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San Miguel Island Red Abalone Fishery Considerations 
 
Response to:  FGC ARMP  
Section 6.3.1 and section 7.3.8 also known as Alternative 8:  Limited Abalone Fishery at 
Selected Areas at a Reduced Density and Prior to Full Recovery in All Areas 

Executive Summary 
The Fish and Game Commission (FGC) has received a constituent-based proposal to 
open a limited fishery for red abalone (Haliotis rufescens) at San Miguel Island (SMI). The 
Marine Resources Committee (MRC) of the FGC, established pursuant to Fish and Game 
Code §105, collaborates with Department staff and stakeholders to consider significant 
marine management issues and to make recommendations to the FGC.  A meeting has 
been scheduled by the MRC on December 11, 2012 to consider the SMI proposal. 
Accordingly, the Department of Fish and Game’s (Department) Marine Region has 
prepared this report for the MRC to summarize the multi-year process that was followed 
in developing the proposal, document the available biological information, and present the 
findings from analyses conducted to date. As a result of these investigations, the Marine 
Region recommends that the fishery for red abalone at SMI remain closed until 
populations increase well above the minimum viable population (MVP) size at SMI and at 
multiple other locations in southern California.  Based on the red abalone data from 
southern California, SMI fishery modeling and risk assessment, as well as constituent 
input from the Abalone Advisory Group (AAG) for SMI, the Marine Region concludes that 
re-opening the fishery at this time would be detrimental to the recovery of the red abalone 
populations in southern California. 
  
Fishery Consideration Evaluation:  The Fish and Game Commission (FGC) Abalone 
Recovery and Management Plan (ARMP) Alternative 8 provides for a fishery 
consideration process at San Miguel Island and this report summarizes the results of the 
7 year collaborative process.  Alternative 8 stipulates that the FGC may consider a limited 
fishery at SMI outside of the ARMP criteria using: a) reduced density (Criterion 2); and b) 
prior to achieving recovery at three-quarters of the recovery areas (Criterion 3).  The 
reduced density criterion is defined as below 6,600 abalone/ha (baseline density in 
northern California), but above the MVP density of 2,000 abalone /ha.  This MVP level is 
supported by historic data from red abalone populations in southern California as well as 
other abalone species which collapsed below this MVP level.  Empirical measurements of 
nearest-neighbor distances and aggregation sizes needed for successful reproduction 
further support the 2,000 /ha estimate of MVP.  Cooperative density surveys at SMI over 
three years (2006-2008) showed current density levels on the south side of SMI along a 
13 mile stretch of coastline (SW and SE) has the most abundant abalone populations in 
southern California but overall densities (1,200 – 1,800/ha) are below MVP, with no 
significant change in density within the survey years.  Size frequency distribution 
information shows that there are not enough sublegal (<203mm) abalone, (based on the 
8 inch size limit proposed fishery), at a density of 34 abalone/ha to replace those dying of 
natural mortality (68 abalone/ha).  In addition, red abalone fishery models and risk 
analyses for the proposed fishery at SMI showed that the model populations did not 
increase above 2,000 abalone/ha within 30 years even with the absence of fishing. 
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There are several other cautionary factors that indicate the need for improvements in 
stock condition before considering a fishery at SMI:  1) we have not seen significant 
juvenile recruitment (<25mm) into the population at SMI since 2004 – 2005; 2) a survey of 
San Miguel Island abalone showed that 58% of the abalone were infected with the 
bacteria known to cause the lethal disease Withering Syndrome in warm water; and 3) 
fishery independent surveys show that red abalone populations have not recovered in the 
Channel Islands or at mainland sites which made up the majority (87%) of the historic 
catch (1950-1980). 
 
Finally, the proposal by the California Abalone Marketing Association (CAMA) to fish red 
abalone at San Miguel Island (SMI) would reduce the density of this remnant population 
even further and gives no density below which fishing would stop.  Instead it refers to a 
theoretical spawning potential ratio (SPR) which relies on size limits to protect the 
population.  This size-based fishery management strategy was not successful at 
maintaining sustainable landings in the historic southern California abalone fishery which 
was closed to fishing in 1997. 
 
