Assessing Ecological Conditions in U.S.
Coastal-Ocean Waters: Implications for
an Integrated Ecosystem Assessment
(IEA) In the Southeast

Jeff Hyland

. Coastal Ecology Program
NOAA/NCCOS/CCEHBR
Charleston, SC


Presenter
Presentation Notes
The Coastal Ecology Program at the NOAA/NCCOS Center for Coastal Environmental Health and Biomolecular Research in Charleston, SC has an ongoing research effort focused on conducting Regional Assessments of Ecological Conditions in various Coastal-Ocean Waters around the U.S. (inclusive of National Marine Sanctuaries).

This presentation is a brief summary of that effort especially with respect to the southeastern U.S. and its implications for helping to advance an Integrated Ecosystem Assessments (IEA) in this important coastal region.


Regional Assessments of Ecological Condition Throughout
Coastal-Ocean Waters of the U.S.
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Since 2003, surveys of living resources (benthic fauna and fish) and other multiple indicators of ecological condition — including basic habitat characteristics and ecosystem stressors — have been conducted in each of these various coastal-ocean regions throughout a large population of random stations using a probabilistic sampling design.  Accordingly, the resulting data can be used to make estimates of the spatial extent of the region’s health with respect to the various measured indicators, and to provide this information as a baseline for determining how environmental conditions may be changing with time.  Where applicable the surveys also have included sites within NOAA’s National Marine Sanctuaries in order to provide opportunities for comparing conditions within these protected areas to the surrounding coastal-ocean ecosystem. 

Thus far such surveys have been completed in the following coastal-ocean regions:  (1) shelf waters along the U.S. west coast, from the Straits of Juan de Fuca, WA to Channel Islands, CA inclusive of stations in all five NMSs along the west coast (June 2003);  (2) shelf waters of the South Atlantic Bight from Cape Hatteras, NC to West Palm Beach, FL inclusive of GRNMS off the coast of GA (April 2004);  (3) shelf waters of the mid-Atlantic Bight (MAB) from Cape Hatteras to Cape Cod, MA (May 2006); & (4) shelf waters off southern Florida, from west Palm Beach in the Atlantic Ocean to Anclote Key in eastern Gulf of Mexico.  This latter survey included stations in the FKNMS. Another survey is planned for this summer 2008 throughout coastal-ocean waters off New England., from Cape Cod to the Canadian border, thus completing the entire Atlantic coast of the U.S.

 By providing a comprehensive account of ecosystem condition & stressors, based on multiple ecological indicators, results are expected to support NOAA’s evolving interest in "Integrated Ecosystem Assessments" to underpin Ecosystem Based Management in coastal regions around the country, including the S.E. U.S.   By this summer, these studies will have covered four of the recognized Large Marine Ecosystems (LMEs) within the U.S.:  the California Current, the North East U.S. Continental Shelf, portions of the Gulf of Mexico, and (last but not least) the Southeast U.S. Continental Shelf – the focus of the present meeting.  Our plan is to have the remaining gaps in this map filled in by 2010.
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Let’s now focus specifically on the southeast.  The southeastern-coast survey was conducted in April 2004, in shelf waters from the coastline out to the shelf break at 100m, at sites extending from Nags Head NC to West Palm Beach FL, which is roughly the shelf portion of the South Atlantic Bight.

Sampling was conducted at each of 50 stations positioned randomly throughout these waters, with sites included off each of the states of NC, SC, GA, and FL. As for all of these offshore surveys, at each station, multiple ecological indicators were sampled, including:  (1) general habitat characteristics (T, S, DO, nutrients, grain size, TOC);  (2) stressor levels (including chemical contaminants – metals, pesticides, PAHs, and PCBs - in both sediments and biota; and any occurrences of hypoxia or high organic loading); and (3) biological condition (including benthic infauna, chlorophyll levels, fish pathology).

 Regional partners have included various parts of NOAA and EPA;  and representatives from the states of FL, GA, SC, and NC.

Because the probabilistic sampling design was applied here, we will be able to use the data to make estimates of the spatial extent of the region’s health with respect to the various measured indicators and to provide this information as a baseline for determining how environmental conditions may be changing in the future.  This is the first such baseline for the coastal-ocean (shelf) waters of the SAB region .

Our laboratory also has conducted recent site-specific surveys of condition within the boundaries of the GRNMS itself (depicted by the green dot), using the same protocols and indicators as in the present SAB-wide survey.  Thus, results of these companion surveys can be integrated to provide an opportunity to compare conditions within the protected sanctuary waters to non-sanctuary areas of the shelf.


