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Executive Summary  

 

Pacific Herring  (Herring) , Clupea pallasii , support an important and 

historically significant commercial fishery in California. Four areas within the state 

have spawning stocks large enough to enable a fishery, including San Francisco 

Bay, Tomales Bay, Humboldt Bay, and Crescent City ; however, over  90% of 

landings come from San Francisco Bay . Commercially, Herring are t argeted for 

roe products, bait, and fresh fish. Since its onset in the winter of 1972, the sac -roe 

fishery (the eggs  from gravid female Herring) , has dominated landings, while 

landings in the whole fish sector are minor. A recreational Herring fishery also  has 

taken place since at least the 1970s. The primary market for Californiaõs 

commercial Herring fishery is Japan, where Herring roe is considered a delicacy. 

Herring are also used as bait for salmon, Oncorhynchus  spp.,  Pacific Halibut, 

Hippoglossus stenolepis , and Lingcod, Ophiodon elongat us, recreational 

anglers . Herring may also be smoked, pickled or canned for personal 

consumption.  

The roe fishery was one of the most commercially valuable in California, 

reaching landings of more than 12,000 tons and an ex -vessel value of almost $20 

million, but has since declined due to lower demand and competition from 

other Herring fisheries  outside of California . Given the initial high value of sac -

roe, high participation levels (more than 400 permits at its pe ak), and limited 

space in the San Francisco Bay, the Herring fishery benefitted from an intensive 

level of management.  

Regulations changed annually as the fishery expanded, and many 

regulations were designed to address socio -economic rather than biological  

issues. Primary m anagement measures used historically  include but are not 

limited to limited entry, permits issued by lottery, individual vessel quotas, quota 

allocation by gear, a platoon system used to divide gill net  vessels into groups, 

the transferab ility of fishery permits, and the conversion of permits between gear 

types. However, as the price and participation has continued to decline , 

particularly since the early 2000s , many of the regulations developed to 

manage a much larger fleet are outdated a nd no longer necessary. 

Additionally, despite concerns about an increasing level of take and potential 

for commercialization among the recreational Herring fishery, no restrictions on 

catch or effort for this sector have been established.  

There were concer ns about declining stock sizes in the late 1990s and 

early 2000s, and in response the Department began using more precautionary 

quota setting procedures. One of the primary goals of this F ishery Management 

Plan (FMP) was to further develop and codify this precautionary approach to 

ensure the sustainable management of  California  Herring in to the future.  In 

addition, Herring not only support commercial and recreational  fisheries, but as 

forage fish they are a food source for many predatory fish, marine mammals, 

and seabirds within the California Current Ecosystem (CCE), providing an 

essential energetic link between primary producers and predators at the top of 
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food chains. As such, a secondary goal was to develop a management 

approach that complies with the California Fish and Game Commissionõs 

(Commission) forage species  policy, which seeks to recognize the importance of 

forage fish to the ecosystem and establishes goals intended  to provide 

adequate protection to these species.  

The overarching goal of this FMP is to ensure the long -term sustainable 

management of the Herring resource consistent with the requirements of the 

Marine Life Management Act (MLMA)  and the Commissionõs forage species  

policy . In particular, it seeks to:  

¶ provide a synthesis of relevant information on the species, its habitat, role 

in the ecosystem, and the fishery that targets it , 

¶ integrate the perspectives and expertise of industry members and other 

stakehol ders in the management process , 

¶ identify environmental and ecosystem indicators that can inform 

management , 

¶ provide an adaptive management framework that can detect and 

respond to changing levels of abundance and environmental conditions , 

¶ specify criteria for identifying when a fishery is overfished , 

¶ streamline the annual quota -setting process while ensuring that it is based 

on sound science , 

¶ c reate an orderly fishery through an efficient permitting system , 

¶ ensure that research efforts are strategic and tar geted , 

¶ use collaborative fisheries research to help fill data gaps , 

¶ identify risks and minimize threats to habitat from fishing , and  

¶ minimize bycatch to the extent practicable.  

 

The MLMA requires that management changes be based on both the 

best available science as well as stakeholder input. Beginning in 2012 , a Steering 

Committee  (SC) including Herring fleet leaders, representatives from 

conservation non -governmental organizations (NGOs) and California 

Department of Fish and Wildlife (Department) staff ev olved to develop a vision 

for the Herring FMP. This SC provided guidance throughout the FMP process and 

communicated the goals and strategies of the plan to their wider communities. 

In 2016 when the FMP development process was formally initiated, the scope  of 

the FMP was presented to the California Fish and Game Commission  

(Commission)  and refined via a public comment process. California Native 

American Tribes also were consulted. Permit holders were surveyed to gain input 

regarding  potential regulatory changes . After the management strategy was 

developed, it was presented to the Commission and through other public 

meetings (both web -based and in -person) for stakeholder feedback .  

Throughout th e Herring FMP process, a number of scien tific analyses, 

including a Management Strategy Evaluation (MSE) to develop and test a 

Harvest Control Rule ( HCR), an analysis of correlations between herring 

productivity and environmental indicators, and a meta -analysis of dietary 
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studies to better under stand predator -prey relationships  were conducted to 

ensure that the proposed management strategy had a solid  scientific  

foundation. The management strategy was further refined based on the 

feedback of an external, independent peer review committee. While t he 

Herring fishery is relatively data rich, a number of informational gaps were 

highlighted during this process, specifically related to the relationship between 

Herring, predator populations in the CCE, and alternative prey species. 

Additional information  in these areas would allow the Department to more fully 

consider ecosystem impacts in future Herring management.  

 

Management Strategy  

This FMP proposes a management strategy that is based on an adaptive 

management framework that seeks to improve managemen t of Herring in 

California through monitoring and evaluation, in order to better understand the 

interaction of different elements within marine systems. The management 

strategy consists of procedures to: 1) monitor Herring populations in the four 

managemen t areas (San Francisco Bay, Tomales Bay, Humboldt Bay, and 

Crescent City Harbor), 2) analyze the data collected via the monitoring 

protocol to estimate Spawning Stock Biomass (SSB), 3) develop quotas based on 

current SSB using a HCR, 4) track indicators to  monitor ecosystem conditions and 

adjust quotas as needed, and 5) additional management measures to regulate 

fishing.  

The primary mechanism for ensuring stock sustainability in Californiaõs 

Herring management areas is to restrict harvest to a rate of no m ore than 10% of 

the estimated SSB by setting catch limits (quotas). This cap on the target harvest 

rate was agreed upon by a group of representatives from the fishing industry 

and conservation NGOs prior to beginning the development of this FMP as a 

means of continuing the precautionary management approach the 

Department has employed since 2004. Additional management measures are in 

place to ensure that harvest primarily targets age 4+ fish  (mesh size restrictions) , 

that spawning aggregations receive some t emporal and spatial refuges from 

fishing (closed areas and weekend closures) , and to minimize interactions 

between fishermen and concurrent users  of the four management areas.  

 

Tiered Management Approach  

Implementing intensive surveys, like the annual spawn deposition surveys 

used to estimate the SSB in San Francisco  Bay, in all four management areas is 

not feasible due to resource and staffing constraints. Thus, this FMP outlines a 

three -tiered management  approach to help prioritize monitoring efforts and 

apply appropriate levels of management to fit the fishery activity level. Using this 

approach, each management area falls into one of three tiers based on the 

level of fishing occurring. Tier 3 has the hi ghest level of fishing activity, Tier 2 is 

intermediate, and Tier 1 has the lowest level of fishing activity. The level of 

monitoring effort associated with each tier is dictated by the level of 
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participation in the fishery. Quotas are determined based on the information 

available. As more information is available, higher harvest rates are available to 

participants , provided stock sizes can sustainably support higher levels of catch. 

When this FMP was first drafted , Tomales Bay, Humboldt Bay, and Crescent C ity 

Harbor were  Tier 1 management areas , and the San Francisco Bay wa s the only 

Tier 3 management area.  

 

Multi -Indicator Predictive Model to Estimate SSB  

Setting quotas in Tier 3 management areas requires an estimate of the 

expected total SSB in the coming  season in order to set a quota that will 

achieve the desired harvest rate. As part of the FMP development process, 

information on correlations between biological indicators of Herring stock health 

and environmental indicators were used to develop a predic tive model to 

estimate the coming yearõs SSB. Although ecological indicators have been 

assessed yearly and presented as part of the annual season summary to the 

Directorõs Herring Advisory Committee (DHAC) for management 

recommendations and to provide cont ext for the SSB estimate, they have not 

been used to quantitatively predict the SSB to set quotas prior to this FMP. The 

multi -indicator predictive model includes the following three indicators:  

 

1. SSByea r-1 ð the observed spawn deposition from the previous  season  

2. YOYyea r-3 ð the Catch Per Unit Effort (CPUE) of Young of the Year (YOY) 

Herring from April to October three years prior  

3. SSTJul-Sep ð The average Sea Surface Temperate (SST) between July and 

September prior to the upcoming season  

 

The above -describe d model explains more variability, mechanistically 

supports what is known about Herring stocks, and reduces predictive error when 

compared to the current method. The synthesis of different environmental and 

ecosystem data into a multivariate forecasting eq uation may promote 

proactive, rather than reactive, management, and foster an interdisciplinary 

approach to ecosystem -based fisheries management. The currently used 

method is available as a backup  should data be unavailable or should 

environmental changes compromise the predictive power of the model.  

 

Harvest Control Rule  

A key provision of this FMP is a HCR for Californiaõs Herring fishery to ensure 

that quotas are appropriate given the current SS B, and that intended harvest 

percentages  (target harvest rates)  are no more than 10  percent ( %). The HCR 

developed  for San Francisco Bay  includes a SSB cutoff at 15,000 tons, below 

which no fishing can occur and the quota for the coming season will be zero . 

Developed in consultation with Department staff  and stakeholders and tested 

using MSE, the HCR is used to set appropriate quotas in Tier 3 management 

areas. The HCR developed is based on the current precautionary management 
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approach and provides a predet ermined method for setting initial quotas each 

year based on SSB estimates.  

 

Assessing Ecosystem Indicators  

Given Herringõs role as a forage species in the CCE, one of the primary 

goals of this FMP was to develop a transparent procedure for incorporating 

ecosystem considerations into Herring management. A set of ecosystem 

indicators was selected based on scientific analysis to provide a holistic view of 

predator -prey conditions in the system. These indicators are arranged in a 

decision tree to assist Depart ment staff in determining whether additional quota 

adjustments are warranted. Additional environmental indicators were also 

chosen to provide information on the general health and productivity of the 

CCE, ensuring that decisions about the Herring stock are  placed in the context 

of the larger ecosystem. The status of these additional indicators will be 

periodically described in  an  Enhanced Status  Report.  

 

Additional Management Measures  

Existing management measures were evaluated during the FMP 

development p rocess to ensure alignment with the overall  management 

strategy proposed for Californiaõs Herring fishery. At this time, no changes are 

recommended for restrictions on catch, areas open to fishing , size, sex, or gear. 

Existing management measures to reduce  impacts to habitat, as well as 

bycatch and discards were also found satisfactory.  

Based on stakeholder input, this FMP institutes a single start (02 January) 

and end date (15 March) for all four management areas, compared to  

previously each had their own season dates.   

 

Changes to streamline and modernize the regulations  

The FMP development process provided an opportunity to modify existing 

Herring regulations for the gill net , Herring Eggs on Kelp (HEOK), and recreational 

fisheries. The go al of these changes was to meet the needs  and capacity  of the 

modern fleet, standardize and clarify the regulatory language across sectors 

and areas, and to make the regulations consistent with those used in other 

fisheries in California.  

 

Gill net Fishery ð The platoon system, and the complex permitting 

associated with that system, was developed for a much larger fleet and is no 

longer necessary in San Francisco Bay. To modernize the Herring gill net  fishery 

regulations, the following regulatory changes wi ll be made:  

¶ c onvert all permit types to a single permit that allows holders to fish every 

week of the season in order to eliminate the platoon system in San 

Francisco Bay , 

¶ establish a long -term capacity goal of 30 permits under the new 

permitting system , 
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¶ eliminate the paperwork associated with substitution by allowing anyone 

who possesses a valid California Commercial Fishing License to operate a 

Herring fishing vessel provided the permit is onboard and that vessel has 

been designated , 

¶ require that gill net s be marked with the Fishing Vessel Number designated 

on the permit to track fishing activities , 

¶ remove yearly quota specification from regulations, and instead set 

quotas via the HCR under the authority of the Director of the Department , 

¶ reduce the permit  cap from 35 to 15 in Tomales Bay , 

¶ establish new conservative quotas for T ier 1 and 2 fisheries,  

¶ adjust regulations to promote collaborative research between the 

Department and the fishing industry , and  

¶ alter and updat e the permitting process . 

 

HEOK ð To streamline the HEOK  fishery sector , the following regulations 

changes were determined via the FMP development process:  

¶ restructure the permitting process such that HEOK permits are completely 

separate from the gill net  permits , 

¶ bring HEOK fees in line with those paid by the gill net  sector , 

¶ streamline notification requirements , 

¶ require vessels, rafts and lines to display the Fishing Vessel Number 

designated on the permit to track fishing activities , 

¶ require cork lines to be marked  at each end with a contrasting -colored 

buoy for easier maneuverability . 

 

Recreational Regulations ð Prior to this FMP, there was  no limit for  the 

recreational take of Herring. To address this, the FMP recommends a range 

between 0 and 100 pounds , which is equivalent to up to 10 gallons (or two 5 -

gallon buckets ), as a  daily bag  limit. This established bag limit is easily 

enforceable and provides for a satisfying recreational experience while 

deterring illegal commercialization of the fishery.   
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 Introduction  

 

The Marine Life Management Act (MLMA) is Californiaõs primary fisheries 

management law . It directs the Department of Fish and Wildlife (Department) to 

ensure the sustainable use of the stateõs living marine resources (Fish and Game 

Code [FGC] §7050(b)). The MLMA also identifies Fishery Management Plans 

(FMPs) as the primary tool for achieving this goal ( FGC §7072). FMPs are 

comprehensive planning documents that outline what is known about a 

species, the characteristics and impacts of the fishery that targets it, and how 

that fishery is to be managed and monito red once the FMP is implemented . The 

Department is responsible for drafting FMPs and presenting them to the 

California Fish and Game Commission (Commission) for adoption. New 

regulations required to implement a FMP are promulgated through a separate 

Commis sion rulemaking process, and are codified in Title 14 of the California 

Code of Regulations  (CCR) .  

This FMP for Pacific Herring ( Herring ), Clupea pallas ii, was first presented to 

the Commission in June 2019 and was adopted in October of 2019. Its goals, 

development process, and contents are described below.  

 

 Goal and Principal Strategies  

Herring have supported commercial and recreational fisheries in 

California for more than one hundred years. They are also an important forage 

species in the California Cu rrent Ecosystem  (CCE). The overarching goal of this 

FMP is to promote  the long -term sustainable management of the Herring 

resource consistent with the requirements of the MLMA  and the Commissionõs 

policy on forage fish . In particular, it seeks to:  

¶ provide a synthesis of relevant information on the species, its habitat, role 

in the ecosystem, and the fishery that targets it ; 

¶ integrate the perspectives and expertise of industry members and other 

stakeholders in the management process ; 

¶ identify environmental a nd ecosystem indicators that can inform 

management ; 

¶ provide an adaptive management framework that can quickly detect 

and respond to changing levels of abundance and environmental 

conditions ; 

¶ specify criteria for identifying when a fishery is overfished ; 

¶ streamline the annual quota -setting process  while ensuring that it is based 

on sound science ; 

¶ c reate an orderly fishery through an efficient permitting system ; 

¶ ensure that research efforts are strategic and targeted ; 

¶ use collaborative fisheries research to h elp fill data gaps ; 

¶ identify risks and minimize threats to habitat from fishing ; and  

¶ minimize bycatch to the extent practicable . 
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Specific strategies for achieving these goals are identified and described 

in the relevant chapters of the FMP.  

 

 Collaborative  Development Process  

A barrier  often  facing FMP development in California has been the 

significant financial and staff resources required for their preparation. These 

resource constraints have translated to relatively few FMPs being developed 

since the MLMA was enacted in 1999. To help overcome this challenge, 

beginning in 2012, Herring  fleet leaders, representatives from conservation non -

governmental  organizations  (NGOs) , and Department staff began a discussion 

group  to develop a vision for a Herring  FMP. Through regular  meetings  over a 

four -year  period,  the discussion group identified a new, more collaborative 

approach to FMP development that  preserv ed  Department control while 

utilizing outside resources and expertise. The resulting process for FMP 

development is intended to be used as a test case and a potential model for 

future FMPs for other fisheries.  

The MLMA places great emphasis on constituent involvement in decisions 

regarding marine resources, as well as collaboration among stakeholders. This 

Herring FMP has sought to incorporate stakeholder  feedback through out its 

development process and has done so in a number of ways. Prior to initiation of 

the Herring FMP, the discussion group worked to develop a òblueprintó outlining 

the broad scope and goals for the FMP development process, as well as the 

scientific analyses required to meet those goals. Indus try and conservation 

stakeholders agreed to a broad outline for a Harvest Control Rule (HCR) to set 

yearly quotas, namely, that it would emulate the Departmentõs precautionary 

management approach by capping target harvest rates at 10  percent ( %) of 

the mos t recently estimated biomass, and include ecosystem indicators to 

further inform management. This agreement helped to reduce conflict between 

stakeholder groups and helped to focus scientific efforts. The discussion group 

evolved into a more formalized  Steering Committee  (SC) in 2016. The SC 

provided feedback and guidance throughout the FMP development process, 

and helped communicate the goals, objectives, and strategies of the FMP to 

their wider constituencies . Results of research conducted as part of F MP 

development  were also shared with the SC iteratively throughout the process, 

and as a result the management strategy in this FMP reflect s both the best 

available science as well as a high degree of stakeholder  involvement . 

Once the FMP development proce ss was formally initiated in April of 2016, 

the scope of the FMP was presented to the Commission, and was further refined  

via  the public scoping process , as well as through Tribal consultation. In addition, 

a  survey of all Herring  permit holders was conduc ted to understand the desire 

and need for regulatory changes, and the results of this survey were used to 

develop regulatory proposal s. Once a management strategy was developed, it 

was presented to the  Commission through the Marine Resources Committee. It 
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was also presented at other public meetings (both web -based and in -person), 

and feedback from stakeholders was solicited  and incorporated . 

 

 Fishery Management Plan Contents  

Sections 7080 -7088 of the MLMA describe in detail the required contents 

of FMPs and  the Departmentõs 2018 Master Plan for Fisheries includes guidance 

regarding how specific issues should be addressed. The structure and content of 

this FMP are based on the direction they provide .  

The FMP first provides an overview of what is known about the natural 

history of the species and its role in the ecosystem  (Chapters 1 -3). It then 

describes the  Herring fishery and the  history of  its management and monitoring  

(Chapters 4 -6). The core of the FMP is Chapter 7 , which  outlines an integrated 

approach to monitoring, assessment , and management of the fishery moving 

forward . Chapter 7 includes a discussion of measures to promote  sustainability of 

the stock and manage ment of  bycatch and habitat impacts. The FMP includes 

a chapter on alternative projects co nsidered during FMP development. The FMP 

also includes a chapter focused on future research and management needs  

(Chapter 8) , a chapter that describes what actions can be taken through 

rulemaking under the FMP and those that require a FMP amendment  (Chapte r 

9), a chapter that includes an a nalysis of alternative m anagement action s 

(Chapter 10)  and a final chapter that includes literature cited (Chapter 1 1). The 

appendices provide additional detail on  the  FMPõs development history, 

monitoring efforts, and mod eling approaches and outcomes  (Appendices A -P). 

Under Section 7088 of the MLMA, FMPs have the ability to render conflicting 

statutory law inoperative once adopted by the Commission. The FMP contains a 

list of these co nflicting statutory provisions  that will be made inoperative  in 

Chapter 9 . 

 

 Environmental Document under  the California Fish and Game �&�R�P�P�L�V�V�L�R�Q�·�V��
Certified Regulatory Program  

This document is also intended to fulfill the Commissionõs obligation to 

comply with the California Environmen tal Quality Act (CEQA) [Public Resources 

Code (PRC) §21000 et seq.] in considering and adopting an FMP, and 

associated implementing regulations. In general, public agencies in California 

must comply with CEQA whenever they propose to approve or carry out a  

discretionary project that may have a potentially significant adverse impact on 

the environment. Where approval of such a project may result in such an 

impact, CEQA generally requires the lead public agency to prepare an 

Environmental Impact Report (EIR).  In contrast, where no potentially significant 

impacts could result with project approval, a lead agency may prepare what is 

commonly known as a negative declaration. Where an EIR is required, however, 

the document must identify all reasonably foreseeable,  potentially significant, 

adverse environmental impacts that may result from approval of the proposed 

project, as well as potentially feasible mitigation measures and alternatives to 
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reduce or avoid such impacts. Because the lead agency must also subject t he 

EIR to public review and comment, and because the agency must respond in 

writing to any public comments raising significant environmental issues, 

compliance with CEQA serves to protect the environment and to foster 

informed public decision -making.  

CEQA also provides an alternative to preparation of an EIR or negative 

declaration in limited circumstances. Under CEQA, the Secretary of Resources is 

authorized to certify that a state regulatory program meeting certain 

environmental standards provides a func tionally equivalent environmental 

review to that required by CEQA [PRC §21080.5; see also CEQA Guidelines, CCR 

Title 14 §15250- 15253]. As noted by the California Supreme Court, ò[c]ertain 

state agencies, operating under their own regulatory programs, gene rate a 

plan or other environmental review document that serves as the functional 

equivalent of an EIR. Because the plan or document is generally narrower in 

scope than an EIR, environmental review can be completed more expeditiously. 

To qualify, the agency õs regulatory program must be certified by the Secretary 

of the Resources Agency. An agency operating pursuant to a certified 

regulatory program must comply with all of CEQAõs other requirementsó 

[Mountain Lion Foundation v. Fish and Game Comm.  (1997) 16 C al.4th 105, 113 -

114 (internal citations omitted)].  

The Commissionõs CEQA compliance with respect to the Herring FMP and 

associated regulations is governed by a certified regulatory program [CEQA 

Guidelines, CCR Title 14 §15251, subd. (b)]. The specific re quirements of the 

program are set forth in CCR  Title 14 in the section governing the Commissionõs 

adoption of new or amended regulations, as recommended by the 

Department (CCR Title 14 §781.5). Pursuant to CCR Title 14 §781.5, this 

Environmental Document ( ED) contains and addresses the proposed Herring 

FMP and associated implementing regulations, and reasonable alternatives to 

the proposed Herring FMP. In so doing, the ED is intended to serve as the 

functional equivalent of an EIR under CEQA. As noted above , however, 

preparation of the ED is not a òblanket exemptionó from all of CEQAõs 

requirements [ Environmental Protection Information Center v. Johnson (1985) 

170 Cal.App.3d 604, 616 -618; see also Wildlife Alive v. Chickering  (1976) 18 

Cal.3d 190]. Instead, the Commission must adhere to and comply with the 

requirements of its certified program, as well as òthose provisions of CEQA from 

which it has not been specifically exempted by the Legislatureó [Sierra Club v. 

State Board of Forestry  (1994) 7 Cal.4th 1215 , 1228]. 

 

 Proposed Action  

For purposes of CEQA and this ED, the proposed action consists of the 

adoption of the Herring FMP and its associated implementing regulations that 

govern Herring fishing activities in California, as outlined in Chapter 7. The vari ous 

management tools and alternatives available will be described including the 

stated policies, goals, and objectives of FMPs under the MLMA. The Herring FMP 
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will continue to be managed through ongoing oversight and management of 

the fishery by the Commis sion. 

 

 Scoping Process  

As discussed above, the MLMA calls for meaningful constituent 

involvement in the development of each FMP. In addition, CEQA requires public 

consultation during lead agency review of all proposed projects subject to a 

certified regula tory program [See PRC §21080.5 (d)(2); see also CCR Title 14 

§781.5). The adoption of the Herring FMP and its associated implementing 

regulations is such a project under CEQA. In addition to the requirements of the 

MLMA, CEQA requires public consultation o n all environmental projects. The 

Department accomplishes this through a public comment period, scoping 

sessions within the communities involved, or at least two Commission meetings. 

As outlined above in Section 1.2, the Department went through a multi -pha sed 

iterative process with stakeholder groups as well as the SC in development of 

this FMP.  

In August 2018, the Commission, with support from the Department, 

prepared and filed a Notice of Preparation  (NOP) with the State Clearinghouse 

for distribution to  appropriate responsible and trustee agencies for their input 

and comments. Further, the notice was provided to individuals and 

organizations that had expressed prior interest in regulatory actions regarding 

Herring . On behalf of the Commission, the Depart ment held a scoping meeting 

on August 25, 2018. Appendix Q contains a copy of the notices as well as a 

summary of all comments received during the scoping period  

 

 Tribal Consultation  

Pursuant to CEQA §21080.3.1, as well as the Departmentõs Tribal 

Communica tion and Consultation Policy, the Department and Commission 

provided a joint notification to tribes in California. The letters to the individual 

tribes were mailed on August 1 , 2018. The Commission received a response 

confirming that the proposed project i s outside of the Aboriginal Territory 

Stewarts Point Rancheria Kashia Band of Pomo Indians. The Indian Canyon Band 

of Costanoan Ohlone People requested a Native American Monitor and an 

Archaeologist be present on site at all times if there is to be any ear th 

movement within a quarter of a mile of any culturally sensitives sites. The 

Department confirmed the project does not involve any earth movement within 

a quarter mile of any culturally sensitive sites.   

The Department initially informed tribes that a FM P for Herring was being 

developed in a letter dated July 5, 2016. As a follow -up to the initial introduction 

by mail, Department staff met with Graton Rancheria staff per request ed  on 

September 20, 2016 to provide additional details on the FMP process and scope . 

A subsequent letter soliciting tribal input on the management objectives 

outlined in the FMP was mailed to tribes on M arch 28, 2018 . Appendix Q 

contains cop ies of the tribal notification letters . 
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 Public Review and Certification of the Environmental  Document  

The Commissionõs certified regulatory program and CEQA itself require 

that the Draft ED (DED) be made available for public review and comment 

(CCR Title 14 §781.5(f); PRC §21091). Consistent with these requirements, and 

upon the filing with the C ommission of the draft Herring FMP and implementing 

regulations proposed by the Department, as well as the filing of the same 

documents with the State Clearinghouse at the governorõs Office of Planning 

and Research, the DED will be made available for publi c review and comment 

for no less than 45 days. During this review period, the public is encouraged to 

provide written comments regarding the DED to the Commission  at the following 

address:  

 

California Fish and Game Commission  

P.O. Box 944209 

Sacramento, California 94244 -2090 

 

Additionally, oral testimony regarding the proposed Herring FMP and DED 

will be accepted by the Commission at the public meetings announced under 

a separate cover. Public notice of the Commission meeting will be provided as 

required by the FGC.  

The Department is required by law to prepare written responses to all 

comments on the DED and proposed Herring FMP received during the public 

review period that raise significant environmental issues (CCR Title 14 §781.5(h); 

see also PRC §21092.5). In some instances, written responses to comments may 

require or take the form of revisions to the DED or the proposed Herring FMP, or 

both. Any such revisions, along with the Departmentõs written responses to 

comments raising significant environmenta l issues shall constitute the Final ED 

(FED). The Commission will consider the FED and the proposed Herring FMP at a 

public hearing scheduled to be held in San Diego on October 9 -10, 2019. Public 

notice of the Commission meeting will be provided as require d by CEQA and 

the FGC. Notice of any final decision by the Commission regarding the FED and 

Herring FMP will be provided to the extent required by law.  
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 Biology of t he  Species  

 

This chapter describes what is known about the natural history and 

population dynamics of  Herring stocks in California. When information is 

unavailable for California stocks, information from other Herring stocks along the 

coast of North America is summarized. This cha pter is intended to be a resource 

for understanding the biology of the stock as it pertains to management.  

 

 Natural History of the Species  

The Herring  is a member of the family Clupeidae, which also includes the 

Pacific Sardine, Sardinops sagax caeruleus , and American Shad, Alosa 

sapidissima . Historically, Herring were thought to be a subspecies of Atlantic 

Herring ( C. harengus ) (Blaxter, 1985) . However, recent taxonomic literature has 

design ated the Herring a separate species  (Grant, 1986; Robins and others, 

1991). C. pallasii  is thought to have diverged from Atlantic Herring soon after the 

opening of the Bering Strait about 3.5 million years ago (Grant, 1986; Liu and 

others, 2011) . Herring have persisted through many climatic fluctuations, such as 

the glacial -interglacial cycles of the Pleistocene epoch, though their range has 

shifted over time in respo nse to oceanic cooling and warming cycles (Liu and 

others, 2011) .  

Herring are dark blue to olive gr een on their backs and silver on their sides 

and belly (Figure 2 -1) and this coloration  helps reduce predation in a visual 

environment (National Oceanic and Atmospheric Administration, 2014b; Sigler 

and Csepp, 2007) . Herring can grow up to 46 c enti meters (18 inches (in))  in the 

northern parts of their range (National Oceanic and Atmospheric 

Administration, 2014b) . The body is elongate with a deeply forked caudal fin , 

and a lateral line on each  side of the fish (Hourston and Haegele, 1980; Lassuy 

and Moran, 1989) . The mouth is terminal, moderate in size, without teeth, and 

directed moderately upward, with a protruding lower jaw (Hourston and 

Haegele, 1980; Lassuy and Moran, 1989) . This allows adult and juvenile Herring  to 

switch between particulate feeding and filter -feeding modes depending on 

prey size (Blaxter, 1985) . Like all clupeids, Herring  are physostomous, meaning 

that the swim bladder is connected to the gut and thus allows the fish to 

actively control its buoyancy (Blaxter, 1985; Carls and others, 2008b) . 
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Figure 2-1. Herring, with identifying features noted . 

 

 Distribution of Herring   

Herring are found throughout the coastal zone from Baja California to 

Alaska and across the north Pacific to Japan (Figure 2 -2) (Spratt, 1981) . A deep 

genetic division occurs between western and eastern Pacific populations (Hay 

and others, 2008; Liu and others, 2011) . In the northeastern Pacific, it is thought 

that Herring exhib it three different life history forms: 1) a long -lived, migratory 

ocean form; 2) a coastal form that migrates short distances or not at all; and 3) 

a resident form that spends its life in low salinity estuarine systems (Beacham and 

others, 2008; Carls and others, 2008b) . Herring distribution is heavily influenced by 

these differing life history strategies.  

 

 
Figure 2-2. Approximate distribution of Herring throughout the northern Pacific . 
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 Reproduction and Life Cycle  

Herring spawn once per year in the winter (Hay and others, 2001; Watters 

and others, 2004) . During the spawning season, Herring congregate in dense 

schools in the deep -water channels of bays while their gonads mature for up to 

two weeks, then gradually move inshore to intertidal and sh allow subtidal areas 

of bays and estuaries (Californa Department of Fish and Game, 2015; Spratt, 

1981). Spawning may be triggered by nighttime high tides (Spratt, 1981) , neap 

tides (Hay, 1990) , temperature (Hay, 1985) , or lowered salinity due to fresh water 

inputs, though the mechanisms are not well understood. A homing instinct has 

been demonstrated in Canada (Tester, 1937) and it is possible th at each 

spawning ground supports a stock that is distinct to some degree from adjacent 

stocks. However, the fluctuations in observed spawning locations in San 

Francisco Bay (Spratt, 1992; Watters and others, 2004)  (Section 3.4, and 

Appendix D ) suggest that other factors may influence choice  of spawning 

location from year to year.  

Herring display coordinated sexual behavior, in which a few sperm -

releasing males can induce spawning behavior in a large number of fish (Hay, 

1985; Rounsefell, 1930; Stacey and Hourston, 1982) . During spawning, males 

release milt into the water column while females extrude adhesive eggs onto 

available substrate (Figure 2-3). Herring in California have been known to spawn 

on subtidal vegetation, such as eelgrass , Zostera marina , and red algae , 

Gracilaria  spp. , as well as rocks, shell fragments, and man -made structures, such 

as pier pilings, riprap, and boat hulls (Californa Department of Fish and Game, 

2015). Sediment on the substrate may inhibit spawning (Stacey and Hourston, 

1982). Spawn density varies from an egg or two per square meter of substrate to 

complete coverage in layers up to eight eggs thick (Spratt, 1981) , and up to 16 

eggs thick in San Francisco Bay .  
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Figure 2-3. Herring eggs on eelgrass.  

