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(Slide 1)


Thank you to Roberto Danovaro and the European Committee for the Census of Marine Life and to Fabio DiSpirito, Fabio Caporizzi, and the Info Progetto Italia of Telecom Italia for generously organizing this event and associated events this week celebrating the discoveries and goals of the Census of Marine Life.


Thank you also to the numerous Italian scientists who, along with Roberto, have made valuable contributions to the CoML.  These include Lisandro Benedetti-Cecchi, Marco Oliviero, Antonio di Natale, and Silvana Vallerga, as well as Serge Garcia of the FAO in Rome, who serves on the International Scientific Steering Committee of the program.


The best predictor for whether a machine will succeed is the mind of physicist Cesare Marchetti, who joins us today from Tuscany.   When I have ideas that might hold great promise, I test them with Dr. Marchetti.   At the conception of the Census of Marine Life, I presented the idea to him.  Dr. Marchetti responded with characteristic originality “Every fish is a submarine.”  With the end of the Cold War and the increased access to the technical progress in searching for mechanical submarines, surely a Census of biological submarines would be possible.


Today I would like to share with you four of the technologies that make the Census possible: acoustics, tagging, genetics, and optics.  Roberto Danovaro has already shown some of the splendid animals that the Census now discovers.  I would like to explain how we find animals, learn their territory, and how abundant they are.

Rather than confuse you by mentioning scores of names, I thank the many people whose work I report at the end.  A great joy of the Census is the esprit de corps of the two thousand or so researchers now involved.


The stated purpose (Slide 2) of the Census of Marine Life is to assess and explain the diversity, distribution, and abundance of marine life.  For context, let me say a few words each about diversity, distribution, and abundance.


First, diversity.  The Census aims to make for the first time a comprehensive global list of all forms of life in the sea.  No such unified list yet exists.  We estimate about 215,000 species of marine animals have been described and reside in jars in collections in museums of natural history and other repositories.  Since the CoML began in 2000, researchers have added more than 5000 species to the lists.  We aim to add many thousands more by 2010.  The database of the Census already includes records for more than 61,000 species, old and new.  By 2010 we aim to have all the old and the new species in an on-line encyclopedia with a webpage for every species.


In addition, we will estimate how many species remain unknown, that is, remain to be discovered.  The number could be astonishingly large, perhaps a million or more, if we include small animals and protists.  For comparison, biologists have described about 1.5 million terrestrial plants and animals.


Second, distribution.  The Census aims to produce maps where the animals have been observed or where they could live, that is, the territory or range of the species.  Knowing the range matters a lot for people concerned about, for example, possible consequences of global climate change.


Third, abundance.  No Census is complete without measures of abundance.  We want to know not only that there is such a thing as an Italian but how many there are.  For marine life, we want to estimate populations either in numbers or in total kilos, often called biomass.


To complete the context, let me share some of the top motivations for the Census of Marine Life.  First, as Roberto mentioned, much of the ocean is unexplored.  These three maps (Slide 3) show the number of records in our database for observations near the surface, down to 1000 meters, and below 1000 meters.  No observations have been made in most of the deep ocean, while most of the ocean is deep.


Second, we know diversity varies in space.  The next slide (4) shows how many different kinds of fish you might catch if you caught 40 large fish in different regions of the ocean. In a blue box, all 40 fish would be the same species.  In a red box, the 40 fish would include 7 or more species.  For large fish, marine hot spots, like the rain forests of the land, exist off Brazil and Australia.  We would like to know much more about marine hot spots, to help conserve them.


We also know abundance and thus diversity is changing, especially for commercially important species.  The next series of slides (5-17), created by a Canadian-German team, animates the changing abundance of tuna as measured by the catch per 100 hooks by the Japanese tuna fleet.  Red indicates high abundance with ten or more tuna per 100 hooks, while blue indicates paucity, with less than 1 fish per hundred hooks.  Between 1952 and 1976 fishermen and their customers emptied many areas of the ocean of tuna.


