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    Foreword
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    Eric Muñoz’s story of the eradication of “Killer Algae” from the Agua Hedionda Lagoon is a tribute to the vision and power of “individuals.” It took many, many decisive people working together to win out over the silent green invasion of Caulerpa taxifolia. It was, after all, not just an enormous community effort, but a coordinated national, state, and local governmental, inter-agency endeavor with interest and support from the international scientific community. Yet, as it seems is always the case in stories with happy endings, the community needed an early champion and stalwart guardian. Somebody with the insight to understand the threat, the temperance and skill to communicate it, the humanity to inspire a call to action, and the wisdom to stay vigilant.


    The entire community was brought together and rallied by an unlikely local hero whose love of the ocean, devotion to the environment, and passion for people caused him to be at the center of this success story. Eric Muñoz is the hero.


    I entered the killer algae story at the culmination of the Caulerpa taxifolia plague. In May of 2008, I was invited down to Agua Hedionda with a group of celebrities to help memorialize the declaration that the lagoon’s killer algae had been eradicated.


    I live 90 miles north of the lagoon in Los Angeles, but was familiar with the three lagoons in North San Diego County from years of visiting the area. Having an interest in the environment and having grown up in LA since the late 1950s, I’ve become sensitive to how little natural habitat remains undeveloped. In my lifetime, nearly the entire Southern California region, save for mountainous areas, has been paved over. Yet, in all my years growing up and driving past the lagoons of San Diego County, they have remained uniquely natural. Even as millions of people have moved in and around them, they remain beautiful and environmentally productive.


    Coastal wetlands in Southern California are rare. Most have been paved over or exploited for use as harbors and marinas. The remaining wetlands have remained undeveloped because we, the educated masses, began to understand their environmental importance and fragility. Wetlands are precious everywhere. As measured by their scarcity, they are seemingly more valuable here, in arid Southern California, than they are in any other place in the country. I’ve always been heartened to see that Carlsbad and the communities of North San Diego County saw fit to leave the lagoons alone.


    Thus, I was an eager participant when asked to join with some celebrity friends in the Agua Hedionda Lagoon Foundation’s first-ever fishing contest in celebration of the two-year anniversary of the Caulerpa taxifolia eradication. In all my years, I’d never actually been in or on the lagoon, though I had witnessed from the car window many people enjoying water sports whenever I’d be driving past on Interstate 5 toward San Diego.


    It was then that I met Eric Muñoz and learned of the attack of the killer algae. I hadn’t been aware of the lagoon’s plight. It had been a long six-year battle, but outside of environmental circles and the local community, I’m not certain how many people actually knew that the lagoon had almost died as a functioning tidal estuary because of the invasive aquarium algae. However, I was aware by virtue of a television program I remembered watching on the Discovery Channel of the growing algae issue in the Mediterranean. Eric helped me connect the dots. He was my killer algae guide, and soon I was seeing what Eric and the Carlsbad community had accomplished and the stewardship they had provided.


    All of us living in California, whose coastal waters could have been forever altered if the Caulerpa found its way out to the open coastal zone, owe them a giant debt of gratitude. This was a massive win. It was a giant man-made and ongoing disaster avoided, yet few outside of the local area, academia, and governmental agencies knew anything about it.


    It was then that I began to understand Eric’s concern. Getting people aligned when facing an impending disaster is far easier than trying to get them to align in advance to prevent it. It is only natural to think of a threat that has been overcome as passed. But as long as Caulerpa taxifolia is available for purchase for aquariums anywhere, there remains a chance it could be reintroduced into the local environment and repopulate all over again. Without outreach, without annual memorial celebrations, without noise reminding the community of the disaster that could have been, there is the potential for complacency and a repeat occurrence.


    On behalf of the Agua Hedionda Lagoon Foundation, Eric asked me to serve as its spokesperson, in order to recognize the local community for its successful eradication effort, and to place in context its worldwide significance. Also, I wanted to raise/sustain awareness of the ongoing Killer Algae threat. I remained the spokesperson through 2014.


    The lesson learned is that the Carlsbad lagoons, and all lagoons in and around population centers, can no longer be left alone to self-sustain; they now need human stewardship to remain healthy. Caulerpa taxifolia is only one of the many potential introductions or accumulations that need to be avoided to maintain a vibrant ecosystem. Their avoidance is dependent on human monitoring and oversight. As with any maintenance program, this is mostly predictable and needs to be budgeted. Maintenance cannot be neglected without predictably dire consequences.