Recovery Strategy:  The ARMP for California provides for the recovery of abalone from a 
depleted condition to a self sustaining population at multiple sites with surplus production 
for fishing.  The goals for southern California are for recovery of at least 75% of the 
former prime fishing grounds as well as recovery of five other species, as outlined in the 
ARMP.  To support fishing for any individual species, successful reproduction needs to 
occur with surplus production exceeding natural mortality over a generation at multiple 
sites.  The Department supports active recovery efforts including transplantation, 
aggregation and enhancement and stocking captive reared juveniles as needed for each 
species.  Recovery will help to ensure that the red abalone resource as a whole is 
protected from localized risks such as disease events, sea otter range expansion, harmful 
algal blooms or oil spills and that the recovery is robust and widespread.  Sustained 
monitoring of recovering populations including transect surveys, recruitment surveys, 
reproduction studies, genetics, disease and fishery independent population models all 
play a role in this comprehensive adaptive recovery program as outlined in the FGC 
ARMP. 

Introduction 
This report summarizes the work completed by the Marine Region and others to explore 
the feasibility of a limited fishery at SMI which was outlined in the FGC Abalone Recovery 
and Management Plan section 7.3.8 as Alternative 8.  We discuss the outcome of the 
Abalone Advisory Group (AAG) process which was a multi-year, multi-constituent process 
to examine alternative 8.  We present the findings of cooperative abalone assessment 
surveys at SMI conducted in 2006-2008 examining density and sizes of red abalone at 
SMI, as well as disease assessments done by the Marine Region.  We present 
information on the current knowledge of the San Miguel Island population within the 
broader context of the state-wide resource and evaluation of a Total Allowable Catch 
(TAC).  We discuss the implications of the risk analysis requested by the AAG and funded 
by the Department through a contract to fisheries modeler Dr. Yan Jiao (Virginia Tech), 
assess the scientific merits of the research proposal by CAMA, and provide a 
recommendation for the direction of red abalone management in California.  The 
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recommendation of the Marine Region is based on a review of all constituent input, 
workshops, scientific analysis, known documents and data associated with the red 
abalone fisheries and stock assessments in California. 

Background 
For over ninety years, six species of abalone supported recreational and commercial 
fisheries in California.  Due to low abundances of red abalone throughout the central and 
southern California regions after the fishery collapse in the 1970s, both the recreational 
and commercial fisheries were closed south of San Francisco in 1997.  The only 
remaining abalone fishery in the state is the recreational fishery for red abalone in 
northern California.  The historic commercial fishery was focused primarily on the coast 
south of San Francisco and in the Channel Islands, with the red abalone fishery being the 
most productive (Figure 1).  Throughout the 1950s and 1960s (the peak of the fishery), 
73% of the commercial catch came from the mainland coast in central and southern 
California [>30 million pounds (14,000 metric tons) in 20 years].  By the early 1970s, 
catches declined from the mainland and fishing pressure shifted to the offshore islands.  
Red abalone landings in the 1990s had dropped to less than 6% throughout most of the 
fishery compared to the average catch prior to 1970 (Figure 1).  Fishery-independent 
surveys in the Channel Islands show that these reduced catches were associated with 
declining abundances (Figure 2) [Data from multiple sources:  Department and the 
Channel Islands National Park, Kelp Forest Monitoring Program (CINP-KFMP)]. 

In 2005, the FGC adopted the ARMP which is the fishery management plan for abalone 
in California and provides a framework for optimizing the long-term benefits of the 
abalone resources throughout the state.  The long-term goal outlined in the ARMP is to 
attain clearly defined resource levels throughout the state assuring surplus production 
beyond defined self-sustaining populations to support commercial and recreational 
fisheries.  The ARMP defines the stages of resource recovery in terms of 1) size-
frequency distribution, 2), population density and 3) the proportion of the historic range 
recovered.  The interim goals for the ARMP are to reverse declines in populations by 
stabilizing all abalone species, and to establish self-sustaining populations range-wide.  
The primary strategy to accomplish this goal is to support and monitor reproduction by 
maintaining abalone densities and by examining the size frequency distribution and the 
population of sub-legal size classes.  Populations are considered still recovering but self-
sustaining at overall densities >0.20 abalone/m2 (2,000 abalone/ha) and a fishery will be 
re-opened when 75% of the populations in key locations reach densities greater than the 
baseline (0.66 abalone/m2).  Monitoring of the recovery throughout the historic range is 
conducted collaboratively between the Marine Region and its partners. 

Section 7.3.8 of the ARMP (Alternative 8) is not guided by the density standards 
contained in the ARMP, but rather allows consideration of a fishery re-opening at San 
Miguel Island prior to reaching full recovery if the population is considered self-sustaining 
and shows evidence of surplus production.  San Miguel Island is the farthest offshore 
island in the northern Channel Island group and is almost entirely represented by one 
100-square-nautical-mile fishery block (#690) (Figure 3).  The catch from this block, 
initially a minor component in the fishery, increased in importance to comprise 56% of the 
state-wide catch at the time of the fishery closure in the 1990s (Figure 4).  It was the 
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third-highest producing block from 1950 – 1997 [total of 8.6 million pounds (3,900 metric 
tons)].  Catch at this remote island remained high through 1997, declining to just 75% of 
the pre-1970 harvest levels by the 1990s.  Based on this productive catch history and its 
cool water habitat, San Miguel Island is expected to be the first southern California area 
to show evidence of recovery within the historic fishery range. 

