To the SEP Faculty,

Harmful algal blooms (HABs) affect local economies through loss of revenue and negatively impact human and animal health. Some HABs have been known about for the last couple of decades, whereas others have been known about for centuries. Yet, how much of an impact HABs have in California is unknown. This capstone looks at whether harmful algal blooms (HABs) have an economic impact on California shellfisheries through fishery closures and whether HABs have an adverse effect on California’s tourism industry through marine mammal deaths. 

This policy capstone connects current scientific knowledge and monitoring results to economic impacts to achieve its goals. To do this, several time series analyses were conducted and analyzed to see if there were correlations or trends: shellfish closures to shellfish revenue, marine mammal deaths to increased blooms, and marine mammal deaths to loss of tourism. Spearman’s Rank correlation statistical tests were conducted on the time series to check for statistical significance. Data were collected from The Marine Mammal Center (TMMC) in Sausalito, California, Pacific Coast Fisheries Information Network (PacFIN), and from the California Department of Public Heath’s (CDPH) Preharvest Shellfish Protection and Marine Biotoxin Monitoring Program. 

Since a study like this has not previously been conducted in California, it could be of high interest for economists, social scientists, and marine scientists who are interested in this topic. It will inform these groups of the economic impact that HABs can have on California and how best to approach government officials for funding. It will also be used as a working paper for the NOEP and passed along to TMMC to show how their data was used. Dr. Porter Hoagland from Woods Hole Oceanographic Institute and Dr. Charles Adams from University of Florida both have a strong interest in HABs and their economic impacts. Both scientists have expressed interest in my paper and findings when it is complete. Any new information or outlook on HABs and the economic impacts they have will enable them to learn more and apply it to their own future studies. 

While doing the research for this capstone and gathering my data, I received many informative papers and ideas about how best to conduct my research from various people like Dr. Adams and Dr. Hoagland. Dr. Tracey Goldstein with the TMMC also provided her post-doc paper, which somewhat paralleled my own involving sea lions and epidemiology of domoic acid. Dr. Gregg Langlois from the CDPH was also involved in helping me understand the shellfish closures and his role in the government involving HABs and closures. Lastly, Dr. Judith Kildow was involved as my capstone advisor. 

I entered into this capstone with the bias that HABs have a very high impact on the revenue for California shellfisheries. I remained objective, as I had no proof to back this up. I kept searching for proof through e-mails with Dr. Langlois from the CDPH, who enlightened me with information about how the state handles HABs, but also his own ideas on whether there was an economic impact. His ideas were opposite of mine, so staying objective was not hard because I had to now determine, with proof, whether there was an economic impact or not. I also had no bias on whether current management was effective or whether marine mammals deaths and strandings would affect tourism. Consequently, staying objective was not difficult. To stay objective as I kept learning, I made sure to look at the facts and be thorough in my search and findings. 

It is my sincere hope in conducting this study that it will be used to further increase research for the ocean and provide yet another reason to protect it, but not put excessive pressure on fishermen to stop their practices. Since high school, a dream of mine has been to protect the environment, but to not limit people’s access to it. It has been my desire and hope that one-day people can live in balance with the environment, especially the ocean. The ocean is an amazing thing that gives us so much: food, natural resources, and jobs. It pains me to see people misuse the ocean, but the ocean is also an important factor in many people’s lives. I believe you cannot simply end or destroy most human dependencies on the ocean. The need to protect it is strong, though, and this study combined my desire and high value of people and the environment together. Hopefully, through this paper, the need for and importance of the shellfishing industry will be seen, but also the power and importance of the ocean being healthy will also be demonstrated.

Sincerely, 

Bethany Taylor
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Abstract


Harmful algal blooms or HABs are naturally occurring blooms of micro-algae in the ocean that can produce harmful toxins when consumed by humans and other marine life. Because of the potential health effects and deaths, there are federal regulations for the amount of toxins allowed in shellfish. Yearly shellfish closures occur off the west coast of the United States during peak months for HABs and also when HAB toxin levels exceed federal levels. In California, the question of how HABs and fishery closures affect the state’s economy has been unexplored. This report investigated how and if HABs affect the state’s economy through shellfish closures in Santa Barbara County and through effects on the tourism industry through sea lion strandings off the central coast of California. It also described California’s current management of HABs. 


After collecting data from the California Department of Public Health’s (CDPH) Marine Biotoxin Monitoring Program, Pacific Coast Fisheries Information Network (PacFIN), and The Marine Mammal Center (TMMC) in Sausalito, California, time series were created to discern any patterns; Spearman’s Rank Correlation statistical tests were used to check for any statistical significance. Three time series were created: 1) domoic acid average toxin levels versus Santa Barbara County shellfish catch weight; 2) paralytic shellfish poisoning average State and County toxin levels versus Santa Barbara County shellfish catch weight, and 3) domoic acid average State and County toxin levels versus sea lion strandings. 


No statistical significance was found among any of the time series, suggesting no economic impact to the Santa Barbara County Shellfish industry due to HABs. California’s management system also seems effective, as there have been no current human illnesses or deaths recorded from incidents of HABs within the last decade, or economic impacts to the shellfish industry. Nonetheless, it would be desirable for California to be more aggressive in promoting public awareness and education about HABs and the monitoring program to prevent future illnesses and death. 



