
Item No. 10 
STAFF SUMMARY FOR DECEMBER 7-8, 2016 

10. ABALONE EMERGENCY

Today’s Item Information  ☐ Action  ☒ 
Adopt emergency regulations to reduce take of red abalone due to harmful environmental 
conditions. 

Summary of Previous/Future Actions 
• MRC received DFW overview and options for action Nov 15, 2016; MRC, Los Alamitos
• Today consider emergency regulatory action Dec 7-8, 2017; San Diego 

Background 
Under existing statute (Fish and Game Code Section 5521) and regulation (Section 29.15, 
Title 14, CCR), red abalone may only be taken for recreational purposes north of San 
Francisco Bay, except in the Fort Ross closure area. The current regulation specifies the 
season, hours, daily limits, special gear provisions, measuring devices, abalone report card 
requirements, and minimum size. The recreational red abalone season is open Apr – Jun and 
Aug – Nov.  

Red abalone may be collected by hand through: 
1. Skin Diving, in which anglers generally use a mask, snorkel, dive fins, wetsuit, and weight

belt to dive under water to collect abalone (without the aid of  SCUBA gear); and 
2. “Rock Picking”, in which anglers search for abalone in tide pools by feeling under rocks.

DFW recently identified unprecedented changes in the density, occurrence, size and health of 
red abalone compounded by the dramatic 93% reduction in kelp forests on the Sonoma and 
Mendocino coasts. DFW recorded severely altered environmental conditions and stressed 
abalone populations (starvation, density declines, curtailed reproduction, and increased 
mortality) during the surveys (see DFW memo in Exhibit 1 for details). 

DFW confirmed that two management triggers under the Abalone Recovery and Management 
Plan (ARMP) have been reached, each calling for a 25% reduction of fishery total allowable 
catch (TAC). These step-wise triggers would reduce the TAC of red abalone from 190,000 to 
107,000. Based on the survey results the ARMP’s fishery closure trigger of 0.3 ablaone per m2 
was not reached.  

Using the criteria in the ARMP, the TAC would be adjusted through various management 
actions. DFW analyzed different options for achieving the reduction in allowable take using 
data based on catch patterns, human behavior, and recognizing uncertainties of future 
conditions. While considerable uncertainty exists, DFW’s analysis represents the best 
available information.The options in part reflect trade-offs between different angler values 
derived from public input. DFW presented two options (see options 1 and 2 below) at the Nov 
2016 Marine Resources Committee (MRC) meeting. A third option, proposed by abalone 
divers, was developed as a result of the discussion at the MRC meeting.  

The three options change the annual limit and season length, with no change to daily bag limit 
as follows: 
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Option 1 – Balancing Uncertainty and Risk with Impacts 
a. Reduce the annual limit from 18 to 9
b. Reduce season by closing fishing for Nov
c. Estimated take = 118,000

Option 2 – Full ARMP Solution 
a. Reduce the annual limit from 18 to 9
b. Reduce season by closing fishing for Apr and Nov
c. Estimated take = 104,000

Option 3 – Fishermen’s Proposal (fishermen’s alternative approach to 
Balancing Uncertainty and Risk with Impacts) 
a. Reduce the annual limit from 18 to 12
b. Reduce season by closing fishing for Apr and Nov
c. Estimated take = 119,000

Options 1 and 3 achieve comparable harvest reductions but differentially affect recreational 
fishermen. Option 1 (Apr open) is desirable to rock pickers who rely on Apr’s strong minus 
tides available after the 8 a.m. start time; Option 3 is desirable to those divers who regularly 
harvest more abalone than allowed under options 1 and 2. However, Option 3 would have a 
greater impact on rock pickers, who already experienced loss of access due to the 8 a.m. start 
time implemented in 2014. 
Emergency action is necessary to ensure reductions are in place prior to the opening of the 
season on Apr 1, 2017 to reduce the take of abalone within the entire fishery (Exhibit 3).  

Significant Public Comments 
FGC received approximately 90 emails all opposed to a 50 percent reduction in take, stating 
that DFW is using inaccurate, outdated and subjective science to make abalone fishery 
management decisions (see example in Exhibit 3).  
The majority of the comments support Option 3. 

Recommendation 
FGC staff:  Staff concurs with DFW’s analysis that both stepwise reductions in TAC are called 
for under the ARMP. Staff also concurs that Options 1 and 3 take reductions would provide the 
necessary protection of the abalone population, while balancing the impacts to the recreational 
fishery relative to Option 2. Given the recent regulatory impacts to rock pickers, staff 
recommends adopting Option 1. 
MRC:  Adopt Option 1 as proposed by DFW, or consider Option 3 (the fisherman’s proposal), 
(described in concept at Nov 15 MRC but not available for review at that time). 
DFW:  Take emergency action to reduce allowable take under both triggers by adopting either 
Option 1 or Option 3. 
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Exhibits 
1. DFW memo, Nov 21, 2016
2. Staff summary for MRC discussion on abalone emergency, Nov 15, 2016
3. Statement of Proposed Emergency Regulatory Action
4. Email from Jack Shaw, Abalone Working Group, received Nov 22, 2016

Motion/Direction 

Moved by __________ and seconded by __________ that the Commission determines, 
pursuant to Section 11346.1 of the Government Code, that an emergency situation exists. 

The Commission further determines, pursuant to Section 15061(a), Title 14, that the action is 
exempt from CEQA as an action necessary to prevent or mitigate an emergency as specified 
in Section 15269(c), Title 14. 

The Commission further determines, pursuant to Section 240 of the Fish and Game Code, that 
adoption of this regulation is necessary for the immediate conservation, preservation, or 
protection of birds, mammals, reptiles, or fish (abalone). 

Therefore, the Commission adopts the emergency changes to Section 29.15, Title 14, related 
to reduction of take of red abalone due to harmful environmental conditions for abalone as 
relected in Option [ 1 or 2 or 3 ]. 
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5C. RECREATIONAL RED ABALONE REGULATIONS   

Today’s Item Information  ☒ Direction  ☒ 

Update on the need for emergency action for red abalone and receive DFW overview of options. 

Summary of Previous/Future Actions 
• DFW briefs FGC on changes affecting abalone  Feb 10-11, 2016; Sacramento 
• DFW updates MRC on changes affecting abalone Jul 21, 2016; MRC, Petaluma 
• FGC informed of possible need for emergency action  Oct 19-20, 2016; Eureka 
• Today’s overview of possible emergency action  Nov 15, 2016; MRC, Los Alamitos 
• Emergency rulemaking; and Notice hearing  Dec 7-9, 2016; San Diego 

Background 
Management and recovery of all abalone species in California is currently guided by the 
Abalone Recovery and Management Plan (ARMP), adopted by FGC in 2005 based on 
legislation in 1997, prior to enactment of the Marine Life Management Act (MLMA) that 
requires FMPs form the primary basis for managing the state’s marine fisheries. DFW is 
currently developing an FMP for the existing northern California recreational red abalone 
fishery separate from recovery under the ARMP (see Agenda Item 6A, this meeting). However, 
until the FMP is completed and adopted by FGC, management is still governed by the triggers 
and management measures identified in the ARMP.   
 
In Feb and Jul 2016, DFW briefed FGC and MRC on a series of unprecedented environmental 
and biological events in Northern California that have resulted in wide-sweeping changes in 
density and health of red abalone, sea urchin, and the kelp they depend upon for food. 
Through summer and fall, DFW conducted surveys to quantify the changes as they relate to 
reductions in density and health of red abalone. In Oct 2016, DFW notified FGC that its survey 
results indicate that density levels have declined to levels identified as “triggers” for possible 
FGC action under to the ARMP. The ARMP identifies biological “triggers” or “action points” 
associated with specific levels of lower population density, occurrence, and size. Based on 
DFW survey results, DFW recommends immediate to reduce the annual catch target through 
fishery management measure changes.  
 
Today DFW will provide an overview of the biological need and options for regulation change 
for the red abalone fishery consistent with the ARMP; DFW provided presentations on these 
topics to the Recreational Abalone Advisory Committee (RAAC) for discussion on Nov 5, 2016 
(exhibits 1-3). 

Significant Public Comments (N/A) 

Recommendation  

FGC Staff:  Supports DFW recommendation. Staff recommends that MRC clarify the options to 
achieve necessary take reductions, receive stakeholder input, and develop recommendation 
for FGC consideration for regulatory change. 
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DFW:  DFW recommends emergency action in Dec 2016 to ensure reductions are in effect 
before the 2017 abalone season, and to concurrently pursue a regular rulemaking to enact the 
changes long-term. 

Exhibits  
1. DFW presentation on ecosystem health and abalone fishery in northern California 

presented to the RAAC on Nov 5, 2016 
2. DFW presentation, on red abalone catch density and reproduction data, presented to 

the RAAC on Nov 5, 2016 
3. DFW presentation on options for Red Abalone Emergency Regulations, presented to 

the RAAC on Nov 5, 2016 

Committee Direction/Recommendation  
Consider a recommendation for FGC concerning options to achieve take reductions consistent 
with the ARMP. 
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CALIFORNIA FISH AND GAME COMMISSION 
FINDING OF EMERGENCY AND  

STATEMENT OF PROPOSED EMERGENCY REGULATORY ACTION 
 

Emergency Action to  
Amend subsections (b) and (c) of Section 29.15,   

Title 14, California Code of Regulations 
Re: Emergency Abalone Take Reduction Due to Harmful Environmental Conditions 

 
 

Date of Statement:  November 15, 2016 
  
  

I. Statement of Facts Constituting the Need for Emergency Regulatory Action 
 

The recreational red abalone (Haliotis rufescens) fishery is one of California’s 
most successful and popular fisheries, and is economically important, particularly 
to Sonoma and Mendocino counties where approximately 95 percent of the multi-
million dollar fishery takes place. Over 25,000 fishermen participate in the fishery 
each year. Red abalone may be taken with a sport fishing license subject to 
regulations prescribed by the Fish and Game Commission (Commission).  
 
Under existing statute (Fish and Game Code Section 5521) and regulation 
(Section 29.15, Title 14, CCR), abalone may only be taken for recreational 
purposes north of a line drawn due west magnetic from the center of the mouth 
of San Francisco Bay, except in the closed Fort Ross area. The current 
regulation also specify the season, hours, daily and annual limits, special gear 
provisions, measuring devices, abalone report card requirements, and minimum 
size.  Red abalone may only be collected by skin diving (without SCUBA) or rock 
picking during low tides, so that a deep-water refuge population is maintained to 
enhance productivity of the fishery. The recreational red abalone season is 
scheduled to open April 1, 2017. 
 
In 2005, the Commission adopted the Abalone Recovery and Management Plan 
(ARMP) pursuant to requirements in statute (Fish and Game Code Section 
5522), to provide a cohesive framework for recovering depleted abalone 
populations in southern California, and for managing the northern California 
fishery and future fisheries, including red abalone. The ARMP articulates a 
framework for sustaining abalone populations based largely on densities, catch, 
size, and reproductive success as triggers for adjusting total allowable catch 
(TAC) and engaging other management measures. Using criteria described in 
the ARMP, the TAC is adjusted when specific triggers are met, through various 
management actions such as changes to daily bag limits, seasonal limits, and 
season length. 
 

In 2013, when average densities in northern California fell below established 
triggers and site closure triggers were met, the Commission took action to adjust 
the TAC from 280,000 to 190,000, with the goal to sufficiently reduce take such 
that densities would stop declining and eventually recover to target densities. The 
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Commission also took management action to meet the adjusted TAC by 
amending the annual limit for abalone in Mendocino County from 24 to 18, 
amending the annual limit in Sonoma County from 24 to 9, and moving the start 
time for fishing from one half hour before sunrise to 8:00 a.m. The Fort Ross area 
was closed to abalone fishing as a result of hitting the closure trigger. The new 
regulations went into effect in 2014, resulting in a 35 percent decline in take to 
approximately 148,000; in 2015, take was down 31 percent from 2013 at 
approximately 155,000. 
 
In 2015, a combination of unprecedented environmental and biological stressors 
began to take their toll on abalone populations, including warmer-than-normal 
waters and decreasing food resources, leading to starvation conditions. 
Throughout 2016, the Department of Fish and Wildlife (Department) has 
conducted surveys, visual assessments, and histological sampling of north coast 
abalone, and has also been documenting citizen reports of unhealthy or 
moribund abalone within the fishery. The Department has identified wide-
sweeping changes in the density, occurrence, size and health of red abalone and 
the kelp upon which it depends for food. Specifically, the Department has found: 
 

• Warm Water Conditions and Kelp and Algae Declines. Red abalone 
are herbivores that live on rocky reefs in kelp forests, eating red and 
brown algae.  In 2014, the kelp forests in the abalone fishery region 
declined by 93 percent due to extreme warm water conditions and an 
unprecedented increase in herbivorous red and purple sea urchin 
populations. Unlike abalone, sea urchin populations are generally resilient 
to food shortages and can survive longer, such that even if water 
conditions cool, grazing pressure from surviving sea urchins may still keep 
kelp from wide-spread recovery. Warm water conditions persisted through 
2015, impacting kelp recovery and abalone health. Recently there has 
been some improvement in kelp growth with cooler water this year, but the 
warm water appears to be returning this fall and current kelp canopies are 
still very sparse compared to normal years. Recent oceanographic reports 
suggest that warm-water conditions may return again in 2017. 
 

• Starvation Conditions. Red abalone are susceptible to starvation when 
kelp and algal abundances decline.  Kelp and other algal species are 
being actively cleared from rocky bottom habitat that is dominated by 
purple sea urchin, which is greater than sixty times more abundant now 
than prior to 2013. Urchin populations increased, in part, due to large-
scale loss of predatory starfish species in 2013 due to sea star wasting 
disease. Bull kelp and other algal food sources for abalone have remained 
at extremely low levels since 2014; the large number of purple urchins is 
likely keeping kelp recovery confined to very limited areas. 
 
Abalone have been observed stacked on top of each other in shallow 
water, which could be attributed to either abalone moving from deeper 
water to shallower water where algae is slightly more abundant, or 
abalone trying to graze whatever algae is growing on the shells of other 
abalone; shells were observed to be unusually clean of algal growth. 
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Recent evidence indicates the starvation conditions have not yet abated; 
additional impacts are expected through the 2017 and 2018 seasons.  
 

• Density Declines. In spite of the Commission’s 2013 actions to reduce 
take and recover densities, the actions were ineffective in preventing 
densities from continuing to decline, from an average of 0.47 per square 
meter (m2) in 2013 to 0.44 per m2 in 2016. The Department believes the 
density decline is largely due to the environmental conditions described 
herein.  
 

• Deep-Water Refuge. Deep-water refuge is believed to be a critical 
component in maintaining a highly productive recreational fishery. Deep-
water abalone are generally safe from take and can be a source of both 
adults to replace abalone removed from shallower waters and larvae to 
enhance abalone reproduction rates.  Summer of 2016 surveys showed 
dramatic reductions in abalone densities in deep water refuges (greater 
than 28 foot depths). The average density of deep-water red abalone 
populations over the past four years has declined below the ARMP 
management trigger and increases the risk that the fishery is not 
sustainable. It should be noted that abalone movement from deep water 
into shallow water or from cryptic locations to exposed shallow areas can 
give the impression that abalone populations are stable or have increased 
if the absence of abalone in deeper waters is not considered.  
 

• Abalone Health, Reproduction, and Mortality. The abundance of warm 
water, coupled with a lack of algae, has severely impacted the health and 
reproductive development of abalone. Fishermen and the public have 
reported weak, shrunken, and dying abalone, as well as unusually high 
numbers of empty shells of all size classes throughout 2016. Department 
surveys revealed more than 25 percent of catch at 10 survey sites had 
body mass that was shrunken (meat smaller than the shell). Reductions in 
body mass lead to reduced reproductive fitness; just a 20% reduction in 
body mass can reduce reproduction by 60-90 percent. Red abalone 
require approximately 12 years to grow to minimum legal size, so that 
multi-year gaps in reproduction will be observed in the fishery for years to 
come.  Furthermore, recent laboratory feeding studies of starved wild red 
abalone indicate that reproductive capability may take more than one year 
to recover to normal levels after algal conditions improve.  
 
The weakened condition of abalone may also reduce their ability to 
withstand normal storm waves during the winter of 2016 – 2017, and 
increase mortality. Both 2015 and 2016 were poor reproduction years 
compared with previous average or good years, which may put future 
sustainability of the fishery at risk. Lack of kelp and other algae greatly 
reduces cover for red abalone, making them easier to locate by fishermen. 
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Existence of an Emergency and Need for Immediate Action 
 
The Department considered the following factors in determining whether an 
emergency exists:  The magnitude of potential harm; the existence of a crisis 
situation; the immediacy of the need; and whether the anticipation of harm has a 
basis firmer than simple speculation. Department field surveys in 2015 and 2016 
demonstrate that all these factors have been met. The Department is proposing 
emergency regulatory action because the urgency of the situation requires 
actions to go into effect prior to the start of the upcoming 2017 season, to allow 
adequate time to communicate the changes to affected stakeholders and amend 
abalone report cards. The Department will also recommend making the proposed 
emergency regulations permanent pursuant to a standard rulemaking because 
the impacts from the harmful conditions are expected to be long-lasting.    
 
Studies, Reports, or Documents Supporting Factual Emergency  
 
The Department relied on the following documents in proposing this emergency 
rulemaking action: 

 
(1) The Abalone Recovery and Management Plan 

https://www.wildlife.ca.gov/Conservation/Marine/ARMP  
 

Department staff has documented critical negative impacts to red abalone fishing 
grounds: 

(1) A dramatic decline in sea stars, important sea urchin predators, due to 
sea star disease.  