In 2006, the FGC established the AAG and directed them to develop an objective 
assessment of the red abalone population at SMI.  Members of the AAG represented a 
diverse group of stakeholders including the Department, National Oceanic and 
Atmospheric Administration (NOAA), Channel Islands National Park (CINP), the 
Commercial Abalone Association (CAA), recreational fishers, conservation organizations, 
and academics.  These stakeholder groups developed four separate proposals, outlining 
a level and allocation of non-zero take at SMI, to be considered if the population met the 
criteria for self-sustaining.  The CAA supported a cooperative commercial fishery, 
whereas the recreational fishers and the conservation organizations were primarily 
interested in no-take options.  If a level of take were allocated, the recreational fishers 
stressed that the take should be divided equally between commercial and recreational 
use.  The conservation organizations advocated a precautionary approach, suggesting 
that the take be allocated for non-consumptive conservation uses such as transplantation 
to bolster recovery at areas nearby San Miguel Island. 

A formal Technical Panel (TP) was identified and charged with coordinating the overall 
assessment effort, including appointment of the lead fishery modeler, Dr. Yan Jiao 
(Virginia Tech).  The TP served as a working panel for deliberations concerning sources 
of data, modeling approaches, future analysis considerations, and critical factors 
associated with the species’ biology as well as management concerns.  In 2008, an 
outside Review Committee (RC) was recommended by the AAG and CAA, and hired by 
the Department to comment on the data inputs and modeling results presented by Dr. 
Jiao and the TP.  The RC made suggestions for future modeling directions, and 
advocated for drafting a proposal for a limited commercial fishery in the SW region of SMI 
to promote the acquisition of data on the response of the population to fishing.  The TP 
disseminated their final findings in a document called the Total Allowable Catch 
Framework in April 2009. In this document, the TAC recommendation was zero take (no 
fishing) due to the survey data results, the disease presence at SMI and the modeling 
results that the model population abundance was expected to slowly decline even in the 
absence of fishing. 

In February 2010, all information developed during the fishery consideration process 
(AAG fishery options, TP TAC framework, stock assessment, and RC recommendations) 
was provided to the Marine Resources Committee (MRC) of the Fish and Game 
Commission.  The MRC recommended that the Department seek additional modeling 
work as recommended by the RC to provide a complete risk assessment for proposed 
fishery options.  The MRC also recommended that the Department work with each of the 
fishery option proponents to develop implementation details for each of the options. 

In response to this recommendation, the CAA hired Dr. Jeremy Prince (Murdoch 
University, Australia) and Sarah Valencia (Bren School, UC Santa Barbara) to develop a 
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fishery proposal and formed the California Abalone Marketing Association (CAMA).  
Other AAG groups did not advocate for moving forward with a fishery at this time while 
densities at SMI were less than MVP as measured in the 2006 – 2008 surveys. 

In 2011, CAMA provided their Proposal for Red Abalone Research Fishery at San Miguel 
Island (SMI) to the Department and the MRC.  During this time Dr. Jiao was hired to 
conduct the risk assessment for a small-scale fishery at SMI and to update the fishery 
modeling work as recommended by the RC, presented in Risk assessment of reopening 
San Miguel Island red abalone (Haliotis rufescens) fishery.  A formal presentation of Dr. 
Jiao’s Risk Assessment Modeling was presented to the Department and interested 
parties Nov 19, 2012.  This recommendation of the Marine Region is in response to the 
density estimates for SMI from 2006-2008 and the proposal put forward by CAMA, and 
utilizes the results of Dr. Jiao’s risk analysis as well as other abalone knowledge and 
resources to develop a biological opinion for the FGC. 

Statewide Red Abalone Fishery Issues 
The primary focus of the interim management plan of the ARMP is to maintain a healthy 
fishery in the north and to recover abalone populations in the south so that they may 
support sustainable fisheries.  The ARMP cautions against re-opening any abalone 
fishery in southern California when only one or a few locations are considered recovered 
because the initial stage of recovery leaves these populations vulnerable to collapse (e.g. 
from human, otter, or disease impacts).  The SMI population is considered within the 
broader context of the statewide resource.  The risks associated with the abalone disease 
Withering Syndrome (WS), ocean warming, harmful algal blooms, sea otter range 
expansion, and Allee Effects (poor reproductive success due to low densities) are broad-
scale risks potentially impacting all abalone populations within southern California.  
Failing to consider the vulnerability of these stocks risks delaying, or reversing, the 
recovery of red abalone populations at SMI as well as the rest of southern California. 
 