If the toxin samples for Santa Barbara County and the Central Coast of California were more frequent, there might be a statistical significance and the need to use statewide data would be eliminated. More frequent sampling would also be better because comparisons could be made on a seasonal time scale rather than a yearly scale. These data gaps limited the ability of this paper to achieve what it hoped to find. Nevertheless, the first steps have been taken and hopefully the State and future researchers will continue and enhance this work. 
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Introduction


Harmful algal blooms (HABs) have significant negative impacts on the health of humans and marine life that could influence the economy along California’s coastline. Specifically, the micro-algae that form HABs can cause fish kills, make shellfish poisonous, and affect animals higher in the food web (e.g. sea lions) when algal populations explode or “bloom” (Hoagland et al., 2002; Mos, 2001). The use of the marine environment for jobs, tourism, and food creates a need for monitoring of HABs and management of industries (e.g. shellfishing) that can be affected by HABs (see Appendix A). Some states require mandatory HAB monitoring and reporting to protect human health; including California with an annual average $43 million shellfish industry and especially Washington with an annual average $114 million shellfish industry (NOEP, 2008; Price et al., 1991). Scientific monitoring and research in California is also conducted throughout the year to learn more about HABs and how it affects the health of animals that inhabit (e.g. marine mammals) and utilize (e.g. sea birds) the ocean (Langlois, 2007; Mos, 2001). If a HAB is detected in the water at a high concentration, a state agency may close a shellfishery to protect human health and impact commercial shellfish revenue or marine mammals may die from eating affected organisms (Goldstein et al., 2008; Hoagland et al., 2002). 


Different government agencies, such as the California Department of Public Health (CDPH), conduct different aspects of monitoring for HABs in the state of California. The CDPH conducts monitoring in California through their Marine Biotoxin Monitoring Program and is responsible for the pre-harvest aspect of the shellfish industry by closing or quarantining shellfisheries (G. Langlois, personal communication, September 22, 2007). The Marine Biotoxin Monitoring Program also issues public warnings or health advisories when shellfish toxicity has reached federal alert levels (G. Langlois, personal communication, September 22, 2007). The CDPH’s Food and Drug branch is responsible for post-harvest concerns while the California Department of Fish and Game (CDFG) regulates commercial and recreational fisheries when needed (G. Langlois, personal communication, September 22, 2007). The CDPH conducts monitoring and management of shellfish to ensure they are safe for human consumption, but also to make sure the shellfisheries are complying with the National Shellfish Sanitation Program (CDPH, 2007). The CDFG is also responsible for protecting and maintaining the ecosystem for its benefits to people and its ecological importance (CDFG, 2007). All these departments and programs are responsible for minimizing the risk of people becoming ill or dying from HABs and to protect the environment. Before the regulations, people have died in California from paralytic shellfish poisoning as a result of ingesting infected shellfish and, before and after current regulations, hundreds of sea lions have died from amnesiac shellfish poisoning (Adams et al., 2000; Greig et al., 2005; Langlois, 2007).


The two primary threats from HABs off the coast of California are amnesiac shellfish poisoning (ASP), better known as the toxin’s name domoic acid (DA), and paralytic shellfish poisoning (PSP). The first documented case of DA occurred in 1987 off of Prince Edward Island, Canada, and the first documented case of PSP was in 1793 near British Columbia, Canada (Mos, 2001; Price et al., 1991). On Prince Edward Island, over 100 people became ill and three died from eating mussels, making DA a relatively recent problem (Mos, 2001). PSP was first believed to have been recorded when British explorer George Vancouver had five crewmembers become ill and one member die after eating mussels (Price et al., 1991). Since these first documented cases, DA and PSP have been found throughout the United States, especially on the west coast (Anderson et al., 2006; Mos, 2001). For example, DA in 1991 killed more than 100 cormorants and pelicans in Monterey Bay, California, and in 1998 more than 400 sea lions off the Central Coast of California drifted ashore where only 70 were collected alive (Adams, et al., 2005; Langlois, 2007; Mos, 2001). Interestingly enough, PSP and DA do not seem to cause death to shellfish species it infects, but it can cause behavioral changes in small species like anchovies (Mos, 2001). PSP has caused 32 deaths between 1927 and 1989 in California (Price et al., 1991). Between 2004 and 2007 DA and PSP have caused shellfish closures from 9 to 33 days off the coast of California, but with no reported human illnesses (G. Langlois, personal communication, December 7, 2007). A study by Greig et al. (2005) reported between 1991 and 2000 that the severity of DA seemed to be increasing during their study period. 

Because of natural, deadly occurrences of DA and PSP and recent documentation of increased DA occurrences, scientists are trying to understand the derivation and problems associated with them. From what is known today, the diatom (micro-algae) that produces DA may not be controllable since, unlike PSP, it is not influenced by agricultural run-off, sewage, or other controllable human influences (Mos, 2001). Instead, DA is influenced by natural occurrences like changes in upwelling and a decreasing sea temperature that could result in a HAB occurrence (Lundholm et al., 2004; Mos, 2001). PSP naturally occurs and blooms in nature, especially during periods of calm water, but human influences, like nitrogen run-off, also influence its bloom (Rensel, 1993). This poses problems for management and monitoring since HABs are less predictable and not always influenced by human actions (Mos, 2001). This lack of scientific understanding can make management less effective, resulting in death and illness to marine mammals and people.  In California, there has been no extensive study conducted on the economic impact that HABs have on the shellfish industries or the potential negative impact HABs could have on tourism due to marine mammal deaths. 

This paper evaluated the current available data for HABs in California and investigated whether or how HABs affect local California economies through 1) potential declines in shellfish sales in Santa Barbara County (SBC), the only county in California where shellfish closures have occurred because of HABs, and 2) loss of tourism through sea lion strandings from Mendocino to San Luis Obispo counties (Central Coast of California). To complete this study, time series were created of SBC catch weight and toxin levels between 2001 and 2006; an economic impact number was created for years with closures to show the potential loss of revenue to SBC shellfishers; and, using a study by Loomis (2006) on the economic benefits of sea otters, the economic importance of sea lions to the Central Coast of California was examined. 


Understanding the occurrences and impact DA and PSP have on the economy, such as shellfisheries closures, would be beneficial for economists, social scientists, marine scientists, and government officials. It will help government officials to understand the importance and seriousness that HABs could pose in California. It will also help scientists and economists on how to best approach government officials to appropriate sufficient funding for monitoring of HABs. Sufficient funding for monitoring would help protect the people who eat shellfish and the coastal economies from the loss of revenue.