 

Embryos (fertilized eggs) hatch in 8 -14 days, determined mainly by water 

temperature (Californa Department of Fish and Game, 2015; Vines and  others, 

2000), producing slender, transparent larvae about 6 -8 millimeter ( mm ) (0.2-0.3 

in) long (Spratt, 1981) . Warmer temperatures may lead to  smaller egg size  and 

earlier hatches. Incubation time was 6 -10 days in water temperatures of 8 -10 

degrees Celsius ( °C) (46-50 degrees Fahrenheit ( °F)) in Tomales Bay (Miller and 

Schmidtke, 1956)  and 10.5 days at an average water temperature of 10°C  (50°F) 

in San Francisco Bay (Eldridge and Kaill, 1973) . Larvae have a yolksac and 

limited swimming ability immediately after hatching. Their distribution is clumped, 

controlled largely by tidal factors (Henri and others, 1985) . The duration of the 

yolksac stage is dependent on the amount of yolk present and temperature 

(Fossum, 1996).  

The spawning season is followed by increasing temperature and 

productivity in San Francisco Ba y, providing food for young Herring (Watters and 

others, 2004) . At about three  months of age and 38 mm  (1.5 in) in length, Herring 

metamorphose into their adult form and coloration (Spratt, 1981) . In San 

Francisco Bay, juvenile Herring typically stay in the bay through summer, and 

then most migrate out to sea (Californa Department of Fish and Game, 2015) . 

They mature and spawn in their second or third year. Little is known about 

Herring from the time they leave inshore waters until they are recruited into the 

adult population at age two or three.  
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 Spawning S eason  

In California, schools of adult Herring migrate inshore to bays and estuaries 

to spawn, beginning as early as October and continuing as late as April 

(Californa Department of Fish and Game, 2015) . In San Francisco Bay, the 

spawning period is typically from November to March, with peak  levels of 

spawning occurring most often from December through February (Watters and 

other s, 2004).  

Spawning becomes progressively later for stocks further north (Table 2 -1). 

In Humboldt Bay and Crescent City Harbor spawns typically begin later 

compared to  San Francisco Bay. The largest fish typically spawn early in the 

season and smaller f ish spawn in subsequent waves  (Reilly and Moore, 1985; 

Ware and Tanasichuk, 1989) . 

 

Table 2 -1. Timing of Herring spawning season along the West coast of North America . 

Location  Spawning Season  

Gulf of Alaska and the southeast Bering Sea  March through May  

British Columbia  January through May  

Washington  
Mid -January through early 

June  

California  November through March  

 

Figure 2-4 shows the magnitude and timing of all spawns observed in San 

Francisco Bay since 1973. Throughout the history of the fishery, 65% of observed 

spawns have been in areas around the Marin shoreline (Table 2 -2), suggesting 

that the spawning grounds in and around Richardson Bay provide critical 

spawning habitat for the San Francisco Bay Herring population. The locations of 

spawns have changed over time. Some locations a re used for several 

consecutive years and then abandoned.  For example,  Marin was the primary 

spawning area in the majority of seasons  in the 1970s , but after a large storm in 

1982-83 the San Francisco Waterfront became the dominant spawning location 

until the mid -90s (Spratt, 1992) . Since the 2008 -09 season, Point Richmond, in  the 

North East Bay, has become an important spawning ground  despite not being a 

historically important spawning ground.  
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Figure 2-4. Distribution of dates  (x-axis), magnitude s, and location s of observed spawns in San 

Francisco Bay from 1973 -17 fishing seasons (y --axis). See Figure 2 -12 for a map of these locations.  

 
Table 2 -2. Summary of observed spawns in five regions in San Francisco Bay. For a map of 

these locations see Figure 2 -12. 

Spawn  Area  

Percent of 

Observed 

Spawns (1973 -74 

to 2016-17) 

Average 

number of 

Spawns per 

year  

Earliest date 

observed  

Latest Date 

observed  

Peak  

Month  

Marin  65.3 9 Oct 19 (2014)  Apr 26 (1999)  Jan  

San Francisco  18.5 2.5 Nov 18 (1988)  Mar 10 (1989)  Jan  

North  East 

Bay 
4.3 0.6 Dec 1 (1980)  Mar 5 (1981)  Feb 

South East 

Bay 
5.6 0.8 Dec 1 (1993)  Feb 18 (1990)  Dec  

South Bay  6.3 0.9 Dec 3 (2015)  Feb 23 (1987)  Jan  

 

 Movement  

Adult Herring move between spawning areas in the winter and feeding 

areas in the summer (Kvamme and others, 2000; Sigler and Csepp, 2007) . During 

the spawning season (i.e., November through March in California), Herring 

congregate in dense schools and migr ate inshore to intertidal and shallow 

subtidal areas of bays and estuaries (Moser and Hsieh, 1992; Spratt, 1981) . During 

spring and summer months, Herring move offshore to feed, forming dense 

pelagic schools (Californa Department of Fish and Game, 2015; Carls and 

oth ers, 2008b; Sigler and Csepp, 2007) . Generally, they school close to the 

seafloor in contine ntal shelf waters less than 200 meter ( m) (656 feet  (ft) ) deep 

(Hay and McCarter, 1997)  and at dusk they move towards the surface and 
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feeding activity increases (Blaxter, 1985) . The specific oceanic distribution of 

Californiaõs Herring stocks is unknown. The availability of suitable prey is likely the 

determining factor in Herringõs migration pattern and behavior in the feeding 

period (Kvamme and others, 2000) .  

Most of what we know about Herring movement in California come s from 

observations of their behavior in bays during the spawning season (Section 

2.2.3). Herring typically hold in deep water (>18 m)  (>59 ft)  for several days as 

they ripen for spawning (Watters and T. Oda, 2002) , before moving in to 

intertidal and shallow subtidal areas to spawn (Watters and others, 2004) . Spent 

Herring leave the bay soon after spawning and may travel over 150 k ilometers 

(km) /week (93 miles (mi) /week) (Carls and others, 2008b; Watters and others, 

2004). Many Youn g of  the  Year (YOY) Herring remain in the bay until summer 

and emigrate offshore  between June and October (Fleming, 1999; Watters and 

others, 2004) .  

Little is known about the offshore movement of Herring in California. 

However, Herring have been collected in trawls in the Gulf of the Farallones 

(GOF) (Reilly and Moore, 1985)  and landed commercially  during summer 

months  in Monterey Bay fishing port areas . There is also evidence that the 

Tomales Bay population moves offshore during the nonbreeding season while 

the San Francisco population remains onshore, moving down the coast to 

Monterey Bay (Moser and Hsieh, 1992) . This is consistent with the thought that 

Herring in the northeastern Pacific exhibit a number of different life history 

strategies. Some Herring populations (i.e., Northern Brist ol Bay Herring) are known 

to migrate as far as 2 ,100 km (1,304 mi) (Tojo and others, 2007) , while others 

display more resident behavior (Beacham and others, 2008) . 

  

 Diet and Feeding Behavior   

Diet study data for Herring in California are incomplete , though studies 

have been conducted for other populations. In San Francisco Bay, a large 

portion of larval Herring diet is composed of tintinnids, a single -celled 

microzooplankton (Bollens and Sanders, 2004) . Juvenile Herring feed on a variety 

of micro -plankton (diatoms, protozoans, bivalve veligers, and copepod eggs, 

nauplii, an d copepodites ) (Purcell and Grover, 1990) . Juvenile Herring in shallow 

subtidal areas feed primarily on zooplankton (copepods and crab larvae ) (Fresh 

and others, 1981) .  

Herring continue to feed on plankton throughout their life cycle, relying 

heavily on visual cues in feeding (Blaxter and Holliday, 1963) . During the feeding 

season Herring also move diurnally to maximize access to prey, conserve 

energy, and avoid predation (Carls and others, 2008b) . Adult Herring schools 

spend the day near the seafloor and move toward the surface at dusk, where 

feeding activity increases and fish scatter as light decreases (Blaxter, 1985) . 

Herring may release gas from their swim bladders as the y ascend (Thorne and 

Thomas, 1990) . As light increase s again at dawn, the school reforms and moves 
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back into deeper water (Blaxter, 1985) . This diel vertical migration cycle may be 

an adaptation for optimal feeding or to reduce predation (Blaxter, 1985) . 

Herring diet changes as a function of size, time of year, and habitat, and 

there may be very little direct competition for food between age classes 

(Californa Department  of Fish and Game, 2015; Hay, 2002) . Adult Herring in 

Alaska are known to feed on a variety of organisms, from euphausiids ( krill) and 

copepods to salmon fry (Stokesbury and others, 1998) . Adults will switch feeding 

forms (filter or particulate feeding) based on food concentration and size to 

maximize number of prey (Blaxter, 1985; Boehlert and Yoklavich, 1984; Gibson 

and Ezzi, 1985). 

 

 Natural Mortality  

 

 Annual Mortality Rates and S ources  

Natural mortality is defined as all the sources of death for a fish populat ion 

other than fishing (Ricker, 1975) . Sources and annual rates of natural mortality for 

Herring differ at various life stages, with mortality typically being greatest during 

the first year of  life (Table 2 -3, Appendix A). Survival of eggs is highly variable, 

and thus a large number of eggs laid in a given year does not necessarily 

correlate with a strong year class (Watters and others, 2004) . Larval survival is 

likely the major determinant of year class strength (Carls and others, 2008b) , and 

a study in San Francisco Bay found the Catch  Per Unit Effort  (CPUE) of juvenile 

Herring in the bay (~3 -8 months old) to be correlated with spawning biomass 

three years later (Sydeman and others, 2018) . Once juveniles leave the bay 

(August -October) they begin to school to minimize predation risk (Carls and 

others, 2008b) . Mortality  rates for adult  Herring worldwide are between 30 and 

40% (Stick and others, 2014) , though higher (and increasing) mortality rates have 

been documented in some  Herring stocks.  
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Table 2 -3. Summary of estimated  natural  mortality  rates and sourc es for Herring at different life 

stages . 

Life Stage  Mortality Rate  Sources of Mortality  Reference  

Egg 66ð100%  

Wave action, predation, 

smothering by dense egg 

deposits, hypoxia, desiccation , 

temperature, and microorganism 

invasions  

(Rooper and 

others, 1999)  

Larvae - Post 

Hatch  
0ð50%  

Physiological abnormalities, such 

as underdeveloped jaws, which 

leads to  starvation  

(Norcross and 

Brown, 2001)  

Larvae - 

Dispersal 

Period  

93ð99%  Starvation or predation  

(Norcross and 

Brown, 2001; 

Purcell and 

Grover, 1990)    

Juveniles  1ð98% 
Starvation, competition, 

predation, and disease  

(Norcross and 

Brown, 2001)  

Adults  

30 and 40% (with 

some estimates as 

high as 60%)  

Predation, disease, starvation, 

competition, or senescence, and 

observed increa ses in mortality 

could also be caused by 

pollution or climatic shifts  

(Bargmann, 

1998; Gustafson 

and others, 

2006; Stick and 

others, 201 4) 

 

 Estimates for Instantaneous Mortality R ates  

Mortality for fish is often reported as an instantaneous natural mortality (M) 

and is one of the most important and uncertain life history parameters in fishery 

management. In Herring populations estimates of M have varied substantially 

over time and life history stage (Cleary and others, 2017; Stokesbury and others, 

2002). In British Columbia, M was found to increase with age from 0.21 to 0.67 

between ages four  and eight  and was greater than 0.99 for older ages 

(Tanasichuk, 2000) . In addit ion to varying with age, M has been found to vary 

over time, suggesting that it likely fluctuates in response to environmental 

conditions (Fisheries and Oceans Ca nada, 2016) . 

An age -structured stock assessment model commissioned for the San 

Francisco Bay Herring stock by the Centre for Environment, Fisheries and 

Aquaculture Science (Cefas) had difficulty estimating M for the San Francisco 

Bay Herring stock (Appendix B) . Instead,  values ranging from 0.27 to 0.61 

(corresponding to annual mortality rates of 23 -45%) were explored. In addition, 

this assessment explored increasing M in older (age six and older ) Herring 

beca use it improved fits to the available data . 

 

 Maximum Age and Age Structure of the P opulation  

Herring in California are considered a short -lived species and generally, 

few fish live longer than 9 years  (yr), though longevity may exceed 15 y r (Ware, 

1985). Maximum age of Herring increases with latitude (Carls and others,  2008b; 

Hay and others, 2008) , with fish in northern populations living up to age 19 and 

fish in extreme southern populations typically liv ing only 6 or 7 yr (Hay and others, 
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2008). The San Francisco population is towards the southern end of Herringõs 

range and fish older than  7 yr do not form a large component of this stock . 

Herring scales and otoliths can be used to determine the age of individual 

Herring. The Department has collected otoliths from the Herring research catch 

during each winter spawning season since 1982 -83 to  track the stockõs age 

structure in San Francisco Bay (Figure 2 -5). The age composition of spawning 

populations is influenced by dominant year  classes and can vary considerably. 

For example, a strong recruitment event in 2009 -10 was observed, but since the n 

the proportion of age two  fish observed in the research catch has declined , 

which may be attributed to unprecedented warm water and drought 

conditions from 2014 -16, driven in part by the North Pacific Marine Heatwave 

(Chapter 3.2 ). 

 

 
Figure 2-5. Observed age distribution of the research catch in San Francisco Bay, 1982 -83 

through 2017 -18 seasons. Note that no sampling  was  conducted in the 1990 -91 and 2002 -03 

seasons. 

 

In the late 1990s and 2000s, a truncation in the age structure was 

observed, with few fish over age six recorded. This led to concerns that the 

harvest rate was negatively impacting the age structure of the stock, and fishing 

pressure was reduced due to lo wer harvest rates from 2004 onward. In recent 

years Department staff  have observed an increase in older fish (age six and 

older ) in their samples, indicating that 6 and 7 yr old Herring are once again 

present in the San Francisco stock.  

Age structure data  for  the Humboldt Bay population were  collected 

during the 1974 -75 and 1975 -76 season and provides information on the age 
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structure of the stock when it was lightly fished (Table 2 -4). The maximum age 

observed was 11, and almost 20% of th e stock was over a ge eight . There are  no 

recent data on the age structure from Humboldt Bay.  

 
Table 2 -4. Observed age composition in the Humboldt Bay stock between 1974 -76 (Rabin and 

Barnhart, 1986) . 

Age  
1974-75 1975-76 

Number Sampled  Percent  Number Sampled  Percent  

2 75 29.6 97 33.6 

3 42 16.6 68 23.5 

4 41 16.2 33 11.4 

5 19 7.5 28 9.7 

6 11 4.3 14 4.8 

7 19 7.5 10 3.5 

8 30 11.9 25 8.7 

9 11 4.4 10 3.5 

10 3 1.2 3 1 

11 2 0.8 1 0.3 

Total 253 100 289 100 

 

 Growth I nformation  

 

 Larval Growth  

At the time of hatching, Herring larvae are approximately 7.5 ð9.0 mm  

(0.30-0.35 in) in length (Carls and others, 2008b; Hart, 1973; Hourston and 

Haegele, 1980) . A growth rate of 0.48 ð0.52 mm/day  (0.019-0.020 in/day)  was 

estimated for larvae during the first 15 days of life (Alderdice an d Hourston, 1985; 

Carls and others, 2008b) . The body begins to change over the next five weeks as 

it deepens and forms rudimentary fins, and by week ten, with a length of 

approximately 25 mm  (0.98 in) , larvae begin to metamorphose into juveniles, 

taking  on the general appearance of adults and begin developing scales (Carls 

and others, 2008b; Hourston and Haegele, 1980) . Af ter about three more weeks, 

metamorphosis is complete and juveniles are approximately 35 mm  (1.4 in) long 

(Hourston and Haegele, 1980) . Growth over the summer i s quick, and juveniles 

typically reach a length of 100 mm (3.93 in) by fall, whereas little growth occurs 

during the winter (Hourston and Haegele, 1980) . Herring in San Francisco Bay 

reach approximately 100 mm  (3.9 in) in average length by age one . 

 

 Length at Age  

Adult Herring typically range from 130 ð260 mm (5-10 in) in total length 

depending on the region, though larger Herring have been observed in Alaska 

(Emmett and others, 1991; Hart, 1973; Miller and Lea, 1972) . Herring in the San 
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Francisco Bay spawning population range in size from approximately 100 -240 

mm  (4-9 in) in body length (BL).  

A comparison of growth curves from Herring sampling in San Francisco 

Bay in the 1970s (Spratt, 1981)  and more recent years (1998 -17) suggests that the 

length at age has been declining (Figure 2 -6). Growth is highly variable from  

year to year due to variations in parental/adult biomass, initial larval mass, fish 

abundance, sea temperature, salinity, or other oceanographic factors 

(Tanasichuk, 1997) . The Spratt  (1981) growth curve may therefore reflect a time 

period of better growth conditions, however, the lower length at age in t he 

more recent years may also reflect a long -term change in size at age attributed 

to either selective fishing pressure or changing climatic conditions, as has been 

documented in other Herring stocks (Fisheries and Oceans Canada, 2016; 

Wheeler and others, 2009) , and appears to be the case with other size metrics 

for San Francisco Bay Herring.  

 

 
Figure 2-6. Mean length at age (dots), observed length distribution at age (dashed vertical lines), 

and modeled length at age for male (blue) and female (pink) Herring in San Francisco Bay 

between 1998 -17 is contrasted with the modeled length -at -age for San Francisc o Bay Herring 

from 1973 -75 (black dot and dash line, sexes combined ) (Spratt, 1981) . 

 

In addition to temporal variability, Herring also show a  great deal of 

spatial variability in growth. San Francisco Bay Herring are near the southern end 

of their range and thus have smaller maximum sizes (Schweigert and others, 

2002). Spratt  (1987) found that Tomales Bay Herring are 1 ð10 mm  (0.03-0.40 in) 

larger at each age than San Francisco Bay Herring. This latitudinal cline does not 

always hold, however, as environmenta l factors or life history strategies can  

have stronger effects on growth. Data on growth and size  at age  are lacking for 

Humboldt Bay and Crescent City Harbor stocks.  
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The Department has collected weight and length data as part of its 

ongoing sampling progr am since 1973. The data collected betwe en the 1998 

and 2017 seasons are summarized in Figure 2 -7. Females are slightly heavier at  

age than males at larger sizes . 

 

.

 
Figure 2-7. Length -weight relationship for  mature, unspent San Francisco Bay Herring between 

1998 and 2017 (n= 6296, 54% males) . 

 

The Department has tracked mean weight at age of San Francisco Bay 

Herring since 1983 (Figure 2-8). The 1982-83 season corresponded with an El Niño 

event, and weight at  age increased in following years. However, since the mid -

1980s there has been a substantial decrease in the weight at age of fish ages 

five and older. The weight at age of fish ages two to four remain variable but 

stable through the 1990s but has declined  since the early 2000s despite reduced 

fishing pressure. A similar decline in weight at age has been seen in Herring 

stocks in British Columbia (Fisheries and Oce ans Canada, 2016) . 
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Figure 2-8. Mean weight at age observed in the research catch between the 1982 -83 and 2017 -

18 seasons. Mean weight at age fluctuates from year to year but has declined for age three 

and older  Herring.  

 

 Body Condition  

Since 1979, e ach year the observed lengths and weights  for mature 

Herring are used to develop a Condition Index (CI), which is derived from a fishõs 

weight divided by the cube of its length. High condition indices have be en 

associated with increased reproductive capacity and fish survival (Schloesser 

and  Fabrizio, 2017). The average San Francisco Bay Herring CI for mature males 

and females are shown in Figure 2 -9. The CI may be higher in some cool years, 

and can drop during or shortly after warmer years (Spratt, 1987) . Increases may  

reflect the increased productivity of the CCE during cooler years. The largest 

reductions in CI were observed  during the strong  El Niño events in 1982 -83 and 

1997-98. Despite a recent increase , the long -term CI trend is decreasing , though 

the underlying cause of that decrease is unknown . 
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Figure 2-9. Yearly condition index for San Francisco Bay Herring and average SST anomaly 1 in the 

Eastern Pacific between 198 0 and 2018 . 

 

 Size and Age at Maturity  

Herring are thought to enter the spawning population at age two  and by 

age three  all Herring are mature (Spratt, 1981) . Some 1 yr old Herring 

occasionally spawn. In San Francisco Bay, there is a shift in the age and size 

structure of spawning runs as the season progresses. Early runs tend to be 

composed of a low percentage of age 2 and 3 yr Herring. These younger 

Herring mature later in the seaso n and represent a high percentage of late 

season spawning runs. During years of poor recruitment, when age two and 

three  and older fish appear in low numbers, spawning may cease prior to 

March . When recruitment of age 2 and 3 yr old  fish is high, spawning may 

continue through March. A broad age structure can enhance the resilience of a 

stock by averaging out the effects of age on reproduction (Lambert, 1987) . 

Age at maturity varies spatially and increases with latitude and colder 

temperatures (Hay, 1985) . For instance, Herring mature at 2 to 3 yr in California, 3 

to 4 yr in Washington and British Columbia (Outram and Humphreys, 1974) , and 

up to 8 yr in the Bering Sea (Carls and others, 2008b; Emmett and others, 1991; 

Spratt, 1981) . Age at maturity also differs between sexes. Males begin to mature 

earlier and develop faster than females (Hay and Outram, 1981; Lassuy and 

Moran, 1989; Ware and Tanasichuk, 1989) . Age at maturity is likely related to 

environmental conditions or cues and fluctuates from year class to year class.  

 

 Fecundity  

Various researchers have estimated fecundity of Herring using fish length, 

weight (e.g., gonadosomatic index), or age (Lassuy and Moran, 1989) . Length -

specific fecundity has been widely reported to decrease with increasing 

latitude (Hay, 1985; Lassuy and Moran, 1989; Paulson and Smith, 1977) . However, 

since fecundity increases with body size, mean and maximum fecundities of all 

                                            
1 SST Anomaly for the Nino 3.4 Index, averaged for the year. Retrieved on November 12, 2017 

from https://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/Nino34/   
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spawners actually increase with l atitude as well (Carls and others, 2008b; Hart, 

1973; Lassuy and Moran, 1989; Paulson and Smith, 1977) . Since 1973, seven 

fecundity estimates have  been generated for California Herring stocks in 

Humboldt Bay, Tomales Bay, and San Francisco Bay (Table 2 -5). The range of  

average fecundity  estimates  for female Herring from different California  Herring 

stocks is approximately 21 0-228 eggs per gram  (g)  of body weight.  For females in 

San Francisco Bay, the most recent estimate of average fecundity is 210 eggs/g  

(Table 2 -5).  

Estimated fecundity is used to calculate annual Spawning Stock Biomass 

(SSB) from the number of eggs observed in spawn surveys. Bec ause the 

fecundity of the stock can vary with environmental conditions, as well as among 

fish of different size class, and because using outdated or poor estimates of 

fecundity can bias the SSB estimate (Appendix O), fecundity should be 

estimated frequentl y, ideally by size class within a stock. However, fecundity 

measurements are resource intensive, therefore the Department only measures 

fecundity periodically (approximately once a decade).  The Department will 

continue to estimate fecundity as necessary to  determine SSB ac curately as 

staff time allows.   

 

Table 2 -5. Summary of fecundity estimates for California Herring stocks . 

Reference  

Eggs/g Female 

Body Weight  

(Average)  

Range  
Sample 

Size 

Tomales Bay - Hardwick  (1973) 228  --  -- 

Tomales Bay - Kaill (unpublished data)  in Spratt (1981) 216  --  -- 

Tomales Bay ð Reilly and Moore (1984) 220  --  -- 

San Francisco Bay ð Reilly and Moore (1986) 226.4  n=96 

San Francisco Bay - Ray unpublished  data ( 2014-15) 210 201 - 219 n=30 

Humboldt Bay - Rabin  and Barnhardt (1977) 220 185 - 255 n=37 

Humboldt Bay - Ray unpublished  data  (2014-15) 228 218 - 238 n=20 

 

 Abundance Estimates  

Herring abundance generally increases with latitude. Population size likely 

depends on the amount of summer feeding habitat (i.e., coastal shelf waters) as 

well as the presence of suitable spawning habitat, with the largest populations 

occurring off Britis h Columbia and Alaska (Hay and McCarter, 1997) .  

Short-lived pelagic fish, such as Herring, can exhibit wide fluctuations in 

abundance . Herring are highly sensitive to environmental conditions that affect 

oceanic productivity and can experience large dips in population size even in 

the absence of fishing . The San Francisco Bay Herring population has shown an 

increased level of variation in population sizes since 1992, likely driven by 

increased variation in oceanographic conditions over that time period  

(Sydeman and others, 2018) . However, Herring are highly fecund, and 

populations in California have increased rapidly  following periods of decline . 
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Because  of these dynamics, frequent  short-term assessments are valuable for 

tracking the population status.  

Yearly surveys have been the primary assessment method used to 

manage the Herring stock in San Francisco Bay (Chapter 4 ). Biomass estimates 

for the San Francisco stock increased as s urvey methodologies were refined 

during the 1970s ( Section  6.1.2). Abundance surveys were also conducted 

yearly in Tomales Bay until the 2005 -06 season and have been conducted 

intermittently in Humboldt Bay (Figure 2 -10). Department biomass estimates are 

derived  from egg deposition surveys and total commercial catch data, and 

may underestimate the true size of the mature stock (also known as the 

Spawning Stock Biomass, or SSB).  

While management has primarily relied on survey -based estimates of 

abundance, t wo stock assessments have been conducted to provide modeled 

estimates of Herring abundance in San Francisco Bay, as well as to estimate 

other important life history parameters. In 2003 an age structured stock 

assessment model (Appendix C) was applied to a time series of catch -at -age, 

SSB estimates from Department surveys, and biological parameters. That study 

concluded that the while the stock abundance had remained high through the 

1970s and 80s, a combination of lower recruitment (likely  due to poor 

envir onmental conditions) and high exploitation rates in the late 1980s and 90s 

had lowered stock sizes to 20 -25% of those from the early years of the fishery. The 

Coleraine model suggested that the most significant period of decline was after 

the strong El Ni ño in 1997-98 (Appendix C). More recently , in 2011, a second 

stock assessment model was commissioned for the San Francisco Bay Herring 

stock  by the San Francisco Bay Herring Research Association  (SFBHRA), and 

completed by Cefas  in 2017. An age -structured population model was 

developed, and reference points were estimated using the model (Appendix B). 

However, due to an inability to fit a stock recruitment relationship and other 

uncertainties in the model, an  independent peer review panel recommended 

that t he stock assessment not be used to estimate SSB or make management 

decisions until additional analysis was completed (Appendix B). 
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Figure 2-10. Reported estimates of SSB (including catch) for San Francisco Bay  (a) , Tomales Bay  

(b) , and Humboldt Bay  (c)  for all seasons in which surveys were conducted.  In San Francisco 

Bay, biomass estimates for seasons prior to 1979 -80 represent intertidal spawns only. Note the y -

axes scale differs among (a) ð (c).   
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 Habitat  

 

 Habitat Needs f or Each Life Stage  

 

 
Herring in California spawn primarily in areas that are sheltered from the 

ocean surf, such as in bays, estuaries, and harbors. Herring have also been 

reported to spawn in unprotected near -shore coastal waters, though this has 

not been well studied in Califor nia. Spawning may take place in the intertidal 

zone, defined as the regions that lie between low and high tides, or in subtidal 

areas, which are always submerged. Herring eggs become sticky after 

fertilization and adhere to a variety of substrates, rather than float in the water 

column.  

The predominant spawning habitat for Herring in California are beds of 

submerged aquatic vegetation , both  in rocky intertidal areas, and in shallow  

subtidal  areas with substrate s composed of combinations of mud, silt, clay, 

sand, and pebbles/cobbles. Eelgrass is a native marine vascular plant that often 

forms dense beds that  serve as one of the primary subtidal vegetation habitats 

on which Herring spawn . Eelgrass beds are structurally complex and highly 

productive habitats wh ich provide refuge, foraging, breeding, or nursery 

functions for a variety of fishes, including Herring, invertebrates, and birds 

(Phillips, 1984). Eelgrass beds also enhance stability and prevent  shore erosion 

through wave attenuation, provide nutrient transport, sequester carbon, and 

improve water quality by filtering organic matter and sediment.  

Gracilaria  spp. co -occurs with eelgrass  in many shallow subtidal areas with 

soft sediment substrate , and over time vegetation beds in an area can fluctuate 

between being dominated by one species versus the other (California 

Department of Fish and Game, 1998; Spratt, 1981) . Herring have also been 

observed to spawn on  various other genera of subtidal and intertid al alg ae, 

including  Fucus , Ulva, Macrocystis , Laminaria  and Sargassum . Bed locations and 

sizes of submerged vegetation  areas  are determined by water depth and 

turbidity, which control light availability, as well as temperature, salinity and 

storm action . Eelgrass abundance and density is dynamic and beds expand 

and contract in response to changes in their environment  (Section 2.13.3) . It is 

not known how these fluctuations may impact the reproductive success of 

Herring.  

Herring also spawn on natural hard su bstrates such as boulders, rock face 

outcrops, and low relief rock, as well as man -made hard substrate including 

submerged concrete breakwaters , bulkheads, vessel structures, pilings, riprap, 

and pipelines. These substrates are often covered with multiple species of 

animals including barnacles, chitons, limpets, anemones, bryozoans, tunicates, 

oysters, and mussels, as well  as green, red , and brown algae. The San Francisco 

Bay Waterfront has been used consistently as spawning habitat, and in Crescent 

City Harbor Herring spawns occur on various man -made structures. However, 
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the antifouling agents used in these areas may reduce the survival of Herring 

embryos and larvae (Vines and others, 2000) . 

 

 
After hatching, Herring spend 5 -9 months  in nursery habitats within 

estuarine ecosystems and utilize a variety of behaviors to adjust their position in 

the water column. During  the summer and fall juveniles begin to leave these 

protected waters to school  in the open ocean. There is limited infor mation on 

how habitat factors affect the distribution or survival of Herring during these 

stages, and estuarine ecosystems are highly dynamic, unique, and variable , 

driven largely by oceanographic, watershed, and geomorphological conditions 

(i.e. salinity,  degree of freshwater input, physical characteristics) (Griffin and 

others, 2004; Griffin and others, 1998; Haegele and Schweigert, 1985; Hay, 1985; 

Kimme rer, 2002a; Kimmerer, 2002b; Vines and others, 2000) . Mortality at the 

larval and juvenile larval stages can be high (Hardwick, 1973; Outram, 1958) , 

and may  be a primary determinant of Herr ing year class strength.  

Data on the distribution of larval and juvenile Herring  within San Francisco 

Bay is provided by  the Departmentõs Bay Study Program (Baxter and others, 

1999) using trawl , egg and larval net,  and beach seine gear ( Section  6.1.2.5). 

This survey began in 1980 and provides information on the distribution of YOY 

Herring within San Francisco Bay . Analysis of this dataset indicates that, in years 

when Delta outflow is lower than normal (as in dry years), more YOY Herring are 

found at upstre am survey stations, with YOY observed in Suisun Bay and the 

West Delta . In years characterized by high  Delta outflow , Herring YOY are found 

to the west, with YOY observed primarily in Central and South San Francisco Bay. 

This suggests that fluctuations in outflow and salinity in the Delta each year may 

determine where viable nursery habitat for Herring YOY occurs.  

 

 
After Herring move out of their nursery ground and into the open ocean, 

they inhabit coastal pelagic zone s. Adult Herring spend most of their adult life in 

the open ocean but return to bays and estuaries each winter to spawn. The 

exact distribution of these schools in terms of their range, depth, and migratory 

patterns has not been well studied. However, Mont erey Bay has been identified 

as a summer feeding ground for Herring, and  based on similarities in parasitic 

infections,  this is likely the same stock that spawns in San Francisco Bay (Moser 

and Hsieh, 1992) . The same study indicated that the  Tomales Bay stock had a 

different suite of parasites , which are more likely to be found offshore, 

suggesting that the Tomales stock may feed each summer in deeper waters.  