San Miguel Island is located near the confluence of two water masses – the cold nutrient-
rich California Current to the north and the relatively warmer water of the Southern 
California Bight.  The oceanography of the area supports a productive kelp forest 
ecosystem and allows for potential connectivity among island populations through larval 
transport.  It is currently located outside of the primary range of the sea otter, which 
extends from San Mateo County in the north to just south of Point Conception in Santa 
Barbara County.  According to the long-term monitoring programs of PISCO (Partnership 
for Interdisciplinary Studies of Coastal Oceans), CINP, SIO (Scripps Institution of 
Oceanography), and the Department, the distribution of the red abalone resource in 
southern and central California is sparse (Figure 5).  Population densities on the south 
side of SMI (~13 miles of coastline) are currently the highest in the southern and central 
California regions.  Genetic and archaeological evidence suggests that the SMI 
population may act as a larval source for the other Channel Islands (Braje et al. 2009).  In 
such a case, the recovery of other populations may be linked to the success of the SMI 
population.  The best way to mitigate the risks to abalone populations is to aid the 
recovery of multiple abalone populations throughout the state so that the larval pool is not 
confined to a small vulnerable geographic area. 
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Population recovery may be hindered by a compounded reduction in reproductive 
success due to low spawning densities of adults (Allee Effect) (Shepherd and Brown, 
1993; Shepherd and Partington, 1995; Karpov et al.  1999, Rothaus et al. 2008).  
Maintaining large aggregations with short distances between spawning individuals is 
critical to ensuring successful reproduction in broadcast spawning species such as 
abalone (Babcock and Keesing 1999).  In the context of population dynamics, low 
recruitment success may be considered just as detrimental to population growth as 
complete recruitment failure if recruitment does not balance adult mortality through time.  
This is a very real and well-documented concern for abalone populations.  Populations of 
white abalone in California, listed as endangered in 2001, have been steadily declining in 
abundance by ~10-15% each year (Stierhoff et al 2012) despite the moratorium on fishing 
and difficult access to the population.  The decline was predicted by Hobday and Tegner 
(2000) based on the assumption of low-density recruitment failure, indicating the 
influence of Allee Effects on the population decline such that the number of juveniles 
produced did not match or exceed the number of adults dying from natural mortality.  
Today, California’s white abalone are in danger of becoming the first marine invertebrate 
to go extinct due to overfishing in the 1970-1980’s. 
 
The potential of other abalone populations in California to follow this same pattern can not 
be overstated.  Button (2008) showed that average nearest-neighbor distances and 
aggregation sizes are correlated with the overall density of the population (Figure 6 A-B).  
Estimates of aggregation-influenced reproductive measures, such as mating and 
fertilization success, are dramatically reduced at densities less than MVP 0.2 abalone /m2 
(2,000 abalone /ha) (Figure 6 C-D).  This threshold relationship between reproductive 
measures and population density indicates a strong Allee Effect influence on the 
population dynamics at these low densities.  Gascoigne & Lipcius (2004) showed that the 
impact of an Allee Effect may be more severe in the presence of fishing, increasing the 
critical MVP population density at which the negative effects are expressed. 
  
The DFG/CAA collaborative surveys of 2006 – 2008 show that overall population 
densities were <0.20 abalone/m2 in all three zones, and that densities did not change 
within the survey years (Figure 7).  The highest densities were observed in the SW 
(0.18/m2) and SE regions (0.12/m2).  Density in the NW region (0.01/m2) was significantly 
lower despite the high prevalence of potential habitat.  The SW region contained 50% of 
the observed abalone in just 21% of the habitat, whereas the NW region contained 52% 
of the habitat but only 6% of the observed abalone.  In 2007, aggregation surveys at SMI 
measured average nearest-neighbor distances of 1.9 m in the SW region and 1.5 m in the 
SE region.  Average aggregation sizes were ~4 abalone (Button 2008).  Once abalone 
aggregation sizes drop below 4 the chances of having one male and one female in an 
aggregation start to decrease precipitously.  The corresponding average estimates of 
fertilization (60%) and mating (50%) success were low compared to other abalone 
populations with comparable densities (Figure 6 C-D). 
 