Sampling Sites
from Estuarine
and Coastal
Ocean Habitats
of the SAB

Estuarine sites: 2000-
2004, n = 697 (from
EPA’s EMAP/NCA
program);

Offshore sites: 2004,
n =50 (from NOAA’s
SAB-04 survey)
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Also, the indicators and protocols, including the probabilistic sampling design, used in these offshore surveys have been adopted from EPA’s EMAP and subsequent National Coastal Assessment (NCA) programs, which historically have been focused on estuaries, as represented by the open circles in this slide of the S.E. region.  Thus, conditions of these offshore coastal-ocean waters, as represented by the solid dots, can be compared directly to those of estuaries, thus now providing a more complete holistic account of ecological conditions and processes throughout the inshore and offshore resources of the region.

A final report, which looks at both resource categories, is being prepared at present and should be submitted for publication within the next few months (hopefully by April 08).






Ecological Assessment of NERRS

30 stations sampled (Sep 06), using a probabilistic sampling
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The estuarine assessments also include data from NERRS sites.  For example, in summer 2006, we initiated a related study to assess the spatial extent of ecological condition throughout sub-tidal estuarine waters of all four NERRS sites in NC and to provide this information as a quantitative benchmark for tracking future changes in these managed areas due to either natural or human disturbances.

The same kinds of indicators and protocols, including a probabilistic sampling framework, that were used in the various EMAP/NCA studies throughout the region were applied again here.  Thus, results of these various estuarine surveys can be integrated to provide a basis for comparing conditions within the NERRS sites to the surrounding non-protected estuarine areas (similar to what we have done for GRNMS as an offshore marine protected area).


SAB Offshore Waters: Water Quality (DO)
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Let’s have a brief look at some of the preliminary results for the offshore assessment and how the data can be used.

As mentioned earlier, an advantage to the probability-based sampling design applied in these assessments is that the resulting data, for any measured parameter, can be used to make unbiased statistical estimates of the percentage of coastal area represented by varying levels of the parameter.  The results are often displayed as a cumulative distribution function (or CDF), as illustrated here for near-bottom Dissolved Oxygen concentrations.  The solid line in the green portion of the graph is the CDF curve and the dotted lines on either side are its associated 95% C.I.

 Also, the data can be used to estimate the percentage of area falling below or above any designated threshold of interest.  This is a powerful feature because, if valid thresholds can be defined for a particular indicator, or suite of indicators, they could be used as ecosystem quality targets for tracking how well the system is doing and for triggering any necessary management actions:  i.e., either boundaries within which to maintain at if conditions are already optimal, or future goals to achieve if not!

In the case here, we see that 100% of these offshore waters have high DO levels, above the widely adopted standard of 5 mg/L for most states, and well above the lower 2 mg/L threshold, below which there would be a high risk of adverse effects on benthic fauna and other aquatic life.  If you were using these data as a baseline for ecosystem management purposes, you would want to watch out for any significant shifts of this profile to the left and the potential drivers and pressures causing such a shift (whether they be man-induced or perhaps some natural oceanographic regime shift).

Also, although not shown on this graph, as a note of comparison, only about 76% of the estuarine waters in the SAB region had bottom DO above 5 mg/L and about 3% had DO levels in the low hypoxic range.




SAB Offshore Waters: Sediment Quality (sediment
contamination expressed as mean ERM-Q)
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This slide provides an example of the status of sediment quality for offshore waters of the SAB, based on measured concentrations of various chemical contaminants in sediments, and with the overall level of contamination at a station expressed in this case as a mean ERM quotient. The mean ERM quotient is the mean of the ratios of individual chemical concentrations in a sample relative to corresponding published ERM sediment quality guideline values.  The main point to understand about this method is that overall contamination in a sample from mixtures of multiple chemicals, that are likely to be present at varying concentrations, can be expressed as a single number and thus compared to values calculated the same way for other samples from different times or places.

These data show that the sediments seem to be in fairly good condition, with the vast majority of the area having contaminants in a low background range, shown in prior studies to be associated with a high incidence of healthy benthic assemblages (from Hyland et al. 1999).  None of these offshore waters appear to contain contaminants in sediments above the upper bioeffect threshold associated with a high incidence of degraded benthic condition.  For comparison, if you were to include a similar curve for estuaries, it would extend toward the right, with typically about 20-25% of the these inshore habitats falling in the yellow to red zones.

Again, if one were to use this information for ecosystem management purposes, we would want to make sure that the curve here for the offshore system did not drift significantly to the right toward the high end of this sediment contamination scale.




SAB Offshore Waters: Benthic
Biodiversity (Infaunal Species Richness)
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Lastly, in this slide you are seeing a spatial profile of benthic species richness (specifically numbers of species per individual 0.04m2 grab) as a measure of biological condition across offshore waters of the SAB.