Feeling urgency as well as great curiosity, how then could we take a Census of Marine Life? The next slide (18), which shows the oceans as if the water had been drained, gives us some clues.  We see shallow red areas that are the continental shelf, which extends to a depth of about 200 meters.  The shelf then falls steeply through yellow and green areas that include the continental margins to the vast abyssal plains, the largest habitat on Earth.   Seamounts and ocean ridges soaring thousands of meters, sometimes to the sea surface, interrupt the abyss.  The mid-Atlantic ridge that runs from Iceland to Antarctica is the world’s largest mountain range.  


The CoML has evolved a strategy of 14 field projects to touch the major habitats and groups of species.  Eleven field projects address habitats, such as seamounts or the Arctic Ocean.    Three field projects look globally at animals that either traverse the seas or appear globally distributed: the top predators such as tuna and the plankton and the microbes.  Europe hosts the headquarters of 5 of the 14 field projects. 


The projects employ a mix of technologies.  These include acoustics or sound, optics or cameras, tags placed on individual animals that store or report data, and genetics, as well as some actual capture of animals.  The technologies complement one another.  Sound can survey large areas in the ocean, while light cannot.  Light can capture detail and characters that sound cannot.  And genetics can make identifications from fragments of specimens or larvae where pictures tell little.


Let me begin with a new acoustic technology powerful for estimating abundance.  The technology, called OAWRS or Ocean Acoustic Waveguide Remote Sensing, applies to continental shelf areas out to a depth of about 300 meters.  For decades governments assessing fish stocks as well as fishermen have used downward looking sonars as shown in the figure (19).  A vessel moves slowly, sending out a signal and listening for echoes from sound hitting the animals. The result is a swath of data about objects that reflect sound in the beam.


OAWRS (slide 20), in contrast, is a kind of horizontal sonar that works more like a lighthouse.  A moored vessel sends out a very low power signal not harmful to marine animals and a nearby partner vessel towing an array of hydrophones listens for reflections that use the sea surface and the sea floor as acoustic waveguides.  This allows the listening vessel to “see” or hear all shoals of fish, even to very low density, within an area of tens of thousand of square kilometers.  


A test in 2004 off New York (slide 21), where I live, revealed one of the largest aggregations of animals ever recorded, a shoal of some ten million herring covering about 50 square kilometers.   It was surprising and wonderful to discover such a mass of life in an area we thought already thoroughly monitored – and exploited.  Such a technology could make possible much improved management of fisheries – or hasten their disappearance.  A system near to Venice could scan from Rimini to Trieste, and four or five OAWRS systems could instantaneously and continuously reveal almost all the fish in the Adriatic Sea.


Let me turn now to tagging technology to chart movement and distribution of marine animals.   Tagging technology takes two basic forms, passive and active.  Both forms involve surgically attaching a tag to an animal such as a salmon or tuna.  The passive form of tag, which can be very small, is interrogated when it nears a listening device, and the listening device, or an array of them, then reports the movement of the tagged animals.  The active form of tag collects and archives data.  Such an archival tag then  relays its cache of data to a satellite when an animal carrying a tag breaches the sea surface.  Or, if a tagged animal such as a tuna is caught by fishermen, the fishermen may post the tag to researchers who download the data.


A CoML team based in Vancouver has fostered the building of a system of curtains of listening devices along the Pacific Coast of North America that can now track animals carrying the small passive tags from Northern California through British Columbia to Alaska (slide 22).  In 2004 we followed the movement of a rare and very large white sturgeon more than 1000 km.  The system works equally well on very young salmon that weigh only 10 grams.  A shelf tracking system like this could address the great mystery of where fish die in the ocean for the many species such as salmon that live primarily on the continental shelves.   A short animation shows how the system works (slide 23).


A shelf-tracking system on a continental scale (slide 24) could also reveal the habits of the many marine species that, like migratory birds and Swedish pensioners, move between a summer home in the North and a winter home nearer the Equator.