(2) A dramatic decline (93 percent) of the kelp canopy in Sonoma and 
Mendocino counties in 2014. 

(3) A dramatic increase (60 times) in the density of purple sea urchins in 
2015, increasing competition with abalone for food. 

(4) Warm seawater conditions in Sonoma and Mendocino counties in 2014 
and 2015. 

(5) A lack of kelp, which increases the efficiency of fishing efforts in shallow 
habitats.  

(6) A decline in deep-water abalone densities. 
(7) Continued decline in overall average abalone densities in spite of 

significant take reductions implemented in 2014. 
 

Department staff has documented critical negative impacts to red abalone health: 
(1) Visual abalone body health scores for abalone taken in the fishery during 

the spring of 2016 show that more than 25 percent of abalone were 
shrunken in body mass at sites in northern California. 

(2) Body condition index declined at Van Damme State Park by 20 percent, 
but no significant difference was observed at Fort Ross in summer of 
2016 (60 abalone per site). 
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(3) Department staff and abalone fishermen have observed weak abalone 
washed up on shore and easy to remove from the rocks as well as many 
new shells of all size classes, indicating increased natural mortality. 

 
Department staff has documented critical negative impacts to red abalone 
reproduction: 

(1) Gonad index declined significantly at Van Damme State Park and at Fort 
Ross in the summer of 2016 (60 abalone per site).  

(2) Small numbers of larval abalone observed in plankton surveys in 
Sonoma and Mendocino counties in 2015. 

(3) Small numbers of newly settled abalone observed in coralline-covered 
rock samples from Sonoma and Mendocino counties in 2015. 

(4) Few juvenile (< 21millimeter) red abalone observed in artificial reefs in 
Van Damme State Park in 2015.  

 
Regulatory Proposal 
 
The ARMP provides the framework for regulatory proposals that should be 
designed to maintain the sustainability of the resource and fishery. The 
Department makes the following determinations in regards to the ARMP: 

(1) The existing TAC is 190,000 (amended 2013). 
(2) The deep density trigger requires 25 percent reduction in TAC, which 

equates to reducing TAC from 190,000 to 142,500. 
(3) Average densities continue to decline leading to a second trigger 

requiring an additional 25 percent reduction in TAC, which equates to 
reducing it from 142,500 to 106,875. 

(4) The new TAC would be 107,000 (rounding to the nearest thousand). 
(5) While considerable uncertainty exists under the current conditions 

regarding how the abalone population will respond, all factors are 
currently negative. Marine protected areas provide a benefit in protecting 
a segment of the population from fishing pressure, but do not 
necessarily help the fishery or the stock in terms of the current negative 
environmental conditions that are affecting both. 

 
The proposed regulations to achieve the specified TAC are based on catch 
patterns, human behavior, and the many uncertainties of future conditions.  
Public input to date indicates reductions in take should primarily come from the 
annual limit rather than the daily limit. Season changes can produce savings, but 
because efforts can shift to other months, yield is unpredictable and likely less 
than otherwise expected. Considerable uncertainty exists regarding the response 
by fishermen to new restrictions and, therefore, actual take. Table 1 provides an 
analysis of likely take using changes to the annual limit along with some season 
reductions. Fishermen have consistently and clearly indicated that a reduction to 
the daily bag limit is considered an action of last resort and therefore has not 
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been considered or recommended as other options provide reasonable 
alternatives for likely achieving the specified TAC. 
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Table 1.  Estimated take based on changes to annual limit and with season 
length reductions  

Target TAC = 107,000 
Daily Bag limit = 3 

Annual Limit 
6 9 12 15 18 

Estimated Catch 93,000 119,000 136,000 149,000 155,000 
Estimated Catch + 
November Closure 

91,000 118,000 135,000 147,000 155,000 

Estimated Catch + 
November Closure +  
April Closure 

80,000 104,000 119,000 129,000 136,000 

 
Based on the analysis summarized in Table 1, the Department proposes three 
options: 

 
Option 1 – Balancing Uncertainty and Risk with Impacts 

a. Reduce annual limit to 9 
b. Reduce season by closing November 
c. Estimated take = 118,000 

 
Option 2 – Full ARMP Solution 

a. Reduce annual limit to 9 
b. Reduce season  by closing November and April 
c. Estimated take = 104,000 

 
Option 3 – Fishermen’s Proposal 

a. Reduce annual limit to 12 
b. Reduce season by closing November and April 
c. Estimated take = 119,000 

 
The Department understands the importance of the recreational red abalone 
fishery and its sustainability and also acknowledges that reductions in allowable 
catch expected for options 1 and 2, while supporting long-term sustainability of 
the resource, will impact about one-third of the fishermen who typically harvest 
more abalone than either option would allow. Option 3 is proposed as a result of 
discussions at the November 15, 2016 Marine Resources Committee. This option 
is designed to achieve similar reductions in take compared to Option 1 by 
exchanging days on the water (season length) for increase in total take 
opportunity (annual limit). 
 
The Department is requesting the Commission reduce the take of the fishery by 
adopting either Option 1 or Option 3 for the 2017 season. The Department’s 
recommendation is based on the numerous uncertainties and risks involved and 
the impacts to fishermen from such dramatic reductions. The current 
environmental conditions are unprecedented and the impacts to the abalone 
resource are yet to be fully realized or understood. Not implementing significant 
reductions in take risks pushing an already stressed population below 
sustainable levels. We have already witnessed the consequences of inaction, 
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which resulted in the imposition of a statutory moratorium of the fishery south of 
San Francisco since 1997. 
 
While Option 1 and Option 2 are projected to fall short of the target TAC over a 
period of years, the Department believes them to be rational compromises likely 
to provide significant protections at a reasonable cost to the fishery. For Option 1, 
the loss of November in the season is not expected to have a significant impact 
to opportunity since fishermen will still have 6 months to harvest 9 abalone.  
Option 2 provides additional protections, but at a higher cost to the fishery, being 
particularly impactful to rock pickers because of the loss of important low tides 
that occur in April. Option 3 is designed to shift opportunity from total time on the 
water for slightly higher take opportunity. As with the other two options, the loss 
of November and April will have similar impacts. Option 3 is expected to have a 
slightly lower ability to reduce take from present levels when compared to the 
other two options.  For all options, the Department expects a larger savings the 
first year with a rebound the following year; this is not unusual behavior when 
drastic changes are made to recreational fisheries.  
 
The Department is not recommending closure of the abalone fishery because 
abalone population densities (0.44 abalone per m2) are above the ARMP’s 
fishery closure trigger of 0.3 abalone per m2. 
 
In the absence of this emergency regulation, take of abalone at current levels 
would continue during the coming season on abalone populations that have 
declined below minimum sustainable levels prescribed in the ARMP for the deep 
water (refuge) segment of their range. These emergency regulations are 
designed to protect broodstock during this period of harmful environmental 
conditions when abalone is exceptionally vulnerable to both high natural and 
fishing mortalities. This period is clearly one of reduced productivity of the 
abalone population and it is uncertain how long the unfavorable conditions will 
persist. Even with improved environmental conditions, the fishery will remain at 
risk due to reduced productivity for more than one year. The decline of the deep-
water refuge population, coupled with ongoing starvation conditions and 
subsequent poor abalone body condition, presents an emergency situation 
requiring immediate management action to protect the fishery.  
 
The Commission received public input on a potential emergency action at the 
November 15, 2016 meeting of the Marine Resources Committee, where the 
Department reported on the most recent survey findings. 

 
II. Impact of Regulatory Action 

 
The potential for significant statewide adverse economic impacts that might result 
from the proposed regulatory action has been assessed, and the following 
determinations relative to the required statutory categories have been made: 

 
(a) Costs or Savings to State Agencies or Costs/Savings in Federal Funding 

to the State:  None.  
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(b) Nondiscretionary Costs/Savings to Local Agencies:  None. 
 

(c) Programs Mandated on Local Agencies or School Districts:  None.  
 

(d) Costs Imposed on Any Local Agency or School District that is Required to 
be Reimbursed Under Part 7 (commencing with Section 17500) of Division 
4, Government Code:  None.  
  

(e) Effect on Housing Costs:  None. 
   

III. Authority and Reference 
 
The Commission proposes this emergency action pursuant to the authority 
vested by sections 200, 202, 240, and 5520 of the Fish and Game Code and to 
implement, interpret, or make more specific sections 200, 202, 205, 220, 240, 
and 5520 of said code. 

 
IV. Section 240 Finding 
 

Pursuant to Section 240 of the Fish and Game Code, the Commission finds that 
the adoption of this regulation is necessary for the immediate conservation, 
preservation, or protection of birds, mammals, reptiles, or fish (abalone). 
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Informative Digest (Plain English Overview) 
 
 
The recreational red abalone (Haliotis rufescens) fishery is one of California’s most 
successful and popular fisheries, and is economically important, particularly to Sonoma 
and Mendocino counties where approximately 95 percent of the multi-million dollar 
fishery takes place. Over 25,000 fishermen participate in the fishery each year. Red 
abalone may be taken with a sport fishing license subject to regulations prescribed by 
the Fish and Game Commission (Commission).  
 
Under existing statute (Fish and Game Code Section 5521) and regulation (Section 
29.15, Title 14, CCR), red abalone may only be taken for recreational purposes north of 
a line drawn due west magnetic from the center of the mouth of San Francisco Bay, 
except in the closed Fort Ross area. The current regulation also specifies the season, 
hours, daily limits, special gear provisions, measuring devices, abalone report card 
requirements, and minimum size. Red abalone may only be collected by skin diving 
(without SCUBA) or rock picking during low tides. The recreational red abalone season 
is scheduled to open April 1, 2017. 
 
The Department has identified wide-sweeping changes in the density, occurrence, size 
and health of red abalone and the kelp upon which it depends for food. Specifically, the 
Department has found warm water conditions, kelp and algae declines, starvation 
conditions, abalone density declines, movement from deep-water refuge, and negative 
impacts on abalone health, reproduction and mortality. 
 
To determine whether an emergency exists, the Department considered the following 
factors:  The magnitude of potential harm; the existence of a crisis situation; the 
immediacy of the need; and whether the anticipation of harm has a basis firmer than 
simple speculation. Department field surveys in 2015 and 2016 demonstrate that all 
these factors have been met. 
 
The Department has confirmed that management triggers under the Abalone Recovery 
and Management Plan (ARMP) have been reached calling for a reduction of fishery 
catch and is recommending this reduction be approved due to harmful environmental 
conditions for abalone.  
 
Proposed Regulatory Action 
 
The proposed emergency regulation will reduce the take of abalone within the entire 
fishery to levels anticipated to be sustainable under current environmental conditions  
 
Acting under the guidance contained in the ARMP, the Department requests the 
Commission take emergency action to reduce allowable take by adopting either Option 
1 or Option 3.  

  
Option 1 – Balancing Uncertainty and Risk with Impacts 
Amend abalone subsections (b) and (c) of Section 29.15, Title 14, CCR, to 
reduce the red abalone allowable annual take from 18 to 9 abalone and to 
close November to fishing.  
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Option 2 – Full ARMP Solution 
Amend abalone subsections (b) and (c) of Section 29.15, Title 14, CCR, to 
reduce the red abalone allowable annual take from 18 to 9 abalone and to 
close April and November to fishing. 
 
Option 3 – Fishermen’s Proposal 
Amend abalone subsections (b) and (c) of Section 29.15, Title 14, CCR, to 
reduce the red abalone allowable annual take from 18 to 12 abalone and to 
close April and November to fishing. 
 

Benefits:  The proposed emergency reduction within the abalone fishery will benefit the 
environment by protecting the valuable abalone resource from excessive fishing 
mortality, which will allow the resource the opportunity to rebuild and be sustainable for 
the future. 
 
Consistency and Compatibility with Existing State Regulations:  The Legislature has 
delegated authority to the Commission to promulgate sport fishing regulations (Fish and 
Game Code, sections 200, 202, and 205). No other state agency has the authority to 
promulgate such regulations. The Commission has conducted a search of Title 14, CCR 
and determined that the proposed regulation is neither inconsistent nor incompatible 
with existing State regulations and that the proposed regulations are consistent with 
other sport fishing regulations and marine protected area regulations in Title 14, CCR.   
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Regulatory Language 

 
§29.15. Abalone. 
 
Option 1 
 
§ 29.15. Title 14 CCR is amended to read: 
§ 29.15. Abalone 
(b) Open Season and Hours: 
(1) Open Season: Abalone may be taken only during the months of April, May, June, 
August, September, October and November.  
(2) Open Hours: Abalone may be taken only from 8:00 AM to one-half hour after sunset. 
(c) Bag Limit and Yearly Trip Limit: Three red abalone, Haliotis rufescens, may be taken 
per day. No more than three abalone may be possessed at any time.  No other species 
of abalone may be taken or possessed. Each person taking abalone shall stop 
detaching abalone when the limit of three is reached. No person shall take more than 18  
9 abalone during a calendar year. In the Open Area as defined in subsections 29.15(a) 
and 29.15(a)(1) above, not more than 9 abalone of the yearly trip limit may be taken 
south of the boundary between Sonoma and Mendocino Counties.  
 
[No changes to subsections (a) and (d) through (h)]  
 
Note: Authority cited: Sections 200, 202, 205, 210, 220, 240, 5520, 5521, and 7149.8, 
Fish and Game Code.  Reference: Sections 200, 202, 205, 220, 5520, 5521, 7145 and 
7149.8, Fish and Game Code. 
 
Option 2 
 
§ 29.15. Title 14 CCR is amended to read: 
§ 29.15. Abalone 
(b) Open Season and Hours: 
(1) Open Season: Abalone may be taken only during the months of April, May, June, 
August, September, October and November.  
(2) Open Hours: Abalone may be taken only from 8:00 AM to one-half hour after sunset. 
(c) Bag Limit and Yearly Trip Limit: Three red abalone, Haliotis rufescens, may be taken 
per day. No more than three abalone may be possessed at any time.  No other species 
of abalone may be taken or possessed. Each person taking abalone shall stop 
detaching abalone when the limit of three is reached. No person shall take more than 18  
9 abalone during a calendar year.  In the Open Area as defined in subsections 29.15(a) 
and 29.15(a)(1) above, not more than 9 abalone of the yearly trip limit may be taken 
south of the boundary between Sonoma and Mendocino Counties.  
 
[No changes to subsections (a) and (d) through (h)] 
  
Note: Authority cited: Sections 200, 202, 205, 210, 220, 240, 5520, 5521, and 7149.8, 
Fish and Game Code.  Reference: Sections 200, 202, 205, 220, 5520, 5521, 7145 and 
7149.8, Fish and Game Code. 
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Option 3 
 
§ 29.15. Title 14 CCR is amended to read: 
§ 29.15. Abalone 
(b) Open Season and Hours: 
(1) Open Season: Abalone may be taken only during the months of April, May, June, 
August, September, October and November.  
(2) Open Hours: Abalone may be taken only from 8:00 AM to one-half hour after sunset. 
(c) Bag Limit and Yearly Trip Limit: Three red abalone, Haliotis rufescens, may be taken 
per day. No more than three abalone may be possessed at any time.  No other species 
of abalone may be taken or possessed. Each person taking abalone shall stop 
detaching abalone when the limit of three is reached. No person shall take more than 18  
12 abalone during a calendar year.  In the Open Area as defined in subsections 
29.15(a) and 29.15(a)(1) above, not more than 9 abalone of the yearly trip limit may be 
taken south of the boundary between Sonoma and Mendocino Counties.  
 
[No changes to subsections (a) and (d) through (h)] 
  
Note: Authority cited: Sections 200, 202, 205, 210, 220, 240, 5520, 5521, and 7149.8, 
Fish and Game Code.  Reference: Sections 200, 202, 205, 220, 5520, 5521, 7145 and 
7149.8, Fish and Game Code. 
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Abalone Working Group 
c/o Jack Shaw 

 
 
 
November 22, 2016 
California Fish and Game Commission 
1416 Ninth Street 
P.O. Box 944209 
Sacramento, CA 94244-2090 
  
RE: Abalone emergency regulations and Fishery Management Plan 
  
Dear Commissioners, 
 
We are writing this letter to address the December 7-8 , 2016 agenda item #10. 
 
Attached to the email is an advance version of a paper by Dr. Jeremy Prince regarding 
Length Based Spawning Potential Ratio (LB-SPR).  
 
A summary of the attached paper was included in our letter sent to the Marine Resource 
Committee on November 8, 2016.  The full paper is attached here for entry into the 
administrative record. Dr. Prince’s paper addresses concerns brought up by the Scientific 
Advisory Committee of the Ocean Science Trust (OST/SAC) regarding the current 
methodology used by the DFW in determining abalone densities. We understand the 
current methodology underestimates the densities of abalone and believe that density 
triggers have not been met. 
 
If density triggers have not been met there is no need for an emergency action to reduce take. We 
also question the appropriateness of using emergency rules to address the significant 
environmental concerns the department cites that do not meet the criteria necessary for 
declaration of an emergency. The following criteria of the government code are not met:   
 
1. Specific facts demonstrating by substantial evidence that failure of the rulemaking agency to adopt the 
regulation within the time periods required for notice pursuant to Government Code section 11346.1(a)(2) 
and for public comment pursuant to Government Code section 11349.6(b) will likely result in serious harm 
to the public peace, health, safety, or general welfare; and  
2. Specific facts demonstrating by substantial evidence that the immediate adoption of the proposed 
regulation by the rulemaking agency can be reasonably expected to prevent or significantly alleviate that 
serious harm.  
 