Examination of size-frequency distributions (stock structure) and surveys focused on 
quantifying juvenile abundance can shed light on recruitment dynamics (Figure 8).  The 
ARMP requires that a population contain a broad range of sizes, indicating that smaller 
individuals are in position to replace adults removed from the population either through 
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natural or fishing mortality.  In the SW zone at SMI, the number of abalone needed to 
replace those dying of natural mortality (68 abalone/ha) exceeds the number available 
(34 abalone/ha) and the population is projected to decline in the absence of fishing. 
 
Relative abundances of juvenile and young-of-the-year abalone are also measured each 
year at sites in the Channel Islands (CINP) and in northern California (Department).  
Recruitment of small juveniles is not consistent each year, but a pulse of recruitment 
occurs sporadically when environmental conditions are favorable.  Much lower levels of 
recruitment normally occur, but it is these infrequent pulses that create the potential for 
greater population growth (i.e. faster recovery of depleted populations, or surplus 
production for fished populations).  The last pulse recruitment year was 2005 in northern 
California and at Miracle Mile on SMI.  Little recruitment at SMI has been observed since 
this time (Figure 9). 
 
Disease and climate change are ongoing concerns for marine species including abalone 
species.  Disease surveys indicate that 58% of the population (12% heavy infection) on 
SMI tested positive for the bacteria which causes WS when abalone are stressed with 
warm water.  Moore et al. (2011) showed that the SMI red abalone are vulnerable to 
disease-induced mortality, and suggests that with either El Niño or rising ocean 
temperatures, the mortality could increase substantially.  Egg and sperm production was 
also greatly impacted in the survivors in this experiment.  More than 80% of the abalone 
lacked gametes.  Resistance to the disease is more likely to develop in a larger, more 
genetically diverse population.  Disease-resistant individuals might persist and aid in the 
recovery of the population in the event the disease impact worsened. 

Results Based on SCA and Risk Analysis for SMI 
A Statistical Catch at Age (SCA) model was developed in the risk assessment portion of 
the fishery exploration for red abalone at SMI.  Data inputs include the historical fishery 
catch from SMI, fishery independent surveys from 2006-2008, and size frequency 
distributions from eight years between 1993 and 2008.  Three main components of the 
model are 1) Selectivity (3 models are explored); 2) SSN – an estimate of the spawning 
stock size from the 2006-2008 surveys; and 3) Recruitment curves (4 models are 
explored).  The projection model is started in year 2009, using different recruitment 
models and pre-determined fishing levels (F) and run for 30 years.  Two thresholds are 
examined – overfishing of the fishery, and overfishing the population (Figure 10 A-F).  
The base model that is constructed uses S1, incorporating a logistic selectivity function 
within the SCA model (inside the model), has the best fit (lowest DIC value).  This model 
also has a reasonable fit to the catch data.  The recruitment models are evaluated outside 
of the SCA model and 4 stock-recruitment hypotheses are evaluated:  1) Beverton-Holt 
(B-H) (high recruitment at high densities); 2) Ricker (low recruitment at high densities); 3) 
Random (recruitment unrelated to density); and 4) Allee Effect (no recruitment at low 
densities).  The model results are sensitive to the inclusion of the above recruitment 
models. 
 
The conclusions we can draw from this risk assessment work is that there is a high 
probability that, in the absence of fishing, the density would remain at levels < 2,000 
abalone/ha over the next 30 years (Figure 10 D-F).  In contrast, there is a high risk that 
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the density would drop below 1,000 abalone/ha if faced with fishing pressure, but a low 
risk of the population dropping below 500 abalone/ha.  Given that a neighboring red 
abalone population at Santa Rosa Island crashed once it fell below 1,500 abalone/ha and 
has not recovered since 1997 even in the absence of fishing (Figure 2), the MVP of 2,000 
abalone/ha is an important biological reference point for red abalone populations in 
southern California.  In contrast to the southern California population densities, red 
abalone densities on the north coast fishing grounds are comfortably above the limit 
reference point for the fishery of 5,000 abalone/ha in Mendocino County (6,300 abalone 
/ha).  Sonoma County densities recently fell to 3,200 abalone/ha after a Harmful Algal 
Bloom (red tide) killed red abalone in 2011 (Figure 11).  At SMI the population density is 
well below both fishing reference points as well as the population reference point of MVP. 