 

 Identified Herring Spawning Habitat in California  

Herring roe fisheries, which target Herring in harbors and bays during the 

spawning season, o ccur in four separate management areas within California 

(Figure 2-11). The available Herring  spawning  habitat in these areas has been 
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fairly well studied, and is described below and depicted in Appendix D. Only 

San Francisco Bay and Tomales Bay have Herri ng populations large enough to 

support major fisheries, though small fisheries have occur red historically  in 

Humboldt Bay and Crescent City Harbor. The populations in each of these bays 

are managed as separate stocks  because Herring are thought to return t o areas 

that they were born when they reach spawning maturity .  

Herring also spawn in other locations outside  the four management areas. 

For example, Herring have been observed to spawn in San Diego Bay, San Luis 

River, Morro Bay, Elkhorn Slough, Bodega Ba y, Russian River, Noyo River, and 

Shelter Cove ( Figure 2-11) (Spratt, 1981) . In 2016-17 a spawning event was 

documented for the first time in Trinidad Bay , located about 32 km (20 mi) north 

of Humboldt Bay. Spawning in these areas are thought to be minor and may not 

occur every year.  

 

 
Figure 2-11. Map of observed Herring spawning locations and fisheries in California . 

 

 
The San Francisco Bay estuary, with a surface area of 1,240 km (478 mi), is 

the largest coastal embayment on the Pacific coast of the United States. San 

Francisco Bay  is a broad, shallow, turbid estuary , w ith an average depth of 6 m 

(20 ft) at Mean Lower Low Water  (MLLW). The bay is characterized by broad 

shallows that are incised by narrow channels that are typically 10  m (33 ft)  deep, 

though some are much deeper. Ocean water enters the bay on the tidal cycle 

and flows up to 60 km (37 mi) from the bayõs entrance at the Golden Gate, 
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while fresh water flows into the bay from the Sacramento -San Joaquin drainage 

basin as well as local  streams. Inflow is highly seasonal, and is composed of 

rainfall runoff during winter and snowmelt runoff during spring and early summer.  

In San Francisco Bay, Herring  spawn in both the intertidal zone and 

immediately adjacent subtidal areas as well as in  submerged vegetation beds 

(primarily eelgrass  and Gracilaria  spp.). Habitat types used for spawning include 

the  rocky intertidal and subtidal shoreline of the Golden Gate, rocky intertidal 

and subtidal shoreline inside the bay, and protected bays and cove s with 

subtidal vegetation, and man -made substrates such as the riprap, pilings, and 

boat hulls found in marinas or along piers and jetties. The only areas not utilized 

are mud flats with no vegetation. Figure 2 -12 shows the areas where spawning 

has been o bserved since spawn surveys began in 1973.  

Since the Department  began monitoring Herring in San Francisco Bay, the 

majority of spawns have occurred in Richardson Bay ( Section  2.4), where there is 

a large eelgrass bed of approximately 675 acres (273 hectare s) (Merkel and 

Associates, 2014) . This area is closed to gill net  fishing for Herring  (Section  5.5). 

Herring  also frequently utilize the eelgrass beds along the southern shoreline of 

the Tiburon Peninsula , including  Belvedere and Kiel Coves, as well as those  

along the East Bay shoreline , from  Point San Pablo  to Bay Farm Island (Appendix 

D). The largest eelgrass bed in the estuary is  located between Point Pinole and 

Point San Pablo  in San Pablo Bay. This bed was approximately 1,530 acres (619 

hectares) during 2014 and composed almost 55 % of the total eelgrass coverage 

in San Francisco Bay at that time (Merkel and Associat es, 2014). However, 

despite its size,  there is no Department record of  Herring ever utilizing  this bed as 

spawning substrate.  In recent years , the waterfront area of Point Richmond , 

near the Richmond San Rafael Bridge, has become an important spawning 

habitat for the San Francisco Bay stock.  

The vegetation bed  areas  in San Francisco Bay tend to  expand and 

contract  in response to conditions in the bay . Recent mapping efforts showed 

an increase in eelgrass coverage from 2,700 acres  (1,092 hectares) in 2003 to 

3,700 acres  (1,497 hectares)  in 2009, and then a contraction back down to 2,700 

acres  (1,092 hectares)  in 2014 (Merkel and Associates, 2014) . These changes in 

coverage are primarily attributed to changes in temperature and light 

availability due to turbidity in the water column, which increases during years 

with high runoff or increased storm action (Sections 2.13.1.1 and 2.13.1.2). In 

favorabl e conditions, eelgrass is able to recolonize areas that have lost 

coverage. Figures 2 -13 and 2 -14 show the persistence of these beds in the 

northern and southern portions of San Francisco Bay, respectively.  Frequency is 

defined as the number of survey year s (2003, 2009, and 2014) in which eelgrass 

was observed in each location .  
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Figure 2-12. Observed spawning location s in San Francisco Bay from 1973 to 201 9.  
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Figure 2-13. Eelgrass distribution and persistence in the northern portion of San Francisco Bay  

(Reproduced from  Merkel and Associates  (2014)).  
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Figure 2-14. Eelgrass distribution and persistence in the southern portion of San Francisco Bay  

(Reproduced from Merkel  and Associates (2014)). 

 

 
Tomal es Bay lies in Marin County, approximately 48 km (30 mi) north of San 

Francisco Bay. It is 20 km (12.5 mi) long and averages nearly 1.6 km (1 mi) wide. 

The bay is completely sheltered from the open ocean , and considerable 
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freshwater runoff enters the bay  from numerous streams in the area . Submerged 

aquatic vegetation beds in  Tomales Bay  include  eelgrass  and various species of 

benthic macroalgae , as well as widgeongrass , Ruppia maritima , in the southern -

most extent of the bay . Eelgrass is the dominant mari ne flora in Tomales Bay 

(Hardwick, 1973; Merkel and Associates, 2017)  and the primary spawning 

habitat for Herring there . In the northern half of  Tomales Bay, eelgrass beds  are 

present on shallow, subtidal sand bars, while in the southern half of the bay, they 

are  mostly restricted to narrow band s along the shore at depths no greater than  

3.6 m (12 ft) below the MLLW line (Spratt, 1986) . Portions of the eelgrass beds are 

intertidal, becoming completely exposed during low er-low  tides. Eelgrass 

distribution in Tomales Bay is relatively stable from year to year . A 2013 

Department  mapping effort identified 1,288 acre s (521 hectares) of eelgrass 

habitat in Tomales Bay, while 2017 effort identified  1,527 acres (618 hectares) 

(Merkel and Associates, 2017) . While the overall distribution of eelgrass habitat is 

relatively stable  in Tomales Bay , bed densities are  variable and can fluctuate 

seasonally , as is typical for the  species.  

 

 
Humboldt Bay is located approximately 488 km (260 mi) north of San 

Francisco and is Californiaõs second largest estuary. The bay is 23 km (14 mi) 

long, 7 km (4.5 mi) wide at its widest point, and approximately 65 km 2 (25 mi 2) in 

size excluding its tributaries and sloughs. Humboldt Bay consists of three main 

areas, known as North Bay (or Arcata Bay), South Bay, and Entrance Bay. North 

Bay and South Bay are large shallow basins with extensive intertidal flats that are 

fully exposed during minus tides.  Entrance Bay is composed of a large deep -

water channel that connects North and South Bays to the Pacific Ocean. 

Entrance Bay is periodically dredged to allow for large vessel traffic and has a 

highly developed shoreline that supports commercial activities . 

Eelgrass is the dominant vegetation type in Humboldt Bay, and is the 

primary spawning habitat for Herring. Eelgrass distribution has been mapped 

several times in Humboldt Bay between 1959 (Keller, 1963) and 2009 (Schlosser 

and Eicher, 2012) , with estimates of total eelgrass acreage ranging widely during 

this time. While some of this variation likely reflects actual changes in eelgrass 

area, primarily in North Bay, due to freshwater inflows, thermal st ress, and 

changes in the intensity of historic shellfish bottom culture practices, some of the 

variation may also be a function of different survey methods (Merkel and 

Associates, 2017; Schlosser and Eicher, 2012) . At the bay -wide scale, eelgrass 

extent is generally considered relatively stable through recent time; however, at 

finer scales, eelgrass in Humboldt Bay is recognized as being fairly dynamic 

(Merkel and Associates, 2017) . Based on data in Schlosser and Eicher (2012), 

Merkel and Associates (2017) estimate approximately 4,700 acres (1,902 

hectares) of continuous eelgrass habitat in Humboldt Bay.  
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Herring spawning occurs in both North and South Bays, although North 

Bay typically receives th e majority of spawning activity. Spawning has occurred 

every year in North Bay since the fishery began during the 1973 -74 season.  

 

 
Crescent City is located approximately 560 km (350 mi) north of San 

Francisco and approximately 24 km (15 mi) south of the Oregon -California 

border. The majority of Herring  spawning events take place in Crescent City 

Harbor. This makes Crescent City somewhat unique, because the primary 

spawning habitat is the harbor breakwater and all rocky areas and kelp b eds 

near the harbor , rather than shallow mudflats. It is possible that Herring  spawn in 

areas outside of the harbor, but these areas have not been surveyed by 

Department staff.  

 

 Threats to Herring Habitat  

There are a number of threats to Herring  habitat fr om both fishing and 

non -fishing sources. The Department has direct jurisdiction over and ability to 

mitigate threats stemming from fishing activities, and does this by  restricting the 

types of fishing gears  allowed , requiring gear modifications, or restric ting the 

locations or times of year when fishing activities can occur.  The Department 

considers the threats from fishing activity to Herring spawning habitat  in San 

Francisco Bay  to be low.  Richardson Bay is closed to Herring  gill net  fishing, and 

this pro vides protection to the eelgrass habitat in this area. However, portions of 

vegetation beds in areas open to gill net ting may be disturbed by gill net s and 

Herring  boat anchors during fishing activities. The habitat impacts from the 

fishery are short in du ration and primarily over muddy habitat in areas that are 

routinely subjected to disturbance from tides and currents that suspend and 

deposit material. Potential adverse impacts include scouring of soft -bottom 

sediments by propeller wash in shallow water a reas and disruption of sediments 

while setting and pulling fishing gear (nets or anchors dragging along the 

bottom). However, the fine -grained muds found in most fishing areas within the 

bay are constantly being re -suspended, transported and re -deposited b y water 

movement. The dynamic nature of fine -grained sediment deposition suggests 

that no significant short -term or long -term impacts to the San Francisco Bay 

bottom are likely (California Department of Fish and Game, 1998) .  

Given the unique life history of Herring, the majority of habitat threats in 

shallow, coastal spawning/nursery ground habitat are from non -fishery sources, 

such as construction, shoreline development, pile driving, dredging, urban 

runoff, invasive species, freshwater diversion, vessel traffic, and pollutants. The 

impacts of each of these threats are described in detail in Table 2 -6. 

In San Francisco Bay, m any of these activities a re particularly intense 

along the San Francisco Waterfront, Port of Oakland, San Francisco ðOakland 

Bay Bridge, and the Richmond ðSan Rafael Bridge. In addition, these threats tend 

to be cumulative, with both direct and secondary impacts on Herring  stocks 



Draft Herring FMP       August  2019 

2-28 

an d their habitat. The primary threats to eelgrass and spawning habitats in 

Tomales and Humboldt Bays include aquaculture  practices  and damage from 

vessel mooring. In Tomales Bay, the threat associated with moorings has been 

mitigated via the adoption of the  Tomales Bay Mooring Program in 2017, which 

prohibits vessels from mooring in seagrass beds. In harbors and marinas such as 

in Crescent City and along working waterfront areas in San Francisco Bay, the 

use of antifouling agents also presents a threat to th e development of Herring  

larvae. Crescent City Harbor has also undergone  a large amount of 

construction to repair the harbor after the 2011 tsunami.  

Herring spawning habitats in California, particularly eelgrass beds , also 

face threats from climate change. The distribution of Californiaõs eelgrass beds 

are a function of water temperatures, light availability, and salinity, all of which 

are variable (Sections 2.13.1.1 and 2.13.1.2) . For example, t he depth to which 

eelg rass beds can grow is a function of light penetration , which may be 

impacted by sea level rise or increased turbidity from storms ( Short and Neckles 

1999). The intrusion of ocean water into formerly fresh or brackish water areas 

may cause eelgrass beds to move farther inland (Short and Neckles, 1999) . 

Warmer Sea Surface Temperatures  (SST) or greater fluctuations in temperature 

may also increase the frequency and extent of seasonal die offs (Carr and 

others, 2012) . Warmer temperatures can also increase the incidence of eelgrass 

wasting disease, which is caused by infection from the oppor tunist pathogen 

Labyrinthula zosterae  and can cause rapid population declines of eelgrass beds 

(Short and others, 1987) . Disease occurred more rapidly and with higher severity 

in seedlings and at high and fluctuating temperatures (Groner and others, 2016) . 

Changes in the pH of sea water associated with ocean a cidification may also 

impact eelgrass distribution. Increases in the dissolved carbon dioxide  content 

may result in increased productivity in eelgrass beds due to greater carbon 

availability (Palacios and Zimmerman, 2007) , but may also increase rates of 

grazing on these marine plants due to reduced production of the chemicals 

that deter predat ors (Arnold and others, 2012) . The cumulative and dynamic 

nature of these various factors make it difficult to predict how eelgrass beds will 

be affected by climate change.   
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Table 2 -6. Summary of some threats to Herring habitat and the effects of those impacts on 

Herring at various life stages . 

Threat Physical Impacts on Habitat  Effects on Herring  References  

Dredging  

Dredging can increase 

suspended sediment 

concentrations, release 

sediment -bound 

contaminants such as 

chemicals or heavy metals 

into the water column, 

reduce  dissolved oxygen 

levels, bury submerged 

vegetation, increase 

turbidity , and increase noise 

in local ized areas.  

Adult Herring  may 

exhibit an avoidance 

response in the 

presence of 

suspended sediments 

in the vicinity of their 

intended spawning 

site. Sediment on 

vegetation beds may 

interfere with the ability 

of Herring  eggs to 

adhere to the 

substrate. Suspe nded 

sediments can settle 

onto the eggs 

interfering with 

fertilization or by  

preventing oxygen 

exchange, and 

smothering the 

embryos. The larval fish 

life stage may be the 

most sensitive to 

suspended sediments, 

and effects include 

increased precocious 

larva l hatch, higher 

percentages of 

abnormal larvae, and 

increased larval 

mortality.  

(Alderdice and 

Hourston, 1985; 

Boehlert and 

others, 1983; 

Messieh and 

others, 1981; Ogle,  

2005; Phillips, 1978; 

Thayer and others, 

1975) 

Noise 

Construction, dredging, and 

pile driving can produce 

underwater noise. High 

intensity noise can be 

generated by pile driving 

activities, especially of steel 

piles. Dredging operations 

produce lower intensity but 

continuous noise. Noise in 

busy coastal harbors 

generally reaches about 100 

dB, peaking at 150 dB in 

major ports; marine engine 

noise is in a frequency band 

of 10 -00 Hz. 

High intensity noises (> 

187 dB) can damage 

the soft tissues of fish 

such as gas bladders 

or eyes, and have 

been shown to result in 

mortality of YOY 

Herring . Lower intensity 

but continuous noise 

may cause an 

avoidance response in 

adult Herring . Herring 

have been observed 

to avoid sounds 

ranging from 1600 -3000 

Hz, corresponding to 

the presence of large 

vessels. 

(Blaxter and Hoss, 

1981; Connor and 

others; Schwarz 

and Greer, 1 984) 
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Storms 

Large storms may cause 

increased runoff, which can 

reduce the salinity in 

estuarine systems during 

crucial life history periods. 

Storms can also increase 

turbidity and wave action, 

which can negatively affect  

both intertidal and subtidal 

vegetation beds. Storm 

water runoff or storm surge 

introduce or re -suspend 

chemicals and heavy 

metals.  

Large winter storms, 

such as those that 

occur during El Ni ño 

years, have been 

observed to remove 

vegetation beds used 

for spawning. 

Gracilaria  spp.  are 

especially vulnerable 

to storms, and storms 

were hypothesized to 

have altered 

vegetation beds in 

Richardson Bay in the 

early 1980s. 

(Alderdice and 

Velsen, 1971; Bird 

and McLlachlan, 

1992; Costello and 

C. Gam ble, 1992; 

Griffin and others, 

1998; Spratt, 1992)  

Changes in 

Water Outflow  

Changes in water flow into 

the estuaries where Herring  

spawn, including either very 

high flows or very low flows, 

as may occur in drought 

years or when water is 

diverted, can impact salinity 

or water turbidity. These can 

impact the survival of 

eelgrass bed s, which has an 

optimal salinity of 10 -30 parts 

per thousand (ppt) . 

Adult Herring  have a  

wide range of salinity 

tolerance (4-45 ppt), 

and can move to 

achieve their preferred 

salinity range. 

However, sudden 

changes in salinity may 

cause changes in 

Herring  spawning 

behavior. The optimal 

range for fertilization is 

12-24 ppt, and 

embryos and larvae 

can tolerate a 

narrower salinity range 

(8-28 ppt).  

(Alderdice and 

Velsen, 1971; 

Kikuchi and Peres, 

1977; Nejrup and 

Pedersen, 2008; 

Phillips, 1984) 
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Pollutants and 

Contaminants  

Contamination of Herring  

spawning substrates from 

antifouling agents or oil spills 

can reduce survival. Oil 

contamination can also 

occur through  seawater 

when no visible oil is present. 

Substrates can also be 

contaminated by water -

born chemicals, pesticides, 

and heavy metals.  

Exposure to oil can 

result in decreased 

survival and hatching 

success in late stage 

embryos as well as 

lower growth rates and 

increase the 

probability of 

deformities in larvae. 

Embryos that adhere 

to surfaces with 

antifouling agents, 

such as creosote -

treated pilings, exhibit 

morphological 

deformities, reduced 

heart rates and 

reduced hatching 

rates. Exposure to 

heavy metals, 

pesticides, and other 

pollutants have been 

shown to reduce egg 

fertilization and 

embryo survival by up 

to 80%. 

(Carls and others, 

2008a; Carls and 

others, 2002; Hose 

and others, 1996; 

Incardona and 

ot hers, 2004; 

Incardona and 

others, 2012; 

McGurk and 

Brown, 1996; 

Norcross and 

others, 1996; Vines 

and others, 2000; 

Von 

Westernhagen, 

1988) 

Boating 

Activities  

Docks and piers can shade 

submerged areas and 

cause light -limiting 

conditions  for marine plants 

or other species . Improper 

moorings can disturb 

eelgrass beds, creating 

barren patches  ranging 

from 3 -300 m2 in eelgrass 

beds . Boat propellers, 

anchors and anchor chains 

can damage vegetation 

beds.  

Boating activities may 

directly reduce the 

vegetation beds that 

are the preferred 

spawning habitat of 

Herring  stocks in some 

locations.  

(Burdick and Short, 

1999) 

Aquaculture  

The infrastructure and 

activities associated with 

oyster cultivation has b een 

shown to reduce the density 

of eelgrass in known Herring  

spawning areas. In addition, 

eggs may be deposited on 

aquaculture gear.  

The impacts of 

reduced density in 

eelgrass beds means 

less spawning habitat is 

available. Eggs 

deposited on 

aquaculture gea r may 

be at greater risk of 

desiccation or 

exposure to toxic 

compounds, 

depending on how the 

gear is treated.  

(Rooper and 

others, 1999; 

Rumrill and 

Poulton, 2004; 

Schlosser and 

Eicher, 2012; 

Steinfeld, 1971)  
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 Ecosystem  Considerations  

 

 Forage Role of Herring  

California policy considers s mall pelagic fish such as Herring  to be òforage 

fishó because they provide an important food source for upper - and mid -trophic 

level  predatory fish, marine mammals, and seabirds. Typically, forage fish fe ed 

near the base of the food chain, often on plankton. By serving as forage for 

higher trophic levels they provide an energetic link between primary producers 

and predators at the top s of food chains.  

In the greater CCE, Herring, along with  juvenile rockfishes ; Northern 

Anchovy , Engraulis mordax ; krill; and Market Squid , Doryteuthis opalescens  are 

forage  species with the highest number of documented predators  (Szoboszlai 

and others, 2015) . The CCE is an eastern boundary current upwelling system off 

the West Coast of the United States , extending from the Straight of Juan de 

Fuca in the north to the Mexican border in the south . The magnitude  of  Herringõs 

role as forage  in the central  CCE, which spans roughly from Crescent City 

Harbor to Point Conception, and is  near the southern end of their eastern -Pacific 

range , is less clear. Herring from San Francisco Bay are thought to migrate to 

Monterey Bay during the summer (Moser and H sieh, 1992), and this area 

provides a feeding ground for a number of predators, including Humpback 

Whales and Harbor Seals (Calambokid is and others, 2000; Eguchi and Harvey, 

2005). Spawning aggregations , however, are likely to provide a seasonally 

important pulse for local predators , and the accumulated h erring and their 

eggs have been shown to provide important feeding grounds for migratory birds 

(Bishop and Green, 2001; Lok and others, 2008) .  

Herringõs high fecundity and fast growth rate allows the species to take 

advantage of favorable oceanographic conditions, and stocks may exhibit 

large cyclical fluctuations in abundance, with stock sizes changing by orders of 

magn itude. While oceanographic conditions affect this variability,  and  forage 

fish stocks are generally able to recover rapidly when environmental conditions 

improve (Beverton, 1990) , fishing can potentially exacerbate natural declines 

(Essington and others, 2015) .  

Because of the  key role forage stocks play in transferring energy up the 

food chain , overfishing during declines has ecological implications beyond the 

sustainability of the target stock (Bakun and others, 2009) . Decreases in forage 

fish population s have been identified as drivers of diet shifts and reduced 

productivity in predator populations, particularly seabirds (Becker and Beissinger, 

2006; Crawford and others, 2007; Sunada and others, 1981) . Ecosystem 

modeling has shown that the CCE is relatively more resilient to the effects of 

harvest on forage species than other upwelling systems due the presence of 

addit ional species that provide forage at some point in their life cycle (Smith 

and others, 2011) . However, management safeguards may be  needed to 

reduce the impacts of fishing on the ecosystem during periods of low 

productivity  (Chapter 7,  Appendix F) . 
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 Oceanic and Environmental Processes  

Within the CCE, v ariability in several oceanographic processes can affect 

coastal and nearshore productivity, and in turn Californiaõs Herring  spawning 

and rearing areas. For example, o ceanic temperature and effects from regional 

climate processes co -vary with local conditions within San Francisco Bay to  

affect Herring spawning biomass negatively during warmer ocean periods 

(Sydeman and others, 2018) . Herring biomass is thought to be positively 

correlated with upwelling (Reum and others, 2011) , in which deep, cold, 

nutrient -rich water is brought to the surface by Ekman transport, which results 

from the strong, northerly winds that occur during late spring and early summer 

in the CCE . This nutrient-laden water results in increased plankton, which fuels 

production in coastal pelagic ecosystems (Rykaczewski and Checkley, 2008) . 

Large -scale oceanographic process es in the Pacific Ocean such as the El Niño  

Southern Oscillation (ENSO) cycle, the North Pacific Gyre Oscillation (NPGO), 

and the Pacific Decadal Oscillation (PDO) can affect the extent, timing, and 

nutrient content of upwelled water (Chavez and others, 2002; Checkley and 

Barth, 2009) . 

 

 Pacific Decadal Osci llation  

The PDO reflects periodic changes in North Pacific SST that occur at 

longer temporal scales (~25 years). PDO values fluctuate between positive 

values, which suggest warmer, less productive conditions, and negative values, 

which indicate cooler, mor e productive conditions in the North Pacific (Figure 3 -

1). The PDO index was primarily positive (òwarmó) between 1977 and 1998, but 

switched to a negative (òcooló) cycle in the late 1990s, which lasted through 

2014. Shifts in PDO may provide some explanati on for the cyclical patterns of 

Herring  abundance observed in British Columbia over the last seven  decades 

(Thompson and others, 2017) . 

 

 North Pacific Gyre Oscillation  

The NPGO signals fluctu ation in sea surface height associated with 

changes in the circulation of the North Pacific Subtropical and Alaskan Gyres. 

NPGO has been found to correlate with fluctuations in salinity, nutrients, 

chlorophyll, and variety of zooplankton taxa, all of which  are known to affect  

Herring  productivity (Di Lorenzo and others, 2008) . Fluctuations in the NPGO are 

driven by regional and basin -scale variations in wind -driven upwelling and 

advection, which control salinity and nutrient concentrations. Nutrient 

fluctuations drive planktonic ecosystem dynamics, and this is likely to affect  

species at higher trophic levels (Black and others, 2010) . A positive NPGO index 

(Figure 3-1) is correlated with upwelling that begins earlier in the season in 

c entral California, which leads to a more productive planktonic ecosystem 

throughout the spring and summer and likely improves the survival of larval 

Herring . 
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Figure 3-1. The Multivariate ENSO Index  (MEI), PDO index, and NPGO between 1980 and 2016. 

Red MEI values denote El Niño (warm, low productivity) conditions and blue values denote La 

Niña (cool, more productive) conditions. Red PDO values are associated with warm regimes 

and blue values are associated with cold regimes. Red NPGO values are linked to 

earlier/greater upwelling, while blue values denote periods of lower/later upwelling.  

 

 El Niño Southern Oscillation Cycle and Herring St ocks  

The ENSO cycle, which is measured using the Multivariate ENSO Index 

(MEI) (Figure 3-1), is the major mode of climate variability in the equatorial 

Pacific and can have major impacts throughout the Pacific Basin and the CCE. 

Strong El Niño  events occur red in 1982 -83, 1992ð94, 1997ð98, and 2015 -16 (Jacox 

and others, 2016) , and had noticeable negative impacts on the San Francisco 

Bay Herring  population.  For example, estimates of stock abundances have 

dropped sharply during or just after th ose events. Strong El Niño  conditions result 

in warmer and more nutrient -poor conditions, which in turn  reduce s oceanic 

productivity and prey availability  and reduce s survival rates, growth rates, and 

the condition factor of Herring , as demonstrated by below -normal weight and 

condi tion factor indices for San Francisco Bay Herring  in those years ( Section 

2.9.4). Warmer local oceanic conditions in the fall (i.e. just prior to spawning 

season) may affect the timing and/or magnitude of spawning migrations into 

San Francisco Bay, resulti ng in lower biomass estimates from spawning surveys  

(Sydeman and others, 2018)  (Section 3.2.4) . During the 1997 -98 El Niño,  it was 

noted that many females were reabsorbing their eggs rather than spawning 

that season (California Department of Fish and Game, 1998) . El Niño  events m ay 

also affect the survival of eggs, larvae, or YOY Herring .  

 

 Understanding Local and Regional Environmental Indicators of Herring 

Productivity  

It can be difficult to assess how the variation in Herring  production is driven 

by large -scale oceanic conditio ns relative to local effects at spawning grounds 
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(Reum and others, 2011; Siple and Francis, 2016) . A study examining correlations 

between environmental indicators at various scales and metrics of San 

Francisco Bay Herring  population health (such as SSB, age structure, and 

condition index) was commissioned as part of the develop ment of this FMP 

(Sydeman and others, 2018)  (Appendix E ). In addition to the large -scale MEI, 

NPGO, and PDO indices, a composite index known as the Multivariate Ocean 

Climate Indicators (MOCI ) (García -Reyes and Sydeman, 2017) , which couples 

the shared variation in basin -scale drivers with regional processes such as 

upwelling and local oceanic responses (e.g., temperature and winds), was also 

tested. Additional indicators include regional metrics of SST and salinity, as well 

as delta outflow.  

Correlations between these indicators and the observed  SSB were tested 

over two -time  periods: (1) the entire period of data availability (1979 -2016) and 

(2) the time period corresponding with an increase in the variance of Herring  SSB 

(1991-2016). While none of the indices had significant correlations with SSB for 

the entire period, many were significantly correlated with SSB in the later period 

(Table 3 -1). All significant indicators were correlated with the observed SSB three 

years later (lag 3), except NPGO, which was also correlated at a lag of 2 years. 

The variance explained in correl ations between SSB and environmental 

indicators increased after 1990, suggesting that Herring  became more sensitive 

to environmental variability after the 1990s, which corresponds with a regime 

shift that was observed in CCE at that time (Hare and Mantua, 2000) . 

Of the large -scale oceanographic indicators, all significantly correlated 

with SSB except MEI, suggesting that , while strong El Niño  events have had 

severe impacts on Herring  stocks, the index does not correlate with overall stock 

abundance over the long term. The correlations of SSB with the other indices 

suggest that, as expected, oceanic conditions that result in more upwelling, 

coo ler water, and higher nutrient levels result in higher observed SSB two to three 

years later.  

 
Table 3 -1. Correlation between SSB and environmental indices from 1991 -2016. Indicator 

months and lag in years, if applicable, are shown in parentheses. Only nominally significant 

correlations (p < 0.05) are shown  (adapted from Sydeman  and others (2018)). 

Indicator (1991 -15) 
Spearman Rank Correlation ( �Ò) Between 

Indicator and Observed SSB 

Midwater trawls temperature (Trawl T)  - 

Midwater trawls salinity (Trawl S)  �Ò = 0.48 (Aug -Oct, yr -3) 

Sacramento River Delta outflow (Outflow)  �Ò = -0.59 (Jul-Sep, yr-3) 

Farallon Islands sea surface salinity (Far -SSS) - 

Buoy N26 SST (N26-SST) �Ò = -0.41 (May -Jul, yr-3) 

MEI - 

PDO �Ò = -0.46 (Apr -Jun, yr-3) 

NPGO  �Ò = 0.45 (July-Sept , yr-2, yr-3) 

MOCI  �Ò = -0.46 (Jul-Sep, yr-3) 
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Some conditions, such as temperature, showed different significance 

patterns between the ocean and bay. This analysis fo und that the Trawl -T index 

collected as part of the Departmentõs Bay Study Program (Chapter 6) was not 

significant ly correlated with SSB , but SST at Buoy N26 (near the Farallon Islands) 

was. SST at the Farallon Islands is influenced by large -scale oceanographic 

processes and is representative of  nearshore oceanic conditions in the central 

CCE, while the Trawl -T index is more reflective  of local conditions and processes 

within the bay  and greater estuary area .  

In contrast, salinity in the San Francisco Bay (from the Trawl S index) was 

significantly correlated with SSB, while salinity at the Farallon Islands was not. This 

suggests that salinity within the bay (which is primarily affected by Delta o utflows 

and runoff) may influence spawning behavior of adults or larval survival. 

Laboratory studies indicate higher survival of larvae at lower levels of salinity 

(Griffin and others, 1998) . Delta outflow at a three -year lag was also significantly 

correlated with SSB, but the time of year (summer) and flow direction (negative) 

makes it difficult to interpret any ecological mechanism behind this correlation.  

 

 Anticipated Effects of Changing Oceanic Conditions on Herring  

The MLMA directs FMPs to describe the likely effects of changing oceanic 

conditions on the target species. The CCE is already a highly variable marine 

ecosystem, and Herring  are sensitive to these environmental changes. This 

section describes some of the l ikely impacts of climate change on Herring stocks 

in California, however,  this list is by no means exhaustive.  

 

 
Changes in atmospheric and oceanographic forcing may alter the length 

of warm or cool states, and these changes may be mo st apparent at the 

southern end of a speciesõ range (Di Lorenzo and Mantua, 2016; Walther and 

others, 2002) . Since the early 1990s , environmental conditions off the coast of 

California have  been more variable than in previous decades, with more rapid 

shifts between warm and cool conditions. This oceanographic variability has 

been reflected in the increasing variance of the spawning biomass of the San 

Francisco Bay Herring  stock: the inter -an nual coefficient of variation of the SSB 

was 30% between 1980 ð1989 versus 97% after 1990 (Sydeman and others, 2018) . 

Oregon and Washington Herring  stocks also experienced incre ased variability 

over this time period, though northern stocks in British Columbia and Alaska 

exhibited either stable or decreasing variability (Thompson and others, 2017) . 

