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5. STATEMENT OF THE PROBLEM: 
 
As in much of the world, California is increasingly urbanized, with 95% of the state’s population 
living in cities. These urban populations are also increasingly near the coast, with over 68% of 
Californians living in a coastal county (US Census Bureau 2010). These growing coastal and 
urban populations can impact coastal resources both directly (e.g. harvest) and indirectly (e.g. 
habitat loss, pollution). Understanding these impacts is critical to managing these coastal 
resources sustainably (e.g. Cooke and Cowx 2006). 
 
Many bivalves play essential roles in coastal ecosystems, and yet often live in nearshore 
environments in close proximity to human populations, subject to many of the threats of 
urbanization (e.g. Dame 2012). One species that exemplifies this issue is the Pismo clam (Tivela 
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stultorum). The Pismo clam, which ranges from Monterey Bay to southern Baja California, 
Mexico once supported a thriving commercial and recreational fishery in California. Commercial 
landings averaged nearly 100 metric tons per year between 1916 and 1947 and recreational 
clammers harvested ~2 million clams over a 2½ month period from the Pismo Beach-Oceano 
area alone in 1949 (Shaw and Hassler 1989, Pattison and Lampson 2008). Since that time, 
abundance of Pismo clams has declined precipitously; commercial harvest was prohibited in 
1948 and recreational harvest is no longer viable in many locations (Shaw and Hassler 1989, 
Pattison and Lampson 2008). 
 
One factor that has likely affected the recovery of Pismo clams is the resurgence of the Southern 
sea otter (Enhydra lutris nereis) in locations from which it had previously been extirpated. In a 
survey of clam populations from Monterey to Newport Beach, Miller et al. (1975) found that 
catch per unit effort of clams dropped to near zero on beaches where sea otters had been foraging 
for at least a year. In Pismo Beach, the recreational catch declined from 343,000 clams in 1978 
prior to otters to 0 in 1983 after otters moved into the area (Wendell et al. 1986). Abundance 
increased slightly during the early 1990s but these populations remain small today (Pattison and 
Lampson 2008), and transplant efforts to increase abundance have generally failed (Shaw and 
Hassler 1989). While otters may be impacting Pismo clam recovery north of Point Conception 
(the southern extent of the otters current range), our preliminary data show that abundance in 
Southern California is also low (Fig. 1). Therefore, it is clear that factors other than otters are 
limiting Pismo clam abundance in Southern California. 
 
One potential factor that may be affecting the recovery of Pismo clams in Southern California is 
pollution. Water pollution can have negative impacts on the survival and physiological processes 
of both adult and larval stages of many aquatic species (e.g. Dinnel et al. 1989, Key et al. 1998). 

Figure 1. Density of Pismo clams in the 
intertidal of sandy beaches in California 
from Jan 2014-Mar 2015. Note that 
Rincon, the large red dot, had a density 
of more than 10 times any other site, and 
that Coal Oil Point is the closest site to 
Refugio State Beach where clams were 
found (yellow circle west of Rincon). 
Both Coal Oil Point and Rincon were 
surveyed in June 2015, after the Refugio 
Oil Spill; densities at both of these 
locations had declined by around six-fold 
but we cannot conclusively state that the 
spill caused these declines. 
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In addition, early life stages of many marine invertebrates are particularly sensitive to pollutants 
and water quality (e.g. Beiras and His 1994, Key et al. 1998). Anthropogenic pollutants may 
limit recruitment of many species in Southern California, where human population densities, 
urbanization, and pollution is much higher (e.g. Fowler 1990, Nelson et al. 2008). 
 
To better understand the current status of Pismo clams and the factors limiting their recovery, we 
must address a number of questions. First, we need information on the abundance and 
distribution of Pismo clams to understand the local and regional factors that may correlate with 
high and low abundance. The California Department of Fish and Wildlife (CDFW) has collected 
some data on Pismo clam populations over the last few decades, but with few resources available 
for this project, CDFW data are scattered spatially and temporally, reducing their utility for 
management. Starting in early 2014, our research team built on the CDFW surveys to generate 
preliminary data on the size structure and distribution of Pismo clams across their range in 
California (see Fig. 1) and we are initiating a citizen-science program to further increase spatial 
and temporal resolution of these data. 
 
Second, we need a better understanding of the potential factors limiting Pismo clam populations. 
Population limitation could occur in the adult, larval, or juvenile/recruit life stages and may be 
driven by a number of factors such as predation (e.g. sea otters and other predators) and 
pollution. In addition, limiting factors may be different in different locations. For example, sea 
otters are thought to be important predators of adult Pismo clams along the central coast (e.g. 
Miller et al. 1975), but they are not found south of Point Conception/Gaviota. Conversely, 
human population densities, urbanization and pollution are much higher in Southern California. 
 
Understanding both the distribution and abundance of Pismo clams as well as the factors that 
limit their populations will help us develop appropriate management strategies and guide 
restoration of this iconic but depleted species. 
 
