Low
	
	

	FOe
	Future nutrient pressure
	Decrease
	Improve low
	


aIF – Influencing Factors; bOEC – Overall Eutrophic Condition index; cPSM – Primary Symptoms Method; dSSM – Secondary Symptoms Method; eFO – Future Outlook index

Table 4. Summary of comparison among “Phase I/II” methods (adapted after Bricker et al., 2006).
	Methods
	Temporal focus
	Indicator criteria/ thresholds
	Combination method

	Nutrient Index I
	Not specified
	Modified after Japanese criteria
	Sum of four ratios

	Nutrient Index II
	Not specified
	Modified after Japanese criteria
	Ratio of three indicators to their threshold values

	OSPAR COMPP
	Growing season, winter for nutrients
	Individually/regionally determined reference condition 
	Integration of scores for four categories

	EPA NCA
	Summer index periods
	Determined from American national studies
	Ratio of indicators: good/fair indicators to poor/missing data

	ASSETS
	Annual cycle
	Determined from American national studies
	Average of primary and highest secondary are combined by matrix


Table 5. Quality indices of the fishery environment of northern South China Sea (according to Jia et al., 2005).

	Waters
	DIN
	PO43--P
	A
	E
	DO
	Primary productivity
	Phytoplankton
	Zooplankton
	Benthos
	Comprehensive  index

	Northern South China Sea
	0.27
	0.55
	0.23
	0.34
	0.72
	0.58
	0.53
	0.88
	0.78
	0.58

Relatively fine

	Taiwan bank waters
	0.29
	0.52
	0.20
	0.28
	0.67
	0.50
	0.37
	0.75
	0.68
	0.51

Relatively fine

	East Guangdong waters
	0.31
	0.61
	0.21
	0.30
	0.78
	0.54
	0.79
	0.88
	0.81
	0.61

Moderate

	Pearl River estuary
	0.26
	0.58
	0.23
	0.37
	0.74
	0.68
	0.55
	1.00
	0.91
	0.64

Moderate

	West Guangdong waters
	0.28
	0.54
	0.25
	0.47
	0.72
	0.58
	0.58
	0.88
	0.77
	0.60

Relatively fine

	Southern waters of Hainan
	0.24
	0.50
	0.20
	0.30
	0.73
	0.64
	0.36
	0.87
	0.82
	0.55

Relatively fine

	Beibu Bay
	0.24
	0.45
	0.20
	0.30
	0.66
	0.72
	1.00
	0.94
	0.94
	0.66

Moderate


Table 6. Decision tree when integrating water, sediments and biomonitors in assessing chemical status, within the Water Framework Directive. Note: a variable ‘meet’ when the concentration is under the quality objectives established by the Directive (Table modified and adapted from Borja et al. (2006)).
	WATER
	SEDIMENTS
	BIOMONITORS
	 
	STATUS

	
	All variables meet
	
	
	Meet

	All variables meet
	1 variable does not meet
	
	
	Meet

	 
	>= 2 variables do not meet
	 
	 
	Not Meet

	
	All variables meet
	
	
	Meet

	
	
	All variables meet
	
	Meet

	1 variable does not meet
	1 variable does not meet
	No data
	
	Meet

	
	
	>=1 variable does not meet
	
	Not Meet

	 
	>= 2 variables do not meet
	 
	 
	Not Meet

	>= 2 variables do not meet
	 
	 
	 
	Not Meet


Table 7. Metrics used in assessing the biological elements quality, within the Water Framework Directive, after Borja et al. (2004a). AMBI: AZTI’s Marine Biotic Index (Borja et al., 2000); spp: species.
	Phytoplankton
	Macroalgae
	Benthos
	Fishes

	Chlorophyll a
	Richness
	Richness
	Richness

	Species composition
	Cover of opportunistic and sensitive spp.
	Diversity
	Abundance and percentage of resident spp.

	Number of blooms
	Ratio green algae /other spp.
	AMBI
	Trophic composition

	
	
	
	Flat fish percentage

	
	
	
	Pollution indicator spp.

