Monitoring the Deep-Water Resources of the National Marine Sanctuary’s Western Region
Overview:

Responding to legislative mandates
, NOAA has developed the US Ocean Action Plan and NOAA’s 2005-2010 Strategic Plan to achieve its ecosystem-based, ocean stewardship responsibilities. The ecosystem-based approach includes several components: Integrated Ecosystem Assessment (IEA), Marine Protected Areas (MPA), multi-species management and ecological forecasts.  Demonstrating success of any of these components relies on coordinated monitoring of abundance and distribution of key physical, chemical and biological components of the ecosystems, and converting that data into meaningful information for managers, legislators and the public.  Recognizing this, mature, targeted monitoring has been identified as a core responsibility of the National Marine Sanctuary Program in the Marine Protection, Research, and Sanctuaries Act of 1972 (as amended 1980, 1988 & 2000)
.   While current monitoring in shallow waters open to direct observations (>20m) is relatively mature – if lacking in coordination – coordinated monitoring in deeper waters is nearly non-existent. Thus, a need is established for a comprehensive monitoring program for the deep water resources in the National Marine Sanctuaries.  This proposal will describe a plan to design and deploy deep water monitoring in the National Marine Sanctuaries of the West Coast (Channel Islands, Monterey Bay, Cordell Bank, and Gulf of the Farallones).
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The mandated monitoring will only be satisfactory if it addresses key management questions.  The good news is that many of the most important questions have been articulated.  They can be summarized as: 

1) What are the distributions, status and health of major habitat types, including biologically structured habitats, and how are they changing?

2) What is the status of biodiversity, ecosystem health, invasive species and other key resources and how is this changing as a consequence of changing atmospheric conditions and human use/exploitation? 
3) Are specific or multiple stressors, including changing oceanographic and atmospheric conditions affecting water quality, habitat status or ecosystem health?

4) What is the status of extracted species, how is it changing and how is extraction affecting the health of sanctuary resources?

Monitoring is fundamentally a data acquisition system; these questions define the information that monitoring needs to acquire.  In this case, the monitoring program will need to acquire information on: habitat quality and quantity; the status of key biological community members; atmospheric, climatic and oceanographic conditions, variability and trends; the identity and quantities of stressors such as toxics and invasives; and measures of human impact, including extractive activities.
The challenge is that although the questions and the information needs have been articulated, the technical components of a monitoring program to acquire that data and answer these questions in deep water habitats require significant development.