6. INVESTIGATORY QUESTION:   

 
Our primary objectives are to evaluate the levels of toxins present in Pismo clam adults and 
recruits to determine the impacts of environmentally relevant levels of these toxins on 
survivorship of Pismo clam larvae, with an emphasis on urbanized areas in Southern California. 
These objectives will help us understand the impact of pollution as a limiting factor on Pismo 
clam populations, and they also generate a series of testable hypotheses: 
 
Hypothesis 1: clams collected from Southern California will have higher levels of toxins than 
those from Central California, and sites close to large urban centers (e.g. Los Angeles, San 
Diego) will have the highest levels of toxins. To test this hypothesis, we will make collections of 
adults and recruits from several beaches in Central and Southern California. We will collect 
clams from sites where our preliminary abundance surveys suggest adults and/or recruits are 
likely to be present, and where anthropogenic pollutants are likely to vary (i.e. Central vs 
Southern California and more urbanized vs less urbanized locations). We will conduct standard 
toxicological assays on clam tissues for a variety of toxins including pesticides and herbicides, 
endocrine disrupters, and hydrocarbons. 
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Hypothesis 2: toxin concentrations at the upper bounds of levels found during the evaluation of 
hypothesis 1 will result in increased developmental times, increased developmental 
abnormalities, and increased mortality in Pismo clam larvae compared to lower concentrations. 
To evaluate this hypothesis, we will conduct a series of experiments on larvae reared in water 
with high and low levels of toxins that were identified in hypothesis 1. We will set upper and 
lower concentrations of these toxins based on values from hypothesis 1 as well as data from the 
literature and input from water quality professionals, and evaluate larval development and 
survivorship. 
 
 
7. MOTIVATION: 

 
Pismo clams once supported thriving commercial and recreational fisheries in California, but 
populations of clams have declined dramatically in recent decades (Pattison and Lampson 2008). 
For example, the City of Pismo Beach has a Pismo clam festival every year, despite the fact that 
no legal-sized clams (>115 mm) have been found in the area since the mid-1990s. Our interest in 
this topic was sparked by conversations with City officials, who sought information about why 
Pismo clams have all but disappeared from the region, and what, if anything, might be done to 
bring them back (see letters of support). Furthermore, population declines are not limited to the 
central coast; Pismo clams were once abundant in Southern California, but have declined there as 
well (Fitch 1950, Miller et al. 1975; Fig. 1). 
 
Therefore, our long-term research objectives are to understand the causes of the decline of Pismo 
clams across their range in California and to identify the factors that are inhibiting population 
recovery. Ultimately, we hope to use this information to develop and evaluate restoration actions. 
In recognition that these objectives will require many years of research both locally and across 
the state, we have initiated a multi-pronged research program. The first step is to document the 
status of populations statewide. Our initial surveys included over 23 sites in Central and 
Southern California. These data show that abundances are generally low statewide, even in 
places that have been reported to have high abundances in the past, such as south San Diego 
County and Orange County (Fig. 1). The one outlier in our data is Rincon Point on the Santa 
Barbara-Ventura County line, with densities more than 10 times greater than those of any other 
site. Interestingly, our preliminary statewide data do not reveal any clear spatial pattern in the 
abundance of Pismo clams. Furthermore, they are not correlated with any of the proposed drivers 
of Pismo clam abundance, such as the presence/absence of sea otters as predators, strong thermal 
gradients between Central and Southern California, variability in human populations, human 
harvest pressure, or other stressors that may vary with urbanization (e.g. habitat modification, 
pollution).  
 
To increase our temporal and spatial coverage, we are expanding our survey program to include 
a citizen science component to this project; we have developed smartphone apps to facilitate data 
collection in collaboration with Cal Poly computer engineering students, and we plan to begin 
field testing these apps in the fall. This survey component of our research program will help 
provide the first comprehensive statewide assessment of the status of Pismo clams populations in 
many decades. 
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In addition, our size structure data reveal 
differences in size frequencies in different 
regions (Fig. 2). Central California 
populations are clumped around moderate 
sizes with few larger and few smaller 
individuals, and no legal-sized individuals. 
Southern California populations are more 
evenly distributed amongst size classes, but 
legal-sized individuals are still very rare. At 
the same time, the fact that there is a at least 
one location with extremely high densities of 
Pismo clams—Rincon—suggests that the 
right conditions still exist to support large 
populations. Furthermore, the size structure 
at Rincon is truncated at the legal size limit, 
and we have observed many recreational 
clammers at this site each time we have 
surveyed it, suggesting that this large 
population persists in spite of heavy human 
harvest pressure. Combined, these 
preliminary data suggest that recovery of 
Pismo clam populations may be limited by 
different factors in different parts of the state.  
 