Regarding the first point above: there is no immediate harm to the public peace, health, 
safety or general welfare. In fact there is a greater chance that the general welfare is at risk 
if the rules are approved since local communities will be economically stressed by a 
reduction of recreational visitors.  
 
Regarding the second point above: The science used to determine if triggers have been met 
is in question. It is also important to note that the DFW has done creel surveys which have 
shown that 75% of the fishery is healthy with 25% being stressed to varying degrees. How 
does a 75% healthy fishery meet a designation that is in need of emergency rules?  
Furthermore, the results in Dr. Prince’s paper show that the long term policy and 



management is working because Spawning Potential Ratio is high. It also shows the stock is 
being managed to be resilient to issues of environmental concern. 
 
We completely understand and agree that current environmental conditions are of great 
concern. We share the goal of protecting our fishery. However, the emergency rule as 
proposed is an overreaction. 
 
The emergency the department seems more concerned with is in regard to administrative 
timing. The importance of redesigning the abalone tags in time for the 2017 season is not 
justification for emergency regulations.  Therefore, we do not believe the commission 
should approve the rule change or that the Office of Administrative Law should issue a 
certificate of compliance for the proposed rule change. 
 
Gov. code 11346.1 
 A finding of emergency based only upon expediency, convenience, best interest, general public need, or 
speculation, shall not be adequate to demonstrate the existence of an emergency. 
 
The abalone Fishery Management Plan has been in development for two years without 
adequate public collaboration. To date the department appears to perceive collaboration as 
public comment or public presentations done by the DFW.  One-sided comments or 
presentations do not equate with collaboration.  While there was a meeting held in Santa 
Cruz sponsored jointly by the DFW and The Nature Conservancy to discuss management 
options, the public has not been informed of the results. 
 
The attached document from Dr. Prince shows the necessity for use of multiple indicators of 
stock health in the FMP decision tree. The inclusion of Length Based Spawning Potential 
Ratio in the FMP would allow use of an index for data poor regions of the fishery.  Questions 
have been brought up numerous times by the public to the DFW regarding inclusion of LB-
SPR and how the DFW plans to incorporate OST/SAC recommendations. The lack of 
subsequent dialogue is entirely inadequate in meeting the MLMA’s insistence of 
collaboration. This lack of communication does not allow for fishery participant inclusion 
and collaboration in the FMP process.  
As fishery participants we consider examples of collaboration to be 
 

• Multi-party dialogue 
• Transparent sharing of information and conclusions 

 
 
 
 
On behalf of the Abalone Working Group, 

 
Jack Shaw 
 
 
ec:    Frank Hurd, Coastal Fisheries Project Director, TNC 
 Terry Francke, General Council, CalAware 
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Executive	Summary	
In	2014,	The	Nature	Conservancy	(TNC)	and	a	group	of	volunteer	recreational	
divers	in	Northern	Californian	came	together	under	the	name	of	the	Abalone	
Working	Group	(AWG)	to	undertake	a	collaborative	community	based,	or	‘citizen	
science’	project	aimed	at	developing	and	testing	ways	of	implementing	
recommendations	made	by	the	Science	Advisory	Committee	(SAC)	that	was	
convened	in	2013,	and	coordinated	by	the	Ocean	Science	Trust,	at	the	request	of	
Californian	Department	of	Fisheries	and	Wildlife	(DFW).	

The	SAC	recommended	amongst	other	things	that:	

“The	red	abalone	population	might	be	well	served	by	looking	beyond	
density	reference	points,	and	the	fishery	may	support	alternative	
scientifically	based	management	reference	points.”	

“Size	structure	is	often	used	in	fisheries	management	to	assess	the	state	
and	trajectory	of	fished	stocks	and	these	data	should	be	used	to	their	full	
extent.”	

“A	better	metric	than	density	may	be	to	use	a	fecundity	index	like	
Spawning	Potential	Ratio	(SPR).”	

“The	utility	of	specifying	management	targets	in	SPR	is	that	it	can	be	
estimated	from	the	adult	size	distribution	of	the	stock,	and	these	data	
might	be	obtained	through	recreational	tag	returns.	A	community	based		
methodology	such	as	this	could	be	used	to	provide	alternative	
scientifically	based	management	reference	points	from	across	all	the	
different	fished	areas,	cost-effectively	adding	to	the	detailed	survey	
information	from	the	fewer	survey	sites.”	

This	report	documents	the	initial	results	of	the	AWG’s	citizen	science	project.	

The	conceptual	basis	of	SPR	is	that	any	population	completes	100%	of	its	
natural	potential	for	breeding	(spawning)	when	there	is	no	fishing;	but	that	
fishing	reduces	a	population’s	spawning	below	the	natural	100%	level,	
because	on	average	individuals	get	caught	before	completing	their	natural	life	
span	(Mace	and	Sissenwine	1993,	Walters	and	Martell	2004).	In	contrast	to	
density	surveys	which	aim	to	measure	the	amount	of	abalone	at	a	site,	SPR	is	a	
measure	more	akin	to	an	element’s	‘half-life’,	a	measure	of	how	long	each	
element	persists	before	decaying	into	another	element;	but	in	this	case	SPR	is	a	
measure	of	how	long	adults	in	a	population	persist	and	breed,	compared	to	the	
natural	unexploited	level.	Methods	for	assessing	SPR	have	been	shown	to	be	
effective	for	assessing	and	managing	spatially	complex	and	data	limited	
fisheries	like	abalone	because	of	the	simplicity	of	the	underlying	models	and	
their	inputs,	and	because	size	composition	is	easier	to	estimate	than	density.	A	
new	approach	to	estimating	SPR	(LB-SPR)	using	length	data	has	recently	been	
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developed	and	this	project	trialed	its	use	with	red	abalone	in	Northern	
California.	

Over	the	summer	of	2014/2015,	a	team	of	volunteer	divers	(citizen	scientists),	
members	of	the	AWG	and	Reef	Check,	began	collecting	length	measurements	
from	abalone	while	still	attached	to	the	bottom,	using	calipers	developed	
specifically	for	the	purpose.	By	May	2016	the	team	of	citizen	scientists	had	
measured	a	total	of	5,285	emergent	abalone,	from	10	sites	including;	Van	
Damme	State	Park,	Fort	Ross,	Sea	Ranch	and	Russian	Gulch	where	DFW	have	
also	been	collecting	size	data.	The	DFW	also	kindly	made	available	26,574	
length	measurements	of	emergent	abalone	they	have	collected	during	surveys,	
at	some	sites	since	1999;	the	DFW	also	came	from	10	sites,	although	only	5	of	
these	coincided	with	this	project’s	citizen	science	data	collection	program.		

Visual	comparison	of	the	DFW	data	collected	from	Van	Damme	State	Park	and	
Fort	Ross	since	1999,	and	since	2003	at	Point	Arena,	reveal	remarkable	
stability	in	the	size	composition	at	each	site	over	those	time	periods.	A	stability,	
which	applying	basic	principals	of	fisheries	dynamics,	and	the	knowledge	that	
catches	have	been	relatively	stable	over	those	time	periods,	can	only	be	
interpreted	as	showing	these	populations	have	also	remained	relatively	stable	
over	this	time	period.	Visual	comparison	of	the	length	data	collected	by	DFW	
scientists	with	data	collected	by	citizen	scientists	working	with	this	project	
showed	that	data	are	basically	the	same.	For	this	reason,	we	aggregated	data	
collected	by	DFW	and	citizen	scientists,	to	develop	the	best	possible	length-
based	assessments	of	SPR	based	on	the	largest	possible	dataset.		

In	this	way	robust	LB-SPR	assessments	were	developed	for	all	10	sites	
sampled	by	DFW	(n	=	487	–	2,707).	For	three	of	these	sites	comparative	
assessments	could	also	be	developed	with	the	much	smaller	citizen	science	
datasets	(n	~	400).	The	LB-SPR	assessment	method	failed	to	produce	
assessments	with	smaller	sample	sizes	(n	<	300).	For	the	three	sites	where	the	
citizen	science	assessments	could	be	completed,	the	results	produced	were	
almost	identical	to	those	produced	with	the	much	larger	datasets.	As	to	be	
expected	with	this	methodology,	the	smaller	sample	sizes	produced	estimates	
of	SPR	that	were	fractionally	lower,	and	slightly	wider	estimates	of	the	95%	
confidence	intervals	around	the	SPR	assessments.	

These	results	clearly	demonstrate	the	potential	for	using	citizen	scientist	
collected	data	to	conduct	length-based	assessments	of	SPR,	and	suggest	that	
samples	of	400	abalone	per	location,	are	sufficient	to	produce	robust	results.	

Consistent	with	the	extremely	stable	size	composition	data	collected	by	DFW	
scientific	divers,	the	estimates	of	SPR	produced	here	prove	that	these	stocks	
are	already	being	managed	to	conserve	high	levels	of	reproductive	capacity	
(SPR);	levels	that	are	generally	above	internationally	accepted	reference	
points	for	maximum	sustainable	yield	(SPR	=	30-40%);	and	in	many	cases	
consistent	with	reference	points	used	internationally	for	rebuilding	stocks	
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(SPR	>	50%)	to	maximize	population	resilience	and	growth	while	still	allowing	
a	limited	catch.	These	results	show	that	the	high	level	of	spawning	potential	
being	conserved	is	in	no	small	part	due	to	the	fact	that	at	most	sites	the	current	
minimum	size	limit	(7”)	protects	sufficient	reproductive	potential	to	conserve	
these	stocks,	although	in	no	case	are	stocks	being	fished	down	to	the	size	
showing	that	catch	restrictions	are	also	playing	a	role	in	preserving	the	
conservatively	high	SPR	levels.	

While	it	can	certainly	be	argued	that	the	current	management	for	high	SPR	
levels	is	appropriate	for	a	resource	known	to	be	threatened	by	climate	change	
and	disease,	these	results	taken	together	with	continuing	stable	levels	of	
harvest,	provide	no	support	for	there	having	been	any	large	fluctuations	in	
stock	abundance	over	the	last	two	decades;	suggesting	that	claims	to	the	
contrary	are	largely	the	result	of	misinterpreting	the	statistical	noise	
associated	with	the	density	estimates,	as	actual	changes	in	abundance.	The	
high	level	of	SPR	being	conserved	by	management,	and	the	stability	this	has	
evidently	conferred	on	these	stocks	through	previous	warm	water	events,	
suggest	there	is	little	need	to	over-react	to	the	most	recent	event.		

Fisheries	management	has	become	a	litigious	process	in	many	US	jurisdictions	
and	the	managers	of	this	fishery	should	probably	start	to	include	managing	the	
risk	of	litigation	in	the	calculus	they	apply	to	future	management	actions:	as	
we	fear	that	following	on	after	the	analyses	and	recommendations	of	the	SAC,	
as	they	do,	with	these	results,	we	have	inadvertently	laid	down	a	powerful	
basis	for	a	legal	challenge	to	the	DFW’s	current	system	of	assessing	and	
managing	red	abalone.	

We	suggest	that	the	revising	of	the	abalone	FMP	being	currently	undertaken,	
provides	a	timely	opportunity	for	DFW	to	act	on	the	SAC’s	recommendations	
and	place	the	assessment	process	for	red	abalone	on	firmer	scientific	and	legal	
grounds.		

These	results	provide	support	for	the	SAC’s	recommendation	that:	

“The	red	abalone	population	might	be	well	served	by	looking	beyond	
density	reference	points,	and	the	fishery	may	support	alternative	
scientifically	based	management	reference	points.”	

The	new	FMP	should	include	a	rigorously	tested	harvest	strategy,	based	on	a	
decision	tree	framework	which	formally	incorporating	multiple	types	of	stock	
status	information,	density,	catch	trends	and	SPR	estimates.		
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Introduction	
A	persistent	challenge	for	sustainable	fisheries	is	the	scale,	complexity	and	cost	of	
fishery	assessment	and	management	(Walters	&	Pearse	1996;	Mullon	et	al.	2005).	
Conventional	population	model	based	assessment	methods	on	which	much	of	
fisheries	management	is	predicated,	require	large	amounts	of	data,	including	good	
biological	information	for	the	exploited	stock	and	historical	time	series	of	catch	and	
effort	data,	so	that	statistical	estimates	of	biomass	can	be	made	with	relatively	good	
accuracy.	Only	a	small	fraction	of	exploited	fish	stocks	can	be	assessed	using	
conventional	stock	assessment	methods	(Costello	et	al.,	2012).	At	least	90%	of	the	
world’s	fisheries,	which	directly	support	14	-	40	million	fishers	and	indirectly	
support	approximately	200	million	people	(Teh	et	al.)	are	unassessed	(Costello	et	al	
2015).	Small-scale	and	spatially	complex	fisheries,	like	dive	fisheries	for	abalone,	
present	a	particular	challenge	for	conventional	fisheries	assessment	because	of	the	
mismatch	between	what	is	considered	a	‘unit	of	stock’	(sensu	Gulland	1977)	and	the	
cost	of	monitoring	and	assessing	each	component	unit	of	stock	(Orensanz		et	al.		
2005;	Prince	2010).	Centralized	governance	and	management	agency	intensify	the	
cost-prohibitive	nature	of	monitoring,	assessing	and	managing	spatially	complex	
resources	when	they	rely	entirely	upon	internal	centralized	capacities	to	assess	and	
manage	the	heterogeneous	dynamics	of	spatially	complex	resource.		

Fisheries	for	abalone	have	been	at	the	forefront	of	developing	techniques	for	
assessing	and	managing	small	scale	and	data-poor	fisheries	for	several	decades	(e.g.	
Hilborn	&	Walters	1987;	Prince	2003).	This	is	because	abalone	fisheries	exploit	
meta-populations	comprised	of	many	small	and	highly	variable	component	
populations.	In	effect,	abalone	fisheries	are	comprised	of	many	‘micro-stocks’,	and	
while	data	may	exist	at	the	broader	scale,	abalone	fisheries	remain	data-poor	at	the	
scale	of	component	micro-stocks	(Prince	2005).	

In	2005	the	Californian	Fish	and	Game	Commission	adopted	the	Abalone	Recovery	
and	Management	Plan	(ARMP)	to	formalize	management	of	the	Californian	abalone	
fishery	(CDFG	2005;	Kashiwada	&	Taniguchi	2007)	and	updated	in	2010.	Under	the	
ARMP	plan,	management	actions	including	the	season	length,	time	of	day	for	fishing	
operations,	area	closures	and	adjustment	to	permissible	daily	and	seasonal	catch	
levels,	are	primarily	contingent	on	surveyed	densities	relative	to	selected	reference	
points.		

In	northern	California	abalone	densities	are	monitored	with	depth	stratified	
randomized	transect	surveys	conducted	at	8	heavily	dived	‘index	sites’	(recently	
increased	to	10).	The	current	system	of	density	monitoring	relies	upon	scientifically	
trained	divers	to	conduct	transect	studies	in	conjunction	with	the	California	
Department	of	Fish	and	Wildlife	(DFW).	The	relative	expense	of	the	survey	
methodology	limits	the	number	of	index	sites,	the	number	of	transects	surveyed	at	
each	site,	and	the	frequency	with	index	sites	are	re-	surveyed;	with	the	resources	
available	each	index	site	is	surveyed	every	3-5	years.	Densities	within	each	index	
site	are	aggregated	for	a	southern	and	northern	management	unit	(Sonoma	and	
Mendocino	counties,	respectively)	to	estimate	an	average	density	for	each	
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management	unit.	At	irregular	intervals	estimated	densities	are	compared	to	a	
reference	point	density	level	to	determine	appropriate	management	responses.	The	
limit	reference	point	of	0.2	emergent	abalone.m-2,	considered	by	the	ARMP	to	
represent	the	minimum	density	for	a	viable	population	is	based	on;		

1. Minimum	spawning	densities	determined	by	Shepherd	and	Brown	(1993)	for	
the	smaller	H.	laevigata	in	South	Australia,	and	

2. Densities	measured	prior	to	sharp	declines	in	red	abalone	abundances	in	
southern	California	(Tegner	et	al.	1989;	Karpov	et	al.	1998)	

Shepherd	and	Brown	(1993)	found	that	recruitment	of	H.	laevigata	started	to	
decline	when	densities	fell	below	0.3	emergent	abalone.m-2	and	that	stocks	
collapsed	when	adult	densities	fell	below	0.1	emergent	abalone.m-2.	Karpov	et	al.	
(1998)	noted	similar	consequences	occurring	at	the	same	densities	of	red	abalone	
on	Santa	Rosa	Island	in	southern	Californian.		The	target	reference	point	of	0.66	
emergent	abalone.m-2	was	based	on	survey	data	from	1999	and	2000	in	Northern	
California,	which	were	considered	the	best	available	data	for	estimating	sustainable	
densities	in	an	ongoing	fishery.	The	ARMP	has	proved	to	be	controversial	with	
stakeholders	and	academics	who	have	criticized	both	the	biological	basis	of	the	
density	reference	points,	the	statistical	uncertainty	associated	with	the	survey	
methodology,	and	the	extent	to	which	trends	in	the	index	sites	represent	broader	
trends	(Butterworth	et	al.	2009;	Ocean	Science	Trust	2014);	and	the	ARMP	itself,	
envisaged	the	reference	points	being	changed	as	better	information	became	
available	during	the	recovery	process	in	Southern	California	(CDFW	2005).	