The design of a competent ecological monitoring plan, like other data acquisition systems, requires decisions about where to measure, when to measure, what to measure and how to measure it.  The current state of the art in marine technology, local knowledge of our sanctuary domains and deep water natural history limits our ability to make decisions in any of these four areas.
When and Where to Measure: There are two generally accepted data collection schemes for studying the characteristics of a population or domain. The first is a census, which entails examining every unit in the population of interest.  For most ecological studies, however, a census is impractical. Measuring fish assemblages everywhere to assess conditions within a sanctuary that has 11,000 square kilometers of habitat is prohibitively expensive.   A more practical approach for studying an extensive resource, such as a sanctuary, is to examine parts of it through probability (or random) sample survey, which is far more economical and can in some cases produce more accurate estimates of status
.   Sampling design economies are achieved in identifying stratification schemes and designating different levels of sampling effort to different strata based on their importance to the management question and statistical properties of indicators, such as variance and spatial autocorrelation4.  Currently we lack the basic information that would help identify appropriate stratification schemes for the network of west coast National Marine Sanctuaries.  In particular, we lack comprehensive mapping of habitat elements of the entire network.  For example, only about 28% of the Channel Islands National Marine Sanctuary has been mapped, and of this only about half has been interpreted to identify habitat at a resolution to inform the design of a sampling scheme.  It is likely that the diversity of habitat distributions between the sanctuaries would require different stratification schemes in each participating sanctuary.  
All of the described monitoring will intersect in the spatial domain; we need a comprehensive GIS to provide a continuing back bone for this design effort as well as all future monitoring and evaluation.  Therefore we propose to continue and extend mapping activities with sufficient resolution to identify geomorphic features as well as indicators of human impacts to habitat.  We further propose to support the mapping with interpretation to identify habitat sub-domains.   Currently this activity is being performed by acoustic surveys on deployed ROV’s and towed instrument arrays in partnership with USGS and CSU Monterey Bay Seafloor Mapping Laboratory.  Recently, the USGS has entered a partnership with the state of California to extend mapping operations to the entire state coast.  Even without this increase in task scope, the USGS effort was going to take several years to complete mapping operations across the entire National Marine Sanctuary west coast domain.  Therefore, we propose to continue this activity and simultaneously expand a coordinated partnership with assets from Monterey Bay Aquarium Research Institute (MBARI) and NMFS.
What and How to Measure:  As mentioned above, the management questions determine the information needs placed on a monitoring program.  For example, we anticipate needing to know something about biodiversity and ecosystem health.  However, our current understanding of the natural history of the deep water habitats make it unclear exactly what data should be collected to express these responses.  Previous efforts to develop deep water monitoring plans have resulted in species lists of key members of the community, extending by analogy from a more complete understanding of the natural history of shallow water (dive-able) habitats
.  It is not yet clear, however, if these are the best “indicator species” to express ecosystem health of these deep water areas—or indeed, if any single list will work across the network of Sanctuaries on the US West Coast.  The problem is that this more traditional approach of identifying indicators and then monitoring those indicators across space requires high quality information about the relationships between the indicators and the dynamics of the monitored community.  
We propose an alternative that identifies locations and treats the community structure as the changing property of that location, rather than define the properties of the community and estimate how that varies across space.  In this scenario we do not identify a species list a priori.  Rather we identify sample locations based on a sampling survey informed by habitat distribution, and extensively monitor the community structure – in particular, characterize the relative abundance and distribution of biologics and the physical, topological and chemical properties of the sites.  So “what to measure” becomes a comprehensive survey of the community.  Fortunately, this approach has been deployed previously and many of the design features and the analytical framework already exist
.  In previous applications this approach has provided quite sensitive metrics of ecosystem health and in detecting the impacts of pollutants and management actions6.
This approach also provides a number of other dividends.  It converts our incomplete natural history knowledge in the deep water environment from a weakness to a strength.  An important product of this monitoring plan will be an unparalleled knowledge of deep water ecology.  It also avoids the risk of inexpertly identifying an indicator species ahead of time that turns out to be uncommon or rare across the network of sanctuaries, and the consequent high cost of monitoring that rare species with any reliable level of precision.  In addition, it directly addresses the objectives of NOAA strategic planning to assess management actions in an ecosystem context.
The issue with the greatest need for technical development is how to make measurements.  The reason our ecological knowledge of the deep habitats has lagged that in shallow habitats is simply the accessibility is so much lower and the expense of operating in that environment is so much higher.  We can anticipate that an economical monitoring plan for the deep waters will emerge from some optimization of the relative recruitment of towed acoustic and visual instruments, ROV’s, AUV’s, manned Submersibles and deep diving technologies such as highly mobile saturation systems and rebreathers currently under development in the NOAA Diving Program.  We can also anticipate that the relative effort committed to any of these monitoring tools will be dependant on the characteristics of the habitat monitored, and thus will be different within each of the sanctuaries on the west coast.  Anticipating is one thing, but we propose to perform a pilot study to resolve these questions and produce a monitoring plan we may deploy with confidence in successful outcomes.
A Proposal: 

We have articulated some needs and we have identified some protocols that may address those needs.  However, there remains significant technical development to be able to deploy an effective and economical monitoring plan for deep water.  To solve this we propose to move ahead with a pilot program that will complete the requisite mapping of the west coast sanctuaries, develop the remaining design elements and produce a robust, economical and comprehensive monitoring plan for the network of west coast sanctuaries.
This pilot project will be a cooperative effort between staff of the NMSP across the west coast region, their existing research partners (USGS, CSUMB, CDFG, NMFS and others) and new assets at the MBARI.  We anticipate the following tasks:

1) Continuation and extension of the current USGS/NMSP mapping of the Sanctuaries’ deep water habitat.