Previous work has suggested that sea otters 
and human harvest have reduced Pismo clam 
populations in Central California. However, 
human harvest is likely lower in Southern 
California than at the peak in Pismo Beach, 
and sea otters are not present in Southern 
California. 
 
Pollution, on the other hand, is one factor for 
which we have no historical nor current data 
for Pismo clams. In Southern California, an 
extensive suite of anthropogenic pollutants 
have been detected in the ocean, marine 
sediment, and bivalve tissue, including 
pesticides, herbicides, endocrine disrupters, 
and hydrocarbons (Lauenstein and Daskalakis 1998, Nelson et al. 2008, Alvarez et al. 2014). A 
large body of research suggests that these contaminants can have both lethal and sublethal effects 
on marine organisms (e.g. Dinnel et al. 1989, Key et al. 1998), and that these impacts may be 
particularly detrimental to filter-feeding, sessile invertebrates found in nearshore habitats 
(Doddler et al. 2014). Studies have shown that many of these nonlethal effects may reduce 
reproductive output (e.g. Dinnel 1989, Depledge and Billinghurst 1999, Rodriguez et al. 2007) 
and lethal effects of toxins can be especially acute on larvae (Key et al. 1998). Together, these 

Figure 2. Size structure of Pismo clams. 
Dark gray bars above 114.3mm are legal 
sized clams (note: legal size is 127mm 
from Monterey County northwards, but 
no clams were found in that region). 
Clams found at Rincon are only 
included in that plot (e.g. they are 
excluded from the plot of South of Pt 
Conception). Note the small number of 
legal sized clams found in the study. 
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impacts of pollutants may cause synergistic reductions in recruitment of affected species, with 
ultimate reductions in adult population sizes. As a species that lives in the low intertidal on 
beaches, Pismo clams may be particularly vulnerable to the impacts of anthropogenic pollutants. 
 
The recent oil spill at Refugio State Beach near Santa Barbara highlights the potential negative 
effects of hydrocarbon toxins. Following the spill, there was widespread mortality on a range of 
marine organisms, including nearshore marine invertebrates (Refugio Response Joint 
Information Center and CDFW, unpublished data). We had pre-spill survey data from Coal Oil 
Point and Rincon Point (roughly 20 and 55 km east of the spill site, respectively). Even though 
these sites were far from the location where oil entered the ocean, there were reports of oil 
washing up on these beaches. Cal Poly researchers resurveyed these two locations approximately 
two weeks after the spill and found that abundance at both locations was much lower after the 
spill. Densities declined from 60 clams to 9 clams per transect at Rincon, and 2 clams to 0.3 
clams per transect at Coal Oil Point. Bivalves will incorporate compounds released from 
anthropogenic oil spills into their tissues (e.g. Carls et al. 2001). While there is a paucity of 
before oil spill abundance data for many species, and Pismo clams in particular, the few studies 
examining mortality or changes in abundance have shown declines of 10 – 20% in transplanted 
bivalve abundance after oiling (e.g. Dow 1975, Fukuyama et al. 2000) While our data are 
currently insufficient to conclude that the spill caused the declines in abundance at these two 
sites, they are consistent with known lethal and nonlethal impacts of oil pollution on bivalves. 
 
Our data, evaluating the levels of toxins in Pismo clams and the impacts of these toxins on the 
development and survivorship of larvae, will provide guidance on the relative importance of 
pollutants to the decline of Pismo clam populations, particularly in urban Southern California. 
Ultimately, we will combine this information with related data on the abundance of adult and 
recruit clams throughout California to guide actionable restoration activities designed to return 
Pismo clams to previous levels of abundance. We will provide our results to all interested state 
and federal resource management agencies; we have excellent working relationships with staff at 
CDFW, NOAA’s National Marine Sanctuaries, the National Park Service, the Central Coast 
Regional Water Quality Control Board, and a number of local municipalities (see letters of 
support). 
 
 
8. GOALS AND OBJECTIVES: 

 
A. Overall Goals 

 
We have several short-term and long-term goals and objectives for this research program. Over 
the long term, we seek to document the current status of Pismo clam populations throughout 
California and understand the causes of their decline, including the impacts of predation, 
pollution, habitat modification, and recreational harvest. We will provide all of our data and 
results to the relevant state and federal management agencies—many of whom have written 
letters of support—and we will use our findings to make concrete suggestions to guide 
restoration activities of Pismo clams throughout the state. 
 

B. 2016-2018 Objectives 
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Over the next two years, we seek to understand the relative importance of pollution on adult and 
recruit Pismo clams and on how pollution may impede recovery of Pismo clam populations. 
Specifically, we have two primary objectives: 
 

1. We will evaluate the levels of anthropogenic toxins in the tissues of adults and 
recruits of Pismo clams throughout California, emphasizing both urbanized areas with 
significant anthropogenic impacts and more remote areas with less human influence. 
These data will provide information on potential levels of toxins on individual clams 
and how toxins are distributed in space and across life stages. These data will also 
help us set levels for manipulative experiments using larval clams in part 2. 