  

 
Gradual change in SST is expected to drive long -term, directional 

changes in species distributions, and thus, species abundance and community 

composition in any given location (Walther and others, 2002) . Species that favor 

cool conditions, such as Herring, may experience range contra ctions as SST 
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increases and the ecosystem shifts into a less productive warm regime 

(Cochrane and others, 2009) . A shift in species distribution may also reduce 

fishing opportunities in  San Francisco Bay, which has historically supported a 

large fishery.  

 

 
Climate change may result in increased frequency and intensity of large 

storm events, which may impact spawning habitat for Herring. For example, a  

large storm e vent in 1981 damaged subtidal vegetation beds in Richardson Bay. 

Prior to that, Richardson Bay was the primary spawning location in San Francisco 

Bay, but after 1981 the San Francisco Waterfront became the primary spawning 

area for over 10 years (Spratt, 1992) . 

 

 
Changes in temperature may drive changes in phenotypic expression 

(physical traits) of fishes and invertebrates, with faster growth and younger age 

at maturity more commonly observed in warmer waters (Crozier and Hutchings, 

2014; Gienapp and others, 2008) . Herring stocks in colder climes exhibit larger 

body sizes, slower maturation, and higher maximum ages (Schweigert and 

others, 2002) . Herring stocks in California may see increases in growth rate and 

corresponding decreases in maximum size and life span. These change s would 

have far -reaching implications for our ability to assess the health of the stock, 

which is largely done via comparisons to historical metrics. In addition to 

observing a loss of older age classes of fish and a reduction in size at age (both 

metrics  that usually indicate overfishing), the SSB at a given abundance would 

be lower due to the smaller size and lower fecundity of each fish. Additionally, 

the current mesh size of gill net s is regulated to select Herring  of a specific size, 

age, and maturity  level, so fishermen may see reductions in catch rates  if Herring 

size decreases . 

 

 
Climate change may influence  the seasonal timing of processes that 

affect  Herring  biology. The timing of spawning varies with winter temperatures, 

with spawning occurring earlier in warmer areas (Haegele and Schweigert, 

1985). In addition, changes in the NPGO can alter the timing of spring upwelling 

(Chenillat and others, 2012) . Delays in upwelling can affect the timing and 

magnitude of spring plankton blooms and the  subsequent food availability for 

larval and YOY Herring .  

 

 Ecological Interactions  

 

 Herring Prey Sources and Competition  

During all life stages , Herring primarily feed on small planktonic organisms  

(Section 2.6) . Juvenile Herring in shallow subtidal areas  feed primarily on 
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zooplankton (Fresh, 1981). In San Francisco Bay, tintinnids, which are single -

celled microzooplankton, compose a large portion of larval Herring  diet (Bollens 

and Sanders, 2004) . Larval copepods have  been  found in the stomach contents 

of larval Herring, and juvenile Herring feed on a variety of micro -plankton 

(diatoms, protozoans, bivalve veligers, and copepod eggs, nauplii, and 

copepodites) (Purcel l and Grover, 1990) . Increased concentrations of 

copepods have been shown to increase the growth rates of Atlantic Herring 

(Kiørboe and Munk, 1986) .  

Herring continue to feed on plankton throughout their life cycle, relying on 

visual cues in feeding (Blaxter and Holliday, 1963) . Prey items selected by Herring 

change with their growth and geographic distribution. Krill become the primary 

food item for adult Herring  as they move into offshore p elagic habitats. Foraging 

can have strong local effects on zooplankton community structure (Blaxter and 

Hunter, 1982) . 

Herring compete with a number of organisms for food duri ng their life 

cycle. Although this has not  been  extensively studied, some data are available. 

Herring and Pacific Sardine share many of the same feeding grounds and 

exploit some of the same prey (McFarlane and others, 2005) , although Pacific 

Sardine are exclusively filter -feeders  and have a range that extends further 

south . Schweigert  and others (2010) did not find strong evidence of  Pacific 

Sardine competition as a factor in Herring  abundance. Herring compete with 

juvenile and sub adult  Coho Salmon , O. kisutch , for food in the shallow sublittoral 

habitat (Fresh, 1981) or for krill in the offshore pelagic habitat (Fresh and others, 

1981). A similarity in diets of YOY  Walleye Pollock , Gadus chalcogrammus , and 

Herring indicates a potential for competition between those species, and 

competition between or predation by juvenile hatchery Pink Salmon , O. 

gorbuscha , on Herring  juveniles may have limited the recovery of a Herring stock 

in Prince William Sound (Deriso and others, 2008) . Herring larvae compete with 

some of the soft -bodied zooplankton (medusae) for microplankton (Purcell and 

Grover, 1990) . 

 

 Predat ors of Herring  

All life stages of Herring are a food source for many species of birds, fish, 

invertebrates, and  marine  mammals in the CCE (Californa Department of Fish 

and Game, 2015; Rice and others, 2011; Schweigert and others, 2010; Womble 

and Sigler, 2006) , and thus provide an important trophic linkage between 

predator health and the bottom -up processes t hat influence  oceanic 

productivity  (Section  3.1). Changes in abundance and age structure of forage 

species can lead to changes in growth, reproduction, and behavior of 

predators, including important recreational and commercial species as well as 

threatened  and endangered fish, marine mammals, and sea birds (Pikitch and 

others, 2012) . In the CCE Herring were found to be the fourth most commonly 

consumed prey group, behi nd rockfishes, Northern A nchovy, and krill (Szoboszlai 

and others, 2015) . Predation is parti cularly high during spawning when adult fish 
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and eggs are concentrated and available in shallow areas, and predation 

during spawning is a significant cause of natural mortality for Herring  (Bayer, 

1980; Haegele and Schweigert, 1985; Hardwick, 1973)  (Section  3.8). 

 

 
Herring ranked second in importance as a prey source for seabirds in a 

meta -analysis of predator -prey relationships in the CCE (Szoboszlai and others, 

2015). At least 33  species of birds are known to feed upon Herring eggs (Table 3 -

2), and Herring  eggs may provide an important source of dietary nutrients for 

migrating birds in San Francisco Bay. Glaucous -winged gulls, Larus glaucescens , 

appear to be dominant bird predator s on eggs deposited within the intertidal 

zone in some areas (Norton and others, 1990) . Two species of scoters were found 

to alter movement patterns in response to herring spawning events in British 

Columbia in order to feed on herring roe (Lok and others, 20 08). Non -avian 

predators on Herring eggs include sturgeon , Acipenser  spp ., Surfperch  (family 

Embiodocidae) , silversides (family Atherinopsidae ), and crabs  (family  

Cancridae ) (Hardwick, 1973) . 

 
Table 3 -2. List of observed predators of Herring spawn (Bayer, 1980; Weathers and Kelly, 2007) . 

Bold indicates  species  that also eat adult Herring.  

Predators of Herring Spawn  

American Coot  (Fulica americana ) Lesser Scaup  (A. affinis ) 

American Widgeon  (Anas americana ) 
Long -tailed Duck, formerly Oldsquaw  (Clangula 

hyemalis ) 

Barrow's Goldeneye  (Bucephala 

islandica ) 
Mallard  (Anas platyrhynchos ) 

Black Brant  (Branta bernicla nigricans ) Mew Gull  (L. canus ) 

Black Scoter  (Melanitta americana ) Northern Pintail  (A. acuta ) 

Bonaparte's Gull (Chroicocephalus 

philadelphia)  
Horned Grebe  (Podiceps auratus ) 

Brandt's Cormorant  (Phalacrocorax 

penicillatus ) 
Pelagic Cormorant  (P. pelagicus)  

Bufflehead  (B. albeola ) Red -breasted Merganser  (Mergus serrator)  

Canvasback  (Aythya valisineria ) Redhead  (A. americana ) 

Common Goldeneye  (B. clangula ) Ring -billed Gull (L. delawarensis ) 

Common Loon  (Gavia immer ) Ruddy Duck  (Oxyura jamaicensis ) 

Eurasian Wigeon  (Mareca penelope ) Surf Scoter  (M. perspicillata ) 

Glaucous -winged Gull  Western Grebe  (Aechmophorus occidentalis)  

Greater Scaup  (Aythya marila ) Western Gull (L. occidentalis)  

Harlequin Duck  (Histrionicus histrionicus ) White -fronted Goose  (Anser albifrons ) 

Hooded Merganser  (Lophodytes 

cucullatus ) 
White -winged Scoter  (M. deglandi ) 
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Herring larvae are preyed upon primarily by invertebrates (Arai and Hay, 

1982; Blaxter and Holliday, 1963; Hourston and others, 1981; Moller, 1984; Purcell 

and others, 1987) , including jellyfish ( Sarsia tubulosa  and Aequor ea victoria ), and 

comb jellies. A. victoria  is a significant predator for a short period, consuming 

yolk sac larvae (12 mm)  (0.5 in) with limited swimming ability. Small Surfperch, 

young salmon, amphipod crustaceans and arrowworms  (Chaetognatha)  have 

also been identified as predators on larval Herring (Stevenson, 1962) . 

 

 
A wide variety of fish, bird, and marine mammal species prey on Herring 

juveniles and adults in the CCE (Table 3 -3) (Szoboszlai and others, 2015) . Herring 

are more important to predators in British Columbia and Alaska, where Herring  

are generally more abundant, and many of the observed predator -prey 

interactions were from studies in coastal British Columbia (Szoboszlai and others, 

2015). Table 3 -3 describes the observed percentages of Herring  in predator diets 

from studies near San Francisco Bay.  

Many of these predat ors listed in Table 3 -3 are opportunistic feeders 

(Emmett and others, 1986; Rosenthal and others, 1988) , suggesting that none of 

these species are dependent on Herring alone. However, the diet composition 

data in Table 3 -3 are primarily from studies conducted in the summer and may 

not reflect winter diet compositions when Herring migrate and aggregate to 

spawn. Forage fish predators often rely on specific locations where forage  

abundance may be high for a short period of time, such as near breeding areas 

(Hilborn and others, 2017) . Diet data in winter are extremely limited due to 

logistical constraints on sampling, but winter data for central California that do 

exist suggest the potential for strong seasonal dependencies. The  best winter 

predator diet data on Herring exists for Chinook Salmon , O. tshawytscha , in the 

GOF, just outside San Francisco Bay (Table 3 -4). Herring are dominant in salmon 

diet when salmon were collected from coastal Herring holding areas during 

winter (Merkel, 1957) . Salmon diets contained 49% Herring (by mass) from 

February -March; when averaged over  the  ten months  of the study , Herring 

made up 13% of salmon diet (Merkel, 1957) . Herring in the winter  diet of salmon 

peaked at roughly 20% in a similar study in the early 1980s (Thayer and others, 

2014). 
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Table 3 -3. Known predators of adult Herring from the CCE (Szoboszlai and others, 2015) . 

When available, the average percentage of Herring observed in  predator diets is also 

reported. Bold indicates species from central or northern C alifornia . Note, studies are 

primarily from April -September, and do not reflect diet compositions in winter during Herring 

spawning season, when fish are densely concentrate d near spawning areas . 

Fish Marine Mammal  Bird 

Spiny Dogfish  

(Squalus acanthias)  
29% 

Humpback Whale  

(Megaptera 

novaeangliae)  

13% 
Caspian Tern  

(Hydroprogne caspia ) 
7% 

Pacific Hake adults  

(Merluccius 

productus ) 

11% 
Northern Fur Seal  

(Callorhinus ursinus)  
7% 

Common Murre  (Uria 

aalge ) 
7% 

Black Rockfish  

(Sebastes melanops)  
10% 

Harbor Seal  (Phoca 

vitulina)  
5% 

Rhinoceros Auklet  

(Cerorhinca 

monocerata ) 

6% 

Chinook Salmon  9% 

California Sea Lion  

(Zalophus 

californianus)  

4% 

Double -c rested 

Cormorant  

(Phalacrocorax auratus ) 

2% 

Coho Salmon  9% 

Fin Whale  

(Balaenoptera 

physalus)  

2% 

Marbled Murrelet  

(Brachyramphus 

marmoratus ) 

2% 

Jack Mackerel  

(Trachurus 

symmetricus)  

2% 

Harbor Porpoise  

(Phocoena 

phocoena)  

2% 
Least Tern (Sternula 

antillarum ) 
<1% 

Pacific Hake juv.  1% 

Sperm Whale  

(Physeter 

macrocephalus)  

2% 

Cassin's Auklet  

(Ptychoramphus 

aleuticus ) 

<1% 

Sablefish  

(Anoplopoma 

fimbria)  

1% 
Common Dolphin  

(Delphinus delphis)  
<1% 

Sooty Shearwaters  

(Ardenna grisea)  
<1% 

Arrowtooth flounder  

(Atheresthes stomias)  
  

Dall's Porpoise  

(Phocoenoides dalli)  
  

Ancient Murrelet  

(Synthliboramphus 

antiquus ) 

  

Bat Ray (Myliobatis 

californica)  
  

Gray Whale  

(Eschrichtius 

robustus)  

  
Arctic Loon  (Gavia 

arctica ) 
  

Blue Shark  (Prionace 

glauca)  
  

Orca Whale  (Orcinus 

orca)  
 Bonaparte's Gull    

Chum Salmon  (O. 

keta)  
  

Pacific White -Sided Dolphin  

(Lagenorhynchus 

obliquidens)  

Brandt's Cormorant    

Copper Rockfish  (S. 

caurinus)  
  

Sei Whale  

(Balaenoptera 

borealis)  

 California Gull  (L. 

californicus ) 
  

Cutthroat Trout  (O. 

clarkii)  
  

Steller Sea Lion 

(Eumetopias jubatus)  
  

Common Merganser  (M. 

merganser ) 
  

Gray Smoothhound  

(Mustelus 

californicus)  

    Glaucous -winged Gull    

Jumbo Squid  

(Dosidicus gigas)  
      Mew Gull    
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Lingcod      Pelagic Cormorant    

Pacific Cod  (Gadus 

microcephalus)  
      

Pigeon Guillemot  

(Cepphus columba ) 
  

Shortspine Thornyhead 

(Sebastolobus alascanus)  
  Red-breasted 

Merganser  
 

Soupfin Shark  

(Galeorhinus galeus)  
      Western Grebe    

Yelloweye Rockfish  

(S. ruberrimus)  
    Western Gull    

Yellowtail Rockfish  (S. 

flavidus)  
          

 
Table 3 -4. Herring in predator diets in California, spatially and temporally focused on localized 

data for Herring spawning in San Francisco Bay. The CCE includes Monterey Bay and the  GOF. 

For GOF diet, percentage of Herring  in the d iet is indicated by an average value with range in 

parentheses if data from more than one study was available  (Table F-2, Appendix F ). 

Herring predator  
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Chinook Salmon  9% 4% 27% 
3% 

(1-5%) 

16% 

(5-27%) 

29% 

(10-49%) 

29% 

(10-

49%) 

24% 

(9-39%) 

Humpback 

Whale  
~13%  ~19% ~5%  ~33% 

(26-40%) 
  

Common Murre  7% 0% 6%  20% 

(12-28% 
  28% 

Harbor Seal 6% 8% 1%      

Pacific Hake  11% 7%       

Rhinoceros Auklet  6% 1% 1%      

 

Herring are vulnerable to seabird predation in the shallow water 

embayments typical of most spawning grounds. Flocks of Brandt's and Double -

Crested Cormorants, Brown Pelicans, gulls, and loons are often observed diving 

on adult Herring  schools during spawn ing season in Tomales Bay and San 

Francisco Bay. Terns are likely consumers of Herring  YOY in the summer.  

San Francisco Bay is near the southern limit of the Herring range, and as a 

result, Herring  are more prominent in predator diets in the northern CCE. The 

amount of marine mammal predation on California Herring  stocks has not been 

documented, but Herring  are likely one of many important prey sources. As an 

example, California Sea Lions specialize in feeding on schooling, open water 
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fishes, and are often observed  in large numbers during spawning events feeding 

directly from commercial fishing nets and spawning aggregations.  

 

  Other  Forage  Sources for Predators  of Herring  

The CCE is more resilient to fluctuations in forage fish abundance than 

other upwelling systems because many species make up the mid trophic levels 

that link  primary producers to secondary and tertiary consumers. Other forage 

species  in central California include other small pelagic fishes such as Pacific 

Sardine and Nort hern Anchovy ; invertebrates such as krill  and Market Squid ; 

juvenile rockfish , Sebastes spp .; and to a lesser extent juvenile North Pacific 

Hake , Merluccius productus ; and sanddabs , Citharicthys  spp . (Brodeur and 

others, 2014; Szoboszlai and others, 2015) . Some of these species are consumed 

year -round, while other species are more important in winter (when Herring  are 

co ncentrated for spawning and thus particularly important as prey).  

Large fluctuations in abundance  of major forage species  in the CCE  can 

potentially have consequences for Herringõs role as forage in that system 

(Appendix F). Decline s in both  Pacific Sardi ne and Northern Anchovy , if 

persistent,  may elevate  the importance of other forage species, like Herring, 

within the diet of CCE predators. In general, Pacific Sardines thrive during warm 

water regimes and decline in cool water periods , and Northern Anchov y show 

an alternate trend . After reaching a recent year peak of about one million 

metric tons in 2006, the Pacific Sardine biomass  dropped to an estimated 86,586 

metric tons (190 million lb) in 2017 2, resulting in a closure of the directed large -

scale fishery during the 2015 -19 period. Northern Anchovy biomass fluctuates  

(MacCall and others, 2016) . The sedimentary deposition record from the Santa 

Barbara Basin clearly indicates lengthy episodes of disappearance or near -

disappearance of Northern Anchovy and Pacific Sardine prior to western 

settlement of the We st Coast and large -scale fishing (Baumgartner and others, 

1992), and it is likely that predator populations withstood those fluctuations.   

 

 Incorporating Ecosystem Considerations into Herring Management  

In 2012, the Commission adopted a forage species policy that recognizes 

the importance of forage species to t he marine ecosystem off Californiaõs coast 

and intends to provide adequate protection for forage species through 

precautionary and informed management 3. One of the goals in developing this 

FMP was to provide management recommendations for Herring  that take  into 

account their role as a  forage species based on the best available science. 

While the majority of fish stocks around the world are managed using indicators 

that describe the health of the target stock, there have been increasing calls to 

                                            
2 https://www.pcouncil.org/2017/04/47571/council -votes -to -close -pacific -sardine -fishery-for-third -

year -in-a -row/  
3 California Fish and Game Commission. Forage Species Policy. Adopted Nov 7, 2012. Retrieved 

Feb 1, 2019 from http://www.fgc.ca.gov/policy/p2fish.aspx#FORAGE   
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incorporate indicators that provide information on ecosystem structure, 

function, and health into fishery management frameworks . Section  7.7.2 

describes how ecosystem status assessment is incorporated into the 

management strategy for Herring.  

 

 Utilizing Environmental  and Biological  Indicators Improve Forecasting 

Ability  

Weak to non -existent stock -recruitment relationships (in which the size of 

the population provides little -to -no information on the number of recruits 

produced) have made estimation of cur rent stock size and forecasting for 

dynamic species like Herring very difficult. However, because small pelagics are 

so responsive to environmental conditions, it may be possible to incorporate 

environmental indicators along with traditional metrics of sto ck health such as 

indices of recruitment and abundance to improve our ability to predict stock 

sizes (Tommasi and others, 2017) . The correlations identified in Section  3.2.5 

between environmental indicators and SSB suggest promising pathways for 

improving our ability to predict Herring  stock abundance. This research formed 

the basis for the development of a new forecasting model ( Section  7.6.2).
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 The Fishery 

 

Herring  stocks in California support commercial fisheries for Herring  roe 

products, bait, and fresh fis h. Since 1973, landings of Herring have been 

dominated by the roe fishery, which targets Herring  just prior to spawning when 

they come into bays and estuaries each winter (Spratt, 1992) . At its peak t his 

fishery was one of the largest and most commercially valuable in California, 

reaching landings of more than 12,000 tons  (11,000 metric tons) and an ex -vessel 

value of almost $20 million, but has since declined due to lower demand and 

competition from other Herring  fisheries. This chapter describes the commercial 

and recreational fisheries for Herring in California.  

 

 Historical Fishery  

Herring have been fished for thousands of years as  they move  into shallow 

bays and estuaries in large numbers each winter to spawn . Herring  are relatively 

easy to catch and have been an important seasonal source of winter protein for 

various coastal indigenous peo ples. Archeological evidence suggests that 

humans along the west coast of North America have been catching Herring for 

at least 8,000 years (Thornton a nd others, 2010) , and it is hypothesized that they 

were the most utilized fish species by communities of the coastal areas of the 

Pacific Northwest during the last several thousand years (McKechnie and others, 

2014). Data suggest the indigenous fisher y of Point Reyes in the homeland of the 

Coast Miwok people was directed toward the acquisition of mass -captured 

forage fish from the families Clupeidae, Atherinopsidae, and Engraulidae , in 

addition to Embiotocidae (Sanchez and others, 2018) . Herring are still a species 

of cultural importance to some California Native American Tribes. 

Herring have been harvested in California for a variety of commercial 

purposes since at   least the mid -1800s (Spratt, 1981) . The Department began 

recording annual landings in 1916 (Figure 4 -1). Prior to 1916, annual catches 

were low, with most of the fish sold fresh. Small amounts also were salted, 

smoked, pickled, or canned for human consumption. As ocean sport fishing 

increased, more Herring  were used for bait. Between 1916 and 1919, Herring  

were also harvested for canning and the production of fish oil and meal 

(Scofield, 1918) . In 1918 the catch reached roughly 8 million pounds  (4 thousand 

metric tons), mostly from Tomales and San Francisco Bays. The Reduction Act of 

1919 prohibited the reduction of whole fish of any species into fis hmeal except 

by special permit. Permits were not issued for Herring , effectively ending the first 

period of peak landings.  
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Figure 4-1. California historic Herring landings in San Francisco Bay (black), Monterey (red), and 

other locations (grey) from 1916 -1972. 

 

Between 1920 and 1946, there was little canning of Herring , though 

moderate quantities continued to be sold for fresh consumption, for salting and 

smoking, and for ba it. The second peak in landings occurred in the late 1940s 

and early 1950s in an effort to replace Pacific S ardine. However, canned Herring  

was less desirable than Pacific S ardine and landings declined (Miller a nd 

Schmidtke, 1956) . Some canning for human consumption continued and an 

unsuccessful effort was made to develop a pet food market for canned Herring . 

Landings, primarily for bait in the Monterey area, continued at low levels until the 

beginning of the sac -roe Herring  fishery in the early 1970s.  

 

 Herring Fishery for Sac -Roe 

In 1973, Japan began importing Herring  roe from California. The traditional 

pro duct from this fishery, kazunoko, is the skein (or sac) of eggs (roe ) removed 

from the females, which is processed and exported for sale in Japan as a 

delicacy. Regulated harvest of Herring  roe  in California  has occurred every year 

since 1973 except for a one -season fishery closure in 2010, and a complete lack 

of effort during the 2018 -19 season . The sac -roe fishery is limited to Californiaõs 

four largest Herring  spawning areas: San Francisco Bay, Tomales Bay, Humboldt 

Bay, and Crescent City Harbor. San Fra ncisco Bay has the largest spawning 

population of Herring  and produces more than 90 % of the stateõs Herring  catch 

(Figure 4-2).  

The other stocks in California historically supported smaller roe fisheries , 

and the Department monitored landings and conducte d surveys in some 

locations. Tomales Bay was intensively monitored annually through the 2005 -06 

season, the stock in Humboldt was monitored intermittently, and the Crescent 
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City Harbor stock has never had a spawning assessment survey. The Department 

establ ished fixed quotas for these northern management areas, which have 

remained in place for a decade or longer. Fixed quotas are set to allow fishing 

opportunities, but Herring  have not been fished in the northern management 

areas since 2002 in Crescent City Harbor, 2006 in Humboldt Bay , and 2007 in 

Tomales Bay. Permit renewals have also fallen over the past several years, 

reducing the fleet capacity in these areas.  

Throughout this time whole Herring have also been harvested for the bait 

and fresh fish markets  (Section 4.4). The section s below describe each sector of 

the modern Herring  fishery (Appendix G ). 

 

 
Figure 4-2. California Herring landings by area in short tons between 1973 and 2017  in San 

Francisco  Bay (blue), Tomales Bay (yellow), Humboldt Bay (gray), and Crescent City Harbor 

(black ). Note that this does not include landings from the ocean waters fishery (Monterey Bay).  

 

 San Francisco Bay  

 

 
When the  sac -roe  fishery began in the winter of 1972 -73, emergency 

legislation was passed by the California State Legislature ( Legislature ) to set 

conservative quotas for three years in order to give the Department time to 

assess the population and dev elop a protocol for conducting surveys and 

setting quotas. During the 1975 -76 season the Commission began issuing permits 

and setting annual quotas based on biomass surveys. As Department biologists 

learned more about the size of the San Francisco Bay Herring  stock through 

annual surveys, both quotas and the number of permits were increased to 

provide additional access to the fishery.  

Initially there were few regulations for gear type , and the fleet fished  gill 

net  and round haul (seine) gear , which consisted of  lampara and purse seine. 

The legalization of set gill net s occurred in 1977 (previously, only drift gill net s 
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were allowed), which made gill net  gear more desirable and resulted in an 

increase in gill net  permits. The Commission also stopped i ssuing new round haul 

permits for the California Herring  fishery, with the intent of converting the sac -roe 

fishery entirely to gill net . Round haul gear had a tendency to catch smaller, 

younger, lower value fish, and it was suspected that seiners increase d mortality 

in the fishery by catching and releasing Herring  during roe percentage testing 

(Garza, 1996) . Since permits were non -transferable, the round haul fleet 

declined gradually through attrition , and no further action was taken to remove 

round haul gear until the 1990s . 

High prices for sac -roe caused rapid expansion of the fishery, and the 

fishing grounds in San Francisco Bay became congested. In the 1978 -79 season 

the C ommission  divided the 220 gill net  permit holders into two groups . Defined 

by permit number, these groups were  known as the òOddó and òEvenó platoons. 

Each platoon was allocated a portion of the quota and allowed to fish during 

alternating weeks of the sea son. To further address concerns about congestion 

and high demand for Herring  permits, the Commission issued permits for a three -

week gill net  fishery in December. Prior to this, commercial Herring  fishing in San 

Francisco Bay had only been allowed January  through March.  

 

 
By 1983, fishery participation was stable . There were 430 permits in San 

Francisco Bay, with the majority of them allocated to the three gill net  platoons. 

Herring quotas continued to increase and reached 10,000 tons  (9,074.4 metric 

tons) in the 1981 -82 season. Following the strong El Niño event in 1982 -83, stock 

size decreased , and the fishery saw a reduction in landings, but the stock 

recovered quickly and remained relatively steady until the early 1990s. Quotas 

during the 1980s were generally set with the intent  to achieve an exploitation 

rate of approximately 15%, and landing s remained high.  

 

 
The San Francisco Bay Herring  stock declined during the 1992 -93 season 

following a strong El Niño event. However, th is decline coincided with record  

high  prices so there was sign ificant pressure to continue allowing a commercial 

fishery. The price per ton and landings reached record highs during the 1996 -97 

season, but in the following year abundance declined following another strong 

El Niño event. The stock showed signs of lower productivity, including smaller 

and younger fish.  

In 1994, the Commission began to phase out round haul gear from the 

fishery. This was due to concerns about the reduction in older ( age six and older ) 

fish in the San Francisco Bay Herring  stock. Regulations required seine operators 

to convert to gill net  gear within five years, providing the ability to fish one CH 

permit in both platoons  in exchange for a single round haul permit. All remaining 

round haul permits were converted to gill net  permit s by the  1998-99 season, 

and since that time, sac -roe has been taken commercially in San Francisco Bay 
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by gill net  only. The conversion from round haul to gill net  gear resulted in an 

increase in the total number of permits to 4 57, which corresponde d with 120 

vessels in San Francisco Bay.  

 

 
In response to the stock declines observed following the winter 1997 -98 El 

Niño event, in 2003 a stock assessment and methodology review was 

conducted for the  San Francisco fishery ( Appendices C and I), and the quota -

setting policy was changed with the aim of reducing exploitation rates from 15% 

to 10% or less. During this time, fishing effort in the San Francisco Bay Herring  

fishery has also decreased substant ially due to declining prices , and in many 

years exploitation rates have been under 5% . In the 2010 -11 season, the 

Commission , with support of industry representatives, eliminated the December 

fishery, and December permits were incorporated into the Odd an d Even 

platoons. While this reduction in early season fishing pressure may have 

contributed to an increase in older age classes, Herring  abundance exhibits a 

high degree of interannual variability. For example, a record high spawning 

biomass occurred in 20 05-06, but was followed four years later (2009 -10) by a 

fishery closure due to concerns over low estimated spawn stock biomass. This 

degree of variability highlights the importance of the Departmentõs 

precautionary management approach.  

  

 Tomales and Bodega  Bays 

 

 
As in San Francisco Bay, commercial fishing for Herring  sac -roe in Tomales 

Bay began in 1973 under a precautionary quota to give the Department time to 

assess the stock. A formal quota and limited entry system for Tomales Bay was 

established in 1974 -75. The following year fishermen began fishing for Herring  in 

outer Bodega Bay, north of  the mouth of Tomales Bay. Herring have been 

observed to spawn in shallow areas of Bodega Bay, but the fishery targeted 

Herring  in deeper water areas of the  bay. Tomales and Bodega Bays were 

initially managed under separate permi t systems until 1978 -79 when they were 

combined into a single permit area with a cap of 69 permits. In the following 

years , a number of additional regulations were created to prevent conflicts 

between fishermen, recreational users , and residents. These inc luded weekend 

fishing prohibitions, prohibition of round haul gear, and limits on the number and 

mesh size of gill net s (Appendix H ). Beginning in  1979, Bodega Bay and T omales 

permittees were also split into two platoons that fished alternate weeks to 

alleviate congestion and conflict on the fishing grounds . Between 1981 and 

1983, Tomales-Bodega area Herring  permittees were allowed to exchange their 

permits for available San Francisco Bay permits to further reduce congestion. 

This reduced the number of perm its to 41, and later a cap of 35 permits was 

established for the Tomales-Bodega Bay  fishing area . During this time , the 
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platoon system in this area was also eliminated due to the reduction in permit 

numbers.  

 

 
The Tomales and Bodega Bay s spawning stock had remained above 

4,700 tons (4,300 m etric tons) between 1973 -74 and 1982 -83, and the 

commercial fishery exploitation rate did not exceed 12% during that time. 

However, the spawning stock declined to 1,280 tons  (1,160 m etric tons) in 1983-

84 following a strong El Niño event. The stock recovered in the following years, 

but the Tomales Bay permit area was closed to commercial fishing after a 

record low SSB estimate in 1988 -89. The fishery remained closed for three years 

because the SSB did no t exceed minimum thresholds required to support a 

fishery. Department staff hypothesized that Herring  were displaced from Tomales 

Bay due to an ongoing drought . During the 1992 -93 season, the six -year drought 

ended and a large , 4,072-ton  SSB (3,695 metric tons) of Herring  returned to 

Tomales Bay. Commercial fishing resumed under precautionary management 

measures that included a quota based on a 10% intended (target) harvest rate, 

an increase in minimum mesh size, and a reduction in the amount of gill net  

ge ar allowed  per vessel (Appendix H) . 

Fishing was  allowed to continue in Bodega Bay wh en  Tomales Bay was  

closed. However, the outer Bodega Bay fishery was eventually closed during the 

1993-94 season  based on the concern that fishing activity in Bodega Bay 

intercepted potential Tomales Bay spawning stock and that an accurate 

estimate of the SSB in those areas could not be obtained as long as fishing was 

allowed in Bodega Bay.  

 

 
Tomales Bay SSB estimates remained stab le, although lower than they had 

been in the 1970s and 1980s, until the 1997 -98 El Niño event. Following this event, 

Herring  stocks statewide experienced a loss of older age classes and reduced 

growth rates. As a result, no fishing occurred during the 1997 -98 season in 

Tomales Bay. In subsequent years, the stock began to recover, but fishery 

participation continued to decline due to market reasons. In 2006 -07, only two 

vessels fished as a result of high operating costs and low market demand. This 

was the la st year that commercial fishing occurred in Tomales Bay, and 

spawning biomass surveys were discontinued the following year due to limited 

Department resources . 