2) Collaborative NMSP/MBARI design process to identify the aspects of the available technologies that match the information needs identified by NMSP and the habitat character of target habitats (depth, complexity, biodiversity).
3) Pilot deployment of the technology to assess:

a. Statistical properties of the metrics and develop targeted analytical protocols to translate monitoring data into formats consumable by management, and 

b. Relative performance and economies of alternative sampling technologies.

4) Collaborative NMSP/EPA program to identify opportunities to nest experimental designs within the larger status monitoring program – these experimental designs being a critical component of assessing the effectiveness of diverse management actions such as MPA designation
.  
5) Coordinate with NMFS, NOAA-IOOS and NOS via the PacEON and other process to access diverse observer and remote sense data relevant to assessments of deep water habitat, and likewise share seep water monitoring data with those management vehicles. 

We anticipate a 2-year process of sample survey design and technology development.  We are also anticipating an approximately 3-year process of pilot deployment of the monitoring plan that involves data acquisition.  
The timing of the Sanctuaries’ needs for deep water monitoring is propitious.  The west-coast network of National Marine Sanctuaries are in a unique position to leverage our own mandates for deep water monitoring and evaluation within a geographic domain of high diversity and complexity that at the same time contains some of the most diverse, numerous and sophisticated ocean observing resources that are currently deployed.  Indeed, MBARI is currently developing plans for their next large scale initiatives and this partnership between MBARI and NMSP presents itself uniquely at a time and place where the results could truly push both programs forward far more than either program on its own.  This is a critical time where with some reasonable commitment we could produce a significant advance in ocean observing, adaptive management on an unprecedented scale, and our overall understanding of a habitat about which we know as little as we do other planets.  









































































































� US Ocean Action Plan (2005); External Ecosystem Task Team Report (2006); NOAA’s 2005-2010 Strategic Plan Goal 1; Magnuson-Stevens Fishery Conservation and Management Act (2006 amended); Marine Mammal Protection Act; Endangered Species Act; National Marine Sanctuary Act


� Florida Keys National Marine Sanctuary and Protection Act (16 U.S.C. 1433); H.R. 102-565; National Marine Sanctuaries Act (Amended 2000).


� Synthesis of 14 key questions in A Monitoring Framework for the National Marine Sanctuary System, July 28, 2004, http://sanctuaries.noaa.gov/library/national/swim04.pdf


� W. G. Cochran (1977) Sampling Techniques.  Wiley and Sons, NY, NY. 428pp.


� S. Fangman, S. Gittings, K. Dalton, G. McFall & D. Lott (2005) Channel Islands Deep Water Monitoring Plan Development: Workshop Report April 26-27, 2005, UCSB.  Marine Sanctuaries Conservation Series ONMS-05-05.  


� R.M. Warwick & K.R. Clarke (1993) Comparing the severity of disturbance: a meta-analysis of marine macrobenthic community data. Mar Ecol Prog Ser 92, 221-231


   J.S. Gray, K.R. Clarke, R.M. Warwick and G. Hobbs (1990) Detection of initial effects of pollutants on marine benthos: an example from the Ekofisk and Eldfisk oilfields, N Sea. Mar Ecol Prog Ser 66, 285-299


� US Environmental Protection Agency is coordinating a STAR grant with the DAMARS program in the Oregon State University Statistics Department to develop large scale environmental survey designs.  In particular, this program is targeting the inclusion of focused management studies within larger-scale habitat monitoring.