2. We will quantify the effects of environmentally relevant levels of toxins on Pismo 
clam larval development and survivorship. Much of the previous work on Pismo 
clams suggests that recruitment processes and recruitment failure may be key factors 
in limiting adult populations (Miller et al. 1975), but few of these previous studies 
have examined recruitment at all (but see Stephenson 1974) and none have correlated 
high or low recruitment events with any potential driver. These data will be the first 
to experimentally evaluate one of the hypothesized mechanisms (larval development 
and survivorship) to explain low recruitment in Pismo clams. 

 
9. METHODS:   
  
Population surveys and toxicological assays 
The first step in this project will be to evaluate levels of toxins in the tissues of Pismo clam 
adults and recruits at sites throughout the state. Urban areas are likely sources of many 
environmental pollutants through sewage outfalls, storm and surface runoff, harbors, and river 
mouths. These sources can include a variety of toxins such as pesticides/herbicides, endocrine 
disrupters, hydrocarbons, and other industrial waste products. Therefore, we will sample 
locations close to and further from urban centers (high and low anthropogenic impact), since 
urban areas will have many of these potential sources of toxins.  
 
While our sampling will emphasize Southern California with its large urban areas, we will 
include high and low anthropogenic impact sites in Central and Southern California. High impact 
sites in Southern California may include Imperial Beach near the mouth of the Tijuana River; 
Coronado near San Diego Bay; Santa Monica, Manhattan Beach/Redondo Beach, and Long 
Beach/Huntington Beach near Los Angeles. Low impact sites in Southern California may 
include Camp Pendleton/San Onofre; Malibu/Point Mugu; Carpinteria State Beach; Hollister 
Ranch; and potentially the Northern Channel Islands. We will also include Rincon Point, since it 
has the highest densities of clams we recorded, and Coal Oil Point in Santa Barbara, since it is 
the closest site we have surveyed to the Refugio Oil Spill, a known source of significant 
hydrocarbon pollution.  
 
Since human populations are much lower in Central California, sites in central California will 
serve as a comparison to the urban oceans of Southern California. We will make collections near 
the highest population centers in Pismo Beach and Morro Bay and in more remote areas, such as 
Point Sal, Purisima Point, Jalama State Beach, and the Big Sur Coast. Monterey Bay is also 
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populated but our preliminary survey data and anecdotal evidence suggests that densities of 
Pismo clams are extremely low in this region.  
 
We will conduct surveys for adult Pismo clams using the standard methodologies we have been 
employing (e.g. Pattison and Lampson 2008); briefly, beaches will be surveyed on low tides of at 
least -0.5 ft; the survey team will lay out a transect perpendicular to the shoreline around 50 cm 
higher in elevation from the low water mark and will dig a transect towards the waterline the 
width of a standard flat shovel (around 25 cm wide), recording GPS coordinates at the start and 
end of each transect. The length of the transect will vary depending on the slope of the beach; 
transects will end just past the waterline when digging becomes difficult. To survey recruits, we 
will shovel excavated sand into a large bin with a ~1cm mesh size screen. The bin will be shaken 
to remove the sand and only larger objects such as rocks, shells, and smaller Pismo clams remain 
(Stephenson 1974). All clams found will be counted and measured. 
 
A subset of adult and recruit clams from each site will be collected for further analyses and 
experiments. We will collect ~5 adult and recruit clams for toxicological assays; these samples 
will be immediately placed on ice, and the soft tissue will be homogenized (Kimbrough et al. 
2006). The homogenized tissue will be stored on dry ice and later transferred to a -80°C freezer 
at Cal Poly for storage until samples are prepared and sent for analysis. Samples will be sent to 
the Analytical Lab in the Institute for Integrated Research in Materials, Environments and 
Society at California State University Long Beach. Toxicology data will be analyzed using 
nested linear mixed effects models, including region (Southern vs Central) and human impact 
(more vs less urbanized) as fixed factors, site as a random factor, and clam size as a covariate. 
 
We will also collect 5-10 adult clams from the higher density sites for spawning experiments, 
including high and low human impact sites in both Central and Southern California. These clams 
will be etched to permanently identify them and placed in aerated seawater for transport to the 
flow through seawater lab at the Cal Poly pier. We have developed a tank system that mimics 
wave action at this facility, and we have ~40 clams at the moment that we are using for 
preliminary experiments. All collections have been and will be made in non-MPA areas under 
our permit no. 6681, issued by the CDFW. 
 
We will also archive a small amount of tissue in an -80°C freezer at Cal Poly a from a subset of 
clams for potential future proteomic analyses; these analyses provide detailed information about 
specific protein expression, and are therefore extremely useful in understanding physiological 
responses to environmental toxins. Cal Poly has an Environmental Proteomics Laboratory, but 
these analyses are extremely expensive and beyond the scope of this proposal. However, we will 
archive tissue in the event that funding for this work becomes available in the future. 
 