 

 Humboldt Bay and Crescent City  

During the 1973-74 season , in response to demand from fishermen  for a 

local commercial Herring fishery , the Legislature  expanded its management 

authority to  include  Humboldt Bay. A 20-ton  quota  (18 metric tons) was 

established and a two -year population study was initiated to determine the 

status of Humboldt Bay Herring  stock (Rabin and Barnhart, 1986) . This study 
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estimated the SSB in Humboldt Bay to be 372 tons (237 metric tons) in 1975-75, 

and 232 tons (210 metric tons) in 1975-76. After this study concluded, it was 

determined that the stock could support a 50 -ton quota  (45 metric tons) fishery, 

which was roughly 13% and 2 2%, respectively,  of the two SSB estimates . Initially, 

six permits were issued for Humboldt Bay, but in 1977 the number of permits was 

reduced to four.  

After the initial study, no population assessments were completed in 

Humboldt Bay until 1990. In 1982 the quota was increased to 60 tons  (54 metric 

tons), however this change coincided with an El Niño  eve nt and landings were 

low that year. Landings increased the following year and generally stayed 

between 40 and 70 tons  (36 and 64 metric tons) over the next 15 years, with the 

exception of the 1988 and 1993 seasons, the latter coinciding with another El 

Niño  event. The quota was exceeded in some years due to the difficulty of 

monitoring and predicting catch levels.  

Humboldt Bayõs SSB was re-assessed during the 1990 -91 and 1991 -92 

seasons and was estimated to be at 400 and 225 tons  (363 and 204 metric ton s), 

respectively . However, during the second -year weather conditions prevented 

timely observation of a large spawning event, so that yearõs survey was believed 

to be an underestimate (Spratt and others, 1992) .  

Between 2000 -01 and 2006 -07 the Humboldt Bay stock underwent annual 

spawning assessments. The estimated SSB showed high variability during those 

years, and in the final survey year, a record low biomas s was observed. 

Fishermen reported that stocks had declined in Humboldt Bay since the late 

1980s (Californa Department of Fish and Game, 2001) , and fishing effort 

declined in the late 1990s and early 2000s, with only one permit being active in 

most years. The Humboldt Bay quota was only reached once after the 1997 -98 El 

Niño. There was no fishing effort in the 2005 -06 season by Humboldt Bay 

permittees. The low catches were attributed to a disprop ortionate amount of 

small Herring  in the population, which could not be caught in the 2 .25-in (57 

mm) mesh nets (Mello, 2006) .  

Commercial Herring fishing in the Crescent City area has primarily 

targeted schools that spawn in Crescent City Harbor. Biomass has been 

estimated for  individual spawning runs in Crescent City Harbor (California 

Department of Fish and Game, 1998) , but no seasonal population estimates 

have been made for this stock. Anecdotal reports suggest that spawning 

activity can be intense, with large amounts of spawn deposited. Fishing in the 

Crescent City area began in 1972 -73, and in the 1973 -74 season a record high of 

60 tons (54 metric tons) was landed. In 1977 a 30  ton  (27 metric tons) quota was 

established for C rescent City Harbor, and four permits were issued. Since the 

1983-84 season only three permits have been renewed annually.  

No changes have been made to the regulations governing Herring fishing 

in the Humboldt and Crescent City permit areas  since 1983 . These areas did not 

have the same levels of participation that resulted in the competition and 

conflict experienced in the southern permit areas. Until the late 1980s, landings 
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varied considerably from year to year. It is unknown if this reflects annual 

variability in stock abundance or fishing effort. However, from the late 1980s to 

the late 1990s, catch rates were stable, and the quota was exceeded in a 

number of years due to monitoring difficulties. Fishing effort in Crescent City 

declined in the early 200 0s, and the last landings were made in 2002 . At the time 

this FMP was being drafted, fishing had  not resumed in  either Humboldt Bay or 

Crescent City Harbor due to low market prices and lack of processing facilities.  

 

 Herring  Eggs on Kelp Fishery  

In 1965, a new market for California Herring  opened  when Japan began 

importing Herring  eggs spawned on seaweed, known as kazunoko kombu, 

which was highly prized in Japanese markets. The Commission began accepting 

bids (in the form of a royalty per ton) for  the right to harvest five tons  (4.5 metric 

tons) of Herring  eggs on seaweed (total product weight) in Tomales and San 

Francisco Bays (Spratt, 19 81). The harvesting was done by SCUBA divers 

collecting primarily Gracilaria  spp. and Laminaria . This fishery operated from 

1966 to 1986, but the quota was never reached. Harvest of Herring  eggs using 

suspended kelp rather than  collection of  native seaw eed was first allowed in 

San Francisco Bay during the 1985 -86 season under an experimental gear permit 

(Moore and Reilly, 1989) , and this is still the current method of harvest used in the 

fishery. 

To fish Herring Eggs on Kelp (HEOK), Giant Kelp, Macrocystis pyrifera , is 

suspended from rafts or cork lines in shallow areas for Herring  to spawn. HEOK 

fishing does not result in mortality to adult Herring, as only the eggs are removed 

with the kelp once Herring spawning has concluded. Rafts and cork lines are 

positioned  in locations where Herring  spawning is expected to occur. 

Suspended kelp is left in the water until egg coverage reaches a marketable 

amount or spawning has ended. The product of this fishery is the egg -coated 

kelp blades, which are processed , graded by quality  and exported to Japan. 

Giant Kelp does not occur in large quantities in the bays where Herring  spawn, 

so kelp is typically harvested off c entral California and then transported to San 

Francisco Bay. The kelp begins to deteriorate within 8 -10 days, so the location 

and timing of kelp suspension must be carefu lly considered to maximize the 

chance of coverage with eggs.  

The method of HEOK fishing employed in Californiaõs is termed òopen 

poundó because Herring  (and other animals) can freely move in and out of the 

suspended kelp. This differs from the òclosed pou ndó method, which is more 

commonly used in HEOK fisheries outside of California. In the closed pound 

method, fishermen hang kelp in floating net pens (pounds) and mature Herring  

are captured by purse seine and confined for several days until spawning 

occur s. The capture, transport, and confinement associated with the closed 

pound method has been shown to result in damage to the fish, including 

bruising, scale loss, and other injuries, and results in some mortality (Shields and 
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others, 1985) . Closed pound fishing has also been shown to increase rates of 

disease in confined Herring  (Hershberger and others, 2001) . 

 

 Evolution of the HEOK Fishery  

In preparation for opening  the  HEOK fishery, Department biologists 

sampled landings from the experimental HEOK rafts during the 1987 -88 season 

(Moore and Reilly, 1989) . The study objectives were to determine the 

appropriate conversion rate between adult Herring  spawning biomass and the 

weight of the eg gs-on -kelp product, as well as to collect biological data and 

determine ongoing monitoring needs for a sustainable fishery. They found that 

4.853 tons (4.403 metric tons) of Herring  could produce 1 ton  (0.907 metric tons) 

of eggs on kelp, which led to the development of a conversion factor of 0.206 

to determine an equivalent amount of eggs -on -kelp produced by a given 

Herring  spawning biomass .  

When the HEOK fishery was established there was a desire to reduce the 

number of  vessels in the sac -roe fishery. Sac -roe permit holders were allowed to 

transfer into the HEOK fishery, forfeiting their ability to participate in the sac -roe 

fishery for that season . The HEOK permit was classified as a gear transfer rather 

than a separate  permit. There was a cap of 10 permit transfers annually into the 

HEOK fishery, and each HEOK permit was entitled to an individual quota 

equivalent to 1% of the total San Francisco Bay Herring  quota, converted into  

òequivalentó eggs on kelp using the 0.206  conversion factor.  

Historically, HEOK was a high value product, and landings remained 

relatively stable between the 1989 -90 and 2003 -04 seasons. Subsequently, HEOK 

effort and landings began to decrease. At the time of FMP development , HEOK 

landings had last occurred during the 2012 -13 season. Primary factors for the 

decrease in effort are high operating costs, reduced market value, and 

reduction in demand. The fishing industry has also indicated that an increase in 

the number of marine mammal (sea lion an d seal) interactions presents 

challenges to this fishery because marine mammals target schools that spawn 

around HEOK rafts,  potentially  damaging the kelp product.  

 

 Whole Fish 

Prior to the start of the sac -roe fishery, a òbaitó fishery for whole Herring  

existed in San Francisco Bay. In 1973 -74, when Herring  sac -roe permits were first 

issued, six of the permits were for bait and were not subject to the quota 

established by the Legislature  (Spratt, 1981) , but it was suspected that these bait 

fish entered the roe market (Spratt, 1992) . The baitfish  loophole was closed in 

1975, and during the  1975-76 season, ten  òspecial permitsó were issued in San 

Francisco Bay and five in Tomales Bay for bait (whole fish). These permits were 

issued on a first come first serve basis, and fish were primarily taken using beach 

seine gear.  

In 1979-80, the whole  (ôfreshõ) fish allocation in San Francisco Bay was 

modified so that a permittee had to possess a valid market order for Herring , not 
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to exceed 500 lb (0.25 tons) per day . The whole fish season was also changed so 

that Herring  could be taken bet ween 02 November and 31 March, but closed 

during the sac -roe season to prevent Herring  from  being sold illegally into the 

roe market. Beginning in 1981 and continuing through 2013, separate 20-ton (85 

metric ton s) San Francisco Bay  and 10 -ton (9.1 metric ton s) Tomales Bay whole 

fish quotas were  allocated each season . Participation and landings of whole fish 

during this period were low . 

Beginning in the 2013 -14 season, regulations were modified to facilitate a 

local market for fresh Herring  for human consumption . The separate quotas and 

restrictions on landing whole fish during the sac -roe fishery  in Tomales and San 

Francisco Bay s were eliminated to provide a pathway for participants in the gill 

net  fleet to explore alternative local markets. Following this change, a ny portion 

of the gill net  quota could be landed either for whole fish or sac -roe. The 

Department and Commission have recently been asked to consider allowing 

alternative gear (cast nets) to be used to catch Herring  for the whole fish 

market. Innovation in this fishery, as new methods of take continue to evolve, 

may be explored through the use of  experimental fishing permits (FGC §1022) . 

See Section 4.7.4 for a discu ssion of market access to whole Herring,  and 

Chapte r 7 for management recommendations regarding gear innovation.  

 

 Ocean Waters Commercial Fishing  

Commercial fishing for Herring  in ocean waters (outside of Crescent City 

Harbor  and  Humboldt, Tomales and San Francisco Bay s) occurred prior to the 

establishmen t of a sac -roe fishery ( Section  2.2) and continued until 2009. The 

majority of landings came from Monterey during the summer months, though 

small amounts of landings were reported south of Monterey , and in the Eureka 

and Crescent City areas. In 1976, the Commission established a season from 

April 1 to September 30. Beginning in 1979 , the season was extended to 

December 1. This was later changed to allow fishing from April 1 to November 30 

from Pigeon Point, San Mateo County south to Monterey, and from Apri l 1 to 

October 31 between Pigeon Point and the California -Oregon Border.  

Between 2003 and 2008, the ocean commercial fishery landed 

approximately 36 % of the overall California commercial Herring  catch. During 

this period , six purse seiners participated in the ocean fishery and landings 

averaged 144 tons (131 metric tons) per year. After the 2008 -09 San Francisco 

Bay stock collapse, the Commission implemented an emergency closure of the 

ocean waters fishery as a conservation safeguard. Beginning  January  1, 2010, all 

directed commercial fishing for Herring  in ocean waters was prohibited.  

Herring are still caught incidentally in ocean waters by purse seiners 

targeting other coastal pelagic fish species, primarily in Monterey Bay. An 

incidental take of no more than 10 % Herring  by weight of any landing 

composed primarily of other coastal pelagic fish species or Market Squid may 

be landed. Herring typically make up a small percentage of any given vesselõs 
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overall catch and revenue. This incidental catch supplies m arkets for whole fish 

(bait), aquarium food, and animal feed.  

 

 Sport Fishery 

Spratt (1981) noted the presence of a sport fishery for Herring  in San 

Francisco Bay and the Noyo River estuary during the 1970s and early 1980s, and 

recreational catch of Herring  has continued since that time. Fish are caught with 

hook and line, hoop nets, and cast nets, primarily from beaches, piers, jetties, 

and small skiffs during times when Herring  spawning aggregations are easily 

accessible. Few data are available on recreational catch or effort. Fishing effort, 

however, is observed to be the highest in San Francisco Bay  because of the 

number of spawning ag gregations a ccessible by  sport fisherm en. Crescent City 

Harbor also provides limited  access to recreational fishermen when Herring  

spawns occur. Historically, managers believed that recreational catch made up 

a small percentage of the total Herring  landings due to the opportunistic nature 

of this fishery , no catch restrictions on recreational take of Herring  were 

implemented . However, observations by Department staff  suggest that landings 

have been growing in recent years, with reports of recreation al anglers  taking 

large amounts of Herring , estimated to be up to several thousands of pounds  

each , which has led to con c ern about the illegal commercialization of the 

recreational catch.  See Section 4.7.6 for further characterization of the sport 

fishery, including socioeconomic considerations, and Chapter 7  (Section 7.8.7)  

for  limits established under this FMP  regarding the recreational take of Herring . 

 

 Socio economic Considerations  

FMPs provide an opportunity to revise, update, and modernize fishery 

regulations. Many of the regulations that have been established in the Herring  

fishery over time were in response to the socio -economic considerations for a 

much larger fleet. These included the development of a platoon system to 

eliminate vessel congestio n on the fishing grounds, restrictions on the number of 

permits each participant could hold to maximize access, and permit caps to 

maintain the economic viability of the fleet. However, since the early 2000s , the 

Herring  fishery has undergone significant c hanges, with declines in prices and 

quotas effectively reducing overall fishery participation. One of the primary 

goals of th is FMP is to develop new regulations that help meet the needs of the 

modern fleet and associated fishery support businesses. This section  describes 

the roles of these businesses in product offloading, processing, and pricing, as 

well as how changes in fleet composition since the early 2000s have prompted 

the need for a new permitting system. The current socio -economic composition 

of the fleet is discussed, and consideration is given to how that composition 

might be impacted by the  regulatory changes established under  this FMP.  

 

 Product Offloading, Processing, and Pricing  
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The primary product from the modern commercial gill net  fishery is sac-

roe, which consists of the mature (ripe) egg skeins of gravid female Herring . 

Fishing operations target mixed schools of male and female fish, and thus both 

male and female Herring  are caught in the gill net s. At the time of FMP 

development,  24 vessels were  registered to permit holders, with an average 

reported vessel capacity of 20 tons  (18 metric tons). When Herring  vessels reach 

their maximum capacity (or when the spawning event is over), the boats leave 

the fishing grounds and return to port for  offloading to licensed Herring  buyers.  

In the past, during the peak of fishing in San Francisco Bay, offloading sites 

and their associated infrastructure were situated  at several locations around the 

bay, including the San Francisco Waterfront, Port of O akland, and Sausalito. 

Multiple sites were necessary to prevent long waits for fishing vessels to offload. 

Currently, however, offloading, processing, and buying takes place only in San 

Francisco, with the majority of activity and associated infrastructure  confined to 

the area of Fishermanõs Wharf. During offloading, fish are pumped from the boat 

into holding containers (fish totes) and weighed using certified scales. 

Commercial landing receipts are completed and Herring  buyers report the 

weight of Herring  purchased to Department staff . This allows the Department to 

track the seasonõs quota and predict  when an individual platoonõs quota might 

be reached. Department staff are regularly onsite to oversee offloading and 

collect samples from the commercial catch . This in-season tracking helps 

minimize the potential for quotas overages , and as a result the San Francisco 

Bay quotas have rarely been exceeded.  

Licensed Herring  buyers pay fishermen based on the percentage of ripe 

skeins in the catch. This is calculat ed from several random 10 -kilogram  (kg)  

samples per landing. Each fish sampled is sexed and ripe skeins are extracted, 

placed on a scale and weighed. The total weight of the ripe skeins is then 

divided by 10 k g, resulting in the roe percentage. San Francisco Bay roe 

percentages are typically 10 % or higher , while Herring  buyers in Eureka required 

roe percentages of at least 12 % (K. Bates, p ersonal  c omm unication ). The roe 

percentage for San Francisco averaged 12 to 14 % through the mid -90s, but has 

increased since the late 1990s. The ex -vessel price is based on minimum 10 % 

yield and is adjusted for percentage points above the minimum (Figure 4 -3). 

Despite increases in roe percentage, price per ton has declined since the late 

1990s.  
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Figure 4-3. Roe percentage of gill net  fishery (a) in San Francisco Bay (purple) and Tomales Bay 

(yellow) and pricing for the sac -roe fishery (b) including the base price (10% roe, grey) and 

bonus (blue) .  

 

Herring are iced and then trucked from the port of landing to a 

processing plant for skein removal, brining , and grading. Roe skeins are graded 

by size, color and shape, and then packed for export to the primary market in 

Japan. Brined skeins are leached in freshwater  overnight and served with 

condiments or as sushi. They are associated with good luck, and typically eaten 

in New Yearõs celebrations or given as gifts. High demand for kazunoko in Japan 

resulted in high ex -vessel prices for Herring  roe between the 1970s a nd the 1990s, 

and the Herring  fishery was one of the most valuable in California, reaching 

almost 20 million dollars in ex -vessel value at its peak (Figure 4 -4). However, a 

combination of low prices and reduced quotas has resulted in a much lower 

total val ue for the fishery since the early 2000s.  
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Figure 4-4. Ex-vessel value (in millions of dollars) for the California sac -roe fishery, 1985 -2017. 

 

 Changes in Participation and Implications for Permitting System  

Between the mid -70s and the late 1990s participation in the fishery was 

high. At the peak, the fishery had over 400 permits, and many more qualified 

applicants. In 1989, Herring  permits became transferrable, meaning that they 

could be sold to any licensed  fisherman. This change had wide ranging 

implications, and made Herring  permits a valuable commodity. Individual 

Herring  permits were valued at approximately $60,000 each in the early 1990s  

(Spratt, 1992) . Herring permits could also be leased to other fishermen , further 

reducing permit turnover, because permit holders could p rofit from their permit 

by allowing someone else to utilize it through a lease arrangement.  

With the declines in the price of Herring  since the late 1990s there has 

been a steady reduction in the number of permits fished each year (Figure 4 -5). 

In recent years , the number of permits  fished each season  has been below 40 . In 

2014-15 only six permits were fished, due to disagreements between the fleet 

and buyers in setting the ex-vessel price of Herring . Additionally , permit holders 

have elected not to renew the ir permit s to avoid paying annual renewal fees, 

resulting in a decrease in permit renewals. Permit transfers have decreased as 

well.  
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Figure 4-5. Number of permits fished in the sac -roe fishery by gear ty pe each year since the 

beginning of the fishery in San Francisco Bay . 

 

This FMP establishes  a consolidated permit system.  Prior to the 

implementation of this FMP, permit holders were not allowed to own more than 

one permit within the same platoon, but could own a permit in each of the 

platoons (December, Odd and Even). Under that system, two permits could 

have been assigned to a vessel in order to fish two nets. However, each permit 

had to be owned by a different individual. This led to a system in which permit 

holders substituted their permits to other fishermen so that vessels could fish a full 

complement of gear  (two nets) . Due to the reduction in permit renewals and 

overall decline in fishery participation , the platoon system is unnecessary , as 

there is no longer a concern about congestion and conflict  on the fishing 

grounds. Under the consolidated permit system, for permi ts other than 

Temporary permits, a permit allow s the holder to fish two  net s during every week 

of the season. The Temporary permit  allows the holder to fish one net in the San 

Francisco Bay management a rea , and up  to two Temporary permits may be 

fished fro m one fishing vessel. Fishermen are  able to own one  permit  in the 

Tomales Bay, Humboldt Bay and Crescent City Harbor management a reas and 

fish up to two gill  nets of 65 fathoms in length each at the same time from a 

single vessel  with a Tomales Bay Herring permit, or in combination up to 150 

fathoms of gillnet with a Humboldt Bay or Crescent City Herring permit . In the 

San Francisco Bay management a rea fishermen are able to own up to one 

Temporary Permit  and one San Francisco Bay permit, however a maximum of 

two nets may be fished from a single fishing vessel. Additionally, a long -term  

capacity goal of 30 vessels (equivalent to approximately 120 permits  under the 

prior  Platoon system ) is established  for  the San Francisco Bay fleet , and no new 



Draft Herring FMP       August  2019 

4-16 

permits will be issued until the number of renewed permits f a lls below the long -

term capacity goals of 3 0 San Francisco Bay  permit s.  

In 2014, the SFBHRA, a  group  of commercial Herring  fishermen, filed a 

lawsuit against  Pacific Gas and Electric  (PG&E) for contamination of the San 

Francisco Bay waterfront. The contamination was the result of PG&Eõs operation 

of a manufactured gas plant at Fishermanõs Wharf in the late 1800s and early 

1900s that turned coal and oil into gas for residential use. Th e process created 

large concentrations of chemicals known as poly -aromatic hydrocarbons 

(PAHs), which have been shown to cause mortality in larval and juvenile Herring . 

These chemicals are extremely persistent and remain highly toxic for hundreds of 

years after being released into the environment. PAHs released into the bay 

have been buried in the sediment, but can be reintroduced to the water 

column if they are disturbed via dredging or other activities, where Herring  may 

re-encounter these chemicals and b e affected by them.  

The law suit was settled in 2018 (concurrent with the development of this 

FMP), and the terms of the settlement included a permit buyback agreement  in 

which PG&E agreed to buy at least 40 , and up to 80 , Herring  permits from 

commercial fishermen. These permits will be permanently re tired and cannot be 

renewed as a condition of the settlement . While this is an external process, it 

aligns with the Departmentõs permit consolidation goals .  

 

 Modern Fleet and Fishing Community Composition  

To understand how changes to the permitting system under this FMP 

affect permit holders and their communities, it is helpful to have information 

about the composition of the commercial Herring  fleet. Ideally, this information 

would  include demographic s on permit holders, crews they employ, and the 

communities where they  reside, as well as how the y have  changed over time. It 

is also useful to know which other fisheries permit tees  and crewmembers 

participate, because c hanges in regulations in one fishery can affect other s. 

Finally, demographic information about shore -based infrastructure and ancillary 

employment required to support fishing activity can be useful for understanding 

socioeconomic impacts to fishing communities. This section  presents the state of 

knowledge  concerning the community composition of the commercial Herring  

fleet  at the time this FMP was prepared . 

During the 2017 -18 season, 138 Herring  permits were held for all fishing 

areas. Of these, four permits were for the Humboldt  Bay, five for Tom ales Bay, 

and 129 for San Francisco Bay. Some permittees in the San Francisco  Bay fishing 

area  held multiple permits, with nine individuals holding three permits, 14 

individuals holding two and 74 individuals holding a single permit. The average 

age of the  permittees at the beginning of the 2017 -18 season was 61.5 (Figure 4 -

6). The majority of permittees as of 2017 -18 ha d  participated in the Herring  

fishery, as crew or as permit holders, for more than 30 years.  
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Figure 4-6. Age of permittees in the California sac -roe Herring fishery at the time of FMP 

development . 

 

Herring permittees primarily live along the West Coast and of those who 

live in California, the highest percentage of permittees r eside in Monterey 

County (Table 4 -1). Most other permittees live in counties adjacent to San 

Francisco Bay. The remaining permittees live primarily in counties in eastern or 

northern California, though several permittees reside out of state or in southern 

California.  

 

Table 4 -1. Residence of Herring permit holders . 

State Residents California Residents -  County  Residents 

California  78% Monterey  34% 

Washington  19% Marin  13.5% 

Oregon  2% Sonoma  8.5% 

Other  <1% Mendocino  5.6% 
   Contra Costa  5.6% 
   Solano  4.2% 
   San Mateo  4.2% 
   San Francisco  2.8% 
   Alameda  2.8% 
   Other  18.8% 

 

Four Herring permittees hold general gill net  permits, four permittees also 

hold permits in the deeper nearshore fishery , and three permittees hold drift gill 

net  permits. Three or fewer  permittees  also hold sea urchin diver permits, non -

transferrable lobster permit s, and rock crab trap permit s. Given the age 

composition of the fleet, it is likely that Herring  permit holders participated in 
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additional fisheries in the past, but have only retained permits that are valuable 

or transferrable. However , there is limited information regarding permit holdersõ 

active participation in other fisheries besides Herring, and t here is no information 

currently available on what federal permits Herring  participants hold.  

Landings by port area may provide insight into active participation in 

other fisheries by Herring  permits holders. Table 4 -2 shows the five largest fisheries 

by value for the San Francisco , Tomales Bay,  Eureka, and Crescent City  areas. A 

number of Herring permit holders that operate out of these ports also participate 

in the Dungeness Crab  and Chinook Salmon fisheries, suggesting that changes 

in these fisheries mi ght impact effort in the Herring  fishery.  

 
Table 4 -2. 2017 Commercial landings and ex -vessel value for the San Francisco, Tomales, 

Eureka, and Crescent City ports . 

Port Species  Landings (lbs)  Value  

San Francisco  

Bay 

Crab, Dungeness  (Metacarcinus magister)  2,316,341 $8,560,751  

Halibut, California  (Paralichthys californicus ) 178,512 $1,157,536  

Swordfish (Xiphias gladius ) 294,383 $1,016,771  

Salmon, Chinook  107,353 $995,818  

Squid, Market  (Doryteuthis  opalescens ) 1,217,776 $570,710  

Tomales Bay  

Crab, Dungeness  1,904 $9,520  

Surfperch, Barred  (Amphistichus argenteus ) 1,206 $2,474  

Surfperch, Shiner  (Cymatogaster aggregate ) 229 $2,290  

Hagfishes  (Eptatretus spp.)  2,400 $1,800  

Halibut, California  56 $445  

Eureka 

(Humboldt Bay)  

Crab, Dungeness  1,432,549 $4,439,861  

Sablefish  (Anoplopoma fimbria ) 683,484 $1,662,447  

Sole, Dover  (Microstomus pacificus ) 2,849,683 $1,257,613  

Sole, Petrale  (Eopsetta jordani ) 740,367 $811,408  

Tuna, Albacore  (Thunnus alalunga ) 143,645 $285,795  

Crescent City  

Crab, Dungeness  1,466,899 $4,621,571  

Shrimp, Ocean (pink)  (Pandalus jordani ) 2,717,635 $1,262,032  

Sablefish  (Anoplopoma fimbria ) 160,657 $484,217  

Shrimp, Coonstriped  (dock) ( Pandalus 

danae ) 
56,131 $279,604  

Rockfish, Black  (Sebastes melanops ) 117,314 $227,112  

 

There is limited information regarding the demographics of crewmembers 

employed in the Herring  fishery, because crewmembers do not need a special 

permit (only a general California Commercial Fishing License  is required ). In a 

survey conducted in 2017 respondents indicated that each permit holder who 

fishes employs an average of 1.6 crewmembers. There is no information 

available on how long those crewmembers have been employed or in what 

other fisheries they may participate.  
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 Market Access  

Since the beginning of the roe fishery in California, the primary market for 

Herring  has been overseas. In 1973 sac -roe fisheries developed along the West 

Coast of North America to supply the demands of the Japanese market. This 

occurred after domestic Japanese stocks crashed and Japan and the Soviet 

Union agreed to ban the harvest of sac -roe Herring  in the Sea of Okhotsk to 

prevent continued overfishing of a depleted stock. The Japanese government 

also liberalized import quotas, which opened the sac -roe market to United 

States and Canadian exporters.  

In recent years, demand for kazunoko in Japan has declined, and roe gift 

boxes are no longer sold at premium pricing. In addition, reduced demand has 

led to an oversupply, where unsold roe is carried over to the following year. This 

has led to very low prices in recent years. The California r oe fisheries must 

compete with those in British Columbia and Southeast Alaska, which have much 

larger stocks and, consequently, much larger quotas. However, California 

Herring  produce roe that are typically smaller in size than those from British 

Columbia and Alaska markets, and have a unique golden coloration. This has 

made the roe product from San Francisco valuable to buyers despite the small 

size of the fishery , as it allows them to offer a more diverse portfolio of Herring  roe 

products.  

Because the pr imary market for Californiaõs Herring is in Japan, it is 

necessary for fishermen to sell their product to fish receivers who can facilitate 

processing and export. Herring roe buyers typically  process the Herring , but may 

simply ice  and ship whole Herring  to a wholesaler. The buyer/processor then sells 

the Herring  roe to a distributer for export to Japanese markets (Figure 4 -7). There 

are currently no local Herring  buyers in California, so buyers travel from 

Washington or British Columbia during the Herring  season. Out -of -state buyers 

typically partner with  local fish receivers and off -loading facilities to handl e fish 

coming into each port  area . Low quotas  and pricing  provide little incentive for 

buyers to travel to San Francisco  Bay for the season, and in s ome years almost 

no fishing has occurred due to a lack of interest from Herring  buyers. At the time 

this FMP was drafted one to three  buyers participated in the annual Herring  

fishery in San Francisco Bay. As noted earlier , there is no active fishery in th e 

northern management areas.  
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Figure 4-7. Supply chain  for  commercially -caught  Herring caught in California. The black lines 

show the distribution channels for the Herring roe fishery. The dashed lines show potential 

channels for a local whole fish market. Note that under this FMP, commercially landed Herring 

may only be sold to an appropriately permitted buyer ( Section  9.1). 

 

Fishermen are typically not contracted to a single buyer. Instead, 

fishermen c onsider a number of factors in deciding who to sell their fis h, 

including the agreed  price, the reputation of the buyer and the volume each 

buyer will purchase. Fishermen will also consider who else is fishing for that buyer, 

and some may choose to avoid a  particular buyer to reduce conflict. As 

additional incentives, buyers may also offer to cover vessel shipping costs (as 

some Herring  fishermen  reside in other states) or berthing costs during the fishing 

season.  

While market conditions have depressed Herring  fishing along the U.S. 

West Coast, it is possible that these conditions could change . A change in the 

amount of roe Herring  caught in British Columbia or Alaska, whether due to 

environmental or management needs, could result in increased demand for  

California Herring  roe, and a subsequent increase in price. Potential markets 

elsewhere in Asia, particularly in China,  could also alter market conditions.  
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There is also a minor but increasing interest in supplying a local market 

with fresh, whole Herring for human consumption. A fresh whole fish product 

could be sold directly to local fish markets or consumers with little processing 

(Figure 4-7). Proponents believe this could result in higher ex -vessel prices than 

the roe fishery currently receives. Some  stakeholders have expressed concerns 

that the current Herring  regulations present barriers to the development of a 

local market. However, the available Herring  quota can be caught and sold for 

either roe or fresh fish purposes.  

There is currently a requi rement that all Herring  buyers be in possession of 

a Herring  buyerõs permit. This requirement allows the Department to closely 

monitor Herring  landings and avoid quota overages. The fees associated with 

this permit however could inhibit smaller operators f rom participating due to 

cost. Stakeholders have proposed reducing the Herring  buyers permit fee to 

promote local market access. Stakeholders have also petitioned the 

Commission to allow cast nets to be used in the commercial Herring  fishery. Cast 

nets are  able to land smaller quantities of Herring  and may produce better 

quality product than the much larger gill net  fishery. It is also possible to alter gill 

net  handling processes to increase the quality of the fish . However, given the 

fact that Herring are  harvested during spawning activity, and are thus of lower 

overall fat content, there may be an inherent limit to the quality and market 

value of whole Herring as a human food product (Suer, 1987; Wyatt and others, 

1986).  

 

 Socio -Economic Considerations for the Northern Management Areas  

Much of the focus of regulatory changes to address socio -economic 

needs during development of the FMP has been on the San Francisco Bay area. 

This is due to the fact that over 90% of participants fish in this management area . 

Even though there has been no fishing outside of San Francisco Bay since the 

2006-07 season, permits are still held for these areas. The primary market 

obstacles have been low prices, insufficient offloading facilities, and storage 

and transportation costs. Department staff and shifts in management priorit ies 

have also occurred in these areas. As a result , these stocks have gone 

unmonitored since 2006 -07, except for  limited data that ha ve  been collected 

for the Humboldt Bay stock. One of the goals of this FMP is to establish a 

monitorin g and management procedure in the event that fishing resumes in the 

northern management areas (Chapter 7), which could occur if there were a 

change in product value or market access.  Socioeconomic considerations 

should be part of any proposed changes to ma nagement in the northern fishing 

areas in the future.  