Some animals like to leave the shallow shelves and venture into the open ocean.  The CoML is outfitting more than 20 such species with the larger, active archival tags.  The movement and distribution of such animals matters greatly for conservation.  For example, the US and Europe argue about whether two populations of tuna exist in the Atlantic, one that lives in the Gulf of Mexico and the Western Atlantic and another across the mid-Atlantic Ridge that the lives in the Eastern Atlantic near Spain and in the Mediterranean.  Following tagged tuna for several years has shown unequivocally that tuna routinely swim back and forth across the Atlantic.  A tuna that breeds off Louisiana one year might be frolicking off Majorca the next.


Let me show you an animation (Slide 25) of the movements of 9 species in the North Pacific recorded by a CoML team based in California in 2002-2003.  The species include blue, salmon, and mako sharks, bluefin tuna, elephant seals, sealions, and humpack whales, and two species of albatross.  In the background you will watch the temperature of the sea surface cooling and then warming as the year goes by.  The animals show regular and diverse patterns of exploiting their environment.  An elephant seal finds the edge between warm and cold bodies of water, usually a place with a lot of food, and follows it.  Other animals migrate south and north like the Swedes.  


Animals are themselves brilliant explorers of the environment, in 2006 still far more sophisticated than robots made by humans.  Allying with marine animals, humans can discover much about the oceans.  Slide 26 shows a few tracks.  In fact more than a thousand animals of about a dozen species are now reporting live, often daily, from around the world.  Leatherback turtles routinely circumnavigate the Pacific, acknowledging no human borders.  These animals create a big bonus for ocean science because when they dive, which can be frequent and as deep as 1000 meters, they also report back temperature and other measures of the water column.  


Leatherback turtles are an endangered species.  Tagging helps show where they die, for example, as unintended targets of fisheries areas around the Hawaiian Islands.  Tagging has helped illuminate the extraordinary behavior and challenges of other species.  Observe (Slide 27) the movement of a grey-headed albatross around Antarctica.  In the winter of 1999 one of the first birds joining the Census flew around much of Antarctica.  In the summer of 2000 it remained close to the South Georgia Islands, probably breeding.  During the winter of 2000 it circumnavigated the entire globe.  While some animals are like Swedish pensioners, moving north and south in search of warmth, the albatross is more like a top politician or businessman (or a tuna), circling restlessly from London to New York to Tokyo to Moscow, stopping only to make an important deal or visit the family.


The Census of Marine Life has also been reconstructing the population history of many species, including albatross.  Sadly (Slide 28), 19 of 21 albatross species are in decline according to counts at their nesting places.  The main reason is the density of long lines of baited hooks left to catch tuna but that attract the birds too.


Let’s stay around Antarctica for a minute more.  One of our goals in the Census is to help convey to humans the ocean as seen by its habitants.  To this end, we are creating animations, or “fly-throughs”, so that a person may select a species and then fly or swim through the ocean and see where the species occurs.  The next animation (Slide 30), developed by the British Antarctic Survey, shows the distribution of a particular bivalve or clam around Antarctica.  Such clams are popular food for seals, sea lions, and walruses.


Let us now turn from abundance and distribution back to diversity.  Species such as clams or molluscs, of which there are many thousands, may sometimes be difficult to tell apart with the human eye or even a microscope.   Gradations may be subtle.  And there may be cryptic species that look alike but in fact do not interbreed. Here is where genetic analysis, akin to DNA forensics, enters the CoML.  For almost all marine animals, a very short segment of DNA forms a unique identifier at the species level.  The CoML is fast building a library of these DNA identifiers, which we call DNA barcodes.  We have already barcodes for almost 2000 of the estimated 20,000 species of marine fish (Slide 31).   


The Census of Marine Zooplankton, which looks at small drifting creatures such as copepods, relies heavily on genetic identification.  About 7,000 species of zooplankton are already identified, and the CoML expects to at least double that number by 2010.