Impacts of toxins on Pismo clam larval development and survivorship 
Our second objective is to evaluate the impacts of toxins on larval development and 
survivorship. We will conduct experiments on Pismo clam larvae reared in water with high and 
low levels of key toxins; we will select toxins based on preliminary results from hypothesis 1 and 
as well as input from water board staff and publically available water quality monitoring data. 
Because maternal effects (e.g. temperature regime, adult exposure to toxins) may impact larval 
development and survivorship, we will include information on spawner source location as 
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additional factors (i.e. Central or Southern California and high or low human impact). We will 
set upper and lower concentrations of these toxins based on information from the literature and 
water quality monitoring reports, and evaluate larval development and survivorship using 
standard developmental assays. We will also include controls in seawater. 
 
After collection, clams will be maintained in a holding tank with unfiltered flow through 
seawater at the Cal Poly pier at 15±1°C. Individuals will be allowed to acclimate for at least two 
weeks before spawning experiments, but since spawning generally occurs in late summer to fall 
(Coe 1947, Alvarado-Alvarez et al. 1996), some may be acclimated for many months. We will 
induce spawning by exposing clams to macerated gonads (Strathman 1987) and/or following the 
methods of Alvarado-Alvarez et al. (1996) using serotonin to induce spawning. These two 
methods have shown the fastest response of spawning (Singh and Azam 2013). Experimental 
clams will be transported to the larval rearing lab on Cal Poly’s main campus and placed in 
individual containers of 1.5 L of clean, filtered seawater for 1 h. To induce spawning, we will 
inject a solution of 0.4 ml of 5 mM serotonin in seawater buffered with 5 mM Tris-HCl (pH 8) 
directly into the gonad and/or we will add 10 ml of a slurry of macerated gonad to the containers 
with individual clams.  
 
Impacts of toxins on Pismo clam fertilization success and early development 
Treatments and fertilization: After spawning (generally ~30 min following injection/exposure to 
macerated gonad), gametes from each clam will be collected with a glass pipette and transferred 
to sterile beakers. We will observe eggs and sperm under a compound microscope to determine 
normal appearance (eggs) or motility (sperm), and we will discard abnormal gametes. Eggs from 
all clams spawned from a given source location will be washed in 0.2 µm filtered seawater using 
a 20 μm mesh screen and combined into a single beaker for fertilization. Sperm will be combined 
in a similar manner as eggs. To insure that our gamete concentrations are not limiting 
fertilization, we will conduct a series of preliminary fertilization experiments using serial 
dilution of sperm, with a target concentration that yields a 50% fertilization success rate. We will 
add 100-200 eggs in 1 ml of filtered seawater to each of 5 tubes with with 8 ml of filtered 
seawater. We will add 1 ml of a sperm solution to each egg tube, beginning with 106 sperm per 
ml and diluting each subsequent tube of sperm 10 fold by adding 1 ml of the previous 
concentration to a clean tube with 9 ml of filtered seawater (Babcock and Keesing 1999, Baker 
and Tyler 2001). After 4 h, eggs will be fixed in formalin and examined under a dissecting 
microscope to estimate fertilization success rate. 
 
After mixing, eggs will be divided into 1 L beakers with a solution of each toxin/concentration 
treatment in 0.2 μm filtered sea water or a control with filtered seawater only. Sperm will be 
added at the appropriate concentration as determined by the preliminary fertilization experiment. 
 
Larval rearing: Fertilized eggs will be allowed to develop in larval rearing tanks incubated at 
15±1°C. Larval rearing tanks will have an inner container suspended above the bottom of the 
larval rearing tank to allow influx of seawater from the larval rearing tank through the bottom of 
the container, but isolated with a 20µm bottom mesh to keep eggs inside each inner container. 
This allows for frequent water changes. A 50% water change will occur daily throughout the 
duration of the experiment. Larvae will be kept at a density of no more than 10 larvae/ml. Larvae 
will be fed Isochrysis galbana weekly. 
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Effect of toxins on different stages of development: Approximately 100 larvae from each 
treatment will be removed at various stages throughout development and placed in 25ml falcon 
tubes with 100 μL of buffered formalin to stop development and preserve larvae. We will assess 
arrested development at the following stages (times are approximate and based on the tropical 
congener Tivela mactroides [Reverol et al. 2004] so Pismo clam developmental times in colder 
waters are likely longer):  
 
1. fertilization membrane (5 minutes) 
2. first cleavage stage (1 hour) 
3. blastula stage (3 hours) 
4. gastrula stage (5 hours)  
5. trocophore stage (10.5 hours) 
6. straight-hinged veliger (14.5 hours) 
7. umbo (veliger) (7.5 days) 
8. pediveliger (22 days) 
 
Percent of fertilized embryos and normally developing larvae will be determined by randomly 
observing 100 individuals from each tube (toxin/concentration treatment) under a Leica EZ4D 
dissecting microscope. Fertilization success, percent of malformed embryos and percent of 
abnormal larvae will be calculated for each treatment. Larval condition and survivorship data 
will be analyzed using generalized linear mixed effects models, including region (Southern vs 
Central) and human impact (more vs less urbanized) as fixed factors and site as a random factor. 
 