Cognizant	of	these	issues	the	Science	Advisory	Committee	(SAC)	convened	in	2013	
and	coordinated	by	the	Ocean	Science	Trust	(OST),	at	the	request	of	DFW,	to	
conduct	a	scientific	and	technical	review	of	the	survey	design	and	methods	found	
that:	

“The	abalone	density	survey	data	are	highly	variable	due	to	
unavoidable	differences	in	transect	location	quality,	as	well	as	year	to	
year	and	site	to	site	differences	in	the	number	of	abalone.	An	important	
first	step	to	assessing	populations	relative	to	management	triggers	is	to	
consider	this	variability.”	

And	while	the	DFW	presented	analyses	to	the	SAC	purporting	to	show	that	their	
density	data	could	detect	changes	of	more	than	25%	over	time	when	the	data	from	
both	north	and	south	were	combined,	and	for	Sonoma	by	itself,	but	not	for	
Mendocino	or	for	individual	reference	sites,	having	completed	its	own	analyses	of	
the	density	data,	the	SAC	concluded	that	the	DFW	was	over-estimating	the	statistical	
power	of	its	data.	

The	SAC	recommended,	amongst	other	things	that:	

“The	red	abalone	population	might	be	well	served	by	looking	beyond	
density	reference	points,	and	the	fishery	may	support	alternative	
scientifically	based	management	reference	points.”	
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“Size	structure	is	often	used	in	fisheries	management	to	assess	the	state	
and	trajectory	of	fished	stocks	and	these	data	should	be	used	to	their	full	
extent.”	

“A	better	metric	than	density	may	be	to	use	a	fecundity	index	like	
Spawning	Potential	Ratio	(SPR).”	

“The	utility	of	specifying	management	targets	in	SPR	is	that	it	can	be	
estimated	from	the	adult	size	distribution	of	the	stock,	and	these	data	
might	be	obtained	through	recreational	tag	returns.	A	community	based	
methodology	such	as	this	could	be	used	to	provide	alternative	
scientifically	based	management	reference	points	from	across	all	the	
different	fished	areas,	cost-effectively	adding	to	the	detailed	survey	
information	from	the	fewer	survey	sites.	Initial	studies	could	be	used	to	
establish	the	implicit	equivalence	between	the	current	ARMP	standard	
and	the	equivalent	level	of	SPR.”	

Citizen	Science		
Opening	up	the	scientific	process	and	involving	basically	trained	members	of	the	
public	(citizen	scientists)	in	the	process	of	collecting	environmental	data	has	been	
recognized	as	an	effective	means	for	reducing	the	costs	of	monitoring	and	
management.	As	Aldo	Leopold	famously	said	(Meine	&	Knight	2006);		

“Relegating	conservation	to	government	is	like	relegating	virtue	to	the	
Sabbath.	It	turns	over	to	professionals	what	should	be	the	daily	work	of	
amateurs.”	

Beyond	cost	effectiveness,	citizen	science	has	also	been	observed	to	have	a	range	of	
broader	benefits	for	resource	management	processes	(Druschke	and	Seltzer	2012)	
including:		

• Making	community	processes	more	democratic;	

• Empowering	communities	to	become	more	involved	in	managing	their	own	
futures;	

• Building	community	cohesiveness	and	capacity;	

• Creating	a	sense	of	ownership	of	change;	

• Developing	community	skills;	

• Opening	up	more	effective	dialogue	between	communities	and	science	by	
bringing	in	from	the	field	the	first	hand	experience	and	observations	of	the	
citizens	while	giving	them	first	hand	experience	with	scientific	processes;	
and,	

• Fostering	accountability	within	resource	using	communities.		
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Spawning	Potential	Ratio	
Spawning	potential	(SPR)	is	based	on	the	concept	that	an	exploited	population	
completes	100%	of	its	natural	potential	for	breeding	(spawning)	when	there	is	no	
fishing;	and	fishing	reduces	a	population’s	potential	for	spawning	(SPR)	below	the	
natural	100%	level,	because	on	average	individuals	get	caught	before	completing	
their	natural	life	span	(Mace	and	Sissenwine	1993,	Walters	and	Martell	2004).	In	
contrast	to	density	surveys	which	aim	to	measure	the	amount	of	abalone	at	a	site,	
SPR	is	a	measure	more	akin	to	that	of	an	element’s	‘half-life’,	a	measure	of	how	long	
each	element	persists	before	decaying	into	another	element;	but	in	this	case	how	
long	adults	are	persisting	alive	and	breeding	in	a	population,	in	comparison	to	how	
much	breeding	they	would	do	naturally,	if	there	were	no	fishing.	Methods	for	
assessing	SPR	have	been	shown	to	be	effective	for	assessing	and	managing	data	
limited	fisheries	because	of	the	simplicity	of	the	underlying	models	and	their	inputs	
(Mace	and	Sissenwine	1993,	O’Farrell	and	Botsford	2006,	Walters	&	Martell	2004,	
Brooks	et	al.,	2010,	Prince	et	al.	2015).	Inputs	to	SPR	models	include	life	history	
information	and	length	frequency	data	from	the	population	or	stock	of	interest.		
	
Generic	SPR-based	reference	points	have	been	developed	theoretically	and	through	
comparative	studies	of	thoroughly	assessed	fisheries	and	have	been	established	in	
international	fisheries	law	(Mace	and	Sissenwine,	1993;	Restrepo	and	Powers,	
1999;	Walters	and	Martell,	2004);	40%	SPR	is	generally	considered	a	conservative	
proxy	for	level	that	will	produce	the	maximum	sustainable	yield	from	a	resource	
over	the	long	term.	Down	to	around	20%	of	SPR	exploited	populations	retain	the	
ability	to	rebound	from	fishing	and	rebuild	populations	to	the	carrying	capacity	of	
the	reef	(Mace	&	Sissenwine	1993).	Around	20%	SPR	fish	populations	can	still	
stabilize	under	fishing	pressure,	but	are	unable	to	rebuild	over	time,	as	there	is	only	
enough	spawning	potential	to	replace	the	existing	adults,	but	not	enough	to	grow	
the	population.	This	level	(20%	SPR)	is	equivalent	to	when	human	populations	have	
on	average	2.1	surviving	children	per	couple,	sufficient	to	replace	existing	adults	
(including	those	who	have	no	children)	and	so	stabilize	populations	but	insufficient	
to	grow	a	population.	This	level	of	SPR	is	called	the	‘replacement	level’	because	it	is	
sufficient	to	replace	existing	adults.	Below	20%	SPR	we	expect	long-term	declines	in	
populations	to	occur	because	the	fish	or	abalone	are	not	allowed	to	fulfill	enough	of	
their	potential	for	reproduction	before	being	caught	to	replace	themselves.	At	the	
other	extreme	50%	SPR	is	considered	a	proxy	for	‘Rebuild	Target’	to	ensure	
maximum	population	resilience	and	rebuilding	if	a	population	has	become	
dangerously	depleted.	
	
A	new	length	based	approach	to	estimating	SPR	(LB-SPR)	has	recently	been	
developed,	and	its	sensitivity	to	bias	and	variability	in	the	input	data	tested	with	
simulation	studies	(Hordyk	et	al.	2015a,	Hordyk	et	al.	2015b).	This	development	
provides	a	breakthrough	in	simplifying	stock	assessment	and	is	attracting	
international	attention.	With	this	breakthrough,	species	and	families	of	species	can	
be	characterized	in	terms	of	their	life	history	strategy,	which	is	shared	across	each	
species’	range	and	across	families	of	species,	and	used	to	hind-cast	the	shape	of	a	
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species	unfished	adult	size	composition.	Comparing	the	current	fished	shape	of	a	
populations	size	composition	to	the	hind-cast	unfished	size	compostion	makes	it	
possible,	to	derive	estimates	of	both	SPR	and	a	measure	of	relative	fishing	pressure.		
The	metric	of	relative	fishing	pressure	estimated	is	denoted	as	‘F/M’	because	it	is	
the	ratio	of	the	mortality	caused	by	fishing	pressure	(F)	and	the	rate	of	mortality	
suffered	by	abalone	or	fish	from	natural	causes	(M).	Again	from	comparative	studies	
it	is	known	that,	if	fish	are	only	caught	as	adults,	when	these	two	rates	of	mortality	
are	almost	equal	(i.e.	F/M	=	0.8	–	1.0)	sustainable	catches	are	optimized	(Zhou	et	al.	
2012).	Levels	of	F/M	above	this	are	indicative	of	overfishing	and	result	in	foregone	
catch	and	low	economic	efficiency,	and	if	high	enough	stocks	declining	into	eventual	
extinction.	However,	if	immature	abalone	or	fish	are	caught	along	with	adults	these	
reference	points	need	to	be	lower,	so	that	levels	of	F/M	less	than	0.8	–	1.0	can	cause	
overfishing.	On	the	other	hand,	if	fisheries	are	prevented	from	catching	the	abalone	
or	fish	until	they	are	larger	than	the	size	of	maturity,	with	enforced	minimum	size	
limits	or	gear	restrictions,	much	higher	levels	of	F/M	can	then	be	sustained.	

The	Abalone	Working	Group	
In	2014,	The	Nature	Conservancy	(TNC)	and	a	group	of	volunteer	Northern	
Californian	recreational	divers	came	together	under	the	name	of	the	Abalone	
Working	Group	(AWG)	to	begin	a	collaborative	project	aimed	at	developing	and	
testing	ways	of	implementing	the	recommendations	of	the	SAC.	The	goal	of	the	
project	being	to	establish	as	a	proof	of	principal	how	community	based	
methodology	and	assessments	of	spawning	potential	ratio	could	be	used	to	cost	
effectively	augment	the	stock	status	information	being	used	to	managers	the	
northern	Californian	abalone	fishery.	This	report	documents	the	initial	results	of	
this	collaborative	project.	

Methods	

Citizen	Science	Data	Collection	–	A	New	Approach	
In	the	summer	of	2015,	the	members	of	the	AWG,	a	group	of	volunteer	divers	
facilitated	by	TNC	began	collecting	length	frequency	data	so	as	to	develop	a	
complementary	set	of	data	to	the	CDFW	density	estimates	in	order	to	better	
understand	the	status	of	the	resource	on	the	northern	California	coast.		

Being	illegal	to	detach	abalone	from	the	substrate	unless	they	are	legal	size	and	
being	taken	as	part	of	an	recreational	bag	limit;	underwater	calipers	were	
developed	to	facilitate	free-divers	collecting	data	on	abalone	length	data	underwater	
without	removing	abalone	from	the	substrate	(Figure	1).	The	design	of	the	calipers	
was	based	on	an	original	design	of	Shepherd	(1985)	and	work	by	punching	a	hole	
into	water	proof	punch	paper	corresponding	to	the	length	of	each	abalone	measured.	
The	volunteer	breath-hold	divers	swam	relatively	haphazard	search	paths	at	each	
site	on	multiple	occasions	measuring	the	abalone	observed.	While	each	swim	was	
relatively	haphazard,	the	probability	of	double	measuring	any	abalone	was	
minimized	within	each	dive	by	divers	consciously	avoiding	doubling	back	on	their	
dive	path,	and	between	successive	dives	by	approximately	mapping	each	swim	onto	
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aerial	photographs	and	planning	successive	dives	to	cover	new	ground.	The	divers	
measured	all	the	‘emergent’	abalone	they	could	find	without	detaching	them	from	
the	substrate;	‘cryptic’	abalone	in	crevices	that	could	not	be	measured	with	the	
calipers	were	ignored;	approximately	50-100	abalone	were	measured	per	diver	
during	each	60-120	minute	swim.	

In	addition	to	the	group	of	volunteer	divers	collecting	data	using	breath	hold	
techniques,	a	separate	but	complementary	effort	was	established	in	2016	with	the	
international	citizen	science	diver	group,	Reef	Check	California,	the	largest	
volunteer	citizen-science	dive	organizations.	Reef	Check	divers	swam	a	similar	
protocol	to	the	breath	hold	divers,	with	the	lone	exception	that	in	order	to	formalize	
the	avoidance	of	double	measuring	they	marked	each	measured	abalone	with	a	
yellow	chalk	mark	so	as	to	reduce	duplication	of	measurement.	Reef	Check	
protocols	for	volunteer	SCUBA	divers	can	be	found	at	www.reefcheckcalifornia.org.	
Both	groups	of	divers	collected	data	throughout	the	2016	season.		

	

	

	

Figure	1.	The	calipers	developed	by	this	study	to	measure	the	length	of	red	abalone	
in	situ,	based	on	an	original	design	by	Shepherd	(1985).	

California	Department	of	Fisheries	and	Wildlife	data:		
Upon	request	the	California	Department	of	Fisheries	and	Wildlife	the	length	data	
collected	by	CDFW	divers	during	their	periodic	density	surveys	of	reference	sites	
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was	kindly	provided	providing	a	basis	for	comparison	with	data	collected	by	this	
study.	The	‘emergent	survey’	protocol	implemented	by	CDFG	divers	since	2003;	
involves	two	SCUBA	equipped	divers	each	searching	a	1m	swath	of	bottom	on	
opposite	sides	of	a	30m	transect	and	counting	and	measuring	all	abalone	that	can	be	
seen	without	moving	substrate	or	using	a	flashlight	to	search	crevices	(Kashiwada	&	
Taniguchi	2007).	

Overview	of	LB-SPR	assessment	
The	LB-SPR	assessment	technique	utilizes	the	fact	that	size	structure	and	spawning	
potential	ratio	(SPR)	in	an	exploited	population	are	a	function	of	the	ratio	of	fishing	
mortality	(F)	to	natural	mortality	(M),	and	the	two	life	history	ratios	M/k	and	Lm/L∞;	
where	M	is	the	rate	of	natural	mortality,	k	is	the	von	Bertalanffy	growth	co-efficient,	
Lm	is	the	length	of	maturity	and	L∞	is	asymptotic	size	(Hordyk	et	al.	2014a).	The	
inputs	to	the	LB-SPR	model	are:	(i)	the	ratio	of	M/k,	(ii)	the	ratio	of	Lm/L∞	(iii)	and	of	
the	length	of	maturity	(Lm)	in	terms	of	the	length	at	which	50%	(L50%)	and	95%	
(L95%)	of	a	population	matures;	and	(iv)	and	estimate	of	the	the	variability	of	length-
at-age	(CVL∞),	which	is	difficult	to	estimate	directly	without	reliable	length	and	age	
data,	but	is	widely	assumed	by	the	international	fisheries	assessment	literature	to	
around	10%.	An	assumption	also	adopted	in	this	study.	

Within	the	assessment	software	the	life	history	ratio	Lm/L∞	and	the	estimate	of	L50%	
are	first	used	to	estimate	L∞	for	the	exploited	population.	Then	with	maximum	
likelihood	methods	the	LB-SPR	model	uses	algorithms	use	the	estimate	of	L∞	
together	with	the	life	history	ratio	of	M/k	and	the	length	composition	of	the	
exploited	stock,	to	simultaneously	estimate	the	length	at	which	the	exploited	species	
is	selected	by	fishermen	for	catching;	assumed	to	follow	a	normal	logistic	curve	
defined	by	the	selectivity-at-length	parameters	SL50	and	SL95,	and	the	relative	fishing	
mortality	(F/M),	which	together	are	then	used	to	calculate	the	SPR	(Hordyk	et	al.,	
2014a,	2014b).	

The	assessment	software	used	for	this	analysis	is	freely	accessed	through	the	
website:	barefootecologist.com.au.	

Estimates	of	SPR	are	primarily	determined	by	the	size	of	the	fish	in	a	sample,	
relative	to	Lm	and	L∞.	Simply	put;	if	a	reasonable	proportion	of	fish	in	a	sampled	
catch	attain	sizes	approaching	the	maximum	size	possible	for	that	population	(L∞)	
the	population	must	be	achieving	a	high	proportion	of	its	potential	for	reproduction	
and	a	high	estimate	of	SPR	will	be	derived;	whereas	if	few	individuals	in	the	sampled	
catch	are	being	left	to	become	mature	(i.e.	few	reach	Lm)	a	low	estimate	of	SPR	is	
derived.		

Like	many	length-based	methods,	the	LB-SPR	model	is	an	equilibrium	based	method,	
and	relies	to	differing	degrees	on	a	number	of	assumptions,	which	have	to	be	made	
relatively	arbitrarily	in	a	data-poor	fishery.	These	underlying	assumptions	include:	
(i)	asymptotic	selectivity,	(ii)	growth	is	adequately	described	by	the	von	Bertalanffy	
equation,	(iii)	a	single	growth	curve	can	be	used	to	describe	both	sexes	which	have	
equal	catchability,	or	that	female	parameters	and	length	composition	data	can	be	
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used,	(iv)	length-at-age	is	normally	distributed,	(v)	rates	of	natural	mortality	are	
relatively	constant	across	adult	age	classes.	Simulation	testing	of	the	LB-SPR	model	
by	Hordyk	et	al.	(2014b)	has	shown	that	the	method	is	most	sensitive	to	the	under-
estimation	of	L∞,	and	large	rapid	changes	in	the	rate	at	which	young	individuals	
enter	the	population	(i.e.	highly	variable	recruitment	to	the	population).		

In	the	context	of	this	study	the	only	one	of	these	assumptions	that	is	likely	to	attract	
some	controversy	is	that	these	populations	are	at	equilibrium	and	have	over	the	
generation	times	of	the	abalone	been	receiving	a	relatively	constant	supply	of	young	
abalone.	However,	as	the	study	shows	the	extended	time	series	of	length	
composition	data	collected	by	CDFW	survey	divers	prove	the	size	composition	of	
these	populations	has	been	extremely	stable	at	least	since	1999	which,	despite	
frequently	expressed	views	to	the	contrary,	to	be	consistent	with	basic	principals	of	
fisheries	dynamics,	can	only	be	interpreted	as	proof	that	these	populations	have	
been	around	some	equilibrium	level	since	at	least	that	time.	