The challenge in this study comes from the lack of information regarding the economic impact HABs have on California and the complexity and lack of information regarding the biological make-up of DA and PSP. A brief policy analysis of the California management system is also included to determine how effective it is currently and if there is more that could be done.
Methods

Time Series and Economic Impact


To determine whether domoic acid (DA) and PSP affect shellfish sales, a time series was created to find patterns in DA and PSP sightings and shellfish revenue. Data were collected from the California Department of Public Health (CDPH) Marine Biotoxin Monitoring Program to determine where there have been shellfish closures and toxic sightings in California. Because the CDPH data is set-up as daily samples, a yearly average was calculated for samples taken statewide and only in SBC for DA and PSP. Statewide toxin levels were used to more accurately look at toxin level trends. Although it is more desirable to use SBC samples because of the same geographic location as the fishery closures, the sampling was too infrequent and small. A time series was created with the DA and PSP sightings over the period of 2001 to 2006 (PSP) and 2002 to 2006 (DA) and noted which year and for how long a closure occurred. 


The value of the fisheries in Santa Barbara County, where the only HAB closures have occurred in California, was calculated. SBC’s shellfish landed weight and value was obtained from the data that Caitlin Moehrke prepared for the National Ocean Economics Program (NOEP) from the Pacific Coast Fisheries Information Network (PacFIN). All species that were not shellfish (e.g. finfish, snails, squid, etc) were eliminated and total revenue ($) and round weight (lbs) were calculated from 2001 to 2006. Revenue was converted to 2000 dollars using the Bureau of Labor Statistics (BLS) inflation calculator (http://data.bls.gov/cgi-bin/cpicalc.pl). A time series for annual shellfish catch and revenue in SBC was created to compare to the State and County yearly average of toxin levels for PSP and DA. A Spearman’s Rank Correlation statistical test was also used to check the statistical significance between the toxin levels and catch weight. The time series were considered statistically significant when p < 0.05.


To determine whether the PacFIN data was sufficient, the above methods on gathering revenue and round weight (lbs) were conducted with the California Department of Fish and Game’s (CDFG) commercial landings for the Santa Barbara area. In addition to the elimination of the species that were not shellfish, Ventura’s, Oxnard’s, and Port Hueneme’s shellfish catch weight and value were also eliminated since they are not within SBC. General trends showed that PacFIN’s and CDFG’s catch weight and revenue was similar. PacFIN’s data was used throughout the study, unless otherwise cited.


In addition to the time series, the economic impact DA and PSP had on the fisheries was calculated to determine an actual monetary value (Hoagland, 2007). The economic impact was calculated by averaging shellfish catch round weight (lbs) and revenue (2000 $) from 2000 to 2002 for SBC. The same PacFIN data as above were used for the time series. The time period for the average was picked because there were no closures due to HABs and was within the study’s time period (2001 to 2006), ensuring similar regulations and catch rates. The 2003 to 2006 yearly catch round weight (lbs) and revenue (2000 $) were then subtracted from the average. A positive number indicated growth in the shellfish industry and a negative number indicated decline in the industry. Economic impacts do not measure changes in the seafood market, labor, and other economic markets relating to shellfishing, but they are easy to calculate, give a general idea of the scale of the problem, and can help identify relevant markets and geographic locations where there could be economic losses (Hoagland & Scatasta, 2006). This monetary value will give a rough estimate of economic impacts that HABs could have on California. The economic impact results gave me a monetary value to determine the estimated economic loss that DA and PSP may have had on California shellfisheries in SBC during that the study’s time period.

Sea Lions and Policy Analysis


To study the connections between tourism, sea lions, and HABs, a study by Loomis (2006) about the economic benefits of sea otters was used and a time series comparing sea lion strandings and average DA toxin levels was created. Data were collected from The Marine Mammal Center (TMMC) in Sausalito, California about the location and individual information about sea lions that had stranded between Mendocino to Ventura Counties in California with acute DA poisoning between 1998 and 2006. Based on the TMMC data, the number of sea lion strandings for each month and year were calculated between 2002 and 2006. The monthly and yearly sea lion stranding totals were used to create a time series with monthly and yearly average DA toxin levels for the state and between Mendocino to Ventura counties. Although statewide averages are not within the same geographic range as the TMMC data, there were more samples statewide than between Mendocino to Ventura counties. More samples show a better pattern in DA toxin levels. A Spearman’s Rank Correlation statistical test was used to check the statistical significance between the monthly and yearly toxin levels. The time series were considered statistically significant when p < 0.05. A study by Greig, et al (2005) was also used to further investigate how many strandings and deaths have been linked to DA and PSP because it looks at trends and causes of sea lion strandings in California between 1991 and 2000. The study by Loomis, coupled with research about the health effects HABs have on sea lions, enabled me to speculate on the potential economic decline in the tourism industry that marine mammal deaths could incur.


To carry out the policy analysis, a simple analytical scheme was used, designed by Professor Kildow and Professor Shapiro for the Science and Environmental Policy (SEP) program at California State University, Monterey Bay (CSUMB), based on the literature. The analytical scheme was adapted as this paper is only looking at whether the current management is effective. The analysis was completed by 1) looking at the decision makers and the level of government where the decision making takes place; 2) identifying major stakeholders and their interests; 3) describing the power relationships amongst the stakeholders and decision makers; 4) describing how decision makers and stakeholders receive and/or are influenced by their knowledge; 5) describing the ideal management for HABs and the implications to the stakeholders; and 6) identifying major obstacles and challenges to the ideal management compared to what is currently taking place. 

Results

Domoic Acid Versus Santa Barbara County Shellfish Catch


Mean DA toxin levels found in shellfish (ppm) in SBC and statewide decreased almost every year between 2002 and 2006 (Figure 1). In SBC there was a slight increase from 2004 to 2005, but it was small. In comparison, the average State DA toxin levels had a large increase between 2003 and 2004.  Shellfish catch between 2002 and 2006 mostly experienced increases except one for unknown reasons. The year 2004, where 21 days of closure occurred, had a significant drop in landed weight from 2003. In comparison to the year 2006, where 33 days of closure occurred, shellfish landed weight did not experience any reduction in weight from the year before. All other years during the study period had no closures due to DA.