Comments on CAMA Fishery Proposal 
The proposal seeks to implement a small scale commercial fishery at a portion of the 
highest density areas in the SW corner of SMI and the proceeds of the fishery will fund 
the collection of data on the fishery.  The proposal asserts that the fishery will provide 
new data on red abalone dynamics at San Miguel Island that can then be used for 
abalone fishery management on a larger scale into the future.  The purpose of the initial 
three years of the fishery data collection is to test whether 1) abundance reductions due 
to fishing may be accurately assessed using the proposed survey methods, and 2) the 
Spawning Potential Ratio (SPR) based on abalone size limits may be used as the primary 
management strategy for effectively maintaining a sustainable fishery.  At this time, we 
support the development of simulation studies (modeling) for evaluating harvest 
strategies and decision control rules, particularly for high-risk stocks such as red abalone 
in southern California.  Simulation studies offer a reasonable, low-risk option for 
investigating fishery and survey methods.  Much useful information could be developed 
using the high-resolution abundance and habitat data obtained during the 2006-2008 
surveys.  These surveys make SMI a well known region for abalone density and sizes 
and no longer a data poor fishery scenario.  We also support the development of 
population dynamics models based on low-impact, non-fishery (fishery independent) data 
such as transect densities, aggregation, and recruitment as well as growth and survival 
estimation from mark-recapture studies.  We also support AAG proposals which seek to 
restore red abalone populations in southern California.  Furthermore, we support similar 
SPR work on other lower risk populations with similar life history characteristics, such as 
wavy turban snails in southern California.  We do not support the red abalone fishing 
proposal at SMI at this time. 
 
The proposal endorses an adaptive management strategy with an annual review of 
fishery-dependent data and harvest control rules based on SPR (size limits) to determine 
the following year’s TAC level.  Egg per recruit (EPR) and spawning potential ratio (SPR) 
models seek to manage fisheries by maintaining a set percentage of the unfished egg 
production or spawning potential of a stock.  We can define SPR as the proportion of 
unfished reproductive potential allowed by fishing.  These fishery management tools are 
frequently implemented as harvest control rules based on size limits. 
 
EPR models are a low risk way to explore the model population’s response to a range of 
fishery management options.  Size limits maintain a portion of the stock off limits to 
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fishing and the percentage of the egg or spawning potential can be estimated simply by 
looking at the catch and the size distribution of the stock.  EPR models have already been 
constructed by the Department and its partners for red abalone in California (Tegner et al. 
1989; Leaf et al. 2008) to examine the impacts of fishing and various management 
strategies.  The later model incorporates biological parameters such as growth rates and 
reproduction rates based on size (Leaf et al 2008).  The previous EPR model for the 
southern California fishery and the former commercial legal size indicated that the size 
limit protected 48% of the EPR production (Tegner et al. 1989).  Clearly, this level of EPR 
was not sustainable as this fishery declined and was closed in 1997.  An examination of 
an EPR model based on northern California biological parameters yielded several 
important results.  First, a small increase in fishing pressure (from no fishing, F = 0 to F= 
0.1) resulted in a large decrease in EPR (100% to 70%) in the model.  Second, the 
combination of the existing size limit in northern California was not enough to maintain 
high EPR levels but also required the deep refuge region created by the free-diving only 
regulation, which is in effect in northern California.  The results from this work and the 
previous EPR modeling efforts of the southern California fishery suggest high levels of 
EPR be maintained to ensure a sustainable fishery.  According to the CAMA proposal, 
the proposed fishery would preserve much less than the recommended level from these 
EPR models, only 25-60% of the potential egg production in the population. 
 
Another concern of the proposed fishery is that the survey methods will be able to detect 
reasonable changes in abundance.  In this proposal it is unclear what the power to detect 
abundance changes is and what level of change due to fishing (effect size) is to be 
expected given the survey design.  Ideally, surveys should be able to detect small 
changes in abundances after fishing.  If however only large (e.g. 30-50%) changes in 
abundance are detectable, then harvest control rules would only come into effect once 
densities were reduced by a third or one half.  We use the 30-50% level for power based 
on a power analysis we conducted using the extensive 2006-2007 survey data from SMI.  
This level of detection is far poorer than our ability to detect changes in the northern 
California fishery.  Additionally, the data collection effort would be self-funded by the 
fishery through sales of the harvest.  The proposal states that harvest is likely to decrease 
after the first year, so funding for monitoring is likely to also decrease and sampling efforts 
would decrease just when fishery management requires more surveys.  Therefore, we 
expect that the power to detect small changes would be compromised even further. 
 