    It was a privilege to work to benefit the Lagoon Foundation, and an honor to be deemed worthy and invited in by Eric. He and I are now old friends, as I’m certain I’ve known him in other lifetimes. Mr. Muñoz is a special person. There is no better storyteller on earth. I would follow Eric if he asked, without the need to know where. His stories would be reason enough to follow, but his purity of heart and earth-bound soul ensure that whatever his cause, it is as fine a cause as one could be associated with. The only thing Eric likes better than people is being on, in, or near water. If it floats, he’s ridden it. If it swims, he swam with it. Part fish, part shaman, protector of the sea, friend to all. Not long after meeting, I took to calling him by the name of one of my favorite childhood superheroes, Aquaman.


    Southern California is the only place on the planet that has seen the eradication of Caulerpa taxifolia. It also happens to be where Eric Noel Muñoz, the real-life Aquaman, lives and plays. The killer algae may have been a worthy opponent, but against Aquaman it didn’t stand a chance.


    



    Christopher Knight • Los Angeles, California


    April 2016


    



    Christopher Knight starred in the popular TV series The Brady Bunch. He has been an environmental and ocean advocate in Southern California for many years.
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    Preface


    Alexandre Meinesz, Author, Killer Algae

  


  
    In the spring of 2000, I was invited to Washington, DC, by US government agencies to explain the problem posed by Caulerpa taxifolia in the Mediterranean. Professors well known for their research on terrestrial invasive species attended the meeting. A key question was whether to ban the sale of Caulerpa to aquarium enthusiasts in the United States.


    The day after my return to Nice I received an email from Rachel Woodfield, a biologist from San Diego, California, with a photograph of an alga, asking me if I recognized it. Not only was it obviously Caulerpa taxifolia, but I saw immediately that its robust morphology identified it as the invasive strain from the Mediterranean. It had just been found at Agua Hedionda, a lagoon north of San Diego! It took only two months for lab scientists who had spent two years studying the genetics of different strains of Caulerpa taxifolia to confirm that it was indeed the Mediterranean strain that had just been found in California. The article on the genetics of Caulerpa taxifolia appeared in Nature in August 2000 with the title “Invasive Alga Reaches California.”


    In 2002 I was invited to San Diego by a task force, the Southern California Caulerpa Action Team (SCCAT), for a conference on the possibility of eradicating the algae at Agua Hedionda and in Huntington Harbour, Orange County, where it had just been found. At San Diego, in addition to hearing many scientific reports on Caulerpa taxifolia, I learned that Agua Hedionda Lagoon had been mapped in minute detail by divers from an environmental consulting firm in order to understand the extent of the Caulerpa taxifolia invasion. More than 1,000 square meters were covered, but with widely scattered individuals.


    Of the 100 participants at the conference, only three of us knew the Caulerpa taxifolia situation in the Mediterranean well: my student Thierry Thibaut, a diving colleague from a Croatian university (Ante Zuljevic) who had explored sites invaded by the algae on his country’s Adriatic coast, and me.


    I was astounded by the outcome of this meeting. After the scientific lectures, the three people with knowledge of the Mediterranean invasion found themselves in a workshop that was very unusual for us Europeans. A facilitator, who had no biological training, led the workshop. The chosen participants were local university types, personnel of the environmental consulting firm who had mapped the invasion in Agua Hedionda, representatives of the local government agencies in charge of environmental matters, and a good number of lab biologists who were certainly not divers but who knew the genetics of the algae. Among these latter were European biologists who had been commissioned by the French Academy of Sciences to study Caulerpa genetics. I knew that the Oceanographic Museum of Monaco was affiliated with a French foundation managed by members of the French Academy of Sciences; thus I was not overjoyed to see these European biologists at the workshop. Furthermore, their work had recently been superseded by research of a team of geneticists I had managed to assemble. Without any government help we had been able to come up with funding from our own laboratories to study and publish the article on Caulerpa genetics in Nature. The European geneticists (financed indirectly by Monaco) who had lost the race to publication on Caulerpa genetics always seemed to me to be resolutely hostile.


    It was then that the facilitator raised the issue of eradication, asking the chosen participants for answers to some simple questions. In particular, we were asked to summarize our views on the probability of success of an eradication attempt. Thierry, Ante, and I were the only ones who were enthusiastic about the idea. Knowing the details of the biology of the algae in the field, and as all three of us were certified professional divers, we were convinced that it was imperative to attempt the eradication, which we deemed to have a 90% probability of success. But most of the participants were against the idea, and the European geneticists estimated the chances of success at only 30%. Thierry, Ante, and I struggled to make it apparent that our opinion was more relevant than that of lab biologists.