DNA necessarily exists in every cell.  So genetic methods offer the great advantage that they can work with any life stage, including larvae, or a tiny fragment, even a single scale (Slide 32).   DNA sequences can also identify bacteria and other single-cell organisms.  A recent CoML test showed at least 60,000 kinds of bacteria in a single liter of seawater.  A single swallow of seawater (boccone) might contain more than 1000 forms of life!


Of course, DNA barcoding also works to identify the shark from which a fin came or the source of a frozen fillet.  An Australian study proved vendors of fish in Melbourne often deceived consumers about the species of fish sold (Slide 33).


Identifying marine animals by DNA is clever but not aesthetic.  Let us now look with wide eyes at the several ways optical technology contributes to the Census.


If one knows what one is looking for, a robot or unmanned vehicle is good.  If one does not know what one is looking for, a manned vehicle or manned submersible is often better.  Russia operates outstanding submersibles, and in 2003 as part of the CoML, Russia’s Mir submersible dove 4000 meters deep to a great canyon or fracture zone that traverses the mid-Atlantic Ridge.  The two scientists inside the sub spotted many surprises, including what we call the “purple orchid animal.” (Slide 34).  In fact, this turned out to be not only a new species but a new phylum (Slide 35) of very beautiful animals that look like they were extruded by Neptune’s candymaker.


One year ago, the CoML Arctic team, jointly led by German, Canadian, and USA researchers, mounted a month-long expedition on the icebreaker Healy to look at marine life under the Arctic ice (Slide 36).  We explored the Canada basin, where the ice floes are 3000-4000 meters above the sea floor. This region had never been explored biologically before.  We were keen to get pictures of what lived there.  We lowered robotically controlled very high definition cameras slowly through the water column to the sea floor, while ice divers photographed life near the surface (Slide 37).


Many people had believed the waters beneath the ice were a desert.  Let me show you quickly a dozen pictures of what we found, photographed by Kevin Raskoff.  It was like descending through a universe made with the supreme sensual artistry of the glassblowers of Murano (Slides 38-49).  Many of the species were either found for the first time in the Arctic or were new to science.  And no amount of acoustic or genetic data could convey their beauty.


I used “we” when I described the Healy expedition.  I was lucky to be a part of it.  Let me share a few pictures out on the Arctic ice.  One should always remember that science is an entirely human endeavor, and often fun. (Slides 50-52)  As in Italy and Europe, researchers all over the world are what make the Census of Marine Life progress.  Here you see some of the teams (Slides 53-59): the International Steering Committee, and the teams for the Arctic, Southern Africa, South America, Caribbean, Indian Ocean and China.


Let me conclude on a visual note (Slide 60).  Some of you may have seen the marvelous film released in 2001 about migrating birds, Il Popolo Migratore.  The film was made by a Frenchman of many talents, Jacques Perrin, who also acted the role in Il Nuovo Cinema Paradiso of the adult Salvatore.  Jacques Perrin and his team at Galatee Films are the apex of filmmaking about nature.  The team includes Italian camera expert Tomasso Vergallo.  The Census of Marine Life has the privilege to be a partner with Jacques Perrin in his next film project, about life in the oceans.  


Let’s watch 5 minutes of footage filmed one year ago off the eastern coast of South Africa.   The footage shows a “bait-ball” of sardines eaten by seabirds (gannets), common dolphins, and sharks.  Some of the footage comes from the world’s first electric-powered helicopter camera, weighing only 10 kg.   The 35 millimeter camera is suspended on a movable arm at the front of the 1.5 meter machine, which is maneuvered by remote control from a boat.  The heli-cam can approach animals more closely than other cameras without disturbing them.

(Video)


Thanks again to Euro-CoML and Telecom Italia for the opportunity to share with you some of the progress and goals of the Census of Marine Life and the means that make this romantic and useful venture possible.  Thanks again to Roberto Danovaro and the Italian community for its past and future contributions.   For marine life, the age of discovery is not over.
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