Synthesis	of	Life	History	Ratios	&	Parameters	
To	parameterize	length	based	SPR	assessments	estimates	are	required	of	the	two	
life	history	ratios	(LHR):		

• M/k	-	the	rate	of	natural	mortality	divided	by	the	Brody	growth	co-efficient,	

• Lm	/L∞	-	the	length	of	maturity	relative	to	asymptotic	size.	

In	the	case	of	data-poor	fisheries	it	can	be	safely	assumed	that	detailed	biological	
studies	will	not	have	been	conducted	for	each	of	the	populations	being	assessed,	so	
the	knowledge	needed	to	accurately	estimate	the	component	biological	parameters	
of	the	two	LHR	(M,	k,	Lm,	L∞)	for	each	assessed	population	will	not	be	available.	
Instead	they	must	be	estimated	from	a	synthesis	of	the	primary	literature	for	the	
species	of	interested	and	closely	related	species.	Established	biological	theory	holds	
that	the	LHR	are	the	formulaic	expression	of	each	species’	life	history	strategy,	and	
determine	when	during	a	species	life	cycle,	and	in	what	proportion,	energy	budgets	
are	switched	from	somatic	growth	into	reproductive	output	(Charnov	1993).	
Consequently,	while	the	individual	life	history	parameters	of	each	species	(M,	k,	Lm,	
L∞)	are	known	to	be	highly	variable	across	each	species	range,	mainly	in	relation	to	
water	temperature,	and	over	time	within	a	population	as	mortality	rates	and	density	
vary,	and	are	vary	greatly	between	closely	related	species.	The	ratios	(M/k,	Lm/L∞)	
estimated	using	the	individual	parameters	(M,	k,	Lm,	L∞),	are	relatively	stable	across	
each	species’	range	and	equilibrium	states,	and	also	across	taxonomically	related	
groups,	and	even	across	unrelated	species	with	similar	life	history	strategies	
(Beverton	&	Holt	1959,	Prince	et	al.	2014).		

However,	to	be	consistent	with	this	body	of	theory,	in	estimating	the	LHR	the	
overarching	criteria	that	must	be	applied	rigorously,	is	that	the	LHR	cannot	be	
accurately	estimated	by	combining	estimates	of	the	individual	parameters	derived	
from	different	regions,	or	time	periods	that	could	encompass	shifts	in	productivity	
regimes	and	population	densities.	This	is	because	the	individual	parameters	are	
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expected	to	vary	across	space	and	time	and	if	disparate	parameters	are	combined	
they	will	produce	inaccurate	estimates	of	the	LHR.	Rather	the	LHR	should	only	be	
estimated	from	studies	that	have	been	conducted	in	the	same	area	and	time	period	

Estimation	of	Size	of	Maturity	
Standard	techniques	for	estimating	the	size	of	maturity	in	abalone	involve	
dissection,	the	preservation	of	gonads,	and	the	estimation	of	the	number	of	eggs	
contained	in	the	ovarian	tissue,	or	the	proportions	of	gonad	and	digestive	tissue	in	a	
standard	cross-section	of	the	conical	appendage	(e.g.	Nash	et	al.	1992;	Rogers-
Bennett	et	al.	2004).	For	each	estimate	of	size	of	maturity	this	necessitates	the	lethal	
sampling	of	10s	to	100s	of	abalone	across	a	wide	range	of	sub-legal	size	classes.	
These	standard	approaches	presented	a	major	logistical	and	administrative	
challenge	to	our	aim	of	assessing	many	small-scale	northern	California	abalone	
populations.	Instead	we	trialed	an	alternative	novel	approach	which	infers	the	size	
of	maturity,	from	the	size	at	which	most	abalone	emerge	from	the	cryptic	habitat	
within	interstitial	reef	crevices.	

Witherspoon	(1975)	first	drew	attention	to	the	fact	commonly	in	abalone	fisheries	
there	are	regions	where	abalone	are	only	caught	at	sizes	considerably	larger	than	
the	legal	minimum	size	limit;	where	even	research	divers	cannot	find	smaller	size	
classes	of	abalone	without	over-turning	boulders	and	breaking	open	crevices	in	the	
reef.	Witherspoon	concluded	that	in	those	areas	it	was	the	‘secretive’	or	‘cryptic’	
nature	of	smaller	abalone	which	causes	them	to	be	under-represented	in	catches	
and	research	samples.	Tegner	(1989)	observed	the	same	phenomena	but	offered	an	
alternative	explanation;	“abalone	are	slow	growing	and	long-lived	and	recruitment	
may	be	unpredictable	and	as	a	result	population	size	distributions	are	often	strongly	
skewed	with	an	accumulation	of	old	adults”.	However,	Prince	et	al.	(1988)	collected	
‘emergent’	abalone	(H.	rubra)	sitting	in	the	open,	separately	from	the	hidden	‘cryptic’	
abalone	which	were	collected	by	destructive	sampling,	and	observed	that	the	cryptic	
abalone	were	immature	while	emergent	abalone	were	adults.	This	observation	has	
since	been	confirmed	generally	for	H.	rubra	by	Nash	(1992),	and	for	H.	iris	by	
McShane	&	Naylor	(1995).	Applying	these	observations	in	a	novel	way	for	this	study	
we	assumed	that	the	length	at	which	the	abalone	emerge	(Le)	coincides	with	the	
length	of	maturity	(Lm)	and	applied	this	principal	by	simply	extrapolating	the	left	
hand	side	of	the	primary	mode	in	the	length	frequency	histogram	of	each	population	
back	to	the	base	of	the	main	mode	to	derive	and	estimate	of	the	size	at	which	we	
assumed	50%	maturity	(L50);	the	length	of	95%	maturity	(L95)	has	been	assumed	to	
be	10	mm	greater.		

Based	on	the	dissection	of	gonads	from	red	abalone	sampled	at	Van	Damme	State	
Park	in	Northern	California	Rogers-Bennett	et	al.	(2004)	estimated	that	maturation	
commencing	at	~	120-130	mm;	an	estimate	of	size	of	maturity	widely	assumed	to	be	
valid	throughout	Northern	California	(e.g.	Leaf	et	al.	2008).	For	comparison	with	our	
novel	technique	for	estimating	Lm,	we	also	conducted	alternate	LB-SPR	assessments	
based	on	the	assumption	that	the	Rogers-Bennett	et	al.	(2004)	estimate	of	SoM	
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applies	at	all	sites.	For	this	purpose	we	assumed	L50	=	125	mm	and	L95	=135	mm	at	
all	sites.	

	

Estimating	the	Size	Distribution	of	the	Recreational	Catch	for	SPR	assessment	

The	LB-SPR	assessment	model	used	here	has	been	developed	to	analyze	the	size	
composition	catches,	and	must	estimate	the	size	selectivity	of	the	catch	to	calculate	
the	SPR	(Hordyk	et	al.,	2014a,	2014b).	Both	the	size	samples	collected	during	this	
study,	and	those	provided	by	CDFG	measured	all	the	abalone	that	could	be	found	
without	disturbing	the	substrate,	without	regard	for	the	7”	(177.5	mm)	legal	
minimum	size,	which	determines	the	size	selectivity	of	the	actual	catch.	
Consequently	these	size	samples	could	not	be	used	directly	with	the	assessment	
software	as	they	would	have	produced	estimates	of	selectivity	at	size	much	smaller	
than	actually	applied	by	the	fishery.	Instead	the	sampled	size	compositions	were	
used	to	estimate	the	likely	size	structure	of	the	recreational	catch	from	each	site,	
assuming	that	recreational	divers	apply	the	same	size	selectivity	at	each	site	with	a	
standard	logistic	form.		

This	was	done	by	initially	assuming	that	recreational	divers	beginning	selecting	
abalone	at	the	legal	size	limit	(i.e.	SL0%=	177.5	mm	or	7”)	and	that	the	modal	size	at	
each	location	indicates	the	fully	selected	size	class	(SL100%);	applying	these	
assumptions	we	used	a	sum	of	squares	minimization	routine	to	fit	a	selectivity-at-
size	curve	to	each	site	defined	by	SL50%	and	SL95%.	The	samples	from	Fort	Ross,	
Point	Arena,	Ocean	Cove,	Salt	Point,	Van	Damme,	and	Todds	Point	all	have	a	modal	
length	of	185	–	190	mm.	Fitting	a	logistic	curve	between	the	7”	(177.5mm)	
minimum	size	limit	and	this	length	suggests	a	selectivity-at-length	curve	prescribed	
by	SL50%	=	182.5mm	and	SL95%=187.5mm.	A	slightly	larger	modal	size	(200mm)	is	
observed	in	samples	from	Timber	Cove,	Sea	Ranch	and	Caspar	Cove	perhaps	
suggesting	recreational	divers	use	a	slightly	larger	size	selectivity	criteria	at	those	
sites	(SL50%	=	190.0mm;	SL95%	=	195.0mm).	Never-the-less	for	simplicity	we	have	
assumed	the	former	smaller	selectivity-at-size	curve	(SL50%	=	182.5mm	and	
SL95%=187.5mm)	is	applied	at	all	sites.	Applying	these	selectivity	parameters	to	the	
length	frequency	samples	we	estimated	what	we	expect	is	the	size	composition	of	
the	recreational	catch	from	each	site.	Note	however,	that	in	the	case	of	Fort	Ross,	
which	has	been	closed	to	fishing	since	2011,	so	we	are	estimating	the	size	
composition	of	a	hypothetical,	rather	than	actual	catch.		

Results	

Synthesis	of	Life	History	Ratios	&	Parameters	
No	published	studies	for	H.	rufescens	that	have	estimated	M	and	k	or	Lm	and	L∞	at	
the	same	time	in	the	same	place	preventing	us	from	validly	estimating	the	LHR	of	H.	
rufescens	directly.	However	12	published	of	seven	other	species	of	Haliotis	were	
collected	which	have	estimates	the	necessary	pairs	of	life	history	parameters	
simultaneously	from	the	same	study	site	and	from	these	LHR	typical	of	abalone	
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were	estimated	as	Lm	/L∞	=	0.60	(n=	24,	S.D.	=	0.07)	and	M/k		=	0.88	(n=	19,	S.D.	=	
0.25)	were	derived	(Appendix	1).	

While	we	were	not	been	able	to	find	studies	of	H.	rufescens	from	which	LHR	for	this	
species	could	be	estimated	directly,	the	values	we	derived	using	studies	of	other	
species	are	never-the-less	consistent	with	published	estimates	of	life	history	
parameters	for	H.	rufescens.	Leaf	et	al.	(2008)	assumed	L∞	=	245.2,	k	=	0.108	for	
their	base	case	egg-per-recruit	model;	estimates	derived	from	a	study	in	Northern	
Californian	conducted	at	North	Cove,	Point	Cabrillo.	To	test	the	sensitivity	of	their	
analysis	to	that	assumption	they	also	used	L∞	=	191.8,	k	=	0.27;	derived	from	a	study	
in	Johnson’s	Lee	in	southern	California.	For	size	of	maturity	they	assumed	~	120-
130	mm;	the	estimate	of	Rogers-Bennett	et	al.	(2004)	using	samples	from	Van	
Damme	State	Park	in	Northern	California.	For,	the	rate	of	natural	mortality	(M)	in	
mature	size	classes	they	assumed	~	0.1	–	0.3;	also	taken	from	Rogers-Bennett	et	al.	
(2004).	These	variously	derived	life	history	parameters	imply	Lm	/	L∞	=	~	0.53	and	
M/k		=	~	1.0	(cf.	Lm	/	L∞	=	0.60,	S.D.	=	0.07;	M/k		=	0.88,	S.D.	=	0.25).	

Size	Composition	Data	
Since	1999	26,574	abalone	have	been	measured	at	10	sites	by	DFW	divers.	The	
CDFW	data	provide	extended	time	series	(>10	years);	since	1999	at	Fort	Ross	and	
Van	Damme	State	Park,	and	since	2003	at	Point	Arena,	which	reveal	that	the	size	
composition	at	these	three	sites	have	remained	very	stable	over	the	time	period	
covered	(Figure	2).	At	Fort	Ross	the	left	hand	base	of	the	main	mode	has	remained	
stably130-150mm	and	the	right	hand	base	at	~230mm;	at	Point	Arena	the	left	hand	
base	of	the	main	mode	has	remained	145-155mm	and	the	right	hand	base	at	
~230mm;	while	at	Van	Damme	the	left	hand	base	of	the	main	mode	has	remained	
140mm	and	the	right	hand	base	at	~230mm.		

Intriguingly	in	all	three	time	series	the	right	hand	base	of	the	main	mode	tends	to	be	
slightly	less	than	230mm	until	around	2007	(Point	Arena	&	Van	Damme)	or	2009	
(Fort	Ross),	but	since	that	time	appears	to	have	been	slightly	larger	than	230mm.		

The	main	variation	observed	through	these	time	series	is	the	extent	to	which	
smaller	abalone	are	observed	to	the	left	of	the	main	mode,	with	the	tail	of	small	
abalone	being	most	extensive	in	the	2004	and	2015	samples	from	Fort	Ross,	2003	
and	2014	samples	from	Point	Arena,	2003	and	2010	samples	from	Van	Damme	
State	Park.	The	recent	variation	in	surveyed	abundance	of	the	smaller	size	classes	of	
abalone	is	being	attributed	to	warming	events	reducing	kelp	density;	which	could	
make	smaller	abalone	forage	further	from	cryptic	crevices	in	search	of	scarce	food,	
and	so	more	visible	to	searching	divers.	It	could	also	be	caused	to	some	extent	by	
lower	kelp	density	also	making	the	smaller	abalone	easier	to	see	and	so	changing	
the	effectiveness	of	divers	searching	for	the	small	abalone.	While	little	remarked	on	
these	data	show	that	the	most	recent	warming	event	is	not	the	first	time	these	
changes	have	occurred.		

Although	of	shorter	duration,	the	DFW	time	series	from	the	other	sites	also	suggest	
a	similar	stability	in	size	composition	over	time.		
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Figure	2.	Length	frequency	histograms	for	abalone	measured	since	1999	by	CDFW	
survey	divers	at	Fort	Ross,	Point	Arena	and	Van	Damme	State	Park.	

The	team	of	volunteer	divers	working	on	this	study	with	TNC	and	Reef	Check	
measured	a	total	of	5,285	abalone	from	10	sites,	six	of	which	were	also	sites	
surveyed	by	DFW	research	divers	(Figure	3	&	Table	1).	Comparing	the	size	
composition	data	from	the	six	sites	surveyed	by	CDFW	research	divers	and	the	
citizen	science	divers	of	this	project	shows	that	the	data	from	different	sources	are	
essentially	the	same.	The	modal	size	and	right-hand	base	of	the	main	mode	are	
basically	identical	in	both	data	collections	(Figure	3).	A	superficial	difference	
appears	to	be	that	the	tail	of	small	abalone	extending	to	the	left	of	the	main	mode	is	
more	prominent	in	the	volunteer	collected	data,	than	in	most	of	the	data	collected	
over	the	years	by	DFW	research	divers.	However,	as	noted	above,	this	feature	is	also	
observed	in	the	most	recent	DFW	sampling;	which	occurred	concurrently	with	the	
sampling	for	this	project,	as	well	in	some	previous	years	of	DFW,	and	is	probably	
associated	with	a	recent	warming	event	changing	the	visibility	and	/	or	behavior	of	
the	smaller	abalone.		
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Figure	3.	Length	frequency	histograms	for	abalone	measured	by	citizen	science	
divers	for	this	study	at	Van	Damme	State	Park	(n	=	1342),	Fort	Ross	(n	=	998),	
Ocean	Cove	(n	=	300),	Sea	Ranch	(n	=	822)	and	Russian	Gulch	(n	=	363).	

Besides	providing	additional	information	on	the	status	of	the	stocks	red	abalone	in	
Northern	California;	our	interest	in	this	study	is	to	test	the	feasibility	of	using	citizen	
science	to	assess	red	abalone	populations.	For	these	purposes	we	are	interested	in	
using	the	available	data	to	develop	the	‘best	possible’	LB-SPR	assessments,	for	
comparison	with	assessments	derived	just	for	data	collected	by	citizen	scientists.	
Hordyk	et	al	(2014b)	found	that	assessments	of	SPR	are	likely	to	become	
‘completely	robust’	with	samples	of	n>1,000	individuals	as	samples	above	this	size	
tend	to	capture	all	the	features	of	a	population’s	actual	size	structure	(Erzini	1990);	
generally	a	smooth	uni-modal	shape	with	the	rarer	largest	sized	individuals	fully	
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represented.	In	this	context	and	considering	the	essential	similarity	of	the	size	
composition	data	collected	through	time	by	CDFW	research	divers,	and	between	
volunteer	and	research	divers	more	recently,	for	each	site	we	aggregated	the	size	
data	over	all	years	and	sampling	techniques	to	develop	the	largest	possible	sample	
sizes	on	which	to	base	our	‘best	possible’	assessments.		

Aggregated	samples	sizes	by	site	here.	

The	volunteer	divers	involved	with	this	study	only	accumulated	samples	sizes	
>1,000	abalone	from	Van	Damme	State	Park	(n=1342);	the	next	largest	samples	
were	collected	from	Fort	Ross	(n=998),	Sea	Ranch	(n=822).	These	data	sets	have	
been	assessed	separately	for	comparison	with	the	assessments	based	on	the	
aggregated	total	samples.			