 
10. RELATED RESEARCH: 
 
Pismo clams are an iconic fishery species in California, and have a long history of exploitation 
and study. Some fishery data are available for most of the first half of the 20th century 
(Weymouth 1923, Fitch 1950, Wendell et al. 1986, Pattison and Lampson 2008), and researchers 
recognized that stocks were overexploited nearly 100 years ago (e.g. Weymouth 1923, 
Herrington 1929). The commercial fishery was closed in 1945 to protect the species (Pattison 
and Lampson 2008), but populations remain low in most of the state despite greatly reduced 
fishing pressure (Fig. 1, Pattison and Lampson 2008). 
 
However, despite the long history of exploitation and the iconic status of the species, there have 
been few studies on Pismo clam biology and ecology over the last several decades. Miller et al. 
(1975) conducted surveys of Pismo clam diggers from Monterey to Newport Beach, and found 
high densities of clams outside of the sea otter foraging zone, and Stephenson (1974) 
investigated adult ecology, reproduction and recruitment in Monterey Bay. To our knowledge, 
there have been few statewide surveys of abundance and no follow up studies on recruitment in 
the field in any location since then. Other more recent work has spawned Pismo clams in the lab 
(Alvarado-Alvarez et al. 1996), but the emphasis of this work was on propagation through 
aquaculture. Until we began our statewide assessment study, there were only data on Pismo clam 
densities from a few locations and a few time periods. 
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There is also a rich literature on the levels of toxins in the tissues of bivalves as sentinel species 
(e.g. Fowler 1990, Lauenstein et al. 1998, Kimbrough et al. 2008, Dodder et al. 2014), and some 
work has examined these patterns in the genus Tivela (Jaffe et al. 1995), but fewer studies that 
have investigated the impacts of toxins on the development or survivorship of larvae (Beiras and 
His 1994, Alzieu 2000). No published work has sought to understand the impacts of toxins on 
the development or survivorship of Pismo clams. Furthermore, there are no studies attempting to 
understand the factors that have led to the decline of Pismo clams or the factors that have 
impeded their recovery (e.g. fishing, predation and pollution), nor how any of these factors vary 
regionally. 
 
 
11. BUDGET RELATED INFORMATION: 
 

A. Budget Justification 
 

Personnel 
The salary rates are based on the California State University and Cal Poly Corporation 
established salary rate paid during the 2014-2015 Academic year (July 1 – June 30).  The 
salary and wage rates for all employees include a projected 4.5% salary increase per year.  
The rates shown are for budgetary purposes; the actual rates in effect at the time the work is 
performed will be charged to the project.   
 
A Research Associate, Grant Waltz, will contribute 5% effort, or 104 hours per year, to this 
project per year.  Mr. Waltz will help coordinate and participate in some field collection 
activities.  
 
This proposal requests that one undergraduate student assistant be supported for each year of 
this grant.  For this student, this will include 100 hours to be worked during the academic 
year and summer, which will be paid at a rate of 12.00 per hour.  This student will be 
responsible for maintaining spawning adults and larval cultures of Pismo clams at the CCMS 
Pier and on Cal Poly’s main campus. 
 
Fringe Benefits & Employer Payroll Taxes 
Fringe benefits for Corporation staff are calculated at 56.8%, and include Workers 
Compensation, FICA, State Unemployment Insurance (SUI), and Medicare. Student benefits 
are estimated at 4.9% and include FICA (when applicable) as well as SUI and Workers 
Compensation, which is determined by the work the students are doing and the environment 
in which they do that work and their enrollment status.  Rates in effect at the time the work is 
performed will be billed to the project. 
 
Domestic Travel 
A total of $2,000 is requested in year one to support the costs of the proposed field survey.  
These will enable the PIs, Research Associate and students, to travel to field sites in Central 
and Southern California for 20 days.  This funding will support all costs associated with 
vehicles, lodging, and meals and incidentals.  
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A total of $1,650 is requested in year two to support conference travel costs.  The PIs and 
graduate student will attend a regional marine ecology/conservation conference, location and 
timing TBD.   This funding will support all costs associated with transportation, lodging, and 
meals and incidentals.  
 
Supplies & Materials 
A total of $18,952 has been requested in year 1 for project related supplies and materials.  
These supplies and materials will include culturing supplies ($7,500), holding tanks ($2,000), 
analysis of toxins ($7,500) and miscellaneous consumable field supplies ($1,952).   
 