In this case, we have no suitable thresholds yet that can be used to flag levels of diversity that may be associated with normal vs. adverse environmental conditions.  Benthic indices of biotic integrity, designed to distinguish such conditions while also accounting for the influences of natural controlling factors, have been developed for the estuarine benthos (see, for example, Van Dolah et al. 1999) but have not yet been developed for the offshore benthos.  This should be a future research priority.

However, in the meantime the existing data still provide a useful account of the current status of benthic diversity throughout the region and a valuable baseline for comparing any future shifts in the relative distribution of the values.

The data, for example, show that these offshore waters harbor very diverse benthic assemblages, with about 80% of the area having 20 or more species per grab and 50% of the area having more than 30 species per grab.  10% of the area had even more than 70 species per grab.  These are very high numbers considering the small size of these grabs, i.e. only 1/25 of a square meter (or about the size of a sheet of notebook paper).  For comparison, though not shown here in the graph, adjacent estuaries typically have much lower diversity, with 30 or more species per grab occurring in < 10% of the area and with more than 50 species per grab occurring only rarely.


*What is an IEA?

Definition: “A synthesis & quantitative analysis of information on
relevant physical, chemical, ecological & human processes in
relation to specified ecosystem management objectives.”

Characteristics:

* Incorporates multiple indicators of the environment & ecosystem
Including human factors

 Is geographically specified

» Establishes target levels & thresholds for key ecosystem
components

» Evaluates the impacts of management options & risks of not
attaining target ecosystem states

 Long-term process with adaptive management

(* From NCCOS FY05-09 Strategic Plan, Murawski 2007 presentation)
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I would like to focus the rest of my talk on how these present studies hopefully will be able to provide useful support to the process of developing an IEA for the southeastern region.

First, what is an IEA? [refer to points in slide]

Some its main characteristics are also listed here [refer to points in slide]






Components of an IEA*

1. Assessment of baseline conditions (status) of the
ecosystem relative to attributes of concern &
corresponding management targets (indicator thresholds)

2. Assessment of stressors (drivers & pressures) on the
ecosystem that compromise the ability to achieve stated
targets

3. Forecasts of ecosystem status with no management action
(status quo response)

4. Forecasts of ecosystem status under different management

strategies (optional responses)

5. Evaluation of success of management actions (updates of

ecosystem status relative to targets after actions taken)

*(From NCCOS FY05-09 Strategic Plan, Murawski 2007 presentation)
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NOAA also has described IEAs as consisting of the following components:  [refer to points in slide]


Need for Reliable indicators

H‘(\\

If you are
up to your
) eyeballs in
alligators it’s
time to drain
the swamp!
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Central to this IEA process is the need for good indicators of ecosystem status.

…This should be a sign or signal that relays important information about the condition of the surrounding environment in a simplified, reliable, and useful manner, so as to trigger appropriate corrective action.


Indicators & Indicator Frameworks

“Basically everything Is an indicator of something
but nothing Is an indicator of everything” (Cairns
et al. 1993)

Thus there is a need for appropriate frameworks, or
paradigms, for organizing & applying the right combination of
multiple indicators — ecological & socioeconomic — which, in
addition to being cost-effective, best match the specific
management questions, accurately represent the state of the
ecosystem relative to desired ecosystem quality targets, &
track the effectiveness of necessary management actions.
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Also, as John Cairns expressed in his 1993 review of ecosystem health indicators, “Basically everything is an indicator of something but nothing is an indicator of everything”.

Thus, there is a need for multiple indicators of ecosystem condition, including ecological and socioeconomic indicators, as well as appropriate frameworks, or paradigms, for organizing and selecting the right combination of indicators, which (in addition to being cost-effective) will best match the specified management questions, accurately represent the state the ecosystem relative to desired ecosystem quality targets, and track the effectiveness of any necessary management actions.


Indicator Frameworks: The DPSIR Model
(Rapport & Friend 1979; OECD 1991, 1993; EEA 2001, 2005)

Drivers Responses

(e.g., coastal (e.g., water & sed. quality
development) standards, clean-up &

remediation, BMP)

Impact
(e.g., loss of biodiversity,
unusual mortality, disease
outbreaks, shellfish &
beach closures, SAV loss)

Pressures
(e.g., non-point source

pollution, habitat loss)

State
(e.g., chem. & microbial
contam. in sediments, biota, &
water; diversity/abundance of
species; % land cover)
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The DPSIR model is one such framework that is now being used widely in various countries and international forums as an underlying structure for indicator applications in coastal management and which may serve as a useful context for advancing the IEA process.