Sites	surveyed	by	DFW	&	Citizen	Science	Divers:	Comparative	Assessments	
Van	Damme	State	Park	

At	Van	Damme	State	Park	the	DFW	have	measured	a	total	of	3,914	abalone	since	
1999,	and	a	further	1,342	were	measured	by	the	recreational	divers	working	with	
this	study	for	a	total	n=5,256	emergent	abalone	of	all	size	classes.	Extrapolating	the	
left	hand	limb	of	the	main	mode	of	the	length	frequency	histograms	from	this	site	
we	infer	a	size	of	emergence	(Le)	at	this	site	of	145mm	(5.7”),	and	infer	L50%	=	
145mm;	L95%	=	155mm.		Applying	the	selectivity	curve	prescribed	by	SL50%	=	
182.5mm	and	SL95%=187.5mm,	to	the	total	dataset	we	derive	an	estimated	
hypothetical	recreational	catch	composition	with	n=2,512	legal	size	abalone.		
Applying	the	same	selectivity	curve	to	the	data	collected	by	this	study	we	estimate	a	
hypothetical	recreational	catch	composition	from	the	AWG	data	with	n=391	legal	
size	abalone.	

Applying	the	LB-SPR	assessment	to	the	aggregated	dataset	(n=2,512)	and	assuming	
the	size	of	maturity	to	be	as	we	infer	above	for	this	site	we	estimate	SPR=	38%	(95%	
CI	=	37	–	39%),	and	F/M	=	3.36	(95%	CI	=	3.1	–	3.62).	Applying	the	same	
assumptions	to	the	smaller	dataset	collected	by	this	study	(n=391)	we	estimate	
SPR=	38%	(95%	CI	=	35	–41%)	and	F/M	=	3.43	(95%	CI	=	2.66	–	4.2).	Alternatively	
assuming	a	size	of	maturity	for	this	area	based	on	the	study	by	Rogers-Bennett	et	al.	
(2004)	of	L50	=	125mm	and	L95	=135mm;	with	the	aggregated	dataset	(n=2,512)	we	
estimate	SPR=	80%	(95%	CI	=	78	–	82%)	and	F/M	=	0.68	(95%	CI	=	0.57	-	0.79),	and	
with	our	smaller	dataset	(n=391)	SPR=	80%	(95%	CI	=	76	–84%)	and	F/M	=	0.69	
(95%	CI	=	0.41	-	0.97).	
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Table	1.	Tabulated	assessments	results	by	sample	site	(column	1)	showing	the	
assumptions	used,	M/k,	Lm/L∞	and	size	of	maturity	(L50,	L95)	in	columns	2-5	
respectively.	The	number	of	emergent	abalone	measured	by	DFW	(column	6)	and	
citizen	scientists	(column	7),	total	number	of	emergent	abalone	measured	at	each	
site	(column	8)	and	the	sample	size	assessed	for	each	scenario	after	the	assumed	
selectivity-at-size	of	recreational	divers	had	been	applied	to	the	samples	of	all	
emergent	abalone	(column	8).	The	estimates	derived	with	the	LB-SPR	assessment	
model	for	each	scenario	are	shown	in	columns	11-15.	In	column	11	the	estimate	of	
asymptotic	size	(L∞)	derived	by	dividing	columns	4	by	column	3;	estimates	of	
selectivity-at-size	in	columns	12	(SL50)	and	13	(SL95)	which	are	constrained	by	the	
methodology	(see	methods	section);	estimates	of	%	SPR	with	95%	confidence	
intervals	in	column	14;	and	estimates	of	relative	fishing	pressure	(F/M)	with	95%	
confidence	interval	in	column	15.	
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Fort	Ross	

At	Fort	Ross	the	DFW	have	measured	a	total	of	3,912	abalone	since	1999,	and	a	
further	998	were	measured	by	this	study	for	a	total	n	=	4,910	emergent	abalone	of	
all	size	classes.	Extrapolating	the	left	hand	limb	of	the	main	mode	of	the	length	
frequency	histograms	from	this	site	we	infer	a	size	of	emergence	(Le)	at	this	site	of	
130mm	(5.1”),	and	infer	L50%	=	130mm;	L95%	=	140mm.	Applying	the	selectivity	
curve	prescribed	by;	SL50%	=	182.5mm	and	SL95%=187.5mm,	to	the	total	dataset	we	
derive	an	estimated	hypothetical	recreational	catch	composition	with	n=2,707	legal	
size	abalone.	Applying	the	same	selectivity	curve	to	the	data	collected	by	this	study	
we	estimate	a	hypothetical	recreational	catch	composition	from	just	the	AWG	data	
with	n=434	legal	size	abalone.	

Applying	the	LB-SPR	assessment	to	the	aggregated	dataset	(n=2,707)	and	assuming	
the	size	of	maturity	to	be	as	we	infer	for	this	site	we	estimate	SPR=	73%	(95%	C.I	=	
71	–	75%)	and	F/M	=	0.81	(95%	C.I	=	0.70-0.92).	Applying	the	same	assumptions	to	
the	smaller	dataset	collected	by	this	study	(n=434)	we	estimate	SPR=	71%	(95%	C.I	
=	67	–	75%)	and	F/M	=	0.93	(95%	C.I	=	0.65	-	1.21).	Alternatively	assuming	a	size	of	
maturity	for	this	area	based	on	the	study	by	Rogers-Bennett	et	al.	(2004)	of	L50	=	
125mm	and	L95	=135mm;	with	the	aggregated	dataset	(n=2,707)	we	estimate	SPR	=	
89%	(95%	C.I	=	86	–	92%)	and	F/M	=	0.28	(0.20-0.36),	and	with	our	smaller	dataset	
(n=434)	SPR=	86%	(95%	C.I.	=	81	–	91%)	and	F/M	=	0.41	(95%	C.I	=	0.19	-	0.83).	

Ocean	Cove	

At	Ocean	Cove	Gulch	the	DFW	have	measured	a	total	of	2,449	abalone	since	2007,	
and	a	further	300	were	measured	by	this	study	for	a	total	n=2,749	emergent	
abalone	of	all	size	classes.	Extrapolating	the	left	hand	limb	of	the	main	mode	of	the	
length	frequency	histograms	from	this	site	we	infer	a	size	of	emergence	(Le)	at	this	
site	of	135mm	(5.3”),	and	infer	L50%	=	135mm;	L95%	=	145mm.	Applying	the	same	
assumed	selectivity	curve	to	the	total	dataset	we	derive	an	estimated	catch	size	
composition	with	n=1,410	legal	size	abalone.	Applying	the	same	selectivity	curve	to	
the	data	collected	by	this	study	we	estimate	a	hypothetical	recreational	catch	
composition	from	the	AWG	data	with	n=300	legal	size	abalone.		

Applying	the	LB-SPR	assessment	to	the	aggregated	dataset	(n=1,410)	and	assuming	
the	size	of	maturity	to	be	L50%	=	135mm;	L95%	=	145mm;	we	estimate	SPR=	60%	
(95%	C.I	=	58	–	62%),	and	F/M	=	1.39	(95%	C.I	=	1.21	–	1.46).	Alternatively	
assuming	a	size	of	maturity	for	this	area	based	on	the	study	by	Rogers-Bennett	et	al.	
(2004)	of	L50	=	125mm	and	L95	=135mm;	with	the	aggregated	dataset	(n=1,410)	we	
estimate	SPR=	87	(84	–	90%)	and	F/M	=	0.34	(95%	C.I	=	0.22	-	0.46).	Applying	the	
same	assumptions	to	the	smaller	dataset	collected	by	this	study	(n=300)	the	model	
did	not	converge	on	a	unique	fitting	to	the	data,	and	so	no	valid	assessment	was	
produced.		
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Sea	Ranch	

At	Sea	Ranch	the	DFW	have	measured	a	total	of	546	abalone	since	2012,	and	a	
further	847	were	measured	by	this	study	for	a	total	n	=	1,368	emergent	abalone	of	
all	size	classes.	Extrapolating	the	left	hand	limb	of	the	main	mode	of	the	length	
frequency	histograms	from	this	site	produces	some	ambiguity	between	the	AWG	
from	which	we	might	infer	we	infer	a	size	of	emergence	(Le)	at	this	site	of	150mm	
(5.9”),	and	infer	L50%	=	150mm;	L95%	=	160mm,	alternatively	from	the	CDFW	data	we	
could	infer	a	size	of	emergence	(Le)	at	this	site	of	170mm	(6.7”),	and	so	L50%	=	
170mm;	L95%	=	180mm.	With	this	ambiguity	we	apply	both	assumptions	along	with	
the	Rogers-Bennett	et	al.	(2004)	assumption	of	L50	=	125mm	and	L95	=135mm.	
Applying	the	assumed	selectivity	curve	to	the	total	dataset	we	derive	an	estimated	
catch	size	composition	with	n	=	847	legal	size	abalone.	Applying	the	same	selectivity	
curve	to	the	data	collected	by	this	study	we	estimate	a	hypothetical	recreational	
catch	composition	from	the	AWG	data	with	n	=	421	legal	size	abalone.	

Applying	the	LB-SPR	assessment	to	the	aggregated	dataset	(n	=	847)	and	assuming	
the	size	of	maturity	to	be	L50%	=	170mm;	L95%	=	180mm;	we	estimate	SPR	=	18%	
(95%	C.I	=	15	–	17%),	and	F/M	=	6.4	(95%	C.I	=	5.3	–	7.5);	assuming	the	size	of	
maturity	to	be	L50%	=	150mm;	L95%	=	160mm;	we	estimate	SPR=	36%	(95%	C.I	=	33	
–	39%),	and	F/M	=	3.18	(95%	C.I	=	2.51	–	3.85).	Assuming	the	Rogers-Bennett	et	al.	
(2004)	size	of	maturity	L50	=	125mm	and	L95	=135mm;	with	the	aggregated	dataset	
(n=847)	we	estimate	SPR=	100%	(95%	C.I	=	100	–	100%)	and	F/M	=	0.0	(95%	C.I	=	
0.0	–	0.0);	a	result	which	stretches	credibility	by	implying	this	site	is	unfished.		

With	the	smaller	dataset	collected	by	this	study	(n=421)	and	assuming	L50%	=	
170mm;	L95%	=	180mm;	we	estimate	SPR=	16%	(95%	C.I	=	14	–	18%),	and	F/M	=	
6.99	(95%	C.I	=	5.16	–	8.82);	assuming	the	size	of	maturity	to	be	L50%	=	150mm;	L95%	
=	160mm;	we	estimate	SPR=	35%	(95%	C.I	=	31	–	39%),	and	F/M	=	3.66	(95%	C.I	=	
2.51	–	4.81).	Assuming	the	Rogers-Bennett	et	al.	(2004)	size	of	maturity	L50	=	
125mm	and	L95	=135mm;	we	estimate	SPR=	97%	(95%	C.I	=	89	–	100%)	and	F/M	=	
0.06	(0	–	0.24);	which	again	stretches	credibility	by	implying	this	site	is	fished	
extremely	lightly.	

Russian	Gulch	

At	Russian	Gulch	the	DFW	have	measured	a	total	of	851	abalone	since	2014,	and	a	
further	363	were	measured	by	this	study	for	a	total	n=1,214	emergent	abalone	of	all	
size	classes.	Extrapolating	the	left	hand	limb	of	the	main	mode	of	the	length	
frequency	histograms	from	this	site	produces	some	ambiguity	between	the	AWG	
from	which	we	might	infer	we	infer	a	size	of	emergence	(Le)	at	this	site	of	140mm,	
and	infer	L50%	=	140mm	(5.5”);	L95%	=	150mm,	alternatively	the	CDFG	from	which	
we	might	infer	a	size	of	emergence	(Le)	at	this	site	of	170mm,	and	infer	L50%	=	
170mm;	L95%	=	180mm.	When	the	datasets	are	aggregated	the	former	appears	more	
likely	and	has	been	assumed.	Applying	the	assumed	selectivity	curve	to	the	total	
dataset	we	derive	an	estimated	catch	size	composition	with	n=497	legal	size	
abalone.	Applying	the	same	selectivity	curve	to	the	data	collected	by	this	study	we	
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estimate	a	hypothetical	recreational	catch	composition	from	the	AWG	data	with	
n=125	legal	size	abalone.	

Applying	the	LB-SPR	assessment	to	the	aggregated	dataset	(n	=	497)	and	assuming	
the	size	of	maturity	to	be	L50%	=	140mm;	L95%	=	150mm;	we	estimate	SPR=	50%	
(95%	C.I	=	47	–	53%),	and	F/M	=	2.08	(95%	C.I	=	1.63	–	2.53).	Alternatively	
assuming	a	size	of	maturity	for	this	area	based	on	the	study	by	Rogers-Bennett	et	al.	
(2004)	of	L50	=	125mm	and	L95	=135mm;	with	the	aggregated	dataset	(n=497)	we	
estimate	SPR=	86%	(95%	C.I	=	81	–	91%)	and	F/M	=	0.39	(95%	C.I	=	0.19	-	0.59).	
Applying	the	same	assumptions	to	the	smaller	dataset	collected	by	this	study	
(n=125)	the	model	did	not	converge	on	a	unique	fitting	to	the	data,	and	so	no	valid	
assessment	was	produced.		

Assessment	of	Sites	only	surveyed	by	DFW	
Point	Arena	

At	Point	Arena	the	DFW	have	measured	a	total	of	3,740	emergent		abalone	since	
2003,	this	project	did	not	sample	this	area.	Extrapolating	the	left	hand	limb	of	the	
main	mode	of	the	length	frequency	histograms	from	this	site	we	infer	a	size	of	
emergence	(Le)	at	this	site	of	145	mm	(5.7”),	and	infer	L50%	=	145mm;	L95%	=	155mm.	
Applying	the	assumed	selectivity	curve	to	the	total	dataset	we	derive	an	estimated	
catch	size	composition	with	n=2,244	legal	size	abalone.		

Applying	the	LB-SPR	assessment	to	the	aggregated	dataset	(n=2,244)	and	assuming	
the	size	of	maturity	to	be	as	we	infer	for	this	site	we	estimate	SPR=	42%	(95%	C.I	=	
41	–	43%),	and	F/M	=	2.47	(95%	C.I	=	2.23	–	2.71).	Alternatively	assuming	a	size	of	
maturity	for	this	area	based	on	the	study	by	Rogers-Bennett	et	al.	(2004)	of	L50	=	
125mm	and	L95	=135mmwe	estimate	SPR=	91%	(95%	C.I	=	88	–	94%)	and	F/M	=	
0.23	(95%	C.I	=	0.14	-	0.32),	another	result	suggesting	fishing	pressure	is	incredibly	
low	for	a	regularly	fished	site.	

Caspar	Cove	

At	Caspar	Cove	the	DFW	have	measured	a	total	of	3,200	emergent	abalone	since	
2005,	this	project	did	not	sample	this	area..	Extrapolating	the	left	hand	limb	of	the	
main	mode	of	the	length	frequency	histograms	from	this	site	we	infer	a	size	of	
emergence	(Le)	at	this	site	of	130	mm	(5.1”),	and	infer	L50%	=	130mm;	L95%	=	140mm.	
Applying	the	assumed	selectivity	curve	to	the	total	dataset	we	derive	an	estimated	
catch	size	composition	with	n=1,788	legal	size	abalone.	

Applying	the	LB-SPR	assessment	to	the	aggregated	dataset	(n=1,788)	and	assuming	
the	size	of	maturity	to	be	as	we	infer	for	this	site	we	estimate	SPR=	67%	(95%	C.I	=	
65	–	69%),	and	F/M	=	1.31	(95%	C.I	=	1.13	–	1.49).	Alternatively	assuming	a	size	of	
maturity	for	this	area	based	on	the	study	by	Rogers-Bennett	et	al.	(2004)	of	L50	=	
125mm	and	L95	=135mmwe	estimate.	SPR=	80%	(95%	C.I	=	78	–	82%)	and	F/M	=	
0.69	(95%	C.I	=	0.55	–	0.83).	
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Timber	Cove	

At	Timber	Cove	the	DFW	have	measured	a	total	of	3,086	emergent		abalone	since	
2006,	this	project	did	not	sample	this	area..	Extrapolating	the	left	hand	limb	of	the	
main	mode	of	the	length	frequency	histograms	from	this	site	we	infer	a	size	of	
emergence	(Le)	at	this	site	of	145	mm	(5.7”),	and	infer	L50%	=	145mm;	L95%	=	155mm.	
Applying	the	assumed	selectivity	curve	to	the	total	dataset	we	derive	an	estimated	
catch	size	composition	with	n=1,858	legal	size	abalone.	

Applying	the	LB-SPR	assessment	to	the	aggregated	dataset	(n=1,858)	and	assuming	
the	size	of	maturity	to	be	as	we	infer	for	this	site	we	estimate	SPR=	35%	(95%	C.I	=	
34	–	36%),	and	F/M	=	3.07	(95%	C.I	=	2.7	–	3.44).	Alternatively	assuming	a	size	of	
maturity	for	this	area	based	on	the	study	by	Rogers-Bennett	et	al.	(2004)	of	L50	=	
125mm	and	L95	=135mm	we	estimate.	SPR=	94%	(95%	C.I	=	90	–	98%)	and	F/M	=	
0.13	(95%	C.I	=	0.04	–	0.22);	yet	another	estimate	of	fishing	pressure	too	low	to	be	
credible.	