The ARMP is an adaptive management plan, in that the survey results feed back into the 
harvest control rules which are based on both density and sizes of abalone on the fishing 
grounds (fishery-independent data).  We examine a wide range of sizes including the 
juveniles coming into population, sublegals which will replace the fished stock as they 
grow, as well as the legal sized adults as needed for a SPR analysis.  In the north coast 
sport fishery, the index surveys are designed to be sensitive to the status of the stocks on 
the fishing grounds and can detect density changes greater than 15%.  In this way, 
management actions taken by the FGC can be implemented before large decreases in 
the resource occur.  The index surveys within the existing ARMP required for the north 
coast sport fishery TAC review are science based and conducted independent of the 
policy decision.  This points to a strength of the ARMP management design because data 
flow will not be affected if decisions to reduce the take are necessary.  Maintaining data 
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inputs for TAC review is a critical feature of adaptive management in general and the 
ARMP in particular (Figure 12). 
 
 
Concerns regarding Scientific Feasibility: 
CAMA released the proposal for review to the Department and the RC in 2012.  Members 
of the RC expressed concerns regarding the “over-optimistic” and “far-reaching 
expectations” of the proposed research within the time-frame of the proposed work.  
Clarification and justification of the experimental design and power analysis was 
requested.  The concern was that the power to detect small changes in abundance could 
be low.  Two of the reviewers questioned the impact that variability among the survey 
designs might have on the management utility of the outcome.  The use of different 
fishing intensity levels based on multiple size limits and its interaction with initial plot 
density would confuse the results needed for management.  It was also noted that the 
density of abalone outside of the harvest plots might impact the results by moving into the 
fishing plots.  For example, immigration from high-density areas into fished plots will be 
difficult to quantify given the proposed methods alone.  CAMA has not yet released an 
updated proposal that addresses these concerns of the RC.  We recommend that the 
scientific feasibility of an updated proposal be thoroughly reviewed and vetted by the TP 
and other experts outside the Department before moving forward with any fishing portion 
of the proposed work.  We also recommend that a simulation-based feasibility study 
accompany any proposal for novel survey techniques that incorporate fishing mortality at 
SMI. 
 
Enforcement: 
Before the start of any proposed fishery or experimental harvest, there are several issues 
to address from an enforcement perspective.  The first issue is the set up of a regulatory 
framework that offers considerable incentive to comply with the rules developed for this 
fishery.  The regulatory framework should include a tag system to identify abalone caught 
legally in the fishery which is part of a tracking system that tracks the product from 
harvest to ultimate consumer.  Additional regulatory requirements if feasible would 
include limiting the number of buyers and distributors.  The second issue is the additional 
enforcement workload to existing enforcement work.  The identified enforcement activities 
associated with an SMI fishery or experimental harvest include monitoring of harvest 
activities and landings, tracking product, and inspections of processing facilities to insure 
compliance with regulations.  CAMA has provided information and solutions to address 
some of these enforcement issues.  The actual impact to existing enforcement workload 
is still not clear but may become clearer as more details of implementing a fishery are 
developed. 

Recommended Direction for California Red Abalone  
The California abalone fisheries have been important as a source of economic and 
cultural vitality for coastal communities throughout California.  The Department’s goal is to 
support recovery in southern California so that a healthy sustainable fishery may be re-
established.  We point to the northern California red abalone fishery as one of the only 
examples of successful long-term management of an abalone fishery in the world.  The 
northern California coast supports an active fishery with an average of 34,000 participants 
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who fish an average of 260,000 red abalone / year.  The current annual limit is 24 
abalone / person.  In contrast, the recreational red abalone fishery in Oregon has an 
annual limit of 5 abalone larger than 8 inches (S. Groth pers comm.) and northern 
abalone (Haliotis kamtschatkana) fisheries in Washington State and British Columbia are 
now closed due to overfishing.  Active recovery efforts (e.g. outplanting) are underway for 
these northern abalone stocks in Washington and Canada. 
 
The Department supports similar recovery actions for the southern California abalone 
resource including transplantation, artificial aggregation, and stocking captive-reared 
juveniles.  Experimental aggregation of pink and green abalone species in the Channel 
Islands conducted by Department staff revealed that each species responds differently to 
artificial aggregation (Taniguchi et al. in review).  A similar experiment for red abalone 
would be beneficial for informing recovery planning for this species.  The Department is 
partnering with the NOAA, the University of California (UC), and aquaria to implement 
outplanting recovery strategies for abalone in southern California.  These efforts to re-
establish populations throughout the historic range will help to ensure a more robust 
fishery and resilient resource to environmental stressors. 
 