    We never learned who made the decision to go ahead with the attempt and what arguments proved decisive, but I believe our vigorous efforts were the determining factor.


    Unfortunately, I was unable to remain in San Diego, because the conference was held smack in the middle of my teaching assignments in Nice. I regret never having gotten to see Agua Hedionda Lagoon, where the algae had established itself.


    But the members of the team that eradicated the algae at Agua Hedionda, including Eric Muñoz, regularly kept me abreast of developments during the eradication project and on the enormous amount of work to find the scattered Caulerpa individuals that appeared for a few years following the operation. The rope-guided dives in murky waters with the goal of examining every square inch of the bottom were absolutely fundamental to the success. The least little individual of Caulerpa that was missed could lead eventually to a new proliferation. The divers did their work well. After several years of monitoring, the evidence was clear: the project had succeeded!


    This was, to my knowledge, the first time anywhere in the world in which an invasive marine species had been definitively eradicated.


    Therefore, the “memoir” by one of the main protagonists of this unusual saga is well worth publication. This history has certainly left its mark on Eric Muñoz, and I will always remember him from the time, in autumn 2015, when I took him (in his swim suit) into refreshing waters and a sea somewhat stirred up by a recent storm in search of the “killer algae” at Cap Ferrat near my home. Although the algae had greatly regressed by then for reasons that are still unclear, I found a good sample that I dragged up from the seafloor and presented to Eric. He was like a little boy who’d just gotten a Christmas gift! He had come in pilgrimage to the shores where it had all begun. He could see the very object that had preoccupied so many people, and he could recall the joy he felt at having successfully stopped its invasion in his own homeland.


    It is above all the quick response and the exemplary organization of the divers who monitored the invaded zone that allowed this operation to succeed. I raise a well-deserved salute to all those who contributed to this project!


    



    Alexandre Meinesz •Nice, France


    April 2016
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    Introduction


    The World According to Invasive Species


  


  
    This story involves a tragedy that is mapping itself around the world—the sad reality of invasive species threatening natural environments and coastal areas. Ecosystems hang in dynamic balance, depending upon particular geographical and other biophysical factors. However, global hot spots are expanding, impacting, and in some cases, significantly displacing native plants and animals. Blame lies with the introduction of biological species to new habitats and locations, as well as the development and diffusion of genetic clones of biological species. One example is the bottom-growing marine seaweed known as Caulerpa taxifolia, the “Killer Algae.”


    This story is my account of the first known eradication of Caulerpa taxifolia worldwide. It occurred in Agua Hedionda Lagoon, a coastal estuary in Carlsbad, a beach community located 30 miles north of San Diego, California. It involved a six-year campaign from initial detection in mid-2000 to declaration of formal eradication by the California Department of Fish and Game in July 2006. The community experience of this precedent-setting success, and the continued global urgency and relevance of the lessons learned, serves as the basis for this story. It also involves a fundamental player: human nature. The impacts of human action, and the grave consequences of human inaction, are daunting. Gaining community consensus and pursuing scientifically sound policies make perfect sense until it has to be executed in real life.


    This story is also a tribute to the vision and power of many individuals, whose intelligence and passion should inspire communities worldwide to sustain natural ecosystems by maintaining focus on invasive species. Legacies have already been established, and continue to be, by those on the leading edge of this effort.


    What is Caulerpa taxifolia?


    In tropical ocean waters and latitudes, the bottom-growing Caulerpa taxifolia seaweed occurs naturally. Correspondingly, growth is kept in check because the native ecosystem supports other species that can feed on it. In Europe during the 1970s, an invasive strain of this seaweed, which represented a genetic clone that revealed rapid growth qualities that needed minimum maintenance, was observed.


    Because of this, and its beautiful appearance, rapid growth, and cold water tolerance, the Mediterranean strain of Caulerpa taxifolia became hugely popular for the aquarium trade, both in home use and institutional, large-scale aquariums. Ultimately, in 1984, the Monaco Oceanographic Museum made an aquarium release of the seaweed into ocean waters. The “aquarium” seaweed established in local waters, and then spread to other areas of the adjacent French Riviera coastline via the unknowing aid of fishing, boating, and anchoring activities. The spread was due to the reproductive qualities of Caulerpa taxifolia, which involves fragmentation. One small fragment alone could detach from the main plant, float away, and colonize a new area. Caulerpa taxifolia soon covered coral reef and sandy coastal ecosystems to unprecedented magnitudes in portions of the Mediterranean Sea.


    It took some time before we learned the human role in the origin and diffusion of the “fake” seaweed. The introduced Caulerpa taxifolia clone can grow in colder waters than its
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