Salt	Point	

At	Salt	Point	the	DFG	have	measured	a	total	of	2,899	emergent	abalone	since	2000,	
this	project	did	not	sample	this	area..	Extrapolating	the	left	hand	limb	of	the	main	
mode	of	the	length	frequency	histograms	from	this	site	we	infer	a	size	of	emergence	
(Le)	at	this	site	of	145	mm	(5.7”),	and	infer	L50%	=	145mm;	L95%	=	155mm.	Applying	
the	assumed	selectivity	curve	to	the	total	dataset	we	derive	an	estimated	catch	size	
composition	with	n=1,544	legal	size	abalone.	

Applying	the	LB-SPR	assessment	to	the	aggregated	dataset	(n=1,544)	and	assuming	
the	size	of	maturity	to	be	as	we	infer	for	this	site	we	estimate	SPR=	42%	(95%	C.I	=	
40	–	44%),	and	F/M	=	2.51	(95%	C.I	=	2.23	–	2.79).	Alternatively	assuming	a	size	of	
maturity	for	this	area	based	on	the	study	by	Rogers-Bennett	et	al.	(2004)	of	L50	=	
125mm	and	L95	=135mm	we	estimate.	SPR=	80%	(95%	C.I	=	78	–	82%)	and	F/M	=	
0.69	(95%	C.I	=	0.55	–	0.83).	

Todds	Point	

At	Todds	Point	Cove	the	DFW	have	measured	a	total	of	1,977	emergent	abalone	
since	2006,	this	project	did	not	sample	this	area..	Extrapolating	the	left	hand	limb	of	
the	main	mode	of	the	length	frequency	histograms	from	this	site	we	infer	a	size	of	
emergence	(Le)	at	this	site	of	145	mm	(5.7”),	and	infer	L50%	=	145mm;	L95%	=	155mm.	
Applying	the	assumed	selectivity	curve	to	the	total	dataset	we	derive	an	estimated	
catch	size	composition	with	n=1,376	legal	size	abalone.	

Applying	the	LB-SPR	assessment	to	the	aggregated	dataset	(n=1,376)	and	assuming	
the	size	of	maturity	to	be	as	we	infer	for	this	site	we	estimate	SPR=	43%	(95%	C.I	=	
41	–	45%),	and	F/M	=	2.74	(95%	C.I	=	2.39	–	3.09).	Alternatively	assuming	a	size	of	
maturity	for	this	area	based	on	the	study	by	Rogers-Bennett	et	al.	(2004)	of	L50	=	
125mm	and	L95	=135mmwe	estimate.	SPR=	92%	(95%	C.I	=	88	–	98%)	and	F/M	=	
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0.19	(95%	C.I	=	0.08	–	0.30),	another	result	suggesting	fishing	pressure	too	low	to	be	
credible.	

Other	Data	Collected	

This	project	has	also	started	collected	size	data	from	several	other	sites,	but	in	the	
context	of	the	results	above,	the	sample	to	date	of	emergent	abalone	was	consider	
too	small	to	produce	valid	assessments;	Stillwater	Cove	(n	=	577),	Frolic	Cove	(n	=	
291),	Walkon	Beach	(n	=	357),	Grestle	Cove	(n	=	209).		

	

Discussion	

Assessment	of	Red	Abalone	in	Northern	California:		
These	results	suggest	that	red	abalone	stocks	have	been,	and	are	being,	managed	to	
conserve	high	levels	of	spawning	potential,	levels	which	by	any	internationally	
accepted	standards	can	be	expected	to	confer	a	high	level	of	resilience	to	these	
population.	

Ten	heavily	used	sites	have	been	assessed	by	this	study	with	32	scenarios	testing	a	
wide	range	of	plausible	assumptions.	Four	scenarios	involving	small	samples	sizes	
(2	scenarios	each	for	Ocean	Cove	n	=	300	and	Russian	Gulch	n	=	125)	produced	
inconclusive	results	because	the	LB-SPR	failed	to	converge	on	a	unique	fitting	to	the	
data.	Of	the	remaining	28	scenarios,	only	the	2	scenarios	assuming	the	largest	size	of	
maturity	(Lm	=	6.7”	or	170	mm)	and	asymptotic	size	(L∞	=	10.8”	or	275	mm)	
produced	SPR	estimates	below	20%;	the	internationally	proxy	for	the	level	of	
spawning	potential	expected	to	threaten	the	supply	of	young	individuals	to	
exploited	stocks	(i.e	recruitment	impairment).	A	further	8	scenarios	covering	6	sites	
produced	estimates	of	SPR	falling	within	the	range	30	–	48%;	a	range	encompassing	
international	proxies	for	target	reference	points	in	well	managed	fisheries;	the	
proxy	reference	point	for	maximum	sustainable	yield	is	SPR	30-35%,	while	SPR	
48%	is	the	proxy	reference	point	for	maximum	economic	yield.	The	remaining	18	
scenarios	spread	across	all	10	sites	produced	assessments	of	SPR	above	50%	which	
is	the	internationally	accepted	precautionary	proxy	reference	point	for	rebuilding	
depleted	stocks	i.e.	the	level	expected	to	maximize	resilience	and	population	
regrowth	after	catastrophic	depletion.	Of	these	latter	18	highest	assessments	of	SPR,	
6	scenarios	based	on	the	smallest	assumed	size	maturity	(Lm	=	4.9”	or	125	mm)	and	
asymptotic	size	(L∞	=	8.2”	or	208	mm);	2	for	Sea	Ranch,	1	each	for	Russian	Gulch,	
Point	Arena,	Timber	Cove,	and	Todds	Point;	strain	credibility	by	producing	
estimates	above	SPR	90%.	The	results	from	these	six	scenarios	are	undoubtedly	
stronger	evidence	for	the	smallest	assumption	of	size	of	maturity	being	too	low	for	
those	sites,	rather	than	SPR	actually	being	that	high.	

Not	withstanding	the	two	scenarios	based	on	the	largest	assumption	of	size	of	
maturity	and	the	6	based	on	the	smallest	assumption,	taken	in	their	entirety	these	
results	show	that	the	red	abalone	stocks	have	enjoyed	consistently	high	levels	of	
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SPR	over	the	last	couple	of	decades.	Undoubtedly	it	is	this	consistently	high	level	of	
SPR	that	has	ensured	the	extremely	stable	size	structure	that	can	be	seen	since	1999	
in	the	DFW	data.	No	fisheries	scientist	of	any	standing	could	interpret	this	stability	
and	the	relatively	stable	levels	of	catch	over	this	time	as	indicating	anything	but	
stable	recruitment	over	at	least	the	last	20+	years.	

These	results	also	show	that	the	consistently	high	level	of	SPR	has	been	maintained	
largely	by	the	legal	size	limit	of	7”	(~178	mm)	being	above	the	size	of	maturity	at	all	
sites,	and	in	most	cases	well	above.	This	evidenced	by	the	fact	that	in	almost	all	
scenarios	relative	fishing	pressure	was	estimated	to	be	high	(F/M	>	0.8	-	1.0);	levels	
of	relative	fishing	pressure	that,	but	for	the	high	level	of	protection	the	size	limit	
offers	for	both	immature	and	mature	size	classes	of	abalone,	would	be	expected	to	
drive	stock	depletion.	Levels	of	catch	and	fishing	pressure	are	notoriously	difficult	
to	manage	in	recreational,	and	because	of	this,	large	minimum	size	limits	are	a	
robust	strategy	for	managing	recreational	fisheries;	as	evidenced	by	the	long-term	
stability	of	the	northern	abalone	stocks.	However	none	of	the	assessed	stocks	are	
being	fished	down	to	the	size	of	the	minimum	size	limit	showing	that	catch	
restrictions	are	also	playing	a	role	in	preserving	the	conservatively	high	SPR	levels.	

The	high	level	of	spawning	potential	being	conserved	is	appropriate	for	a	resource	
known	to	be	threatened	by	climate	change	and	disease;	the	high	level	of	spawning	
potential	conserved	under	the	size	limit	will	enable	the	rapid	rebuilding	of	these	
stocks	should	the	dire	predictions	being	made	about	the	abundance	of	this	stock	
ever	be	fulfilled.	In	the	context	of	robust	management,	in	the	event	of	a	catastrophic	
die-off	the	high	minimum	size	limit	will	ensure	that	even	in	the	event	of	a	
catastrophe	legal	fishing	will	enable	the	surviving	juveniles	to	mature	and	
contribute	fully	to	rebuilding	the	stock,	before	becoming	available	to	recreational	
divers.	This	means	any	catastrophic	die-off	will	inevitably	be	observed	as	an	
unavoidable	reduction	in	the	recreational	catch,	due	to	the	diminished	number	of	
abalone	attaining	the	legal	size	limit;	without	endangering	the	rebuild	of	the	stock.	
This	will	signal	to	managers	that	something	has	occurred	and	give	them	time	to	
respond	if	and	when	it	becomes	necessary.	In	this	way	the	high	minimum	size	limit	
offers	a	natural	buffer	against	the	catastrophic	events	feared	for	this	resource.	

In	this	context,	however,	it	should	be	emphasized	that	the	data	collected	by	DFW	
showing	that	the	size	structure	of	these	stocks,	and	the	catch	being	taken	from	them,	
have	been	extremely	stable	since	1999,	are	strong	proof	that	for	at	least	the	last	20	
years	there	have	been	no	large	fluctuations	in	the	supply	of	young	abalone	to	these	
populations.	Abalone	have	evolved	a	life	history	strategy	which	ensures	adults	
persist	over	many	years	and	the	conservative	minimum	size	limit	ensures	that	
happens.	Ecologists	theorize	that	this	type	of	life	history	strategy	has	evolved	so	that	
species	can	‘ride-out’	naturally	variable	environments,	so	as	to	even	out	inter-
annual	highs	and	lows	in	recruitment	success.	These	results	prove	that	this	is	
exactly	what	these	stocks	have	done	over	the	last	two	decades,	and	there	is	no	
reason	to	suggest	they	will	not	continue	to	do	so.	Claims	to	the	contrary	are	
completely	incompatible	with	the	extremely	stable	size	structure	revealed	by	this	
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study,	and	instead	evidence,	that	as	revealed	by	the	SAC’s	analysis	of	the	density	
data,	are	over-interpreting	the	significance	of	their	estimated	density	trends.	Most	of	
what	they	are	observing	is	just	inherently	noisy	data	rather	than	noise.	

Given	the	high	level	of	SPR	in	these	populations,	we	can	predict	there	are	many	year	
classes	of	young	abalone	hidden	away	in	the	crevices	of	Northern	California’s	reefs,	
so	that	there	is	no	immediate	reason,	to	over	react	to	the	latest	warm	water	event.	If	
the	current	warm	water	event	were	to	produce	a	massive	die-off	as	some	are	
predicting	this	must	inevitably	produce	either	a	decline	in	recreational	catches,	or	a	
destabilization	of	the	previously	stable	size	structure,	or	both	together.	The	
managers	will	then	have	time	to	respond	and	the	stocks	being	buffered	by	the	
multiple	cryptic	year	classes	of	juveniles	will	be	able	to	rebound,	as	long	as	ocean	
conditions	return	to	something	like	normal.	If	ocean	conditions	do	not	return	to	
something	like	normal,	and	we	really	are	seeing	the	beginning	of	extreme	and	
permanent	change	to	much	warmer	conditions,	then	the	range	of	red	abalone	will	
undergo	a	major	shift,	and	are	likely	to	disappear	from	many	parts	of	their	former	
range,	regardless	of	how	this	fishery	is	managed.	

Evaluating	the	Potential	for	Citizen	Science	to	Inform	Red	Abalone	Assessment		
Regardless	of	the	current	management	debate,	the	methodology	and	results	
provided	by	this	study	prove	the	essential	feasibility	of	using	citizen	science	to	
inform	a	broader	assessment	of	the	abalone	stocks	in	Northern	Californian,	beyond	
the	relatively	few	index	sites	being	surveyed	regularly	by	the	DFW.	Our	interest	in	
this	section	is	to	document	the	likely	constraints	facing	its	implementation	and	place	
some	caveats	around	its	use,	and	to	place	these	within	the	context	of	the	current	
approach	to	the	assessment	of	these	stocks.	

Sample	Size	
Based	on	simulation	testing	of	theoretical	size	at	Hordyk	et	al.	(2014b)	suggested	
sample	sizes	>1,000	individuals	were	required	to	sufficiently	capture	all	the	features	
of	a	size	composition.	By	aggregating	the	data	collected	by	our	team	of	citizen	
scientists	with	the	larger	body	of	data	collected	over	the	years	by	the	DFW	survey	
divers,	even	after	we	had	truncated	the	data	sets	to	resemble	the	likely	size	
composition	of	the	recreational	catch,	this	minimum	sample	size	was	achieved	at	
eight	sites;	Van	Damme	(2,512),	Fort	Ross	(2,707),	Ocean	Cove	(1,410),	Point	Arena	
(2,244),	Caspar	Cove	(1,788),	Timber	Cove	(1,858),	Salt	Point	(1,544),	Todd	Point	
(1,376),	but	not	at	any	of	the	sites	using	the	citizen	science	data	alone.	

The	datasets	used	for	comparative	analyses		(Table	1),	based	just	on	citizen	science	
data	were	considerably	smaller	than	the	ideal	suggested	by	Hordyk	et	al	(2014b);	
Fort	Ross	(434),	Sea	Ranch	(421),	Van	Damme	(391),	Ocean	Cove	(300),	Russian	
Gulch	(125).	Of	these	the	latter	two	were	clearly	too	small	to	allow	the	LB-SPR	
assessment	model	to	produce	a	unique	fitting	to	the	datasets;	and	on	this	basis	
assessments	were	not	even	attempted	for	the	smaller	samples	from	Still	Water,	
Frolic	Cove,	Walkon	Beach	and	Grestle	Cove.	However,	for	the	three	larger	samples	
the	assessments	produced	were	almost	identical	to	that	produced	with	the	much	
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larger	aggregated	data	sets;	with	the	estimates	of	%	SPR	produced	with	the	smaller	
citizen	science	datasets,	being	only	a	few	percent	lower,	and	F/M	estimates	a	few	
marginally	higher.	These	very	slight	differences	being	due	to	the	lower	
representation	in	the	smaller	samples	of	the	rare	largest	individuals,	which	the	LB-
SPR	assessment	model	interprets	as	being	indicative	of	lower	survival	rates,	and	
thus	lower	spawning	potential	and	higher	fishing	pressure.	Predictably	the	95%	
confidence	Intervals	around	the	assessments	of	the	smaller	sample	sizes	were	also	
slightly	larger	indicating	less	precise	fits	to	the	noisier	(less	smooth	shape)	smaller	
samples.	

From	this	we	conclude	that	above	sample	sizes	of	n	~	400	there	is	enough	
information	in	the	samples	to	produce	relatively	robust	assessment	of	stock	status	
at	a	site,	and	note	that	to	the	degree	that	samples	sizes	less	than	the	Hordyk	et	al.	
(2014b)	ideal	of	n	>	1,000	produce	less	robust	assessments,	the	bias	is	relatively	
smaller,	and	importantly	the	bias	is	precautionary,	which	means	that	any	bias	in	the	
assessment	resulting	from	smaller	than	optimum	size	samples	lead	to	the	
assumption	that	the	stock	is	in	a	worse	state	than	it	actually	is,	which	should	give	
managers	applying	the	technique	some	comfort,	and	divers	supplying	the	data	extra	
incentive	to	contribute.	The	relatively	small	sample	size	required	to	produce	
relatively	robust	assessment	of	sites	suggests	the	approach	pioneered	here	
involving	the	use	of	citizen	scientists	to	collect	data	can	feasibly	augment	the	
current	assessment	program	for	red	abalone.	However,	while	evidently	feasible,	
using	a	team	of	citizen	scientists	to	measure	all	size	classes	of	abalone	on	the	reef	is	
probably	not	the	most	practical	approach.	The	LB-SPR	assessment	methodology	was	
actually	developed	for	application	to	catch	size	composition	data,	and	long	term	it	
would	probably	be	simplest	to	develop	methodologies	for	collecting	size	data	
directly	from	the	catch	of	a	sub-sample	of	recreational	divers;	either	through	the	
current	creel	sampling	program,	or	by	modifying	the	existing	catch-card	system	or	
by	enlisting	and	maintaining	a	network	of	divers	to	voluntarily	report	the	size	of	the	
abalone	they	catch.	In	the	context	o	the	latter,	TNC	is	working	with	the	members	of	
the	AWG	to	develop	a	mobile	phone	app	to	facilitate	divers	voluntarily	sending	size	
data	to	a	central	repository.		

Our	results	also	demonstrate	the	direct	relationship	between	the	length	of	maturity	
(Lm)	for	a	population,	from	which	asymptotic	size	(L∞)	Is	inferred,	and	upon	which	
the	LB-SPR	algorithms	relies	heavily	to	estimate	relative	fishing	pressure	(F/M)	and	
spawning	potential	(SPR).	The	LB-SPR	assessment	methodology	essential	compares	
the	measured	shape	of	a	populations	size	composition	data,	with	the	shape	expected	
at	different	levels	of	fishing	pressure,	in	this	comparison	a	lot	of	information	is	
derived	from	the	size	of	the	largest	individuals	in	the	catch,	relative	to	both	size	of	
maturity	and	the	estimated	asymptotic	size	of	the	population.	This	is	clearly	evident	
in	Table	1	where	for	example	at	Sea	Ranch	the	estimate	of	SPR	ranged	from	16-18%	
to	97-100%	depending	on	whether	Lm	and	L∞	were	assumed	to	be	170	mm	and	
275mm	or	125	mm	and	208	mm,	respectively.	Consequently	throughout	this	
analysis,	the	smallest	estimate	of	Lm	and	L∞,	based	on	the	Rogers-Bennett	et	al.	
(2004)	estimate	of	Lm,	produced	extremely	high	estimates	of	spawning	potential	and	
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low	estimates	of	relative	fishing	pressure,	while	larger	estimates	of	size	of	maturity	
and	asymptotic	size,	based	our	inference	of	Lm	from	the	size	of	emergence,	produced	
lower	estimates	of	SPR	and	higher	estimates	of	F/M.	