Other Direct Costs 
A total of $20,000 ($10k per year) will pay for in-state tuition for a graduate student for two 
years. The student will have several responsibilities on this project, including co-leading and 
participating in all field activities, co-supervising undergraduates and being ultimately 
responsible for maintaining larval culturing experiments, executing lab studies on larvae, as 
well as assisting the PIs with data analysis and report/publication preparation. 
 
Indirect Costs 
Cal Poly State University’s Federal negotiated indirect rate is 38.5% of modified total direct 
costs, effective July 1, 2015. Modified total direct costs exclude equipment, capital 
expenditures, participant support, charges for patient care, tuition remission, rental costs of 
off-site facilities, scholarships, and fellowships as well as that portion of each subgrant and 
subcontract in excess of $25,000. 

 
B. Matching Funds 

 
The Sponsor requires a minimum of 50% match on all requested funds.  The matched 
funding for this proposal will be contributed as follows: 
 
In-Kind 
PI Benjamin Ruttenberg will contribute 13.34% assigned time to the project, which is 
equivalent to 1.2 academic year months.  Costs for his time are calculated at his normal 
academic salary rate. Fringe benefits associated with assigned time are calculated at 48.03%, 
and can include the following: FICA, State Unemployment Insurance, Worker’s 
Compensation, non-industrial leave, health and life insurance benefits, and retirement 
benefits (PERS). 
 
Cash Match  
The City of Pismo Beach has provided $15,000 cash match to cover salary support for PI, 
Lisa Needles.  This funding will cover the costs of approximately 86 hours per year, and 
associated fringe benefits.  Fringe benefits for Corporation staff are calculated at 56.8%, and 
include Workers Compensation, FICA, State Unemployment Insurance (SUI), and 
Medicare. 
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12. ANTICIPATED BENEFITS: 
 
This study will provide the first data on the distribution of toxins in Pismo clams and the impact 
of these toxins on larval development and survivorship. The primary users of our results will be 
the CDFW and other state agencies (e.g. State Parks) charged with managing Pismo clam 
populations. While CDFW’s Marine Region has adopted a policy to not write letters of support 
for any proposal, staff have indicated that they would like to be involved in this project, 
particularly as these data may inform stock assessments (P. Kalvass, pers. comm.). In addition, 
we anticipate that a variety of municipalities, particularly the Cities of Pismo Beach and Morro 
Bay, as well as other state, regional, and local water boards will use our results in policymaking 
(see letters of support). We also expect federal agencies, such as NOAA’s National Marine 
Sanctuaries, the National Park Service and the Bureau of Ocean Energy Management, to use the 
this information in their management decisions as well as for outreach (see letters of support). 
 
This information will allow us to evaluate the relative importance of toxins on the replenishment 
of populations, and will shed new light on one of the factors that may be impeding Pismo clam 
recovery throughout the state. When combined with data from our ongoing assessment program, 
our information will help guide regional and site specific management strategies and restoration 
by helping identify locations and activities were restoration will be more likely—and less 
likely—to succeed. 
 
 
13. COMMUNICATION OF RESULTS: 
 
We will provide copies of all of our peer-reviewed and other publications and all data to all 
relevant agencies, organizations, and non-profits via our growing list of contacts for this project, 
many of whom have written letters of support for this project. These include CDFW, California 
State Parks, Central Coast Regional Water Quality Control Board, the Cities of Pismo Beach and 
Morro Bay, U.S. National Park Service, NOAA’s National Marine Sanctuaries, BOEM, Central 
Coast Salmon Enhancement, and others. Furthermore, we will host workshops and meetings 
through the San Luis Obispo Science and Ecosystem Alliance, an integrated group of scientists, 
resource managers and stakeholders studying, supporting, and managing marine resources on the 
California Central Coast. This group is a particularly effective venue for sharing information 
because of the wide range of participating organizations, including many of the partner 
organizations listed above as well as other non-profits and commercial fishing and aquaculture 
organizations. We will also give presentations and briefings at local municipal management 
meetings (e.g. Pismo Beach city council meetings) as well as outreach presentations to the public 
(e.g. Santa Barbara Sea Center, San Simeon Coastal Discovery Center, San Luis Obispo 
“Science After Dark” public seminar series, presentations on local radio shows). We will also 
coordinate with Dr. Jennifer O’Leary, the Sea Grant Extension Specialist based at Cal Poly and 
Cal Poly’s Office of Public Affairs on these and other media and social media outreach activities. 
Finally, undergraduate and Graduate students involved in this research will give talks at local 
and regional scientific conferences (e.g. Cal Poly Undergraduate Research Conference, Western 
Society of Naturalists) to advance their professional training and preparation. 
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SUMMARY PROPOSAL FORM 
 

 
PROJECT TITLE: 

 
RECOVERY OF THE PISMO CLAM (TIVELA STULTORUM) IN CALIFORNIA: THE 
IMPORTANCE OF POLLUTION 
 
OBJECTIVE:   
 
Our main objectives are twofold: 1) evaluate the levels of toxins present in Pismo clam adults 
and recruits in more urbanized and less urbanized areas of California, and 2) determine the 
impacts of environmentally relevant levels of these toxins on development and survivorship of 
Pismo clam larvae. Answers to these questions will help us understand the impact of pollution as 
a limiting factor of Pismo clam populations. Results from this study, combined with other data 
we are collecting on abundance, size structure, and other potential limiting factors, will help us 
suggest and evaluate management strategies and restoration activities that are most likely to be 
successful in increasing Pismo clam abundance. 
 
