STRATEGIC PLANNING 

<< Deep Pelagic Ecology, Biodiversity, and Conservation >>

INTRODUCTION 

The world’s largest habitat, the deep ocean, is also its least understood. The ocean is a vast reservoir of biogeochemical cycling, where much of the earth’s biomass and biodiversity resides. Understanding this enormous ecosystem is critical to our well being, and that of the earth. At present, much of the research community is still engaged in efforts to provide a basic catalog of the deep sea’s inhabitants. If we look ahead, the next real challenges will be to investigate ecological interactions between species, and to explore the structure of their trophic webs. These questions are what will drive our next steps toward understanding the ocean’s fundamental processes.

 Exploration of the deep sea demands specialized tools and knowledge that are available in few places. Even at MBARI, where the most advanced techniques are being applied, our ability to address these questions would benefit greatly from the development of new and unique platforms and instruments, and of means to access and interpret the data they provide. Some examples of these desired capabilities are given below.

PELAGIC PLATFORMS

Biological research in pelagic habitats is constrained by a lack of solid substrate, where an instrument or camera can be deployed for long-term measurements, then retrieved later. As a consequence, in situ measurements of individual animals rarely last for more than a few minutes. What we need is the ability to deploy instrument packages for long-term measurements and then reliably recover them.

Examples

In situ respirometer. Physiological measurements of pelagic animals are strongly affected by capturing specimens at depth, bringing them to the surface, transferring them to a laboratory, and then into an experimental chamber like a respirometer. If these kinds of measurements could be made at depth, the reduction in stress to the animals would yield results that were much more realistic.

    The first step in developing a suite of in situ instruments would be a respirometer that could be taken down by an ROV, an experimental animal would be placed inside, and the chamber would be sealed and the measurements begun. The system would be off-loaded from the ROV, it would remain at depth during the incubation period (1 hour to 1 day), providing low power for the measurement and recording of oxygen consumption. Then on command from either the ROV or the surface, the system would provide an acoustic beacon so that it could be re-located and retrieved.

Dynamic positioning camera platform. Extended observations of individual animals are necessary to determine many aspects of their physiology and ecology, such as: activity levels, metabolic rates, inter- and intraspecific interactions, prey handling, and the construction of food collecting structures.

    What we need is a programmable, powered camera platform (AUV) that can be carried by an ROV, assigned a target animal, then be off-loaded to stay with the target for a specified time period (hours to days), then recovered. We are well along in the development of the control software to accomplish this mission. The AVED group has made great progress in target recognition and Steve Rock’s group has perfected a vehicle control system that will lock on to a target animal and stick with it. 

EXPANDING OUR PRESENT PLATFORM CAPABILITIES

MBARI’s ROV research in the water column is the world standard. However, there are operational constraints that limit our application of this expertise, and thus they limit the scope of our research. What we need is the ability to work unobtrusively in the upper 100 meters, particularly at night, and the ability to readily apply our ROV technologies far from home.

Epipelagic research. Much of the fauna of the ocean’s upper kilometer concentrates in the upper 100 m at night. This is a profound re-structuring of oceanic communities that occurs every night, but it has not yet been examined by ROVs. Ventana is capable of operating near the surface but it is a very obtrusive presence and it disrupts the animal assemblages we wish to study. Tiburon is far less obtrusive but it cannot be operated near the surface because of its deployment configuration. We need either to make Ventana less obtrusive or find a way to operate Tiburon in the upper 100 m.

Fly-away capability. Comparative research is a powerful means for ecological analysis. You compare a reference community (e.g. Monterey Bay) with other localities where conditions are significantly different. These comparisons reveal the similarities of basic ecological structure as well as the differences, and the effects of variables like hydrographic factors and climate on ecological structure. At present, we are very constrained with regard to where we can operate and thus what kinds of comparative studies we can conduct. We need to develop a portable ROV system that will allow us to operate from ships of opportunity, in distant regions, with the same level of technological and operational quality we have here in MBARI’s back yard.

AUV camera capability. Video transects are an important component of quantifying pelagic biomass, yet the methods for obtaining these data are not perfectly suited to ROVs. AUVs, on the other hand, could gather equivalent data with  substantially reduced investments of time, resources, and manpower. To accomplish this we hope to develop video-imaging  and lighting capabilities as an integral part of MBARI’s AUV program. In addition to examining the pelagic biota, such a system could also conduct benthic transects, which would provide the means to classify substrates in conjunction with the collection of bathymetric data.

NEW SENSORS

Bioluminescence cell-counter. There are two approaches to quantifying bioluminescent sources with an oceanographic instrument. The typical approach is to pump large volumes of water into a chamber and measure the bulk bioluminescence signal. This has the advantage of giving a statistically valid view of the overall luminescence. It also has the substantial disadvantage of summing individual sources into a bulk signal, from which it is nearly impossible to recover individual plankton abundances. We have developed a second approach, through examination of high-frequency luminescence data: this is to reduce the volume that is being stimulated at a given time, and thus isolate the sources. This method, similar to dilution, would allow statistical significance via counting of individual sources as they pass the detector. It would also allow further classification of the sources based on their individual brightness. Such a sensor would also find use in a laboratory context, where it could be used to isolate new species of luminous microplankton and to screen clones for fluorescent or luminescent proteins.

SOFTWARE

Pelagic mapping. The qualitative and quantitative data provided by video transecting (presently from ROVs and ultimately from AUVs) is a critical source of data for pelagic research. The value of this database would be greatly enhanced if it could be readily converted into three-dimensional maps of animal distribution patterns. The system could be similar to that already developed for benthic mapping, but with an expanded vertical dimension. The ability to visualize spatial distribution patterns, integrated with hydrographic characteristics (e.g. temperature, oxygen, etc.) would constitute a significant advance for pelagic research.

Data mining. The value of MBARI’s existing archive of biological data from ROV dives, both benthic and pelagic, could be greatly enhanced if it were possible to extract quantitative data from non-transect portions of the dives. During transects, the camera lens is calibrated to tell us the area swept, and we measure the distance the vehicle travels so that we can calculate the volume surveyed. This way, our animal counts can be made in the context of a known volume of water: # animals/meters3. During the non-transect portions of dives, the data on camera lens settings are also recorded automatically. Given the information of time spent at depth, it should be possible to reliably approximate the volume of water surveyed. This solution could provide an order of magnitude more quantitative data from the archived information already in hand. A more sophisticated approach would be to derive distance traveled in one or more spatial planes from particle movements, just as acoustic doppler current profilers do.

    We also need to enhance and expand the use of existing software tools to mine the current ROV dive database. For example, AVED could be used to extract new quantitative annotations for species which were not originally included in the “manual” annotation menu, but which have subsequently proved to be very important to our ecological studies (e.g. Aegina, Lampocteis, and the radiolarians). Likewise, VIMS and VARS could be used to search for ecological correlations, such as the links between euphausiid molting and ambient light levels, the correlation of Dosidicus distribution and myctophid abundance, and the relationship between owlfish depth ranges and oxygen concentrations. 