There are no significant correlations between the yearly average SBC DA toxin levels found in shellfish (ppm) compared to annual catch round weight (lbs) (r = 0.600, N = 5, p = 0.285). The average SBC DA toxin levels did not show any strong correlations to the County’s annual catch weight, but there were some correlations to the County’s annual catch weight and toxin levels (Figure 1). In 2003, when the County’s toxin levels decreased rather significantly, the catch weight increased slightly. In 2006, when the County’s toxin levels had another significant drop, the catch weight increased. Despite these observed relationships, the small sample size may have made the correlation insignificant. Also, interestingly enough, SBC’s toxin levels reached its minimum concentration level during the study period at approximately 9 ppm in 2006, but that year had the longest closure period. 


Comparatively, the State’s yearly average toxin levels found in shellfish (ppm) and annual catch round weight (lbs) seems to correlate more than the County’s (Figure 1). When there is a decrease in toxin levels found in shellfish, catch weight increases. This occurred every year. Statistically, though, there is no significance (r = - 0.400, N = 5, p = 0.505). This lack of significance made sense as was comparing two different geographic ranges (i.e. SBC versus statewide). 
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Figure 1: Santa Barbara County’s and California’s yearly average domoic acid (DA) toxin levels in comparison to Santa Barbara County shellfish landed catch between 2002 and 2006. Denoted are the years and amount of days in the year where shellfish fishing closures occurred due to DA. 

Paralytic Shellfish Poisoning Versus Santa Barbara County Shellfish Catch


Santa Barbara County’s yearly average PSP experienced an opposite effect of the County’s DA and increased almost every year between 2001 and 2006. Between 2001 and 2003, the PSP toxin levels were the lowest for the County (Figure 2). In comparison, the State experienced rather sporadic increases and decreases in average PSP toxin levels between 2001 and 2006. Every year, the State’s PSP toxin levels either increased or decreased compared to the year before. The County’s annual shellfish catch increased between 2004 and 2005 despite a nine-day closure that occurred in 2005.  There were no other closures due to PSP during the study period in SBC.


Santa Barbara County’s yearly average PSP toxin levels found in shellfish (ppm) in comparison to annual catch round weight (lbs) do not show any significant correlation (r = - 0.600, N = 6, p = 0.208). However, there is some minor correlation to the average County’s PSP toxin levels and catch weight (Figure 2). As SBC’s toxin levels decreased in 2002 and 2003, annual catch weight increased slightly. In 2004, annual catch weight decreased significantly and SBC’s PSP toxins increased slightly. Catch weight, though, increased in 2005, but so did the toxin levels. In 2006, toxin levels increased, whereas catch weight decreased. Oddly enough, as SBC’s toxin levels continued to increase after 2004, it reached a maximum concentration level of approximately 113 ug/100g in 2006, but no closures occurred and there was a slight increase in catch weight. As shellfish do not die because of PSP, a decrease in catch weight is unlikely because of a higher toxin concentration. 


Despite the local impacts of HAB events, the State’s yearly average toxin levels showed trends similar to the County’s. Figure 2 shows when state yearly average toxin levels increased, SBC annual shellfish catch weight decreased (e.g. 2003 to 2004) or when state toxin levels decreased, SBC catch weight increased (e.g. 2002 to 2003). There was also no correlation between the State’s average toxin levels and the County’s annual catch weight (r = - 0.257, N = 6, p = 0.623). This lack of correlation makes sense since the geographic ranges are different (as with DA toxin levels). 

Figure 2: Santa Barbara County’s and California’s yearly average paralytic shellfish poisoning (PSP) toxin levels in comparison to Santa Barbara County shellfish landed catch between 2002 and 2006. Denoted are the years and the number of days where shellfish fishing closures occurred due to PSP. 

Santa Barbara County Shellfish Economic Impact


There seems to be no economic impact from the three years of closures that occurred in SBC. Based upon an average taken from 2000 to 2003 and differences calculated, there was a decrease in weight and revenue for almost every year (Table 1). In 2000, the highest catch round weight (lbs) and revenue (2000 $) was observed. 2004 experienced the lowest catch round weight (difference of 754,481 lbs) and revenue (difference of $901,962), but also had a 21-day closure. Though the closure could be linked to this drop in catch weight and revenue, 2006 experienced a 33-day closure and only a 398,295 lbs difference in catch weight and an $118,675 difference in revenue. 2005 experienced a 9-day closure, but had a higher loss in catch weight (476,867 lbs) and revenue ($525,651) compared to 2006 and its 33-day closure. Explanations for significant drops in catch weight for 2004 are unknown as there were no strong or influential El Niños, La Niñas, or natural disasters. 

Table 1: Santa Barbara County’s shellfish catch weight and revenue for 2000 to 2006 in comparison to the difference between that year’s catch weight and revenue and the average revenue and catch weight from 2000 to 2003. Also shown is the number of closure days that occurred each year and the percent change of the difference. 


Domoic Acid Versus Sea Lion Strandings


There are no monthly correlations between acute DA sea lion strandings between Mendocino to Ventura Counties and those counties’ monthly average DA toxin levels (ppm) found in shellfish (r = 0.007, N = 60, p = 0.959). There are also no monthly correlations between sea lion strandings and the State’s average monthly DA toxin levels (r = 0.085, N = 60, p = 0.520). The State experienced a few more spikes in monthly toxin levels, but mostly the Central Coast (Mendocino to Ventura counties) data followed the same pattern. According to Figure 3, there is no obvious pattern between increases and decreases in toxin levels and number of strandings for statewide or the Central Coast. There does seem to be a lag of a few months for both after a spike, which Goldstein et al. (2008) found to be statistically significant at four months. When spikes in toxin levels occur (e.g. April 2004) for the Central Coast, there are subsequent spikes in sea lion strandings (e.g. August 2004). Some spikes, though, do not result in large sea lion strandings (e.g. February 2003 toxin spike versus June 2003 stranding numbers). 
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Figure 3: The monthly number of sea lion strandings due to acute domoic acid poisoning that occurred between Mendocino County to Ventura County in comparison to California’s and Mendocino and Ventura Counties’ monthly average domoic acid toxin level between 2002 and 2006. 