 

 Characterizing the Sport Fishery  

Another goal of this FMP is to develop regulations to manage the sport 

Herring  fishery, which at the time of development of this FMP had no restrictions 

on catch or eff ort. Concerns about a growing level of take by the recreational 
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sector and potential for commercialization made this a priority area to address 

in this FMP. Sale of any sport -caught fish in California is illegal  (FGC §7121). 

Herring are primarily targeted by sport fishermen when a spawning aggregation 

moves close to shore to spawn, and must also be in an area that can be 

accessed by the public. When this occurs, fishing effort is concentrated and 

intense for a short period . However, very little effort data is available on the 

recreational sector due to difficulties in intercepting participants. Current 

recreational fishery surveys employ a random sampling design and do not 

frequently intercept participants in this fishery  (Section 6.1.2.9).  A more targeted 

sampling protocol may be necessary to collect data on the Herring  sport fishery 

and its participants.  

Incomplete information has made it challenging to evaluate the likely 

impacts of potential regulations on the recreational Herring  fishery. A better 

understanding of the socio -economics of the recreational fishery is needed. 

Comprehensive information on fishery participants, fishing locations, fishing gear, 

catch utilization, and primary motivation for fishing is lacking, but this section  

describes what has been observed about the recreational fishery.  

Fishing activity associated with each spawning event generally lasts for 48 

hours or less and participants must be able to access a spawning event quickly. 

Information on the location o f spawns is commonly shared using social media 

and through person to person communication networks. Anglers  will typically fish 

along the shoreline in the intertidal zone, or on piers, docks, and jetties. 

Recreational anglers  are not required to have a spo rt-fishing license when fishing 

from public piers in ocean or bay waters. The majority of anglers  fish from shore 

but some use small skiffs to access shallow water areas. Participants primarily use 

small cast nets (<12 ft ) (>3.7 m) in diameter) or hook and  line gear known as 

sabiki rigs, which consist of six hooks attached along the line and are cast from 

shore. The amount of fish caught per participant ranges widely and based on 

Department observations, catch can range from a few pounds to thousands of 

pou nds.  

Anecdotal information indicates that substantial amount s of Herring  

caught are used for bait in other fisheries. Herring bait is used for salmon, 

California Halibut , and Lingcod by recreational anglers.  Herring may also be 

smoked, pickl ed or canned for personal consumption, or shared with friends and 

family. Chapter 7 of this FMP addresses management recommendations for the 

recreational fishery and identifies ways to improve data collection among 

participants and understanding of the soc ioeconomics of this sector. 



Draft Herring FMP       August  2019 

5-1 

 History of  Management  

 

 Evolution of Management System  

This chapter describes the evolution of Herring  fishery management in 

California, including the rationale for using a quota -based system, as well as 

how management measures contribute to the sustainability and orderly 

conduct of this fishery. Since the beginning of the Herring  sac -roe fishery , the 

primary basis for ensuring the sustainab le use of the resource has been  annual  

quotas that are set to achieve harvest rates  that are appropriate to the size of 

the stock . When the sac -roe fishery first opened , the stock size in each 

management area was unknown. Herring are highly dynamic,  and their stock 

size can fluctuate widely from year to year. As a result, annual monitori ng 

programs were developed to estimate the total  SSB during each spawning 

season (November ð March) in San Francisco and Tomales Bays, and these 

estimates were used to set the following yearõs quota.  

These monitoring programs  and annual quota -setting proc edure s allowed 

the Department to adaptively manage the Herring  fishery based on stock 

health indicators. Concerns about stock health in the 1990s led to a reduction in 

harvest rates, and since 2000 quotas have been set to target harvest rates of 

approximat ely 10% or lower. One of the goals of this FMP is to develop a plan 

that formalizes and builds upon this precautionary management  approach 

employed since 2000 .  

The sac -roe sector of the California commercial Herring  fishery was tightly 

regulated from its inception, and many of the management procedures that 

would shape the fishery for decades were developed  in the early years of the 

fishery. Due to the initial high value of sac -roe, high participation levels, a s well 

as congestion and conflict in the  San Francisco fishing area, the Herring  fishery 

has benefitted from an intensive level of management. Herring regulations 

changed yearly as the fishery expanded, and many regulations were designed 

to address socio -economic rather than biological issues. As a re sult, the  Herring  

fishery served as a testing ground for many new management concepts in 

California, including a limited entry  system, permits issued by lottery, individual 

vessel quotas, quota allocation by gear, the platoon system used to divide gill 

net  vessels into groups, the transferability of fishery permits, and the conversion 

of permits between gear types (Californa Department of Fish and Game, 2001) . 

Many of these management tools were controversial , but were necessary to 

address socioeconomic conflicts in a congested fishery.  

The MLMA directs FMPs to outline the types of management measures 

they employ to promote  a sustainable and productive fishery. This Chapter 

describes the se measures, as well as the  rationale behind the m. 

 

 Catch Limits  

 

 Limits on Catch  
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Since the beginning of the sac -roe fishery , annual quotas (catch limits) 

have been the primary management too l for ensuring stock sustainability. Fish 

that form spawning aggregations are potentially  vulnerable to overfishing, and 

a single unit of effort can produce very high catch rates. In addition, CPUE may 

remain  high even when stock abundance declines. For th is reason, quotas are a 

reliable way to achieve desired harvest rates and maintain fishery sustainability.  

 

 Target Harvest Rate s 

Quotas are often set to achieve a desired harvest, or exploitation, rate. 

The Pacific Fishery Management Council  (PFMC) recomme nded that the 

maximum harvest rate of Herring  not exceed 20% of the available biomass 

(Pacific Fisheries Manageme nt Council, 1982) . Quotas in California were set to 

achieve a harvest rate of 15% for  the  first two decades in this fishery (Figure 5 -1). 

This was viewed as a precautionary approach because , given that a  previous 

seasonõs estimated stock size was used to set the subsequent seasonõs quota, a 

15% intended harvest rate  provided a buffer in the event fewer spawning 

Herring  than expected  returned in the following year. However, after a variety of 

indicators suggested declines in stock health, including decrea sed spawning 

abundances, reduced number of older individuals in the stock, and increased 

variability in year -to -year abundance, a 15% target  harvest rate may not have 

provided adequate protection for Californiaõs Herring  stocks.  

While fishing likely contr ibuted to  declines observed earlier in the fishery, 

changing environmental conditions and alterations to spawning and rearing 

habitat may have reduced the productivity of the Herring  stock in recent years. 

Additionally, Herring are at the southern end of t heir range in the central CCE, 

and target harvest rates applied to northern stocks may not be appropriate for 

use in California. A review of the Departmentõs management protocol in the 

early 2000s recommended that target harvest rates between  10-15% should be 

applied (Appendix C ). Since then quotas have been set to achieve harvest 

rates of 5 -10%, depending on stoc k status and environmental conditions (Figure 

5-1). In Tomales Bay, the quota -setting policy changed to a 10% target harvest 

rate in the mid -90s after the fishery was closed d ue to low abundances 

(Appendix H ).  

Herring fisheries outside of California still set quotas at 20% of the estimated 

spawning biomass. However, these fisheries typically use in -season survey 

methods to determine whether  a certain level of spawning has occurred 

(spawn escapement) prior to the quota being taken, which results in a quota 

that more accurate ly implements the intended  harvest rate. In California, it is 

not possible to set in -season harvest levels due to survey methods used and 

staffing constraints. Rather, quotas are set based on the previous yearõs SSB 

estimate, which comprises the estimated weight of all spawning Herring  plus 

commercial catch for that year. Due to natural fluctuations in the size of Herring  

stocks, the  actual  exploitation rate  (i.e. tons of Herring  landed as a proportion of 

SSB that season) may be higher or lower than the intended (target) harvest rate  
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(i.e. a given seasonõs quota as a proportion of the prior seasonõs SSB). When this 

management  approach was first developed in the 1970s and 1980s, Herring  

stocks in San Francisco Bay exhibited more stability from year -to -year than they 

have since 1990 (Sydeman and others,  2018). As the variability in the stock 

increased through the 1990s and 2000s, the probability of exploitation rates 

exceeding target harvest rates has also increased. Conservative target harvest 

rates  (i.e.  in the 5 -10% range ) have helped buffer agains t this type of 

management uncertainty.  

 

 
Figure 5-1. Intended harvest rates for the San Francisco Bay  Herring fishery . 

 

 Requirements for a Quota -Based Harvest Rate Approach  

Achieving a sustainable harvest rate requires the ability to estimate the 

size of the stock. Survey methodologies are employed annually  to provide an 

estimate of the size of SSB in each year. This is possible because Herring  spawn in 

a relatively well -defi ned area in specific habitats in California. However, stock 

declines in San Francisco Bay may have been masked because two separate 

survey methods (spawn deposition and hydro -ac oustic) used during the late 

1980s and 1990s produced di ffering  spawn abundance  estimates ( Section  

6.1.2.3). A 2003 external review recommended the Department manage based 

on the more conservative metric of obser ved spawn deposition (Appendix I ), 

and in light of this recommendation , a  retrospective analysis suggests that 
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harvest rates may have been higher than intended, and in some years 

surpassing 20% of the spawning stock.  

Quota -based management also requires an ability to track catch in near 

real time, as well as the ability to stop fishing quickly when the quota is reached. 

This is difficult in many California fisheries because landings are reported on 

paper landing receipts, and there is often a lag of several weeks before this 

information is mailed and manually entered into the Departmentõs landings 

database. To overcome this  issue, Herring  roe buyers are required to obtain a 

special permit, which has allowed Department staff  to  monitor offloading and 

has facilitated communication between Department staff and Herring  

processors to manage quotas. However, in some years quotas w ere exceeded 

in Humboldt Bay and Crescent City Harbor, suggesting that catch monitoring 

was more difficult in those areas.  

 

 
Allocation of the quota between sectors of the fishery evolved as the 

fishery expanded in the e arly years. By the 1980s an allocation policy was in 

place, and fishery quotas were split (67/33%) between the gill net  and round 

haul gears (Spratt, 1992) . Quotas were further allocated to each fleet 

(Odd / Even platoons , and December gill net  fleets, and purse seine and 

lampara fleets) based on the number of participants. In S an Francisco Bay a 

vessel quota was established for round haul gear beginning in 1981 -82, which 

helped to reduce competition as well as dockside congestion (Spratt, 1992) . 

Round haul gear was ultimately phased out in 1998 and the quota was 

reassigned to the gill net  fleet. The whole  (ôfreshõ) fish fishery was also allocated 

a 20-ton  quota (18 metric tons) each year until 2013, when it was combined with 

the sac -roe quota to provide better access for the local whole fish market for 

Herring . 

When the San Francisco Bay HEOK fishery began, quotas were initially 

allocated for each pa rticipant by calculating each permitteeõs share of the 

total sac -roe sector quota based on whether they had converted a round haul 

or gill net  permit to the HEOK sector . A conversion factor based on fecundity 

and sex ratios (Moore and Reilly, 1989)  (Section  4.3.1) was used to determine the 

total product weight of eggs on kelp  that could be landed. Prior to 

implementation of this FMP , each HEOK permittee was allocated  an egg -on -

kelp ôequivalentõ of 1% of the total roe fishery quota (up to 10% with the 

maximum of ten  participants fishing)  (Section 7.8.1.1 , Appendix N ). 

In Tomales Bay individual quotas were implemented  in 1975-76, with a 

larger allocation going to round haul permits due to their greater operating 

costs (Spratt, 1992) . Individual quotas were eliminated the following year in favor 

of group gear quotas. According to Spratt (1992), permittees favored a single 

sector quota, preferring the possibility of larger individual catches. Gear -based 

al location was eliminated in the mid -80s when round haul gear was prohibited in 

Tomales Bay. Quotas in Humboldt Bay and Crescent City Harbor have always 
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been a general quota and not assigned by gear or allocated to an individual 

permittee or vessel.  

 

 
The Herring  fishery has been intensively managed for many years, and 

over time the policy for setting quotas evolved. Quota setting  policy  prior to FMP 

implementation did not include the use of a true HCR, which is a predetermined 

method for determining when management changes are warranted. A n HCR 

specifies the stock conditions that would indicate that the stock is overfished or 

below its limit threshold, and what actions should be taken to rebuil d the stock. 

They also dictate the magnitude of management response required to meet 

stock objectives.  

While prior  management policy for Herring had many desirable aspects, 

when and how to reduce quotas below a 10% harvest rate each year was  

based on ad hoc recommendations from Department staff. In addition, there 

were no defined limits for determining when the stock was overfished or 

otherwise in a depressed state, or if overfishing was occurring. Fishery closure 

guidelines were not  clearly defined, and there was no established rebuilding 

plan should the population be in a depressed state . The formal HCR -based  

management policy established by this FMP  improves managersõ ability to 

promote  the sustainability of Californiaõs largest  Herring fishery in San Francisc o 

Bay. 

 

 Limits on Incidental Catch in Other Fisheries  

Herring were commonly  taken in fisheries targeting other coastal pelagic 

species up until 2010. The primary gear type  utilized  was purse seine , and the 

majority of these landings occurred in  the summer months in the Monterey a rea, 

though a small number of landings were reported further south. The ocean 

waters fishery was closed in 2010 due to concerns about low abundances in the 

San Francisco Bay stock. Regulations now specify that Herring  ma y only be 

taken as an incidental species, provided the landed catch is no more than 10% 

Herring  by weight.  

 

 Effort Restrictions 

While a quota has been the primary mechanism for limiting fishing 

mortality, the sac -roe fishery in San Francisco Bay has been m anaged through a 

limited entry system since its early years. Limiting effort through a permitting 

system has had a number of benefits. First, each of the fishing areas has limited 

space and a number of other concurrent uses, and restricted access  has 

reduc ed crowding and user conflicts. The restricted access system has also 

provided an incentive for regulatory compliance because violators could have 

a permit suspended or revoked. Finally, the restricted access program  has 

provided an incentive for industry stewardship and involvement in the 
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management process, because permit holders were assured continued access 

to the resource in future years.  

 

 Permits in San Francisco Bay  

During its first year , the sac -roe fishery in San Francisco Bay was open to all 

inter ested participants, but in the following years the number of permits was 

capped,  and a lottery was held when the number of applicants exceeded the 

number of permits available. When quotas began to increase, it was decided to 

increase the number of permits as well because demand for a Herring  permit 

was high and there was a desire not to create a windfall for existing permit 

holders (Spratt, 1992) . Qualification criteria and a points system based on fishery 

participation were establishe d , and the number of permits slowly expanded 

over a period of ten  years until the fishery was deemed to be at maximum 

capacity in the early 1980s , when permit caps were established. After that the 

number of participants remained steady for the next two decades ( Figure 4-5, 

Appendix J ). 

The permit system evolved over tim e to meet the needs of the fleet and to 

address regulatory issues as the fishery evolved . The following sections describe 

some of the major changes to the permitting system that have shaped the 

current fishery. Permit consolidation under this FMP, includin g the elimination of 

the platoon system, is discussed in Section s 4.7.2 and 7.8.2.  

 

 
High prices for sac -roe caused rapid expansion of the fishery, and by the 

late 1970s, the fishing grounds in San Francisco Bay became conges ted. In the 

1978-79 season the Commission divided the 220 gill net  permit holders  by permit 

number  into two groups, known as the òOddó and òEvenó platoons. Each 

platoon was allocated a part of the quota and allowed to fish during 

alternating weeks of the s eason. To further address concerns about congestion 

in the face of high demand for Herring  permits, the Commission issued permits 

for a three -week gill net  fishery in December. Prior to this, commercial Herring  

fishing in San Francisco Bay had only been al lowed January through March.  

Prior to FMP implementation , regulations allow ed  an individual to own a 

permit for each of the three gill net  platoons (December, Odd, and Even) in San 

Francisco Bay. Permittees c ould not  hold more than one permit in each platoon 

and no t more than three permits in total. This restriction prevent ed  individuals 

from consolidating a large number of permits and maintained access to the 

sac -roe sector for as many participants as possible. Due t o lower stock 

abundance in December,  that  fishery was closed in 2011, and all December 

permits were assigned to either the Even or Odd platoon.  

 

 
In 1989, the Legislature  made Herring  permits transferrable, meaning that 

they could be transfe rred to any licensed fisherman. Prior to this, Herring  permits 
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could only be transferred to partners, heirs, or siblings. This drastically changed 

the system by which permits were acquired, and no further lotteries for new 

permits were held. This also made  it much more difficult for the Department to 

meet permit caps through attrition alone.  

 

 
In 1993-94 the San Francisco gill net  permit regulatory structure was 

changed such that two permits could be fished on the same vessel 

simultaneously , often by substituting oneõs permit to another permit holder. This 

effectively reduced the number of vessels in the fleet without reducing the 

number of nets fished. Prior to this change, only one gill net  could be fished on 

each vessel.  

 

 
In 1994, the Commission adopted regulations stating that all round haul 

permittees had five  years to convert their permit to a gill net  permit. Those who 

converted voluntarily were issued a CH permit, equivalent to  two gill net  permits, 

to incentivize conversion . In 1998 all remaining round ha ul permits were 

converted to gill net  permits.  

 

 Permits in Tomales Bay, Humboldt Bay, and Crescent City Harbor  

A limited entry system w as established for Tomales Bay in 1975 -75. In 1978-

79, Tomales Bay and Bodega Bay were combined into a single permit area with 

a cap of 69 permits.  Tomales permittees were split into two platoons to alleviate 

congestion and conflict on the fishing grounds. Between 1981 and 1983, 

Tomales permittees were allowe d to exchange their permits for available San 

Francisco Bay permits, reducing the number of permits in Tomales to 41. 

Subsequently, a cap of 35 permits was established for Tomales Bay.  

Few permits ha ve  been issued in the northern management  areas. In 

Humbo ldt Bay, six permits were initially issued, but in 1977 the number was 

reduced to four. In 1977 four permits were issued  for Crescent City Harbor . Since 

the 1983 -84 season only three permits have been renewed annually. At the time 

this FMP was drafted, no changes had  been  made to the regulations governing 

Herring fishing in the Humboldt and Crescent City Harbor permit areas since 

1983. These areas did not have the same levels of participation that resulted in 

the competition and conflict experienced in the southern permit areas.  

 

 Gear Restrictions  

Prior to FMP implementation , each gill net  permit in San Francisco Bay 

allowed the holder to fish a single net (65 fathoms  (ftms) in leng th) in the platoon 

to which it wa s assigned. Each vessel could fish up to two  nets, and two permit 

holders c ould  fish their gear from the same vessel  simultaneously . This section  

discusses changes in gear restrictions leading  to the modern fishery.  
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 Transition from Round Haul to Gill net   

When the Herring  sac -roe fishery first bega n, there were no restrictions on 

gear type  specific to this fishery . However, when set (anchored) gill net s were 

legalized by the Department in 1976-77 they became the preferred  gear type. 

By the late 1970s the impacts of each gear type on the stock had be come 

more apparent. Catch sampling revealed that round haul gear primarily caught 

2 and 3 yr old Herring , while the gill net  catch was dominated by 5 and 6 yr olds. 

Gill net s consistently caught larger Herring  and a higher percentage of females, 

leading to higher roe percentages (Spratt, 1981) . The Commission de termined  

that no new round haul permit s would be issued for the San Francisco Bay  fishing 

area . During the 1980s the number of round haul permits decli ned due to 

attrition ( Figure 4-5, Appendix J ). However, in 1989 permits became transferable, 

which eliminated the mechanism for decreasing the number of round haul 

permits and stabilized the round haul fleet at 42 permits.  

In the early 1990s there was concern about declining age structure of the 

San Francisco Bay stock, particularly the decrease in age  five  and older Herring  

that had once dominat ed commercial catches. In addition, there were 

concerns about mortality associated with test sets by seiners (round haul 

permittees ), testing  roe  content  and  releasing  the  Herring  if the roe percentage  

was not desirable. Following the 1994 Department recommendation, the 

Commission  adopted regulations to convert the fishery to an all  gill net  fleet 

(Appendix K ). 

 

 Reduction in Gear Fished per Permit  

In the 1993 -94 season the amount of gear that could be f ished by an 

individual  gill net  permit was reduced from 130 ftms of net (2 shackles) to 65 ftms 

(1 shackle). This effectively reduced each permit to a single net and reduced  

the amount of gear being used by half . 

 

 Changes in Gill net  Mesh Size 

Regulations specify the total length in fathoms (ftms) and height ( depth of 

net in number of meshes ) of each net in order to limit the efficiency of the fleet 

and reduce the potential for spatial conflicts between fishermen. There are also 

restrictions on the minimum and maximum allowable mesh size, which 

determines the selectivity of the gear (i.e., the size and age of fish it will catch). 

Nets with larger mesh size catch larger fish and more females, suggesting that 

larger mesh sizes are beneficial to the fishery bot h economically  (by increasing 

roe percentages)  and biologically ( by focusing take on larger and older fish ) 

(Reilly and Moore, 1987) . The minimum mesh size in the San Francisco Bay permit 

area has varied over time, while maximum mesh size has remained unchanged 

(Table 5 -1, Appendix  L). After the 1997 -98 El Niño, a decline in the size and 

condition of Herring was observed, and the fishing industry proposed a 

reduction in mesh size to 2 -in (50 mm)  to improve catch rates. The fishing industry 

expressed concern that the use of 2.125 -in (54 mm) mesh in San Francisco was 



Draft Herring FMP       August  2019 

5-9 

harmful to the resource because fish were squeezing through the gill net s, and in 

turned  harmed or killed in the process. Department staff expressed concern that 

2-in (50 mm) minimum mesh size would increase the catch of 2 and 3 yr old 

Herring, which conflicted with management objectives of targeting older age 

classes. Despite these concerns, the Commission reduced the mesh size in 2005 

to 2 -in (50 mm). Since that time, the proportion of age four and older fish caught 

in th e fishery has increased (Figure 5 -2), likely due to several years of low harvest 

rates increasing the number of older fish available in the stock. By 2014 -15, the 

proportion of age three fish had returned to a level similar to that observed in 

the early - and mid -90s, and in 2016 -17 a measurable proportion of 7 yr old 

Herring were taken for the first time in 20 years. Poor recruitment is likely cause for 

the drastic reduction in the proportion of 3 yr old fish observed in 2017 -18. 

 

Table 5 -1. Summary of mesh  size requirements for the San Francisco Bay gill net  fleet . 

Period  

Gill net  Mesh Size (in)  

Minimum  Maximum  

1976 to January 14, 1983 (No restrictions prior to 1976)  2 2.5 

November 28, 1982 ð December 16, 1983  2.25 2.5 

January 2, 1984 ð  March 11, 2005  2.125 2.5 

December 19, 2005 ð  Present 2 2.5 
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Figure 5-2. Age structure of the commercial Herring catch between the 1976 -77 and 2017 -18 

seasons (the fishery was closed in 2009-10). 

 

 Spatial Restrictions  

Commercial fishing for Herring is confined to four management areas in 

California: San Francisco Bay, Tomales Bay, Humboldt Bay, and Crescent City 

Harbor. Commerc ial Herring fishing is prohibited in all other areas, includi ng 

ocean waters governed by the state, though Herring  may be landed as 

incidental catch provided they are no more than 10% of total landings.  

There are numerous fishing area closures across San Francisco Bay (Figure 

5-3). Spratt  (1992) provides a comprehensive description of how spatial 

restrictions evolved in San Francisco Bay in the early years of the fishery. Most 

were instituted due to conflicts between Herring fishing gear and other on -the -

water activities that occur in a highly po pulated urban area. There are closures 

that protect Herring spawning areas near Sausalito, as well as restrictions on 

fishing in the deep -water holding areas in the South Bay to protect Herring prior 

to spawning. Richardson Bay is considered a conservation  area and has never 

been open to commercial gill net  Herring fishing activity. Since subtidal spawn 

deposition surveys began, a majority of observed spawns have occurred in 

Richardson Bay. This closure therefore protects Herring during spawning in one of 

the most important spawning areas in San Francisco Bay. HEOK fishing is allowed 

in specified areas provided rafts and cork lines are affixed to permanent 

structures to prevent impacts associated to anchoring in eelgrass beds. This 

regulation also helps Depa rtment staff to locate and monitor HEOK fishing 

activity.   
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Figure 5-3. Spatial restrictions on Herring fishing in San Francisco Bay . Eelgrass habitat from Merkel 

and Associates (2014).  
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 Temporal and Seasonal Restrictions  

 

 Herring Fishing Seasons  

The Department regulates  commercial Herring  fishing in California via 

seasonal closures. The Herring  sac -roe fishery is limited to the winter months 

when Herring  come into bays, estuaries, and coastal areas to spawn 

(December -March in California) and additional weekend closures a re used to 

protect the Herring  stock and minimize user conflict in San Francisco Bay (Table 

5-2). The Herring  roe fishery begins  January  1 and extends to March 15, though in 

practice the quota is usually taken by mid to late February.  

Between 1980 -81 and 2008-09 there was a three -week fishery in 

December for those who held December permits. This fishery had a separate 

quota from the regular season. If the full December quota was not taken during 

the month of December, these permits could be fished again af ter the regular 

season Herring  Odd/Even  quota s were  reached. This fishery was eliminated after 

very low biomass was observed in 2008 -09 to protect the older age classes of fish 

that tend to spawn earlier in the season and were often targeted by the 

Decembe r fishery. 

Herring spawning typically occurs later in Humboldt Bay and Crescent City  

Harbor , which is reflected in the opening and closing dates for these areas 

(Table 5 -2). HEOK can be fished in San Francisco Bay any time between 

December 1 and March 31.  

 

Table 5 -2. California Herring fishery season dates . 

Sector  Start End Notes  

San Francisco Bay  1-Jan  15-Mar  

Starts at 1700 on January 1, may delay to first 

Sunday if January 1  falls on Friday or Saturday. 

Closes at 1200 each Friday until Sunday at 1700 

weekly.  

Tomales Bay  
26-

Dec  
22-Feb  

Humboldt Bay  2-Jan  9-Mar   

Crescent City 

Harbor  
14-Jan  23-Mar   

HEOK 1-Dec  31-Mar   

Whole (ôFreshõ) Fish 1-Jan  15-Mar  

Incorporated into sac -roe fishery beginning in the 

2013-14 season. Previous dates were November 2 - 

March 31.  

December Fishery 

(San Francisco 

Bay)  

1-Dec  
3 weeks 

later  
Inoperative as of 2010  

Open Ocean - 

North  
1-Apr  30-Nov  Inoperative as of 2010  

Open Ocean - 

South 
1-Apr  31-Oct  Inoperative as of 2010  
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Prior to the 2013 -14 season the commercial take of Herring for the whole  

(ôfreshõ) fish market  was open between November 1 and March 31, but 

restricted during the roe fishery to prevent Herring taken under fresh fish 

regulations  from entering the roe market (Spratt, 1992) . In 2013, regulations were 

changed to eliminate distinctions between whole fish and sac roe fishery 

sector s, effectively allowing Herring to be landed for either purpose , at  any time 

during the roe fishery , without a market order . The ocean waters fishery was also 

regulated by a season before it was closed in 2010 to protect Herring  stocks 

(Table 5 -2). 

 

 Tempor al Restrictions  

 

 
In San Francisco Bay, weekend restrictions are in place for the commercial 

Herring  fishery to prevent conflicts between user groups, primarily recreational 

boaters that frequent the bay beginning on Friday. A weekend closu re occurs 

at 1200 each Friday to Sunday at 1700 each week through the season. Tomales 

Bay, Humboldt Bay and the Crescent City Harbor  commercial  Herring  fisheries 

are permitted to fish seven days per week.  

 

 
In San Francisco Bay, Herring  fishermen are only allowed to unload 

between 0600 and 2200. This restriction was put in place to reduce the noise 

associated with Herring  offloading pumps near residential areas such as those in 

Sausalito, it also benefits Dep artment staff for enforcement and quota 

monitoring. Currently, Herring  offloading only takes place at Pier 45 on the San 

Francisco waterfront. No s imilar nighttime  restrictions exist for the other fishing 

areas.  

 

 Limits on Size or Sex 

There are no direct l imits on the size of Herring  that are retained in either 

the sac -roe or whole fish sectors . However, the restrictions on mesh size ensure 

that the gill net s select larger, older fish.  

There are no limits on which sex of fish can be retained in the Herring  

fishery. The sac -roe fishery sector targets mature, ripe females because the 

product of this fishery are the egg skeins. Spawning Herring  are part of large, 

mixed -sex spawning aggregations so there is no method  to effectively target 

only female fish. As a result, both females and males are landed in this fishery. 

However, fishing later in a given spawn ing aggregation results in catch of a 

higher proportion of females, because the males initiate spawning by releasing 

milt prior to  females depositing their eg gs. 
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 Management of the Recreational Sector  

The recreational fishing of Herring  was long thought to contribute a small 

percentage to the total Herring  removals each year, and prior to the 

development of this FMP there were no restrictions on catch or fishin g effort. 

Recreational participants are not required to have a fishing license if fishing from 

a public pier or jetty. However, recent concerns about increasing catch levels 

and the possible commercial sale of recreationally caught Herring  have 

prompted th e Department to propose regulations to better manage the 

recreational sector (Chapter 7).  

 

 Management Measures to Prevent Bycatch  

A number of restrictions have been put in place to reduce the impact of 

bycatch during Herring  fishing activities. These inclu de limits on the species that 

can be retained and gear restrictions designed to minimize interactions with 

other species. In addition, there are restrictions on Herring  discards.  

 

 Amount and Type of Bycatch  

No data exist on the relative rates of incidental  take of other fish species in 

Herring  gill net s, but a number of species are accidentally taken during 

commercial Herring  fishing operations (California Department of Fish and Game, 

1998). The species most likely to be taken are relatively small in size and more 

vulnerable to the mesh size used in  Herring  gill net s. Species observed in gill net s 

include: Jacksmelt , Atherinopsis californiensis ; Pacific Sardine ; Surfperch ; Soupfin 

Shark, Galeorhinus zyopterus ; American Shad ; White Croaker , Genyonemus 

lineatus ; and unidentified crab (California Department of Fish and Game, 1998) .  

Department staff  observed the incidental catch in the research gill net s 

used to survey the fishery during three different yea rs in San Francisco Bay and  

found the bycatch rate to be less than 0.5% (Table 5 -3). The species taken 

included: Brown Smoothhound , M. henlei ; Spiny Dogfish ; English Sole, Parophrys 

vetulus ; Pacific Sanddab , Citharichthys sordidus ; Stagho rn Sculpin , Leptocottus 

armatus ; silverside smelt,  family Atherinopsidae;  Shiner Perch , Cymatogaster 

aggregat a ; and Jack Mackerel. While the research gill net s use a variety of 

mesh sizes and are not identical to commercial gill net s, they provide some 

indication of t he relative rate of the incidental take of other fish species during 

the Herring  season.  

 
Table 5 -3. Proportion of total take of incidentally caught fish in Herring research gill net s 

(California Department of Fish and Game, 1998) . 

Season 
Hours 

Fished 

Herring caught 

(Numbers)  

Incidental Catch 

(Numbers)  

Incidental Catch 

Rate 

1982-82 154 4393 7 0.0016 

1983-84 78.6 1636 8 0.0049 

1988-89 18.3 440 1 0.0023 
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Bycatch rates are low due to a number of different management 

restrictions. Herring  vessel operators are required to be no more than three 

nautical mi from their nets while fishing the waters of San Francisco Bay. Due to 

operational needs of the fishery Herring  nets are typically not left unattended for 

long periods of time. As a result,  should a seabird or marine mammal become 

entangled they are likely to be freed quickly, reducing the chance of mortality.   

 

 Interactions with Sensitive Species  

All fish caught in Herring  gill net s must be retained except for the following 

species: sturgeo n; California Halibut ; salmon ; Steelhead , O. mykiss; and Striped 

Bass, Morone saxatilis . If caught these species must be returned to the water 

immediately ( CCR Title 14 §163 (e)(6)). Given the size of Herring  gill net  mesh, 

larger fish such as sturgeon are unlikely to be gilled. Combined with the shallow 

depths at which fishing occurs, mortality of large released fish is thought to be 

low (Spratt, 1992) .  