	
	
	
	Invasive spp.

	
	
	
	Fish health


Table 8. Decision tree in assessing the integrative ecological status, within the Water Framework Directive (modified from Borja et al., 2004a). BQE: Biological Quality Element; BQ: Biological Quality; Ph-Ch: Physico-Chemical; H: Hydromorphological.  
	BQEs
	Do all BQEs meet High status?
	Not
	- Does each BQE meet High or Good quality?

- Does Benthos meet High quality and from the remainder 1 or 2 meet Moderate quality? (1)

- Do Benthos and another BQE meet Good quality and the remainder Moderate? (2)

 - Coast: Does Benthos meet Good quality and other Moderate? (3)
	Not
	- Does one BQE meet Moderate quality (except 1,2,3)

 - Does Benthos meet High or Good quality and no one has Bad quality?
	Not
	- Other combinations

 - Does Benthos meet Poor quality?
	Not
	- Do all BQEs meet Bad quality?

 - Does Benthos meet Bad quality?

	
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes

	BQ status
	High
	
	Good
	
	Moderate
	
	Poor
	
	Bad

	
	Then
	
	Then
	
	
	
	
	
	

	Ph-Ch conditions
	- Do Ph-Ch conditions meet High status?

- Are chemical concentrations <background? 
	Not
	- Do Ph-Ch conditions meet Good status?

- Are chemical quality objectives meet?
	Not
	Then
	
	Then
	
	Then

	
	Yes
	
	Yes
	
	
	
	
	
	

	H conditions
	Do H conditions meet High status?
	Not
	Then
	
	
	
	
	
	

	
	Yes
	
	
	
	
	
	
	
	

	Ecological Status
	High
	
	Good
	
	Moderate
	
	Poor
	
	Bad


Table 9. Example in integrating ecological status of several sampling stations (St) into a unique value, for the whole water body.
	
	St.1
	St.2
	St.3
	St.4
	TOTAL

	Ecological Status
	Poor
	Moderate
	Good
	Good
	

	Equivalence (E)
	4
	6
	8
	8
	

	Surface (km2)
	0.3
	0.5
	0.7
	1.0
	2.5

	Rate (per one) (R)
	0.12
	0.20
	0.28
	0.40
	1.0

	TOTAL (E x R)
	0.48
	1.20
	2.24
	3.20
	7.12

	GLOBAL STATUS
	
	
	
	
	Good


	Equivalence (E)
	Ecological Status
	TOTAL (E x R)

	10
	High
	8.4 – 10

	8
	Good
	6.8 – 8.39

	6
	Moderate
	5.2 – 6.79

	4
	Poor
	3.6 – 5.19

	2
	Bad
	2.0 – 3.59


Figure captions

Figure 1. Roles, responsibilities and interactions of US Agencies for estuarine and coastal environments (EPA, NOAA, States).
Figure 2: Influencing factors of eutrophication on a national scale.
Figure 3: Overall eutrophic condition on a national scale.
Figure 4: Symptom expressions on a national scale for a) chlorophyll a and b) Nuisance/toxic blooms (HABs).
Figure 5: Number of estuaries in each eutrophication category in the early 1990s (1999 assessment; Bricker et al., 1999) and early 2000s (Bricker et al., 2007).

Figure 6: Future outlook on eutrophic condition on a national basis.
Figure 7: Barnegat Bay monthly average summer flounder actual catch per recreational fishing trip (solid line), and predicted catch rates under improved water quality (WQ) conditions (dashed line).
Figure 8: Overall national and regional coastal condition between 1997 and 2000 (USEPA, 2004).
Figure 9: National estuarine condition (USEPA, 2004)
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Future outlook

Large deterioration: Moderate to high susceptibility and expected increases in nutrient loads.

Small deterioration: Low susceptibility and expected future increases in nutrient loads.

No change: Any susceptibility but no expected change in nutrient loads.

Small improvement: High to moderate susceptibility and expected future decrease in nutrient loads.
Large improvement: Low susceptibility and expected future decreases in nutrient loads.

Unknown: Insufficient data for analysis.
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