Sustained monitoring of recovering populations including transect surveys, recruitment 
surveys, reproduction studies, genetics, disease and fishery-independent population 
models all play a role in the comprehensive recovery program outlined in the FGC ARMP.  
Tracking of the density of red abalone is a key component of the adaptive management 
plan for the red abalone fishery in northern California and for the recovery plan in 
southern California.  Density is an important population characteristic to monitor for 
estimating overall abundance as well as assessing the reproductive potential of the 
population.  Randomized transect surveys provide an unbiased estimate of the overall 
density of a site, which is strongly correlated with smaller-scale spatial patterns important 
for reproduction such as nearest neighbor distances.  These transect surveys also yield 
important size-frequency data which gives insights to the recruitment history for the 
population. 
 
Additional insights into the long-term recruitment dynamics of abalone are obtained from 
monitoring the artificial recruitment modules by CINP in the Channel Islands and by the 
Department in northern California.  Each year artificial reefs in northern and southern 
California are surveyed to count the numbers of juvenile abalone which may be an 
indicator of the year class strength for the next generations of abalone growing into the 
fishery.  A series of exceptional or poor recruitment years will give us more information to 
base management decisions on.  Clearly, an indication of the numbers of juveniles 
coming into the population each year is important to managing the fishery in the future.  
Establishing additional recruitment monitoring locations in northern California would help 
determine the spatial variability of recruitment patterns in the fishery through time. 
 
Genetics studies are also key to understanding the dynamics of fished populations.  
Population studies have been conducted with red abalone to discern population structure 
and the presence of subpopulations.  With existing population work we find little genetic 
evidence of different stocks within California (Gruenthal et al. 2007).  More work is being 
done examining the relationship between SMI red abalone and abalone elsewhere in the 
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state.  Additionally, genetics studies have recently helped to identify a potential cause of a 
die off in Sonoma County associated with a Harmful Algal Bloom (red tide) in August 
2011.  Genes responsible for cell functions consistent with exposure to toxins appeared in 
higher frequencies than predicted after the red tide, suggesting Yessotoxin produced by a 
species of dinoflagellate (De Wit et al. in prep). 
 
In conclusion, the Marine Region recommendation not to re-open SMI to fishing at this 
time is based on multiple lines of scientific information based on the low density of red 
abalone at SMI, the poor recruitment evident in the size-frequency distributions and the 
artificial recruitment modules, the fishery modeling and Risk Assessment work, as well as 
the presence of the disease WS in the population.  Instead, we support efforts to continue 
to monitor key density and recruitment parameters of the population, restoration efforts in 
the south and low-risk population modeling efforts at this time.  The goal is to have 
widespread recovery for red abalone in southern California supported by strong 
recruitment of juveniles (in excess of natural mortality) that would increase population 
sizes and support a fishery in the future. 
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Figure 1.  Historical commercial catch 1942-1997 for five abalone species (top to bottom 
– red, pink, green, black, and white abalone). 
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Figure 2.  Density at Johnson’s Lee North, Santa Rosa Island 1983-2010 (Data from : 
CINP-KFMP) 
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Figure 3.  Map of fishery blocks in southern California.  (insert) Close-up of San Miguel 
Island (fishery block 690) indicating zones defined for the collaborative surveys in 
2006-2008 by the Department and the CAA. 
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Figure 4.  Historical commercial catch 1950-1997 for red abalone.  (black bars) Catch 
from San Miguel Island (grey bars) Catch from outside San Miguel Island. 
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 Figure 5.  Presence / absence of red abalone in southern and central California kelp  
 forest habitat 2003-2011.  [Data from :  PISCO subtidal surveys (2007-2010),  
 CINP-KFMP(2007-2010), SIO (2003), and CDFG (2007-2008, 2011)] 
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Figure 6.  Relationship between overall population density and (A) average nearest-
neighbor distance, (B) average aggregation size, (C) percent fertilization success, and (D) 
probability of mixed-gender aggregations.  (Button 2008)  The yellow circle indicates 
south San Miguel Island data.  The red vertical line represents 2,000 / ha density (MVP). 
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 Figure 7.  Density estimates at San Miguel Island 2006 – 2008. 
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Figure 9.  Recruitment (# juveniles <21mm) observed in artificial recruitment modules 
2001-2011 in northern California (CDFG) and at San Miguel Island SW zone (CINP). 
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Figure 10.  Risk assessment results.  (A-C) Risk of overfishing the fishery (D-F) Risk of 
overfishing the population.  P = probability, SSN = spawning stock number, D = density. 
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Figure 11.  Overall population densities for sites in the north coast (dark blue bars) and on 
the south coast of San Miguel Island (light blue bar).  Horizontal lines indicate density 
reference points relevant to the ARMP. 
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Figure 12.  Adaptive management flow chart (used by US Department of Interior). 
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