This model has evolved from the original Stress-Response framework developed in 1979 as a tool for relating ecological response to environmental stress (Rapport and Friend 1979);  to the later Pressure-State-Response model adopted in the early 1990s by the Organization for Economic Cooperation & Development (OECD 1991,1993) with a re-definition of the term “response” to include societal response;  to the current framework which articulates the need for indicators of driving forces, pressures on the system, the state of the system, ecological and socioeconomic impacts of those pressures, and finally the societal responses to these conditions including management decisions and actions (EEA 2001, 2003, 2005).  An additional important aspect of this framework is the flow and feedback of information among the different components.

The European Environment Agency (EEA 2001, 2003, 2005; Gabrielsen and Bosch 2003) has implemented an indicator-based reporting system using the DPSIR framework supplemented by a typology of indicators including performance indicators with target reference points to aid in interpretations.  The UK Environment Agency also uses this framework for reporting on a variety of water-quality indicators in response to requirements of EU Directives (EA 1999, Defra 2003, Rogers and Greenaway 2005).

In the U.S., the DPSIR framework is becoming popular and is already being considered by NOAA in its current efforts to develop and implement IEAs as a basis for moving toward Ecosystem Based Management approaches [one of the primary goals under its 2005-2010 Strategic Plan, Murawski 2007].




Support for S.E. Region EIA Process

Likely EIA Steps

What can CCEHBR Contribute?

Scoping (consensus based):

® Continue to build regional
collaborations of stakeholders

® Define management questions

® |dentify appropriate indicators
(ecological & socio-economic)

® Define ecosystem-quality targets
(indicator thresholds) for man. action

® Participate in various workshops &
scoping activities
® Knowledge of some existing

indicators & corresponding thresholds
that might be suitable

Assessment:
® Baseline status conditions (EIA C1)

® Stressor impacts & links to drivers &
pressures (EIA C2)

® Can provide existing probability-based
data (supporting spatial estimates of
condition) for inshore & offshore
waters region-wide, including NMSs &
NERRS sites, for multiple ecological
indicators & limited socioeconomic
Indicators (e.g., fish contaminants,
water clarity, marine debris)
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So, what are the likely steps for implementing the IEA process and how can the CCEHBR programs that I have described here today support this process?

There are a number of initial scoping activities that would be needed, including continuing to foster strong regional collaborations of stakeholders, defining the key management questions and goals to focus on, identifying the appropriate sets of indicators to address these questions, and defining corresponding ecosystem-quality targets (or indicator thresholds) for triggering management action.  These should all be consensus-based, developed with input from various stakeholders as part of the regional collaboration concept, and which could include building upon results of prior relevant workshops in the region, such as:  (1) the Coastal Conference on EBM in the S.E. Region, held in Wrightsville Beach, NC in March 2006 and (2) the SE Coastal Ocean Science Conference held in Charleston SC in January 2003.  We are certainly willing to support such initial scoping activities wherever appropriate.

A next important step is the assessment of baseline conditions defining the status of the system as well as the assessment of stressor impacts and their links to source drivers and pressures – in other words the first two components of the EIA process that we saw in a previous slide.

As a result of the studies that I have summarized today, we should be able to contribute by providing existing probability-based data (supporting spatial estimates of condition) for inshore and offshore waters region-wide, including NMSs and NERRS sites, for multiple ecological indicators and limited socioeconomic indicators (e.g., fish contaminant levels, water clarity, and marine debris) that start to get at some common human-dimension questions such as, “are the fish safe to eat?” or “is the water clean to swim in?”  [Regarding contaminant levels in fish, I have brought some data from our SAB offshore survey and would be happy to share them later with anyone who’s interested].


Support for S.E. Region EIA Process - continued

Likely EIA Steps

What can CCEHBR Contribute?

Forecasts:

® Predict ecosystem health with no
management action (EIA C3)

® Predict ecosystem health under
different management actions (EIA
C4)

® Possible future work

Evaluate Success of Management
Actions (EIA C5):

® Updates of ecosystem status
relative to targets

® Revise management actions
accordingly (adaptive feedback)

® Possible future work
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The remaining steps of the IEA process would include the forecasts of ecosystem health, with and without management-action scenarios, which comprise the third and fourth IEA components listed earlier;  and finally the fifth EIA component – evaluating success of those management actions that have been taken.  These are future collaborative needs that we would be pleased to play a roll in as well.

In summary, at present, our work has been focused largely on the assessment of baseline ecological conditions and stressor impacts throughout the region, including inshore and offshore waters and sites in NOAA protected areas, and thus for now provides support mostly for Components 1 and 2 of the IEA process.




Presenter
Presentation Notes
1. And that’s about it.  Any questions?
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