There was no yearly relationship between sea lion strandings and the Central Coast’s average yearly DA toxin levels (r = 0.500, N = 5, p = 0.391). There was also no yearly relationship between sea lion strandings and the State’s average yearly domoic acid toxin levels (r = - 0.100, N = 5, p = 0.873). There were no strong correlation of increases in statewide DA toxin levels and sea lion strandings due to DA when looking at both numbers from the same year (Figure 4). Rather, it seemed that the number of strandings in a year went up with a decrease in toxin levels and down with an increase in toxin levels. When looking at the Central Coast DA toxin levels, there seems to be more of a correlation. With exception to 2002, when toxin levels go up, sea lion strandings also go up. When toxin levels go down, sea lion strandings also go down. 
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Figure 4: The yearly number of sea lion strandings due to acute domoic acid poisoning that occurred between Mendocino County to Ventura County in comparison to California’s and Mendocino to Ventura Counties’ yearly average domoic acid concentrations between 2002 and 2006.  


Looking at the number of strandings that occurred the year after the State’s and Central Coast’s DA toxin levels, there seems to be a stronger correlation (Figure 5). Statistically there is no correlation with the State (r = 0.600, N = 4, p = 0.400), but in 2003, there is a decrease in toxin levels and a decrease in sea lion strandings in 2004. Toxin levels in 2004 increased, whereas in 2005 there was an increase in sea lion strandings. This similar pattern also occurs in 2005 when toxin levels decrease and sea lion strandings in 2006 decrease. There was also no statistical significance with the Central Coast’s DA toxin levels and sea lion strandings (r = -0.800, N = 4, p = 0.200). Unlike the State’s toxin levels, there seems to be no visible relationship between the Central Coast’s DA levels and sea lion strandings. Toxin levels in 2004 decreased significantly along the Central Coast, but sea lion strandings in 2005 increased by a large number. Toxin levels, once again along the Central Coast, increased in 2005, but sea lion strandings decreased in 2006. 
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Figure 5: The yearly number of sea lion strandings due to acute domoic acid poisoning that occurred between Mendocino County to Ventura County in 2002 and 2006 shifted one year forward in comparison to California’s and Mendocino to Ventura Counties’ yearly average domoic acid concentration between 2002 and 2006. 

Discussion


Explained in the following sections in greater detail and against initial belief of HABs impacting California’s economy, the results indicate that HABs do not affect California’s economy. HABs could potentially affect California’s tourism through strandings of sea lions along beaches because tourists would not like to see dead, dying, or injured animals, but there seems to be no strong correlation to HAB events and sea lion strandings. Though this paper is the first to look at the economic impact that HABs may have on the State, it is likely that the infrequent sampling in the State and SBC caused these results. The policy analysis below showed that California’s current management system is effective to prevent human deaths and illnesses, but could be more effective with more frequent monitoring.  


To put into context how HABs could affect a State’s economy, the state of Washington is used in the following sections as an example. Washington has a significantly larger shellfish industry than California’s, but is affected by the same dominant HABs (DA and PSP). Washington also experiences more shellfish closures than California (Trainer & Suddleson, 2005). California’s fishing industry is also discussed to give an idea of the magnitude of the industry and how SBC’s industry compares to the State. It is also described to give background and orient the reader to the possible impacts the HAB closures in SBC could have on the County. 

Santa Barbara Shellfish Closures and Economic Impacts


On the west coast of the United States, Washington State has a dominating shellfish industry. In fact, their farmed bivalves industry is the largest in the United States (Puget Sound Partnership, 2007). In 2000, the industry generated approximately $77 million in sales and accounted for 86 percent of the West Cost’s production (Puget Sound Partnership, 2007). Washington’s commercial shellfish industry supports more than 1,200 jobs and the annual payroll was over $27 million in 2003 (Puget Sound Partnership, 2007). Between 2001 and 2006, Washington’s total revenue from commercial shellfisheries was over $700 million and an annual average of $114 million for their shellfish industry (NOEP, 2008). 


Comparatively, California is not known for its shellfish industry, yet has a significant fishing industry. California’s fisheries have more than 14,000 commercial fishermen and 4,000 fishing vessels (California Fisheries Coalition, 2007). Recreational fishing has more than several million anglers and there are more than 200 seafood companies (California Fisheries Coalition, 2007). The twenty-six recreational and commercial fishing associations affiliated with the California Fisheries Coalition employ about 172,000 people (California Fisheries Coalition, 2007). In 2004, aquaculture in California employed about 1.1 million people (California Aquaculture Association, 2007). California’s total revenue from commercial fisheries landings for 2001 to 2006 was a little more than $677 million and an annual average of $43 million for the shellfish industry (NOEP, 2008). Santa Barbara County contributed almost $38.5 million to the State’s total revenues and their shellfish species added almost $15 million to the County’s total. 


Santa Barbara County (SBC) is the only county in California subjected to shellfish closures due to HABs. A fishery is reopened after a closure only when two successive samples, three days apart, detect that toxin levels are below the federal concern level (20 ppm for DA and 80 ppm for PSP; G. Langlois, personal communication, December 5, 2007). The number of days a closure occurred in SBC varied between 9 and 33 days with 27 days being the average for DA and 9 days (the sole closure) for PSP. Though sport-harvested shellfish experience a yearly closure from May 1st to October 31st, depending on the species, commercially harvested shellfish may or may not experience a closure through the year. Some of the primary ocean caught shellfish species in SBC are the California spiny lobster (Panulirus interruptus), ridgeback prawn (Sicyonia ingentis), and spot prawn (Pandalus platyceros). The California spiny lobster, by law, is subjected to a closure between April and September, the ridgeback prawn between June and September, and the spot prawn between November and January (CDFG, 2001). Though nine days for a HAB closure may not seem long, for California spiny lobster fishermen, nine days can be significant given the fishery is closed half the year by law already. Thirty-three days is especially daunting since it is an entire fishing month lost for a species that generates about $1.5 million a year (PacFIN, 2007). 