Small fish, however, are more vulnerable to the fishing gear. The primary 

ecological concern is the effect of the Herring  gill net  fishery on young salmonids 

in San Francisco Bay, with both listed species of salmon and Steelhead present. 

These include the Sacramento River w inter -run Chinook Salmon, which is listed as 

endangered under both the California Endangered Species Act (CESA) and the 

Federal Endangered Species  Act (ESA). Central Valley spring -run Chinook 

Salmon, Central Coast California Steelhead, and the Central Valley Steelhead 

are listed as threatened under both CESA and ESA.  

Although Sacramento River winter -run and Central Valley spring -run 

Chinook Salmon smolts occur in Central San Francisco Bay during the Herring  

fishing season, the peak timing of smolt emigration typically occurs in March and 

April, after the Herring  fishing season has ended , though the timing of these 

peaks can vary and smolt emigration  can overlap temporally with the 

commercial Herring fishery . Despite any temporal overlap, m ost smolts remain in 

the main channels and move through the bay relatively quickly and are 

therefore not likely to occur in the nearshore areas where gill net s are often set. 

The Departmentõs Bay Study Program has sampled Chinook  Salmon  smolts 

during the Herring  fishing season since 1981, and the majority of fish sampled are 

much smaller than 165 -170 mm  (6-7 in), the point at which fish become 

vulnerable to the Herring  gill net s (California Department of Fish and Game, 

2005). As a result, the Herring  fishery in San Francisco Bay is unlikely to pose a 

threat to Chinook Salmon.  

Steelhead from both the Central Coast California and Central Valley 

Evolutionarily Significant Units (ESU) occur in San Francisco Bay during the Herring  

fishing season. Most Central Valley and Central Coast Steelhead emigrate after 

two years in freshwater,  with peak emigration between January and May 

(McEwan, 2001; Rabin and Barnhart, 1986) . The Dep artmentõs Bay Study 

Program surveys collected Steelhead ranging from 112 -277 mm (4-11 in) FL 

(mean=213 mm  (8 in) FL, n=36) during the Herring  fishing season. Because of 
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their size, emigrating Steelhead could be captured or injured by the Herring  gill 

net s. While there are no data indicating that Steelhead are caught by the 

Herring  fishery, these fish are the most vulnerable salmonid species due to their 

life history while in the bay, particularly near the mouth of Steelhead -producing 

streams in the South Bay and Central Bay near  Corte Madera Creek.  

 

 Historical Restrictions on Round Haul Gear to Prevent Bycatch  

Bycatch rates for round haul gear are generally much higher  than gill net . 

Historically, most of San Francisco Bay has been  closed to encircling nets 

(including purse seine, lampara, and beach nets) in order to prevent the take of 

salmon, Striped Bass, sturgeon, and American Shad. Round haul gear is currently 

prohibited, but w hen round haul vessels were allowed in the Herring  fishery, they 

were required to place rigid metal grate with parallel bars no more than 3 

inches  apart over the hatch when loading fish into the hold to prevent the 

bycatch of sport fish. Any large fish woul d be deflected onto the deck where 

they could be  returned to the water. There are  no data on the post release 

survival of these fish, though Spratt  (1992) reports that they were returned to the 

water òunharmedó. 

 

 Discards and Herring as Bycatch  

 

 
Currently, all fish caught in Herring  gill net  other than the pro hibited 

species listed above must be retained, including all Herring  landed in excess of 

quotas. This helps Department staff monitor all removals from the spawning 

stock.  

A vessel quota was established for round haul gear beginning in the 1981 -

82 season to  reduce competition with the gill net  fleet as well as dockside 

congestion (Spratt, 1992) . However, this vessel quota  led to  the practice of 

seiners setting on Herring , testing roe content and releasing the school of Herring  

if the roe content was not desirable (Spratt, 1992) . The degree of injury caused 

by this practice is not known, but  Department staff  were  concerned that 

multiple boats testing  the roe content would increase mortality of Herring . In the 

1991-92 season the Department instituted a test boat program to sample roe 

content. If the roe content was adequate the fishery would open for the day 

and all sets made had to be retained and lan ded  (Spratt, 1992) . The need for a 

test boat program was eliminated with  the conversion of the round haul fleet to 

gill net  permits.  

  

 
In ocean waters, an incidental allowance of no more than 10% Herring  by 

weight of any load composed primarily of other coastal pelagic fish species or 

Market Squid may be lan ded. If more Herring  than this is caught it must be 

released . 
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 Ghost Fishing  

Gill net s may be lost in the course of Herring  fishing activities. If these nets 

are not  recovered, there is a potential for òghost fishingó, defined as the 

continued capture  of  fish and invertebrates. This is particularly true when floats 

and anchors are removed and only net mesh attached to the lead or float line 

remains. During the 1989 -90 season, the crew of the Departmentõs Patrol Vessel 

Chinook recovered 22 ghost nets. At t his time the fishery was fishing up to 256 

nets during each week of the season. Changes to the management of the 

fishery have contributed to the reduction in the potential for ghost fishing. The 

amount of gill net  gear in San Francisco Bay was reduced by 5 0% beginning with 

the 1993 -94 season, when regulations were enacted limiting each permittee to 

one net , 65 ftms (one shackle)  in length . The number of actively fished nets has 

been at most 68 nets each week in the last ten  years, and in many years the 

numb er of nets deployed wa s far less (Appendix J ). In addition, the current 

fishery is heavily monitored, and nets are required to be marked with buoys  and 

permit numbers. For these reasons the risk from  ghost fishing has been greatly 

reduced . 

 

  Management Mea sures to Prevent Habitat Damage  

 

 Mitigating Habitat Threats f rom Fishing Activities  

Gill net s are set in shallow waters (typically less than 20 ft  deep)  (6 m)  and 

anchored at both ends to prevent them from moving. Set gill net  gear is thought 

to have minim al impacts on habitat associated with each fishing area. 

However, anchors and nets both have the potential to disturb the bottom , 

affecting  bottom dwelling, benthic species as well as subtidal vegetation. 

However, the soft -bottom benthic communities where Herring  sac -roe and 

HEOK fisheries occur are dynamic, and are likely to recover quickly from 

disturbances provided they are not continuous (Herrgesell and others, 1983) .  

The potential for individual organisms or veget ation (particularly eelgrass) 

to be damaged is recognized, but no data exist to quantify those impacts. Gill 

net  fishing for Herring is not allowed in a number of areas in San Francisco Bay, 

including in Richardson Bay and Belvedere  Cove, which support sub tidal 

eelgrass habitat and where the majority of Herring  spawns have taken place 

(Figure 5-3, Section 5.5). These closures and boundaries prevent gill net  fishing for 

Herring  in approximately 361 acres  (146 hectares)  of  total  2,790 acres  (1,129 

hectares)  of eelgrass in San Francisco Bay,  based on the most recent eelgrass 

habitat estimates  (Merkel and Associates, 2014) . This is roughly 13% of total 

eelgrass habitat present in the entire San Francisco Bay. However, eelgrass beds 

in other areas are vulnerable to disturbance by gill net  gear. Areas  where fishing 

is intense c ould suffer the greatest short -term adverse effects, although the 

limited depths associated with eelgrass beds provide some limitation on fishing 
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pressure in those areas. The reduction in the active fleet size over the last 15 

years has likely reduced  the impact of fishing nets on benthic habitats.  

The rafts and cork lines used in the HEOK fishery to suspend kelp can be 

deployed in Richardson Bay, Belvedere Cove and other areas of the bay. They 

must however be tied to permanent structures. While this r equirement was 

originally implemented to facilitate HEOK regulation enforcement , it also 

provides protection to eelgrass beds from raft anchors (the rafts themselves do 

not come in contact with the bottom). The HEOK fishery may also affect the 

surrounding habitat by releasing kelp blades into the water during and after 

fishing. Giant kelp does not occur in significant quantities in San Francisco Bay, 

and kelp blades released by HEOK fishing ha ve  been shown to break down 

within 20 -30 days, with faster deteri oration occurring when temperatures are 

higher or in areas of lower salinity (Azat, 2003) . 

 

 Mitigating Habitat Threats f rom Non -Fishing Activities  

Given the unique life history of Herring , the primary threats to Herring  

habitat are from non -fishing activities that occur in the bays where Herring  

spawn each winter  (Section  2.13.3). The Department  has authority to manage 

habitat threats from fishing and non -fishing sources as a trustee agency. As a 

trustee for the Stateõs fish and wildlife resources, the Department has jurisdiction 

over the conservation, protection and management of fish, wildlife,  and 

habitats necessary for biologically sustainable populations of those species (FGC  

§1802). In this capacity, the Department administers the CESA, the Native Plant 

Protection Act, and other provisions of the FG C that afford protection to the 

Stateõs fish and wildlife resources.  

Primarily, there are two different processes through which t he Department 

provide s input on projects that may impact spawning Herring and habitat. Th e 

first is the interagency consultation process (Section 5.10.2.1) , and t he seco nd is 

the CEQA process (Section 5.10.2.2).  

 

 
Through the interagency consultation process, the Department provides 

input on projects that include in -water work that may result in environmental 

impacts, including to spawning Herring and habitat.  

One of the primary threats to Herring  spawning habitat is dredging in 

areas used by Herring during the spawning season. Dredging and dredge 

material disposal causes sediment to be suspended in the water column, which 

can affect Herring  in a variety of ways. Increased turbidity, smothered eggs, and 

interference with larval development are some of the documented impacts 

(Griffin and othe rs, 2012). These threats are mitigated via environmental work 

windows, which are temporal constraints placed upon dredging or dredged 

material disposal activities. The work windows were created to minimize 

environmental impacts by limiting dredging acti vities to time periods when 



Draft Herring FMP       August  2019 

5-19 

biological resources are not present or when they are least sensitive to 

disturbance.  

Work windows control dredging activities in all of the Herring fishery 

management areas, though the process may be best illustrated via the S an 

Francisco Bay Long Term Management Strategy for the Placement of Dredged 

Material in the San Francisco Bay Region (LTMS). The LTMS was adopted in 2001, 

and represents a cohesive strategy amongst regional, state, and federal 

agencies with jurisdiction ov er dredging and development in San Francisco Bay 

waters to minimize environmental impacts. Under the LTMS, the primary 

mitigation method for impacts to Herring or Herring habitat in San Francisco Bay 

is via environmental work windows. Any project proposing  to conduct dredging 

activities outside of the LTMS environmental work windows is required to 

undertake either informal or formal consultation with the appropriate resource 

agencies (N ational Oceanic and Atmospheric Administration  Fisheries (NOAA) , 

United States Fish and Wildlife Service , or the Department ).  

Consultation allows these agencies to consider the potential adverse 

effects from dredging and disposal to species that are protected by the 

designated work windows. Consultation is required for any pr oject operating 

between December 1 and March 15  within the Herring  spawning season. If 

there is a delay in project completion, a waiver can be requested to allow the 

project to continue during the work window. Under this process, when permitting 

agencies a re considering whether to approve a project that may disturb Herring  

spawning habitat, they request comments from Department staff to assist them 

in evaluating the impacts of allowing the project to proceed. Department staff 

evaluate the proposed project a nd determine whether the project is likely to 

impact a Herring  spawning aggregation. If the Department determines that the 

project may impact Herring or its spawning habitat, the Department will 

recommend that the project be modified, delayed to avoid any potential 

impacts, or issue a work window waiver with specific conditions.  

If a waiver is granted, the Department imposes conditions associated with 

it in order to minimize impacts should Herring  spawn near the project. These 

conditions include, but are n ot limited to, the following:  

¶ Projects are required to have an independent biological observer present 

to look for Herring  spawning activity. These observers are trained by 

Department  staff , and are required to report weekly on their observations.  

¶ If Herring  are observed within 500 m  (1,640 ft)  of a dredging project work 

must stop.  

¶ Shore-line surveys are required daily or after every eight  hours of inactivity 

at the dredging location.  

 

The number of waivers granted varies each year, but has ranged 

between five and 12 since 2013. Most waivers are issued for dredging activities 

and some for in -water work requiring pile driving  or sediment core removal . The 

length of waivers typically ranges from one day to through the entire spawning 
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season. Locations have in cluded Redwood City Harbor, Oakland Harbor, Port of 

San Francisco and Richmond Harbor.  

 

 
By California law, all new projects are required to go through the CEQA 

process to inform decision makers and the public about the potential significant 

environmental impacts of proposed activities, and identify ways that potential 

significant environmental impact(s) can be avoided or significantly reduced. If a 

project is deemed to have  potentially significant  en vironmental impacts, the 

lead agency must complete an EIR with a description of the project, its 

anticipated impacts, and any steps to mitigate those impacts. The EIR is 

distributed to state, regional, and local agencies for comment. Through this 

process, the Department, as a trustee agency, is able to evaluate a proposed 

projectõs impacts on Herring  or its habitat. The lead agency considering the 

project must respond to the comment in the EIR. If the Department finds the 

project is likely to have adverse e ffects that are not properly mitigated, the lead 

agency may be required to alter the proposed projects alternatives to reduce 

impacts.  

 

 History of Regulatory Authority and Process for Regulatory Changes  

When the fishery began in 1972 -73, concern about the effects of a large 

unrestricted fishery on Herring  stocks motivated a state senator from the San 

Francisco Bay area to introduce emergency legislation giving the Legislature  

temporary control over the Herring  fishery (Spratt, 1992) . The Legislature  

recognized that fish that aggregate duri ng their spawning season are uniquely 

vulnerable to overfishing. A cautious management approach was chosen, and 

conservative catch quotas were set for the first three Herring  seasons. This 

allowed the Department to conduct a two -year study to assess the si ze of the 

Herring  population and develop a framework for setting sustainable quotas. The 

Legislature  controlled Herring  quotas for the first three seasons , before  granting  

management authority of the Herring  fishery in all four fishing areas to the 

Commiss ion in 1975.  For a discussion of changes to quota -setting authority 

established by this FMP, see Section s 7.9 and 9.1.  

 

 The California Fish and Game Commission Regulatory Process  

Prior to the adoption of this FMP, t he  San Francisco Bay commercial  quota 

wa s adjusted annually through a Commission regulatory process.  The 

Commission  comprises  five governor -appointed members who are  confirmed by 

the Legislature . All changes to the management of the Herring  fishery wa s done 

through a rulemaking process (governed by the California Administrative 

Procedure Act, or APA), requiring formal noticing and public comment 

processes before being approved by the Commission. This annual cycle takes 

months to complete and many hours of staff time to develop proposals and 

meet rulemaking process requirements.  



Draft Herring FMP       August  2019 

5-21 

The annual quota setting and regulation development cycle beg an just 

after the completion of the Herring  season. Department staff  analyze the data 

collected from spawn deposition  surveys, research catch surveys, and 

commercial catch sampling to prepare a season summary. This summary  

describe s the number of spawns, locations surveyed, the age structure, length 

structure, and condition of the stock. An estimate of the total spawning  biomass 

and information on the total catch and roe percentages  is included. 

Department staff  present this information to the  Directorõs Herring Advisory 

Committee (DHAC) in March or April  each year . The DHAC has historically been 

composed of representativ es from each of the different sectors of the fishery, as 

well as Herring  buyer representatives. The purpose of DHAC  meeting s is to review 

the status of the fishery and for the Department to propose management 

changes (quotas and regulations) in advance of the annual rulemaking 

process. Department staff draft alternatives for management changes based 

on the feedback provided by the DHAC. The Department recommendations 

(proposals) are  brought before the Commission for consideration and adoption 

as a rulemakin g using the APA. This process is open to the public and interested 

stakeholders.  

During the rulemaking process , a document on the environmental impact 

of the proposed changes is also drafted under CEQA. The Department initiates 

a broader consultation by d istributing a NOP announcing the intent to prepare 

the CEQA document. The NOP is distributed to members of the public, 

responsible agencies , and organizations that have an interest in Herring  

management. The Commission considers  all comments submitted duri ng the 

notification and review process, then selects one of the management 

alternatives described in the DED. The Commission votes on whether or not to 

approve changes in the fishery and adopts new regulations through the 

rulemaking described above. A FED is approved and all comments received are 

appended to the final document. The Office of Administrative Law reviews the 

regulations and sets an effective date . 

 

 San Francisco Bay Stock Assessment Model Development  

In 2011, with funding provided by the SFBHRA, the Department contracted 

with scientists at Cefas to develop a stock assessment model for the Herring 

population in San Francis co Bay (Appendix B ). Cefas  develop ed  and fit an age -

structured population model to  available data  on the  San Francisco B ay Herring  

stock. This stock assessment formed  the basis for an operating model that was 

intended  to  be used to evaluate the expected impacts of various management 

decisions going forward as part of a Management Strategy Evaluation (MSE) 

framework. It was anticipated that this analysis would be used in developing a 

HCR as part of an adaptive management approach during development of the 

FMP for the Herring fishery.  

Following the stock assessment peer review, the reviewers concluded that 

they could not recommend its use as a method for estimating biomass and 
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setting quotas for the commercial Herring  fishery in San Francisco Bay without 

further model development (Appen dix B). This was partly because the model 

that best fit the available data (the preferred model) did not reflect current 

understanding of Herring  stock dynamics. The modeling exercise and review 

highlighted the level of uncertainty about the dynamics of th e San Francisco 

Bay stock and the inability to base management decisions on any single model. 

The reviewers emphasized the following areas of concern with the Cefas model 

and associated data:  

¶ inability to establish a defensible stock recruitment relationsh ip, 

¶ lack of empirical support for various mortality factors used , 

¶ unresolved issues related to gear selectivity at age , and  

¶ over-weighting of age composition data inputs relative to YOY-based 

recruitment and spawn deposition -based SSB indices . 

 

The reviewers also recommended that the model not be used as the base 

model for the MSE analysis, but as one of a number of uncertainty scenarios. The 

Department accepted the recommendations of the review panel and agree d  

that the deficiencies in the Cefas mod el, identified above, could lead to the 

overexploitation of the Herring  stock if adopted as a management tool. The 

Department followed the review panelõs recommendation and used Cefasõ 

preferred model (Model 6) as one of a range of operating models represe nting 

alternative hypotheses of how the stock functions as part of an MSE.  

The results of Cefas õ model development and review, as well as the 

discussions between Department staff , the review panel and Cefas scientists, 

have provided valuable insight into San Francisco Bay population dynamics. 

They have also helped identify which areas still represent major uncertainties, 

which have informed the MSE work for testing the HCR ( Chapter 7, Appen dix M ).
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 Monitoring and Essential Fishery Information  

 

The MLMA requires the Department to develop FMPs that are based on 

the best available science (FGC §7072(b)) and include the relevant Essential 

Fishery Information (EFI). EFI helps to manage a fish stock sustainably, and the 

amount and type of EFI for a given stock will depend on a number of factors. 

These factors include, but are not limited to, the biology and life history strategy 

of the stock, the socio -economic value of the fishery, the management 

objectives for that stock, and the availability of in formation that can be derived 

from past and current monitoring efforts. This chapter describes the history of 

monitoring in each of Californiaõs commercial Herring fishery areas, the EFI 

produced by these monitoring efforts, and how the monitoring protocol s in 

those areas have evolved over time. It outlines EFI for commercial Herring 

management in California by type, how each is used in management, and its 

priority level (Table 6 -1). Finally, this chapter identifies gaps in EFI for Herring and 

outlines pote ntial monitoring protocols to address those information gaps 

through future research.  

 

Table 6 -1. EFI for the management of Herring, use of that EFI, and priority level . 

Type of EFI Produced  Priority for Management  How EFI is used in management  

Spawn Deposition Surveys  

Annual fall/winter -season 

vegetation densities for 

spawning areas  

High 

Used in conjunction with estimated 

fecundity and other Spawn 

Deposition Survey EFI to calculate 

annual abundance (biomass) of 

spawning stock  

Dates, locations, and area 

estimates for each observed 

spawning event (shoreline 

and subtidal)  

High 

Used in conjunction with estimated 

fecundity and other Spawn 

Deposition Survey EFI to calculate 

annual abundance (biomass) of 

spawning stock  

Egg density per kilogram of 

spawned substrate for each 

spawning event  

High 

Used in conjunction with estimated 

fecundity and other Spawn 

Deposition Survey EFI to calculate 

annual abundance (biomass) of 

spawning stock  

Commercial Catch Monitoring  

In-season catch  High 
Used to determine when th e quota 

has been reached  

Total removals  High 

Added to biomass estimate from 

spawn deposition surveys to 

determine total spawning biomass 

for the season  

Commercial Catch Sampling  

Age and size (weight and 

length) distribution of the 

commercial catch  

Medium  

Used to understand selectivity of 

the gear, potential recruitment 

issues 
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Weight -at -age of the 

commercial catch  
Medium  

Used to estimate the removals at 

age and to understand the 

selectivity of the gear in terms of 

age, helps determine fishery 

impacts on age structure of the 

stock  

Research Trawl Surveys  

Research catch at age  High 
Used to monitor the age structure 

of the spawning population  

Sex ratio of each spawning 

wave/event  
Low Used to calculate final SSB estimate  

Bay Study Trawl Survey Program  

CPUE of YOY Herring in bay  High 

Provides information on the number 

of recruits each year, which is an 

index of the productivity of the 

stock  

Spatial distribution of YOY 

Herring  
Low 

Provides information on juvenile 

habitat for Herring  

Biological Information  

Average fecundity of 

spawning adult Herring  
High 

Used to convert observed eggs per 

m² to Herring biomass each year  

Environmental and Ecological Information  

July-Sept sea surface 

temperature from buoy N26  
High 

Used in predictive model to 

estimate herring SSB  

Alternative forage indicators 

as tracked by the CCIEA 

program  

High 

Used to determine whether 

ecosystem -based quota 

adjustment is warranted  

Unusual mortality events of 

herring predators  
High 

Used to determine whether 

ecosystem -based quota 

adjustment is warranted  

 

 Description of Essential Fishery Information and Research Protocol  

The Department initiated seasonal monitoring programs in San Francisco 

and Tomales Bays when the sac -roe fishery began in 1973. The primary aim of 

this monit oring program was to estimate population abundance in terms of the 

weight of the annual SSB in each bay, but additional metrics on the age and 

size structure of the stock were also collected (Spratt, 1981) . A number of studies 

were conducted during the early years of the fishery to understand the biology 

of those stocks (Rabin and Barnhart, 1986; Spratt, 1981) . Intermittent monitoring 

was also conducted in Humbol dt Bay to estimate the size of that stock, and no 

monitoring ha d  been conducted in Crescent City Harbor  until 2015-16, when a 

limited monitoring effort commenced.  
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 Fishery-Dependent Monitoring  

 

 
Tracking commercial catch in near -real time is essential to successfully 

managing a quota fishery. In most fisheries, landings are tracked via landing 

receipts, but there is often a lag between the time of landing and the time at 

which these receipts are r eceived by the Department and entered into the 

landings database. In order to monitor landings in real -time, Herring buyers 

report daily landing totals directly to Department fishery managers. The E-tix 

landings reporting system ( online July 1, 2019 ) will allow for near real -time quota 

tracking . This assists Department staff in maintaining catch records within season 

and effectively determining when the commercial fleet has reached its quota 

and the fishery should be closed.  

 

 
Comm ercial landings data (reported in short tons) has been collected via 

landing receipts each season since the fishery began in the winter of 1972 -73. 

Historically, quotas were set for the different commercial fishery sectors, 

necessitating the need to track landings by individual gear type.  

 

 
The Department began sampling the commercial catch in San Francisco 

Bay and Tomales Bay in 1973 -74 (Spratt, 1981) . Due to the difference in 

selectivity between commercial gear types, each sector of the fishery is 

sampled separately. Commercial catch is sampled from each spawning wave 

that is fished in order to capture temporal variability in catch composition. Each 

sample consists of approximately 20 fish taken from a commercial vessel during 

fishing operations or during offloading. Up to ten samples are taken per wave of 

spawning fish, though fewer commercial samples may be available in smaller 

spawning waves or when  fewer vessels are participating in the fishery. When 

collecting samples, the vessel name and date of the landing is recorded. For 

each fish, length (in mm), weight (to the nearest 0.1g), sex, and maturity are 

recorded, and the otoliths are removed. Spent or immature fish are rare in the 

commercial samples, but they are included when encountered.  

Otoliths collected from commercial samples are aged by Department 

staff at the end of each season. The age -structure information obtained from 

the commercial catc h samples is used to calculate commercial catch -at -age in 

terms of numbers and weight for each gear type in each landings event.  

 

 Fishery Independent Monitoring  

 

 
Since the 1973 -74 season, Department staff have surveyed egg deposition 

from all observed spawning waves (Spratt, 1981; Watters and Oda , 2002). For 
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each spawn event, the number of eggs laid is converted to the biomass of adult 

Herring that must have been p resent to lay that number of eggs. These 

estimates of biomass are summed and then added to the total landings data to 

provide an estimate of the total SSB (in short tons) for each spawning season. 

During the early years of the fishery, the sampling protoco l evolved to meet 

management needs as they became apparent. Since the 1982 -83 season a 

standardized protocol has been used with only minor modifications made in 

response to the expansion of Herring spawning season and changes in the 

spatial distribution of  spawn events over time (Watters and Oda, 2002) . 

 

Intertidal Spawn Sampling Protocol  

Beginning  with the 1973 -74 season, searches for intertidal Herring spawn 

activity have been conducted from a small boat approximately four days per 

week during low tide periods, from December to mid -March (Spratt, 1981; 

Watters and Oda, 2002) . When intertidal spawns are located, the area of the 

spawn is estimated and eggs are collected to calculate the average egg 

deposition density for the area. Spratt (1981) contains a detailed description of 

the intertidal sampling protocol.  

 Beginning in 1981 -82 Herring were also observed to spawn on pier pilings. 

Pier pilings are sampled using a protocol similar to that for intertidal spawns 

(Spratt, 1984) . During the 1982 -83 season the methods used to convert the 

number of eggs spawned to tons of Herring was altered to include information 

on the sex ratio for individual spawning runs, improving the accuracy of the 

estimate (Spratt, 1984) .  

 

Subtidal Spawn Sampling Protocol  

Prior to the 1978 -79 season, only intertidal spawns were sampled, therefore  

SSB estimates from these years are likely an underestimation of the stock size. 

Beginning in 1979 -80, subtidal spawns have been sampled as well, providing a 

more accurate estimate of the yearly SSB. Subtidal vegetation samples are 

collected via SCUBA, pri or to the season from spatially -random sampling 

locations within beds composed primarily Gracilaria  spp. , and eelgrass, at 

known spawning areas around the bay. At each sample site, scuba divers 

collect one sample from each of four 0.25 m 2 quadrats. Samples are processed 

in the lab, weighed, and averaged to estimate vegetation biomass  (kg/m 2).  

When a spawning event occurs, a rake is deployed at regular intervals 

throughout the bed to determine the extent of the spawning area using the 

Glob al Positioning System . As with the intertidal spawn samples, the subtidal 

sample is processed in the lab to calculate the number of eggs per k ilogram  of 

vegetation. These data, along with estimated vegetation biomass and 

estimated extent of the spawning ar ea, are used to calculate the total number 

of eggs, which is then converted to short tons of adult Herring based on the 

average fecundity per gram of Herring ( Section  3.12) (Watters and Oda, 2002) . 

 



Draft Herring FMP       August  2019 

6-5 

 
 

Tomales Bay  

During the 1973 -74 season Department staff began spawn deposition 

surveys in Tomales Bay using the subtidal sampling protocol on eelgrass beds, 

the principal spawning substrate in Tomales Bay (Spratt, 1981) . Spawn deposition 

surveys continued through the 2005 -06 season, after which time they were 

discontinued due to staffing constraints. During the 2006 -07 season, limited 

monitoring was undertak en in preferred spawning areas when time and 

weather permitted, and the dates and locations of spawns were recorded. This 

was also the last year that commercial fishing occurred in Tomales Bay.  

 

Humboldt Bay  

Herring spawning biomass was surveyed during 19 74-75, 1975-76, 1990-91, 

1991-92, and from the 2000 -01 through the 2006 -07 seasons using the subtidal 

sampling protocol (Rabin and Barnhart, 1986; Spratt and others, 1992) . Herring 

spawn occurs on the extensive eelgrass beds in both the northern and southern 

portions of Humboldt Bay, wit h the North Bay typically receiving the most 

spawning activity. Surveys were discontinued after the 2006 -07 season due to 

staffing constraints and lack of fishing effort. Although SSB has not been 

calculated for the Humboldt Bay stock since 2007, monitorin g to evaluate 

population characteristics and determine spawn timing and spatial extent, 

resumed in 2014 -15. 

 

Crescent City Harbor  

No spawn deposition surveys have been conducted in this area. 

However, limited m onitoring of spawn timing and spatial extent began in 2015 -

16. 

 
Between 1982 -83 and 2001 -02, the Department conducted hydro -

acoustic surveys in San Francisco Bay to explore an alternat ive method for 

estimating SSB (Watters and Oda, 1997) . These surveys primarily occurred in the 

deeper waters of the bay over Herring schools prior to spawning. S urveys 

occurred up to four days a week during the spawning season on slack tides 

(typically high slack) to reduce error due to tide -related school movement. 

Schools were initially found and qualitatively surveyed with a fish finder. Herring -

like marks were  confirmed by sampling the school with a midwater trawl. Once 

the school was verified as Herring, quantitative hydro -acoustic surveys were 

conducted with a Raytheon model DE -719B paper recording fathometer. 

Biomass was estimated for each school from paper traces using the 'visual 

integration' method (Reilly and Moore, 1983) .  

Beginning in 1989 -90 season, the protocol for estimating SS B (calculation 

from spawn deposition surveys) was revised to incorporate the hydro -acoustic 
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surveys. For each Herring school observed during the season, the estimates of 

biomass from each of the two survey methods were compared. If one survey 

was missing, the other was used. If the two estimates were similar they were 

averaged. If Department staff had more confidence in one survey than the 

other, that survey result was used, and if there was equal confidence in both 

surveys, the higher estimate was usually chosen (Spratt and others, 1992) . The 

chosen estimates for each school were then summed to determine a final 

biomass estimate for the season  (Figure 6 -1).  

Beginning in the late 1990s the hydro -acoustic and spawn deposition 

survey estimates began to diverge, with the spawn deposition surveys showing 

declines in stock size. During the 2002 -03 season the SSB could not be estimated 

due to a substantial divergenc e between the spawn deposition and hydro -

acoustic surveys (Figure 6 -1). As a result, the Department initiated a review of 

the survey methods used (Appendix I). This study examined how well the 

spawning biomass estimates from each method correlated with the  following 

yearõs spawn deposition estimate. The review found that while the spawning 

deposition surveys could explain 50% of the variation seen from year to year, the 

hydro -acoustic surveys could only explain 4%. Based on the results of this study 

the Dep artment discontinued the hydro -acoustic surveys and continued only 

using the spawning deposition surveys to estimate biomass and set quotas.   
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Figure 6-1. Department estimated yearly SSB of San Francisco Bay  Herring between 1972 -73 to 

2016-17 in short and metric tons. The left panel  (a)  shows the reported biomass (with a median 

biomass of 40 Kt/36 Kmt), and the right panel  (b)  shows the individual biomass estimates from the 

spawn deposition and hydro -acoustic  surveys. Dates corresponding to changes in the survey 

methodology are indicated by light blue vertical lines.  

 
Data on the number of age zero, one, and two or older  Herring 

throughout the year in San Francisco Bay are available as part of the 

Departmentõs Bay Study Program  (Baxter and others, 1999) . This program began 

in 1980 with the goal of determining the trends in environmental variables and 

the distribution and abundance of living resources in San Francisco Bay. A 

Department research vessel operates a midwater  trawl and an otter trawl 

monthly, year -round at each of 52 open -water sampling locations. These 

locations range from southern San Francisco Bay through San Pablo and Suisun 

Bays and into the Delta (Figure 6 -2). 