METHODOLOGY:  
 
Our methods follow our objectives. To evaluate levels of toxins in adult and recruit Pismo clams, 
we will make collections of individual clams from beaches in more urbanized and less urbanized 
areas of Southern and Central California. Tissue will be dissected and homogenized, and 
analyzed for a suite of environmental toxins, including pesticides, herbicides, endocrine 
disrupters, and hydrocarbons. To measure the impact of toxins on development and survivorship 
of Pismo clam larvae, we will spawn clams and grow the larvae in varying concentrations of the 
important toxins identified by objective 1. We will use standard larval assays to measure larval 
developmental rate, developmental abnormalities, and survivorship.   
 
RATIONALE:  
 
The Pismo clam (Tivela stultorum) once supported a thriving commercial and recreational 
fishery in California, but abundance has declined dramatically throughout California in recent 
decades. While some populations appear stable, others remain small despite limited human take 
for many years. Conventional wisdom suggests that sea otters limit Pismo clam abundance where 
otters are present, but aside from a few high density sites outside of the otters’ range (i.e., below 
Pt Conception), abundance across the state is still low. The other factors that limit Pismo clam 
recovery are presently unknown, but anthropogenic pollutants may be one of these factors. 
Pismo clams’ preferred habitats are the lower intertidal and shallow subtidal of sandy beaches; in 
these habitats, they are exposed to elevated levels of many toxins, especially in areas near urban 
centers. Like many marine invertebrates, the larvae of Pismo clams may be particularly 
vulnerable to pollutants, a vulnerability that may limit larval supply, recruitment, and ultimately 
adult population sizes. We seek to understand the relative importance of pollution as a limiting 
factors on the recovery of Pismo clam as a step towards developing successful management and 
restorations strategies. 
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June 25, 2015 
 
Dr. Linda Duguay 
Director 
USC SeaGrant Program 
Los Angeles, CA 90089 
  
Dear Dr. Duguay: 
  
Please accept our strong support for the SeaGrant proposal “Recovery of the Pismo clam 
(Tivela stultorum) in California: the importance of pollution,” submitted by Cal Poly. At Central 
Coast Salmon Enhancement, we seek to ensure that our natural resources continue to 
support the ecological, recreational, and economic needs of our community, with an 
emphasis on watershed and coastal ecosystems of the California Central Coast. 
  
Historically, Pismo clams were an important part of both sandy beach ecosystems as well as 
recreational fisheries in the area. However, in recent years, their abundance has declined 
rapidly. Unfortunately, we do not know the causes of this decline, complicating management 
of the species. The proposed project will collect valuable data on the effects of toxins on 
Pismo clams, providing key information on one factor that may be limiting recovery. 
  
Furthermore, the broader project has excellent potential for education and outreach to local 
communities; Pismo clams are important to the local economy and culture of the Central 
Coast, and as such they fit extremely well within the mission of Central Coast Salmon 
Enhancement. 
  
I strongly urge you to support this important research, and I welcome any questions you may 
have. 
  
Sincerely yours, 

 
Christopher Lim 
Executive Director 













 
 
 

 

July 7, 2015 
 
Dr. Linda Duguay, Director 
USC SeaGrant Program 
Los Angeles, CA 90089 
  
Dear Dr. Duguay: 
 
I write to express my strong support of the Cal Poly grant submission to USC Sea Grant titled: “Recovery 
of the Pismo clam (Tivela stultorum) in California: the importance of pollution.” The proposal by the Cal 
Poly team supports the efforts of our agency to understand and monitor the impacts of pollutants in 
Calfornia's waters. 
 
For many years I have been the lead staff scientist implementing the research and monitoring program 
in Central California for the Region 3 Water Quality Control Board.  The proposed work compliments the 
work we do, especially as the research will be monitoring emerging pollutants in tissues of adult animals 
and investigating their impact on larval development and survival.  It goes without saying that our 
agency has limited resources, and we do not have the ability to collect data on all of the species and 
pollutants we would wish to; for this reason a study like that proposed by Cal Poly is essential to helping 
our agency meet our research and monitoring goals.  
 
Please contact me if you have additional questions.  I can be reached at (805) 549-3333 or 
Karen.worcester@gmail.com.   
 
Sincerely, 
 
 
 
 
Karen R. Worcester 
Senior Environmental Scientist, Central Coast Ambient Monitoring  

mailto:Karen.worcester@gmail.com
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