Statistically, SBC did not experience any significant reduction in catch during years that closures occurred. Looking at trends, though, there was a significant drop in the catch weight and a coinciding drop in revenue of shellfish in SBC when a 21-day closure occurred due to DA in 2004. In 2006, though, when a 33-day closure occurred, approximately nine times less revenue was lost compared to 2004. If the closures were having an economic impact on revenue, a more consistent correlation between increased number of days of a closure and decreased revenue would be seen. In the case of SBC, this was not observed nor statistically supported. The number of closure days were 9, 21, and 33 days, but the loss of revenue was greatest at 21-days, next at 9-days, and lastly at 33-days (see Table 1 above). Though 33-days is a significant amount for a closure, it is possible that fishing effort increased after the fishery was reopened. This could explain the lack of decrease in catch weight when closures occurred. Shellfish also do not die of DA or PSP poisoning, which means stock levels would not be decreased because of the HAB event. Other species, like anchovies, can die from DA or PSP poisoning (Mos, 2001), but they are outside the scope of this paper. Better understanding of this data and results could come from looking at the daily landed value and weight of shellfish species in SBC. This would tell, on a daily level, exactly where the closures occurred and the average revenue and landed weight that occurred prior to or after a closure.   


The minimal amount of data obtained for this paper could be a cause for this finding. The time series only had a sample size of five and six years, which are minimum numbers to do a statistical test. Longer time periods would be more advantageous to see if there are any trends. The difficulty in obtaining data is what ultimately caused the low sample size. Data collection for DA did not occur until 1991, when it was discovered, but PSP has been annually monitored in California since 1962 (Langlois, 2007; Price et al., 1991). Easily accessible data, though, for many instances, are only available for about the last decade. The California Department of Public Health’s (CDPH) Preharvest Shellfish Protection and Marine Biotoxin Monitoring Program has been publishing reports based on its program since 1999. The monitoring is completed on a volunteer basis and Gregg Langlois of the CDPH compiles the samples described in the reports. These reports are published quarterly (1999 to 2002), monthly (2003 to current) and yearly since 2001. An overview of the amount of toxins found in the water for DA and PSP for Northern and Southern California is contained in the quarterly and monthly reports, but only the yearly reports contain raw data for the actual concentration levels found in individual samples. With raw data only available within the last six years, easy accessibility of data drops significantly for years before 2001. Data are also infrequent as the Program relies upon volunteers to take samples. The same amount of samples does not occur each year, in the same location, or even within the same month. This posed problems in finding a robust sample size to do statistical tests and, ultimately, is what caused the use of the statewide data. More frequent and consistent sampling would enable not only yearly, but also seasonal time series. Details and nuances in the data are lost at large time scales like a year.


Some explanations for the variation between catch weight and values are possible reductions in the number of individual species caught and the changes in market price for species. For instance, the round weight for 2001 and 2006 was approximately the same (about 917,000 lbs), but the difference in revenue between the two years was about $400,000 or 15 percent, indicating market value for species must have been different in those two years. Market prices for species change depending on closures, stock numbers, and public demand. In Food Ethics (ESSP 212) at CSUMB, students learned that when farm animals experience some national health concern (e.g. mad cow disease), consumers turn to seafood as a good alternative (and vice versa). Stock numbers of species could also drive prices up or down. If a particular stock is not yielding the same catch weight it has in the past, that stock can experience a higher market price. This would drive the revenue up for fishermen, regardless of the size of landed weight:  classic demand and supply if there were high demand for that species. A closer look at the market price for species during those years would be useful to understand the market price differences for species to further explain the differences. 
Marine Mammals and Tourism


Behind retail and manufacturing (Lopez & Bugarin, 2004), tourism in California is the third largest employer in the state (Loomis, 2006) and sea otters are popular animals tourists want to see. Reported in a study by Loomis (2006), the United States Fish and Wildlife Service’s supplemental environmental impact statement estimated that there would be about 117 more sea otters found between Point Conception and the city of Santa Barbara in California over the next ten years. This increase from 140 plus otters (Loomis, 2006) could generate $1.5 million to $8.2 million in annual income during those ten years due to increased tourism (Loomis, 2006). This increase in otters could also mean that from 62 to 326 additional jobs could become available due to the increased sea otter population (Loomis, 2006). Sea otters are not the only marine mammals that tourists like to see; sea lions, seals, and whales are other marine mammals that tourists likely want to see. In a study that is being conducted for the Elkhorn Slough by the National Ocean Economics Program (NOEP), preliminary data shows the top three animals, other than birds, people hope to see at the Elkhorn Slough are sea otters, harbor seals, and sea lions, respectively  (NOEP survey for the Elkhorn Slough, 2008). Though sea lions are not a rare or endangered species like sea otters, they are a protected species under the Marine Mammal Protection Act, and have an economic value that impacts tourism since they are commonly found along much of the California coastline.  


In 1998, over 400 sea lions drifted to shore along the Central Coast of California (Mos, 2001; Scholin et al., 2000). Only 70 sea lions were collected alive, with 47 of them dying later on (Mos, 2001). The sea lions were found to have neurological problems and the strandings coincided with a bloom and die off of Pseudo-nitzschia sp. (a known DA producing micro-algae) that occurred in Monterey Bay (Scholin et al., 2000). It is believed that these sea lions were poisoned from eating anchovies that had high levels of DA (Scholin et al., 2000). During huge events like the one in 1998, most people did not question the coincidence of sea lions deaths and Pseudo-nitzschia bloom as much as in other years. Goldstein et al., (2008), along with this paper, did not find any correlation between domoic acid events and sea lion strandings either on a monthly or yearly time scale. It is possible that the large spikes (see Figure 3 above), with almost no strandings, could be a result of a short bloom that affected only a small number of individuals. It is believed that most sea lions will show signs of acute DA poisoning within four-months of the event’s occurrence, but for sea lions to show effects a year later is not ruled out (Goldstein et al., 2008; T. Goldstein, personal communication, March 24, 2008). By doing a quick yearly comparison of strandings a year after a DA event, it was found that sea lion strandings correlated better than they did on a same year scale (at the state level). From current knowledge, no studies have looked at sea lion strandings in terms of the year after the event. Though there are many neurological and biological aspects that have to be taken into consideration for sea lions, it is possible that perhaps sea lions are more affected by DA events the year afterwards and not the coincident year. This should be investigated in greater detail. 