In	this	context	we	freely	acknowledge	the	novel	and	untested	nature	of	the	way	we	
have	inferred	the	size	of	maturity	at	the	different	sites	from	the	size	of	emergence;	
as	noted	above,	the	approach	proceeds	from	observations	published	in	the	
literature	(Witherspoon	1975,	Prince	et	al.	1988,	Nash	1992,	McShane	&	Naylor	
1995)	but	still	requires	further	study	and	calibration	to	be	established	as	an	
accepted	technique.			

On	the	other	hand,	the	assumption	that	red	abalone	populations	in	Northern	
California	have	a	uniform	length	of	maturity	(e.g.	Leaf	et	al.	2008)	is	directly	refuted	
by	the	international	literature	on	abalone,	which	clearly	shows	abalone	populations	
are	characterized	by	small	scale	variability	in	size	of	maturity	(Leighton	&	
Boolootian,	1963;	Sloan	&	Breen,	1988;	Day	&	Fleming,	1992).	Our	results	highlight	
the	logical	inconsistencies	of	assuming	that	the	estimate	of	Lm	at	Van	Damme	State	
Park	determined	by	Rogers-Bennett	et	al.	(2004)	applies	to	all	other	populations	in	
Northern	California.	From	our	synthesis	of	12	published	papers	covering	seven	
abalone	species	we	estimated	the	ratio	of	Lm	to	L∞,	in	abalone	to	be	0.6,	and	showed	
this	estimate	is	consistent	with	published	population	models	for	red	abalone	(Leaf	
et	al.	2008).	However,	when	the	abalone	estimate	of	Lm	/L∞	=	0.60	is	combined	with	
the	assumption	that	all	Northern	Californian	populations	have	the	Lm	as	Van	Damme	
State	Park	this	implies	all	Northern	Californian	abalone	populations	should	have	the	
same	asymptotic,	or	average	maximum	size	of	208	mm	(8.2”).	However	this	study	of	
relatively	heavily	dived	sites	show	that	most	of	them	have	many	abalone	a	full	1”	
larger	than	this	average	maximum	and	quite	a	few	abalone	2”	(~51	mm)	bigger	than	
this	supposed	average	maximum	size	were	observed	in	the	samples	as	well.	As	a	
consequence	of	this	the	LB-SPR	assessments	for	Ocean	Cove,	Sea	Ranch,	Russian	
Gulch,	Point	Arena,	Timber	Cove	and	Todd’s	Point,	based	on	the	Rogers-Bennett	et	
al.	(2004)	length	of	maturity,	all	produced	the	unbelievable	and	illogical	result	that	
these	sites	are	virtually	unfished	and	have	almost	100%	of	their	virgin	spawning	
potential	(Table	1).	

Clearly	the	scientific	way	to	resolve	whether	length	of	maturity	can	be	inferred	from	
the	length	of	emergence,	and	also	whether	or	not	it	is	uniform	across	Northern	
Californian	populations	is	to	do	more	comparative	studies	using	the	standard	
methods	for	estimating	Lm	based	on	dissection,	and	to	compare	that	with	the	size	of	
emergence	at	each	site.	Such	comparative	studies	of	Lm	across	Northern	Californian	
could	also	provide	a	firm	basis	for	ongoing	assessment	of	those	sites	using	the	size	
composition	of	the	catch	from	those	areas	and	the	LB-SPR	methodology.		

Applying	the	newly	developed	LB-SPR	methodology	more	routinely	and	widely	
could	address	a	number	of	weaknesses	in	the	current	approach	to	assessing	and	
managing	red	abalone	in	Northern	California.	Currently	managers	are	limited	to	
managing	this	resource	which	is	dispersed	in	a	multitude	of	small	populations	along	
~600km	of	coastline	through	the	prism	of	highly	density	trends	estimated	with	low	
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precision	(i.e.	with	high	variance)	at	just	8-10	index	sites.	For	a	range	of	reasons	this	
is	likely	to	become	increasingly	problematic	for	the	managers	of	this	resource.	

The	density	of	strongly	aggregating	species	like	abalone	is	inherently	difficult	to	
measure	and	estimate.	Component	measurements	tend	to	be	non-normally	
distributed,	with	many	zero	measurements,	and	most	of	the	measured	population	
occurring	in	just	a	few	observations,	resulting	in	correspondingly	high	levels	of	
variance.	Randomized	survey	methodologies	are	preferred	by	DFW	for	red	abalone	
surveys	for	producing	unbiased	and	representative	estimates	of	density,	but	this	
means	each	randomized	set	of	survey	transects	intersects	with	the	spatial	structure	
of	a	population	differently	contributing	to	high	estimates	of	variance	which	obscure	
underlying	trends	over	time,	and	which	are	difficult	to	reduce	simply	by	increasing	
sampling	density.	The	SAC	concluded	that	the	DFW	was	over	estimating	their	ability	
to	detect	a	25%	change	in	density	when	they	aggregated	data	across	Sonoma	County	
or	for	the	two	counties	combined	(Ocean	Science	Trust	2014).	What	they	left	
unwritten	in	their	report	was	that	their	analyses	suggested	that	the	current	
methodology	for	estimating	trends	in	density	across	the	Mendocino	County	and	
within	any	of	the	reference	areas,	was	incapable	of	detecting	an	actual	change	of	
~50%	(Prince	personal	observation).	The	current	survey	methodology	is	just	that	
statistically	noisy!	

Given	the	chronically	low	statistical	power	of	the	current	density	survey	
methodology	(i.e.	the	high	variance	around	the	density	estimates)	it	is	hard	to	
imagine	the	increasingly	stringent	management	decisions	being	based	on	them	
surviving	the	types	of	legal	challenges	that	are	increasingly	being	mounted	by	well	
organized	groups	of	commercial	fishers	in	other	US	jurisdictions.	Undoubtedly	it	is	
the	historic	lack	of	organization	and	motivation	amongst	Northern	Californian	
recreational	abalone	divers	that	has	circumvented	legal	challenges	to	date,	but	that	
situation	could	rapidly	change	as	management	becomes	more	restrictive	and	
modern	forms	of	communication	make	it	easier	to	organize	dispersed	interest	
groups	such	as	the	recreational	divers.	Following	on	after	the	analyses	and	
recommendations	of	the	SAC	as	have,	with	these	results,	we	may	have	inadvertently	
laid	down	a	powerful	basis	for	a	legal	challenge	to	the	DFW’s	current	system	of	
assessing	and	managing	red	abalone.	

The	Scientific	Advisory	Committee	suggested	developing	supplemental	measures	of	
stock	abundance,	such	as	size-based	analyses,	as	a	way	of	bolstering	the	inherently	
low	statistical	power	of	surveyed	density	trends,	and	instituting	transparent	
independent	processes	of	scientific	review	as	used	in	other	US	jurisdictions,	so	as	to	
buffer	management	processes	against	external	challenges	(Ocean	Science	Trust	
2014).	

Relying	entirely	on	scientific	divers	the	transects	surveys	are	expensive	and	within	
finite	budget	available	the	survey	design	must	balance	reducing	the	variance	of	
density	estimates	and	increasing	their	statistical	power	by	increasing	the	number	of	
transects	surveyed	at	site	and	their	frequency,	with	increasing	the	number	of	index	
sites	to	broaden	coverage	of	the	~600	km	of	the	Northern	Californian	coastline.	The	
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extent	to	which	the	8-10	index	sites	are	indicative	of	all	Northern	Californian	
abalone	beds	is	also	hotly	disputed.	The	DFW	argue	most	of	the	historic	recreational	
catch	has	historically	come	from	the	index	sites	(Karpov		et	al.	1998).	However	
when	managers	responded	to	the	HAB	in	2011	by	closing	the	index	site	where	
surveys	indicated	there	had	been	declines	in	abundance,	fishing	effort	transferred	to	
unmonitored	areas	where	the	impact	of	the	algal	bloom	was	unknown	and	the	
managers	were	effectively	blind.	

The	density	reference	points	contained	in	the	ARMP	are	also	of	uncertain	relevance	
to	management	objectives;	they	were	developed	in	a	relatively	ad	hoc	fashion	from	a	
few	relatively	qualitative	observations	of	density	and	stock	trends	and	the	exact	
relationship	between	density	a	stock	abundance	remains	poorly	understood	by	
scientists.	For	this	reason	the	ARMP	explicitly	states	that	the	reference	points	
contained	would	be	improved	and	made	more	substantive	in	time,	although	this	has	
not	happened.	For	example,	0.2	emergent	abalone.m-2	is	considered	the	minimum	
density	for	a	viable	population	but	Micheli	et	al.	(2008)	observed	stable	red	abalone	
populations	persisting	over	at	least	three	decades	under	heavy	sea	otter	predation	
at	densities	as	low	as	0.03	emergent	abalone.m-2.	They	noted	persistence	at	such	
low	densities	may	be	explainable	because	when	abalone	were	found	at	low	densities,	
they	still	tend	to	be	clumped	together	in	small	aggregations,	effectively	forming	
small	but	locally	dense	aggregations.	This	observation	illustrates	that	the	scale	and	
design	of	survey	methodology	interact	to	influence	the	density	estimates	derived.	At	
the	relatively	large	scale	of	Micheli	et	al.’s	surveys,	abalone	densities	were	extremely	
low,	but	the	abalone	were	never-the-less	breeding	at	the	much	higher	densities	
needed	to	survive,	by	leaving	most	of	the	habitat	entirely	empty	and	forming	a	few	
very	small	aggregations.	Thus	the	density	estimates	produced	by	surveys	are	
relative	to	the	survey	methodology	and	have	only	a	tenuous	link	to	the	population	
viability	they	are	meant	to	be	informing	managers	about;	especially	when	in	this	
case,	a	variety	of	disparate	survey	methodologies	were	used	in	an	ad-hoc	
qualitatively	fashion	to	pluck	reference	points	out	of	the	air	for	enshrinement	in	the	
ARMP	(cf:		Tegner	et	al.	1989;	Shepherd	and	Brown	1993;	Karpov	et	al.	1998).		

In	contrast,	the	methodology	we	demonstrate	here	provides	a	quantitative	
methodology	for	estimating	both	relative	fishing	pressure	(F/M)	and	the	conserved	
spawning	potential	(SPR)	of	stocks,	both	of	which	are	well	understood,	
internationally	accepted,	and	widely	applied	metrics	of	stock	status,	that	have	been	
rigorously	derived	through	quantitative	modeling	and	meta-analysis	of	
international	fisheries	experience	(Mace	and	Sissenwine,	1993;	Restrepo	and	
Powers,	1999;	Walters	and	Martell,	2004)	and	has	an	established	record	of	being	
applied	to	red	abalone	populations	(Leaf	et	al.	2008).		

Spawning	Potential	Ratio	is	a	time-lagged	indicator,	reflecting	the	impact	of	size	
selectivity	and	fishing	pressure	on	the	size	composition	of	a	population	over	the	
exploited	lifetime	of	a	species.	It	provides	an	index	of	how	much	of	their	natural	
adult	life	abalone	on	average	are	being	allowed	to	breed,	rather	than	an	index	of	
how	many	abalone	are	in	a	population	at	any	given	time;	so	more	like	measuring	the	
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‘half-life’	of	breeding	abalone	than	the	number	of	abalone.	In	this	way	it	is	quite	
different	to	what	density	surveys	are	attempting	to	measure.	Being	based	on	size	
structure;	which	in	a	long-lived	species	like	abalone,	changes	relatively	slowly,	the	
LB-SPR	estimates	can	be	expected	to	be	relatively	consistent	from	year	to	year.	In	
the	circumstance	this	could	provide	a	useful	counter-balance	to	density	surveys,	
which	with	their	inherently	high	variance	‘bounce	around’	between	surveys,	
independently	regardless	of	the	underlying	trend.	The	large	variance	seen	in	the	
surveyed	densities	means	that	large	differences	between	surveys	which	are	
expected	to	occur	even	without	any	real	change	in	density,	will	be	likely	to	be	
continually	suggesting	changes	are	need	to	management,	even	though	in	many	cases	
the	change	between	surveys	will	be	due	to	inter-survey	variance	rather	than	real	
changes	in	abundance.	Moving	away	from	being	entirely	reliant	on	highly	variable	
surveyed	densities	to	using	multiple	indicators	of	stock	status	within	a	decision	tree	
framework	could	provide	managers	with	away	of	capitalizing	on	the	strengths	of	the	
different	indices	and	so	overcoming	the	inherent	weaknesses	of	each,	when	used	a	
sole	indicator	of	stock	status	(Prince	et	al.	2011).		

In	a	world	of	finite	resources	where	it	will	never	be	possible	to	conduct	transect	
surveys	for	all	abalone	reefs	in	northern	Californian	the	question	will	be	which	more	
instantaneous	indicator	of	biomass	could	be	used	to	provide	managers	with	
information	about	trends	in	unsurveyed	‘non-index’	sites.	The	study	by	Prince	et	al.	
(2011)	suggests	applied	within	a	decision	tree	matrix	SPR	estimates	like	those	
estimated	here,	when	combined	with	simple	catch	based	trends	(catch	and	catch	
rates	by	location)	can	produced	management	outcomes	to	rival	harvest	control	
rules	informed	by	sophisticated	population	based	assessment	modeling.	We	suggest	
that	using	simple	catch	trends	estimated	from	report	cards	by	area,	along	with	
estimates	of	SPR	and	F/M	derived	from	the	size	composition	of	the	catch,	together	
with	density	estimates	(where	they	exist),	combined	within	a	decision	tree	
framework,	could	provide	the	basis	of	a	simple	cost	effective	but	highly	
sophisticated	harvest	control	rules	that	could	be	applied	to	every	abalone	reef	in	
Northern	California.	Accepted	techniques	of	Management	Strategy	Evaluation	
should	of	course	be	applied	to	ensure	the	logic	of	such	a	decision	tree	is	sound,	and	
the	design	modified	until	simulation	modeling	proves	it	is,	but	when	implemented	
such	a	system	would	be	state-of-the-art	and	make	the	managers	of	this	resource	
impregnable	to	the	challenges	we	suspect	the	current	indefensible	assessment	
system	is	driving	DFW	relentlessly	towards.	
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Appendix	1	

	

Appendix	1.	List	of	abalone	species,	estimates	of	life	history	ratios	(M/k,	Lm/L∞)	and	
source	references	used	to	derived	the	characteristic	abalone	life	history	
ratios	used	in	this	analysis	(Lm	/	L∞	=	0.60;	M/k		=	0.88).		

	

	

Scientific Name L50/L∞ M/k

Haliotis	iris	 0.64 0.89

Haliotis	iris	 0.59 0.63

Haliotis	iris	 0.64 0.69

Haliotis	iris	 0.54 0.69

Haliotis	iris	 0.70

Haliotis	iris	 0.63

Haliotis	
tuberculata 0.62

Haliotis	australis 0.63

Haliotis	fulgens 0.57 0.82

Haliotis	mariae 0.45 1.19

Haliotis	mariae 0.53 1.02

Haliotis	mariae 0.50 1.02

Haliotis	laevigata 0.63 0.54

Haliotis	laevigata 0.57 0.54

Haliotis	laevigata 0.56

Haliotis	rubra 0.71 0.97

Haliotis	rubra 0.55 1.06

Haliotis	rubra 0.66 0.66

Haliotis	rubra 0.52 0.94

Haliotis	rubra 0.49 1.45

Haliotis	rubra 0.63 1.11

Haliotis	rubra 0.75 1.05

Haliotis	rubra 0.59 0.53

Haliotis	rubra 0.63 0.94

Average 0.60 0.88
S.D. 0.07 0.25
n 24 19

Location Reference

Peraki	Bay,	Banks	Peninsula,	

New	Zealand

Sainsbury,	K.J.	1982.	Population	dynamics	and	fishery	management	
of	the	paua,	Haliotis	iris 	1.	Population	structure,	growth,	
reproduction,	and	mortality.	NZ	J.	Mar.	Freshw.	Res.	16:	147-161.

Kaikora,	New	Zealand

Poore,	G.C.B.	1972.	Ecology	of	New	Zealand	abalones,	Haliotis	species	
(Mollusca:	gastropoda)	3.	Growth	NZ	J.	Mar.	Freshw.	Res.	6:	534-559.	
Poore,	G.C.B.	1972.	Ecology	of	New	Zealand	abalones,	Haliotis	species	
(Mollusca:	gastropoda)	3.	Reproduction	NZ	J.	Mar.	Freshw.	Res.	7:	67-
84.
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McShane,	P.E.,	Naylor,	J.R.,	(1995).	Small-scale	spatial	variation	in	
growth,	size	at	maturity,	and	yield-	and	egg-per-recruit	relations	in	
the	New	Zealand	abalone	Haliotis	iris.	New	Zealand	Journal	of	Marine	
and	Freshwater	Research,	29:4,	603-612,	DOI:	
10.1080/00288330.1995.9516691		
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NZ.	Fisheries	Assessment	Report	2000/51
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Naylor,	J.R.,	Andrew,	N.L.	(2000)	Determination	of	growth,	size	
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Shepherd,	S.A.,	Guzman	del	Proo,	S.A.,	Turrubiates,	J.,	Belmar,	J.	(1991)	
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