Whether the death of sea lions really does impact tourism or not is harder to discern, as sea lions are prolific along the coastline compared to species like the sea otter which has a population a bit over 3,000 (USGS, 2007). The death of sea lions (especially if they number in the 100’s) could have an adverse effect on tourism. The sight of injured or dead bodies would reduce the tourist’s experience in California or at a particular area. Also, it could leave a bad impression on the tourist and they may not want to return to the area because of their memory of seeing the dead or sick sea lions. As evident in the NOEP preliminary results, people want to see healthy sea lions out in the wild, which is an attraction to places like the Elkhorn Slough or to the Monterey Wharf where sea lions are frequently found. Tourists also enjoy taking pictures of them. If a significant HAB event occurs and sickens numerous sea lions, the population will decrease and potentially decrease the number the following year, further reducing tourists’ experiences. Monterey Bay, California is known for prolific wildlife and if tourists visit and see little to none, they may visit somewhere else like Año Nuevo that has the Northern Elephant Seals’ breeding grounds. Though this would not impact California’s tourism as a whole because money is simply being redirected, it would hurt local economies. A study of more general influences of wildlife on tourism would give a better idea of the economic impact that sea lions and other species have to an area instead of just endangered or rare species. 

Policy Effectiveness


HABs do not have a large political presence like implementing reserves, but the federal and state government both recognize the public health issue revolving around unmonitored toxic blooms. There are federal alert levels for toxin levels in shellfish that require state agencies to issue health advisories or close fisheries. There is also the Harmful Algal Bloom and Hypoxia Research and Control Act of 1998 (and Amendments Act) that Congress enacted and the President signed. However, most monitoring and management of HABs is at the state level (CSCOR, n.d). For instance, the Washington State Department of Health (WDOH) started a shellfish toxicity surveillance program in the early 1930’s (Trainer et al., 2003). This early program focused on commercial shellfish, but about 60 years later included recreational shellfish (Trainer et al., 2003). Since Washington’s only three deaths due to PSP in 1942, the annual closure of shellfishing (except razor clams) has been conducted between April 1 and October 31 (Trainer et al., 2003). In 1946, the shellfish surveillance program was no longer conducted due to the belief that the annual fishery closure was enough to protect the people (Trainer et al., 2003). It was not until 1957 that monitoring was reestablished in areas north of Puget Sound and all commercial shellfish species were monitored (Trainer et al., 2003).  In the early 1970’s, regular monitoring of recreation and sport harvested shellfish were also conducted in the outer coast and in Puget Sound. 

Documentation of HABs, especially those that cause paralytic shellfish poisoning (PSP), has been kept since 1927 in California (annually since 1962), but Domoic acid has only recently been monitored and documented by the California Department of Public Health (CDPH) (Langlois, 2007; Price et al., 1991). After the 1927 incident with PSP when there were 102 cases and 6 deaths from San Francisco to Monterey counties, PSP became a mandatory reportable condition (Price et al., 1991). In 1942, the six-month quarantine of mussels was initiated in California (along with Washington State) (Price et al., 1991). In Monterey, California in 1991, domoic acid poisoning killed over a hundred brown pelicans and cormorants (Langlois et al, 1993; Mos, 2001). There were no documented human health issues from the 1991 marine bird death incident in Monterey, but after the incident on Prince Edward Island, Canada, it indicated a need for monitoring (Langlois, 2007). In 1993, the CDPH started a volunteer-based monitoring program for phytoplankton due to the cost, time, and variable toxins that may appear off the California coastline (Langlois, 2007). The California Department of Public Health (CDPH) is the government agency that monitors preharvest shellfish toxicity and can close beds or quarantine shellfish in California, but the California Department of Food and Drug monitor safety levels in finfish and postharvest (G. Langlois, personal communication, September 22, 2007). Current management of HABs is conducted through fishery alerts and closures, monitoring, and scientific research. 


The parties interested in HABs and their management are going to be fishermen, government entities, scientists, and the general public. Fishermen and government entities have an economic interest; closures reduce revenue for fishermen and government entities have to spend money to monitor, create reports, and increase public awareness if there is a closure or opening. Scientists have a knowledge base and research funding interest. Scientists can apply for grant money or funding for their research interests. They also want to learn and explain things and HABs still frequent the world of the “questionable” and “unknown,” though knowledge is increasing constantly. The general public is the largest interested party since, without the health risk from HABs, the government entity would not be concerned about HABs. In light of these interested parties, government entities are really an interested party and decision maker, which put them in a precarious position among the other parties. The government entities are going to have significant power over the other parties. The government plays a role with the general public by protecting human health, scientists by being educated by them, and fishermen by being the decision maker on shellfisheries closures. They also have to work within the their mandates, goals, and budgets. The CDPH, for the purpose of this paper, is the primary decision maker for California on whether to close or open a shellfishery. 


Because HABs do not evoke the same political strife like implementing reserves, stakeholder involvement and education is not the same amongst stakeholders. Government entities gain most of their knowledge from monitoring and scientists who research and study local HAB events. Scientists gather their information from networking, researching, and talking to fellow peers in similar fields, whereas fishermen will probably receive most of their information from their coalitions, associations, or other groups. The general public is mostly uninformed about HABs in California. Based on my personal conversations with visitors at the Monterey Bay Aquarium during the algal bloom in the winter of 2008, most visitors had no idea what a HAB was or how it can impact them or the marine environment. One visitor had been sport-harvesting shellfish during the yearly closure and did not know about the closure. He learned of the closure after he had eaten the shellfish, but had no idea why the closure occurred. When informed, he was shocked and concerned about the shellfish he had consumed. Though the CDPH releases monthly and yearly reports about the preharvest monitoring program, it is not easy to find unless someone was specifically looking for it or stumbled upon it by looking at other shellfish information. 


The ideal situation for managing HABs is a combination of effective networking and monitoring to predict when a HAB will occur to be able to warn the public and fishermen in advance rather than during an event. Essentially, an enhanced version of what is occurring now. This ideal management would minimize the loss of revenue to fishermen and prevent death or illness from HABs to the general public. However, the CDPH has to overcome scientific uncertainty and complexity of algal blooms and HABs (Maso & Garcés, 2006; Mos, 2001). Currently, the most accurate way to determine if HABs are present is by sampling various species at various times. Unfortunately for fishermen, when a closure occurs, they must wait till the two successive samples, three days apart, occur. If samples are not taken every three days, a closure may last longer then necessary (G. Langlois, personal communication, December 5, 2007). Volunteers complete samples; to implement a more stable situation and accurate determination of when a bloom dies down, funding for professionals is needed. There is also a disjuncture between networking and communicating new findings and information. Dr. David Caron from the University of Southern California at the Protecting California’s Ocean and Coast luncheon in Sacramento hosted by COMPASS in November of 2007 stated there needs to be a better network between institutions and sharing of information. Some institutions are more technical (e.g. oceanography and technology) while others may be more biological (e.g. the Marine Mammal Center). 


Even if the ideal managing of HABs occurs in California, fishermen will still experience the brunt of managing as closures will still occur. Hoagland et al. (2002) estimated that the U.S. spends on average $2 million on monitoring and management, but, in the same study, the annual economic effects of HABs on commercial fisheries ranged from $7 to $19 million, with an average of $12 million. Washington State alone has been estimated to have lost between $750,000 and $11 million between 1987 and 1992 from HABs (Hoagland et al., 2002). These are significant differences, but, hopefully, with advances in technology and scientific research, advanced warning of a toxic event will be given to fishermen and the public. This would decrease the number of illnesses or deaths that occur from HABs (that result in a nationwide average economic effect of less than $1 million), but also give time to fishermen to come up with another alternative to fishing (Hoagland, 2007). If monitoring became advanced enough, fishermen could also fish harder if they were given advance notice of a closure (Hoagland, 2007). Though these alternatives are plausible and will help minimize economic loss, they are still not as economically desirable as being able to fish normally (Hoagland, 2007). Thus, it is an advantage to shell and other fishermen to have warnings preharvest so they do not waste time, money, and product. Since shellfish survive when a HAB blooms and can be caught once the harm has passed, fishermen benefit greatly from early warnings. Current management techniques and tools are still evolving that can better detect the toxins in advance, as well as determining when they are gone. One example of such a tool is the Environmental Sample Processor (ESP) that has been created at the Monterey Bay Aquarium Research Institute. The ESP is an instrument that is placed into the ocean and can collect and analyze water samples from the ocean on-site. This reduces costs and time. The better the warning system and quicker the fishery is reopened, the better it is for the shell and other fishermen. 


 In California networking may not be perfect, but there have been no reported illnesses or deaths due to HABs between 2001 and 2006 and, based on this report, no apparent economic impact due to closures, indicating that the current policy in effect is sufficient for California (Langlois, 2007). It would also indicate that more efficient monitoring to reduce closure times might not be needed, but simply desired. Regardless of whether there is an overall trend toward economic impact due to closures or not, loss of fishing days could be lost revenue. Decreasing the amount of closure days as much as possible will ensure minimal impact upon fishermen. It is also uncertain whether the lack of public health incidents relating to HABs is related to effective management. Hoagland et al. (2002) used a 10% figure to calculate the number of all illnesses due to HABs that are not reported. Just because there are no reported illnesses, does not mean there are no illnesses. It may be that the general public is not well informed about HABs and the potential health issues they pose. Lack of education could account for why there are no reported illnesses.

Conclusion


HABs cause an annual average nationwide economic impact of $46 million through health effects, commercial fisheries, recreation and tourism, and monitoring and management (Hoagland et al., 2002). Even in certain parts of the country like the east coast or in the northwest, economic impacts are significant to the local fisheries. In California, there seems to be little identifiable economic impact due to the minimal amount of closures and the size of the shellfish industry. The prolific amount of sea lions also suggests that though numerous deaths would decrease the enjoyment for tourists, there are enough of them that sea lion deaths may have a minimal impact upon tourism for the state of California. 


Based upon the fact there have been no reported illnesses and, seemingly, no economic impact to the shellfisheries in Santa Barbara during this study period (2001 to 2006), the current management is effective. The current management system appears to be protecting human health, reducing impact to shellfishers, and still gathering data and learning patterns along the California coastline. It is the author’s recommendation, though, that the CDPH implement a more stable monitoring program that would enable more consistent sampling. This would increase the department’s expenditures on monitoring, but, with the continuing threat of increasing incidents from unpredictable environmental events, the potential loss of shellfishing revenues and human illnesses and deaths, the author believes, outweigh the costs of increased monitoring. It is the author’s value that human health should be placed above budgets and economic losses. Increasing public knowledge and awareness of HABs would also be beneficial to reduce any accidental illnesses because of ignorance.  


Finally, while this study was not able to provide statistically significant correlations among the variables looked at, it broke ground by gathering the available data and organizing it to demonstrate the data gaps that prevent a more reliable statistical analysis. With climate change upon us, and with the ocean systems rapidly changing, occurrences of the toxins studies and possibly new or additional ones will likely provide challenges for managers in the near future. Therefore, more detailed data collection throughout the state would be a good investment for the future to avoid unnecessary economic losses to both the fishing and tourism industries. 
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