Juvenile Herring are caught in the midwater trawl, and this survey 

produces monthly  CPUE (number caught/tow volume*10,000) of age  zero, one 

and two or older fishes. Age zero fish are most prevalent in the trawl catch  

during the months of April to July, and less prevalent from August onward, when 

they are likely to have started moving out of the bay to ocean waters. The CPUE 

of YOY Herring was found to be significantly correlated to the observed SSB 

three years later (Roel and others, 2016; Sydeman and others, 2018)  and data 

from this survey prov ide one of the key indicators used to predict SSB ( Section  

7.6.2). As a result, th ese data serve as a core component to the management 

strategy for Herring proposed in this FMP.  
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Figure 6-2. Station map for San Francisco Bay Department  midwater trawls, from which YOY 

Herring abundance data are obtained . 

 

 
The Department has used a midwater trawl to sample the population in 

San Franci sco Bay since the 1982 -83 season. Surveys usually begin in late -

November or early December, when Herring schools start moving into the bay in 

spawning waves, and usually end in March. Trawl samples are taken roughly 

once a week throughout this time period using the Departmentõs research 

vessel, with the goal of sampling every spawning wave that enters the bay prior 

to a spawn occurring. This sampling resolution provides information on the 

spatial and temporal variability of spawning waves during each season . 

Department staff  transit the bay using a fathometer to detect Herring schools, 

and opportunistically sample each school using the midwater trawl. A typical 

population sample obtained via this method comprises anywhere from a 

minimum of 30 to a maximum of  200 individual Herring.  
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A midwater trawl is the primary method for obtaining population samples 

from spawning waves in San Francisco Bay. However, multi -panel gill net s are 

also used as a supp lemental technique when the midwater trawl vessel is 

unavailable or in areas that are too shallow for the midwater trawl gear to 

operate. The research gill net s are constructed of varying mesh sizes, including 

1.5, 1.75, 2.0, 2.25, and 2.5 -in (38, 44, 50, 57, and 64 mm)  to sample the entire 

range of Herring sizes present in the population. The research net is able to 

capture younger age classes than the commercial fishery due to the minimum 

commercial mesh regulation of 2.0 -in (50 mm) . The Dep artment also employed 

research gill net s in Tomales Bay prior to ending the surveys in 2006 -07. 

 
Population samples obtained via the midwater trawl and multi -panel gill 

net  surveys compose the research catch for a given season. The research catch 

is the Departmentõs source of demographic data for that seasonõs SSB. Length 

and gonad maturity data are recorded for all sampled fish. Immature and spent 

fish are discarded, and mature fish are weighed and otoliths are removed. Note 

tha t Herring typically do not spawn until age two  or three  so there are few age  

one  fish in the research catch -at -age data.  

Surface reading of otoliths are completed at the end of the season by 

Department staff. The resulting age data are used to calculate r aw numbers at 

age and weight at age for each spawning wave. The raw numbers -at -age are 

then weighted by the estimated size of the spawning wave and then summed 

over all waves to estimate the total numbers -at -age in the spawning stock. This 

wave -by -wave ana lysis is necessary because each spawning wave may have 

different sex ratios or age compositions. Weighted numbers -at -age data are 

available from 1982 -83 on with the exception of the 1990 -91 and 2002 -03 

seasons. During these seasons, the spawning stock numb ers-at -age data were 

not available due to incomplete datasets. From the 1982 -83 season to 2003 -04 a 

subsample of Herring from the fishery -independent samples was aged and a 

key was constructed annually based on those ages, which was applied to the 

entire c atch to characterize the age composition of the SSB (Reilly and Moore, 

1983). However, in 2003 an independent review committee reco mmended 

direct aging (MacCall and others, 2003) . Since that time the Department has 

aged a sub -set of each spawning wave to assign age composition.  

 

 
The SFBHRA was formed in 2009 with funds made available from the 

responsible party following the Cosco Busan oil spill (November 2007). The 

SFBHRA is a non-profit fishing industry group dedicated to working with the 

Department to as sist in monitoring the San Francisco Bay Herring stock. A 

collaborative monitoring protocol was developed to assist Department staff in 

tracking Herring schools and locations of Herring spawning activity. Spawn 
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surveys are conducted at regular intervals th rough close coordination with 

Department staff. SFBHRA members follow a streamlined spawn deposition 

sampling protocol and collect adult Herring using the same multi -panel research 

gill net  described above. Samples are provided to Department staff for 

proc essing and inclusion into existing datasets.  

In Humboldt Bay , another collaborative research program has been 

active since the 2014 -15 season. This collaboration was a lso developed and 

supported by local fisherman to assist Department staff in updating in formation 

related to stock status in Humboldt Bay for Herring. Beginning in late 2014, this 

effort has helped to monitor the approximate size, number, and location of 

spawn events, as well as to conduct biological sampling. This collaboration has 

helped to  improve the Departmentõs understanding of the Herring resource in 

Humboldt Bay, which has historically only had intermittent research and 

monitoring.  

 

 
As part of the California Recreational Fisheries Survey (CRFS),  Department 

personnel intercept recreational anglers at boat ramps, on commercial 

passenger fishing vessels, at man -made structures, and along beaches and 

banks in order to collect catch and effort data 4. Because Herring aggregate 

during spawning events, r ecreational catch can be very high for a short period 

of time, and thus CPUE may not be indicative of abundance. Catch data from 

CRFS monitoring is useful to begin to understand the extent of recreational take 

and gear types used in the fishery. Unfortunat ely, due to the unpredictable 

nature of spawning activity and the low likelihood of encountering recreational 

anglers  targeting Herring, only a few interceptions have been made.  

 

 EFI Needs and Future Management Options  

Additional EFI data are necessary for  effectively monitoring the Herring 

resource.  Table 6 -2 identifies EFI gaps for California Herring. The abundance of 

the spawning stock in terms of biomass is the primary type of EFI required for 

sustainable management of the Herring fishery in California,  but this information 

is currently missing for the management areas outside of San Francisco Bay. 

Spawn deposition survey methodologies that have been applied in the past 

obtain the best estimates of absolute SSB on an annual basis. However, these 

surveys are resource intensive and may not be appropriate for relatively small -

scale fisheries with a limited number of participants. The MLMA 2018 Master Plan 

for Fisheries directs managers to scale monitoring and management activities 

relative to the value of the fishery and the risk to the stock (Californa 

                                            
4 The CRFS Sampler Manual ( available at 

https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=62348&inline ) describes the history of the 

survey, general information, methods, and the roles and responsibilities of supervisors, leads, and 

samplers.   
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Department of Fish and Wildlife, 2018) . However, Herring stock abu ndance can 

vary widely from year to year and applying the existing spawn deposition 

surveys less frequently may increase risks to the stock and the sustainability of the 

fishery. Instead, the consistent application of a less intensive survey method that 

results in a proxy for spawning stock abundance is more appropriate for 

monitoring smaller Herring fisheries. This section  describes a potential research 

protocol to fill this gap. It also highlights other monitoring opportunities for 

Herring.  

 

Table 6 -2. EFI gaps for Herring and their priority for management . 

EFI Type 
Priority for 

Management  

How EFI would support future 

management  

Fishery Independent  

Index of abundance in 

unfished management 

areas  

Medium  

Implementing Rapid Spawn 

Assessment Method would inform 

quota setting should fishing resume in 

these areas . 

YOY abundance  Medium  

Ensuring completion of annual 

surveys allows for use of predictive 

statistical model, which relies on 

indices of abundance of YOY, for SSB 

estimation.  

Fecundity  Medium  

Frequent fecundity estimates 

increase  accuracy of spawning 

biomass estimates derived from egg 

deposition surveys.  

Maturity at age  Low 

Up-to -date maturity -at -age estimates 

could inform future attempts at stock 

assessment. 

Population structure  Medium  

State -wide population structure, 

including timing and geography  of 

spawn events and genetic structure, 

may help inform whether spatial or 

temporal considerations in 

management are necessary  

Fishery Dependent  

In-season commercial 

catch  outside San Francisco  

Bay 

High 

Inform managers on level of take 

achieved and when to close if fishing 

resumes in management areas 

outside SF Bay. 

Age distribution of  any  

catch outside S an Francisco  

Bay 

Medium  

Age distribution of catch can 

provide managers with seconda ry 

indicator of stock status.  

Size distribution of any 

catch outside S an Francisco  

Bay 

Medium  

Size distribution of catch can provide 

managers with a secondary 

indicator of stock status.  

Recreational catch 

estimates  
Low 

Provide managers with tools to better 

regulate recreational fis hing  in all 

management areas.  
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 Index of Abundance in Unfished Management Areas  

A current gap in EFI is the lack of active monitoring programs for assessing 

Herring spawning populations in  management areas where commercial f ishing 

activity does not occur, and the Department isnõt investing staff resources in 

producing full SSB estimates (see Sections 7.2 through 7.6  and 8.1 ). Spawn 

surveys in Tomales and Humboldt Bays were discontinued after 2006 -07 due to 

staffing and resour ce constraints. Due to low Herring  roe prices and lack of 

processing facilities, no commercial fishing has occurred in these areas since 

2006-07 and 2004 -05 respectively. Despite the lack of commercial fishing 

pressure, Herring are known to be very sensiti ve to fluctuations in environmental 

conditions, and the status of these stocks is unknown. Should fishing resume, it 

will be necessary to resume some level of monitoring to understand the impacts 

of fishing on the stock, and to avoid over -fishing during na tural declines in 

productivity.  

 

 
To explore future management options, Department staff have been 

piloting a new sampling protocol in Humboldt Bay with the following objectives: 

1) identify the number and  timing  of spawns , 2) identify the location s and 

extent s of spawns, and 3) qualitatively assess spawn density if possible, 

depending on staff and collaborative resources . Information on numbers of 

spawns and spawning extents, along with locations and timing of those spawns,  

ca n be compared  with historical information to inform fishery management 

decisions  (Appendix  P). This Rapid Spawn Assessment  Method  provide s 

Department staff with a less intensive strategy to monitor the relative condition 

of stock status  in management area s that are either unfished or fished at a low 

intensity .  

 

 
Collaboration with key partners is a potentially useful tool to provide 

information in areas where the Department lacks the resources to monitor 

Herring populations. The Department has collaborated in the past and will 

continue to work with outside entitie s such as academic organizations, NGOs, 

citizen scientists, and both commercial and recreational fishery participants to 

help fill information gaps related to the management of state fisheries. The 

Department will also reach out to outside persons and agen cies when 

appropriate while conducting or seeking new fisheries research required for the 

management of Herring. Several of the information gaps identified above 

(Table 6 -2) are potential areas for collaboration. While the Rapid Spawn 

Assessment Method  is primarily designed to be carried out by Department staff, 

its efficacy will be greatly aided by collaboration with fishermen  and other 

interested parties . For example, Department staff can request that active 

fishermen voluntarily notify staff when they observe Herring spawning activity 
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(time and location of spawn). This increased observational data will increase 

detection of spawns and allow the Department to better assess these events. As 

these partnerships a re developed , fishermen may assist the Department by 

collecting samples to document spawn intensity through a collaborative 

research program. The program design could follow the successful collaboration 

between the SFBHRA and the Department.  

 

 Fishery-Depen dent Monitoring  

 

 
Should  commercial  fishing resume in areas outside of San Francisco Bay, 

fishery-dependent monitoring could help Department staff monitor the status of 

the stock. In -season catch levels will be monitored so that the fishery can be 

tracked and closed when it reaches its quota. Close communication between 

the Department and fishing industry will be critical to ensure catch targets are 

not exceeded. In areas w here limited or no monitoring occurs, th e licensed 

Herring buyers will notify the Department prior to landing Herring. 

Communication between Department staff and fishery participants will help 

track real -time fishing effort, and monitoring offloads w ill ensure quotas are 

closely adhered to in th ese areas. Department staff will be able to sample 

commercial catch and collect length and weight data. This information w ill help 

fishery managers monitor the catch for changes in size distribution, which may 

signal a need for management action.  

 

 
When resources are available, otoliths should be removed from 

commercial catch samples and aged to produce catch -at -age data and 

weight -at -age data. These can then be used to develop length -at -age and 

length -weight relationships for stocks in these periodically sampled areas. 

Surface reading of otoliths to determine fish ages is resource intensive but 

collecting and aging every few years will provide a check on stock condition 

and age distrib ution. For example, if fishery managers detect a loss of older age 

classes it may signal a need for management action depending on fishing 

activity levels in a given area.  

 

 
Size distribution in the commercial catch can be sampled 

opportunistically when fishing occurs in the northern management  areas. 

Ideally, size distribution data could be collected annually and be used as a 

secondary indicator of stock status. Size -at -age is known to fluctuate in Herring 

due to environmental conditions, but it is possible to classify fish into size classes 

that provide an indicator of their approximate age (Cope and Punt, 2009) . 

Monitoring the relative proportions of commercial catch in each category can 

provide fishery managers with important data on stock condition and changes 
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in catch composition over time may suggest a need for additional research or a 

more precautionary man agement approach.  

 

 
Currently, recreational removals are assumed to be a small proportion of 

the total catch each year. However, anecdotal reports from commercial and 

recreational fishermen as well as Department staff suggest that the catch from 

the recreational sector has been steadily increasing in recent years. There is also 

concern that large volumes of recreationally caught Herring may end up being 

sold as bait or for food, which is illegal under FGC §7121 (Unlawfu l sale or 

commercialization). Based on Department observations and CRFS catch 

estimates, annual take could range from 50 to 100 tons  (45 to 91 metric tons). 

Given the nature of recreational fishing it would be difficult to obtain accurate 

catch estimates u nless licensing or reporting requirements were changed.  

Recreational anglers  tend to target Herring spawning aggregations that 

are accessible from piers or the shoreline, and can spur intense fishing effort, 

with anglers participating in clo se proximity to one another. Currently, there is 

very little information on the number of recreational anglers  because there are 

no licensing requirements or bag limits for the recreational take of Herring from 

public piers. While effort is not a useful in dicator of Herring abundance, data on 

number of recreational participants in each bay could be used as a proxy for 

total recreational removals per season by assuming a constant catch amount 

per participant. The implementation of a daily bag limit ( Section  7.8.7) provides 

a baseline assumption of daily catch and provide s managers a simple tool to 

better regulate catch. An opportunistic sampling protocol, in which Department 

staff observe recreational fishery participants during a spawning event and 

estimated  CPUE, could result in improved catch estimates, which would inform 

fishery managers and better address any future sustainability concerns .
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  Management Strategy for California Herring  

 

This chapter describes the Departmentõs comprehensive and cohesive 

mana gement strategy for Herring fishery , including : 1) monitor Herring 

populations in the four management areas (San Francisco Bay, Tomales Bay, 

Humboldt Bay, and Crescent City Harbor), 2) analyze data collected via the 

monitoring protocol to estimate SSB, 3) develop quotas based on current SSB 

using a HC R, 4) track indicators to monitor ecosystem conditions, and 5) 

establish additional management measures to regulate fishing. This 

management strategy is based on an adaptive management framework that 

seeks to improve management through  monitoring and evalu ation, in order to 

better understand the interaction of different elements within marine systems 5. 

The primary mechanism for ensuring stock sustainability in Californiaõs 

Herring management areas is to set precautionary limits on catch (quotas)  using 

a har vest rate cap and a cutoff below which no harvest is allowed . For San 

Francisco Bay, quotas are set with the goal of achieving harvest rates that do 

not exceed 10% of the SSB, which is more precautionary than what is used in the 

management of other Herring  fisheries such as in Alaska and British Columbia. 

However, given the changes in Herring stocks observed over the 45-year history 

of the sac -roe fishery, such precaution is warranted. Low harvest rates provide a 

buffer against scientific  uncertainty, parti cularly during periods of high 

interannual variability in  SSB, when the SSB is lower than predicted, or when poor  

environmental conditions may negatively affect stock size.  Similarly, cutoffs 

prevent continued depletion and allow for rebuilding during low productivity 

periods. Low harvest rates also potentially allow  more Herring to spawn 

successfully, protecting the spawning potential of the stock. Herring are an 

important forage species in the CCE and low harvest rates, as well as  fishing 

closures when st ock sizes are reduced  below the cutoff , help increase the 

likelihood  that the needs of these predators are met. The 10% target harvest rate 

cap  and cutoff  were  agreed upon by a group of representatives from the 

commercial fishing industry and conservation NGO s during the development of 

this FMP. This continues the precautionary management approach the 

Department has employed since 2004 ( Section  5.2.1.1).  

Additional management measures are in place in San Francisco Bay to 

help ensure that commercial harvest targets primarily age four and older  fish, 

that spawning aggregations receive temporal and spatial refuges from fishing, 

and to minimize interactions between fishermen and the other users of the bay. 

Lower harvest rates also help to protect the age structure of the stock, which 

                                            
5 (California Fish and Game Code Ä90.1) òAdaptive management,ó in regard to a marine 

fishery, means a scientific policy that seeks to improve management of biological resources, 

particularly in areas of scientific uncertainty, by viewing program actions as tools for learning. 

Actions shall be designed so that even if  they fail, they will provide useful information for future 

actions. Monitoring and evaluation shall be emphasized so that the interaction of different 

elements within the system can be better understood.  



Draft Herring FMP       August  2019 

7-2 

may in turn allow  the stock to be more resilient to non -fishing impacts such as 

changes in environmental conditions or degradation of habitat. Recent 

analyses have shown that warm water events may resul t in lower survival of  YOY 

Herring, and thus a smaller year class recruiting to the stock three years later 

(Appendix E). Maintaining a stock with a greater proportion of older  fish may 

help to buffer the stock against those years when juvenile survival is  poor. The 

age structure of the stock may also influence the timing and location of spawn 

events. Maintaining a diverse age structure may help ensure that spawning 

occurs throughout the historic al  spawning period and throughout the available 

spawning areas  (Berkeley and others, 2004; Watters and others, 2004) . The 

northern management areas also have precautionary quota recommendations 

based on a combination of historical SSB estimates and commercial catch 

data. Additionally, temporal and spatial closures as well as gear restrictions 

augment the precautionary approac h in those areas . 

 

 Management Objectives  

Fisheries are complex socio -ecological systems, and managers must 

ensure , to the extent possible,  that target stocks can sustain themselves, while 

balancing the needs of the fishermen with the ecological role of the fished 

species. The management objectives for Californiaõs Herring stocks were 

developed in recognition of these various, and at times co mpeting, needs, and 

are described below.  

 

 Promote a healthy long -term average biomass  

This objective recognizes the fact that Herring populations are most able 

to reproduce successfully, support a productive fishery, and provide forage to 

predators when t hey are at healthy levels.  If the stock is not in a healthy state 

the Department is required to rebuild to achieve a healthy long term biomass.  

 

 Minimize the number of years stocks are in a depressed state  

This objective recognizes that due to the populat ion dynamics of Herring, 

natural fluctuations can result in low stock size even in the absence of fishing. 

However, with a responsive management system in place it is possible to detect 

these declines and reduce fishing pressure to avoid high harvest rates  that may 

result in overfishing  when stocks are low.  

 

 Maintain a healthy age structure  

This objective recognizes that the stock is most sustainable when it 

comprises Herring from a variety of year classes, including recruits (age two  and 

three ), the age four  and five  fish that make up the majority of the commercial 

catch, and older fish (ages 6+).  

 

 Maintain an economically viable fishery  
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This objective recognizes that Californiaõs natural resources should be 

managed in order to maximize their long -term b enefit to the State and its 

residents. This objective is multi -faceted and includes maximizing yield while 

maintaining stable quotas from year to year, minimizing the number of years 

with a zero quota to maintain access to markets, and matching the capacit y of 

the fleet to the amount of take that the resource can sustain . 

 

 Help Ensure Herring remain an important component of the ecosystem  

This objective recognizes that Herring are an important forage fish in the 

CCE, adheres to the Commission õs forage spec ies po licy , and helps the 

Department in meeting the goals of the MLMA, principally, managing for non -

consumptive values and helping to maintain intact ecosystems.  

 

 Tiered Management Approach  

To ensure that target harvest rates are achieved despite the dyna mic 

nature of Herring  stocks, the Department estimates the size of the spawning 

stock and describes its age structure  and condition  annually in San Francisco 

Bay through spawn deposition and midwater trawl surveys. This fishing area has 

historically had th e largest population and largest fishery, and at the time of FMP 

development, is the only  management area with an active commercial fishery. 

Implementing these intensive surveys in all four management areas is not 

feasible due to resource and staffing cons traints . When no  commercial  fishing 

effort  occurs  in a  management area, there is no risk to th ose stocks from 

commercial fishing. However, should commercial fishing resume in a 

management area, it may be necessary to implement monitoring protocols that 

are sensitive enough to detect years when SSB is low and fishing could harm the 

stock. Therefore, a tiered management approach  will help prioritize monitoring 

efforts and apply app ropriate levels of management to fit the fishery activity 

level.  

This section  describes a tiered approach that scales management effort 

to the level of fishing effort and amount of information available for each 

management area. In this approach, areas wit h less fishing effort require less 

monitoring effort, and areas that have less information available have 

precautionary quota setting procedures with low maximum harvest rates 

available to them (Figure 7 -1). This allows management to direct its resources 

p roportionally, depending on the amount of fishing effort in that area in terms of 

catch or participation.  This approach is also consistent with the Commissionõs 

forage species policy.  
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Figure 7-1. Schemat ic of tiered approach to Herring management, in which each management 

area falls into one of three tiers based on the level of fishing occurring. The level of monitoring 

effort is dictated by the size of the fishery, and the quota setting approach is deter mined by the 

information available.  

 

 Defining Management Tiers  

In order to implement a tiered approach to management, it is necessary 

to define the management tiers and describe how management areas 

transition between tiers. This section  describes the conditions that would 

necessitate assignment of a management area to  a new tier level .  

Tier 1 management areas are those areas where low, precautionary 

quotas are available , but no fishing has occurred in the prior season. These 

quotas are based on historical catch and /or  SSB data for these areas. At the 

time of FMP development , Tomales Bay, Humboldt Bay, and Crescent City 

Harbor are Tier 1 management areas . No commercial fishing has taken place in 

these areas since 2005 -06 or earlier.  

If an y Herring permits are fished in a Tier 1 management area, that area 

will be managed a s a Tier 2 management area  during the subsequent season 

(Section 7.5). The same  quota is retained when an area transi tions from Tier 1 to 

Tier 2. The differences between Tier 1 and 2 management are  the  collection of 

fishery-dependent data and the potential for collection of additional fishery -

independent data via the Rapid Spawn Assessment Method (Section 6.2.1.1, 

Appendix P ) or spawn -deposition sur vey (Section 6.1.2.1) , and that Tier 2 may 
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have  a quota increase  if additional fishery -independent monitoring is 

conducted (Section 7.5.2) and the Department deems t hat stock conditions 

warrant the increase  (Section 7.5.3).   

A Tier 2 management area becomes a  Tier 3 management area  when 

the Department determines that the size of the fishery  in that management 

area , in terms of potential catch or the number of participants, warrants more 

intensive monitoring, including annual estimation of SSB  and use of an HCR . This 

may occur due to increases in the ex -vessel price of Herring, resulting in 

increased utilization of existing permits and/or requests for new permits. Tier 3  

management areas  require a more comprehensive management protocol to 

promote  sustainable harvest , as well as  additional Department staff and 

resources. At the time of FMP development, San Francisco Bay is the only Tier 3 

management area. However, should market or stock conditions change, it is 

possible that other management areas could become  Tier 3 management 

areas . It is important to note that many aspects of the Tier 3 management area 

HCR framework described in this chapter were developed using data from San 

Francisco Bay , which lies within the central California region of the CCE. A 

c hange to a higher tier level  in the other three management areas may also 

require a HCR that is specifically parameterized for those individual stocks  and 

environmental conditions .  

A Tier 3 management area may also be assigned to a lower tier should 

effor t decrease substantially  or should commercial fishery activity cease 

altogether . During these periods of reduced fishing effort, low landings, or permit 

attrition , the Department may determine that, given the many competing 

priorities of staff, the fishery no longer warrants an intensive management 

system.  

 

 Tier 1 Management Areas  

Fishery monitoring is designed to measure the impact of fishing on a stock, 

and to alert managers when fishing is likely to negatively impact the 

sustainability of the stock so that appropriate management actions can be 

taken to reduce those impacts. In management areas where no fishing has 

occurred in recent years , there is no monitoring required and no data are 

produced. As a result, no assessment methodology or quota adjustmen t is 

required. Such areas are considered Tier 1 management areas.  

In Tier 1 management areas, the quota will remain set at a precautionary 

level that provides  opportunity for fishing should economic or market conditions 

change. The Tier 1 quota for San Fra ncisco Bay is 750 tons ( 680 metric tons), 

which is approximately 1.5% of the average historical SSB . Because recent SSB 

data were  unavailable in the northern  management areas  during the drafting 

of this FMP, the Tier 1 quotas are  set at level s that conside r historical stock size, 

average historical catch, and the overall management framework . In Tomales 

Bay, w here extensive historical biomass data are  available, the quota  for Tier 1 

management is set at 133 tons (121 metric tons), which is approximately 3% of 
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the average historical SSB  estimate of 4,446 tons (4,033 metric tons).  The Tier 1 

quota for Humboldt Bay is set at 11 tons (10 metric tons), which is 3% of historical 

SSB estimate of 351 tons (318 metric tons).  However, no SSB estimates  were 

made  for Crescent City  Harbor  prior to the drafting of this FMP . Consequently, 

developing Tier 1 quota ranges for th is stock is more difficult. The Tier 1 quota  for 

Crescent City Harbor  is set at  12 tons (11 metric tons), which is 50% of the 

average historic landings  and a 60% decrease from the quota prior to the 

adoption of this FMP . These are  precautionary quota s that include buffer s for the 

impacts that ecological changes may have had on the productivity of these 

stocks since they were last fished. The rati onale for retaining these precautionary 

quotas in the absence of active fishing is to provide access to the resources 

should market conditions in these areas change. This also aligns with a goal 

outlined in the MLMA regarding fishing communities, which rec ognizes the long -

term interest of fishing dependent communities, and aims to maintain fishing 

opportunities wherever possible.  

 

 Tier 2 Management Areas  

The Tier 2 management strategy is designed to scale the amount of 

monitoring required by the Department to the level of fishing effort that occurs 

in an area, which will help determine the level of risk to  the Herring stock 

associated with  fishing. When a management area is assigned to  Tier 2, the 

quota level  from Tier 1 remains  in effect, and the catch must be monitored via 

fishery-dependent monitoring protocols ( Section  7.5.1). If spawn deposition 

surveys are conducted to produce an estimate of SSB  (Section  7.5.2) and the 

Department de ems that stock conditions warrant it, the quota may be adjusted 

for the following season ( Section  7.5.3). 

 

 Fishery-Dependent Monitoring in Tier 2 Management Areas  

In Tier 2 management areas, the Department monitor s commercial catch. 

This includes monitorin g landings to ensure that the fishery is closed when the 

quota has been reached, as well as collecting data to understand the size 

distribution of the catch when staff resources are available. The Department will 

also determine age class structure of the c ommercial catch through 

appropriate sampling when staff and resources allow, with a goal of sampling 

every five years. At the time of FMP development, management areas outside  

of San Francisco Bay ( the three northern  management  areas) have not been 

subjected to commercial fishing since 2005 -06 or earlier . During this time, stocks 

have likely returned to unfished age distributions. For this reason, sampling the 

age distribution before or concurrent with the resumption of fishing activities 

would provide a benchmark with which to assess the impacts of fishing on the 

age structure of the stock in the future.  

Generally, age keys are not recommended for fish stocks that have high 

variation in growth between years and cohorts because of overlap in size 

distributions between age classes. However, the Department  may use a length -
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frequency key to monitor for major changes in the size distribution of the stock, 

which , if detected, may signal the need for additional data collection and/or 

increased precaution in management. As an example, a high proportion of 

small fish in the commercial catch might suggest that the fishing gear is 

selecting too many young fish, before they have had an opportunity to spawn. 

The goal of the current tiered  man agement approach  is to target older age 

classes, age  four  and five . Conversely, a decline in the number of age six and 

older  fish in the catch over time might suggest that mortality rates (due to fishing 

or natural mortality) are increasing.  

 

 Fishery-Indep endent Monitoring of Tier 2 Management Areas  

In Tier 2 management areas, the Department monitors spawning behavior 

of the Herring stock. This helps ensure that  harvest is not taking place on an un -

monitored  stock , and alerts Department biologists to situat ions that may require 

implementation of a zero -ton quota.  The full spawn deposition survey protocol  

used historically  (Section 6.1.2.1)  is resource and staff intensive, and conducting 

this survey in reduced -capacity management areas  fishing the precautionary 

Tier 1 quota  is not necessary . Accordingly, under Tier 2, the Department can 

employ a Rapid Spawn Assessment Method  (Section  6.2.1.1, Appendix P). This 

methodology can  be used to monitor the number of spawns, spatial extent of  

spawns, and relative  egg density  per spawn  in a given season. Together, these 

indicators provide a basis for detect ing  changes that may signal the need for 

additional data collection or management actions. The Rapid Spawn 

Assessment Method could be built into a collaborative research program to 

assist the Department in ensuring that all spawning events are sampled each 

season. For example, a gency  staff, fishermen, citizen scientists, or organizations 

c ould  report the location of spawning eve nts to Department staff. Assistance 

may also include  collecting the spawn samples and recording the spatial extent  

of spawning  (Section  6.2.1.2). Permit holders could  also be incentivized to assist 

with monitoring to increase the likelihood of potential increased quota 

adjustments.  

Should Herring permit holders request , through a  DHAC meeting,  a quota 

increase from the precautionary quota carried over from Tier 1, Department 

biologists may implement a full spawn deposition survey during a single season 

in o rder to produce an estimate of SSB for that season. That SSB estimate would 

be used to inform any potential quota increase (Section 7.5.3)  

 

 Adjusting Quotas in Tier 2 Management Areas  

A Tier 2 management area allows the  commercial fleet to fish a 

precauti onary quota set at 1.5 to 3% of the average historical SSB, or 50% of 

historical catches for that area. If spawn deposition surveys  are conducted to 

produce an estimate of SSB , the Departmentõs Director may increase the quota 

for a given management area up  to  either  4% of the average historical SSB  for 

Tomales and Humboldt Bay management areas , or up to 60% of  the  historical 
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average catch  for  Crescent City Harbor . For San Francisco Bay, the Tier 2 

adjustment  will be based on the HCR. When selecting a quota for each  

management  area, the Department will consider  any available  recent and 

historical data on spawning stock abundance, fishery -dependent information 

on the size/age structure, and the catch history. Conversely, under a Tier 2 

monitoring protocol, the quota shall be reduced to zero in years where either 

the employed Rapid Spawn Assessment indicates very poor spawning behavior, 

or spawn deposition survey -derived SSB estimates indicate an SSB too small to 

support fishing.  

 

 Tier 3 Management Areas  

If recommendations through a  DHAC meeting  for quota increases are 

requested beyond those allowed under Tier 2, and the Department determines 

it appropriate, permit areas may be managed under a Tier 3 monitoring 

protocol. A Tier 3 ma nagement area utilizes a HCR, informed by both fishery -

dependent and fishery -independent monitoring protocols  that are 

implemented annually  (Sections  6.1.1 and 6.1.2) , to set quotas . The primary 

indicator of stock status is produced by spawn deposition sur veys, from which 

the total SSB for a season is calculated. Additional monitoring includes sampling 

the commercial catch to determine age, weight, and length composition, as 

well as conducting research trawls to determine the age, weight, length, and 

sex co mposition of each observed spawning wave. At the time of FMP 

development, San Francisco Bay is the only area that is considered a Tier 3 

management area. In addition, the San Francisco Bay management area uses 

an annual index of YOY abundance produced with  Departmentõs Bay Study 

Programõs midwater trawl survey data.  

Setting quotas in Tier 3 management areas requires a ccurate  estimat ion  

of the total SSB order to set a quota that will achieve the desired harvest rate. 

Historically, in San Francisco Bay, the Department has used the observed SSB 

and/or hydro -ac oustic surveys from the previous season to set the quota for the 

upcoming season.  In-season estimates are not available due to the long 

spawning duration, typically November -March. Given the wide variation in 

spawn timing and individual spawning wave size, in -season estimates to inform a 

commercial quota are not  practical. This section  describes the current empirical 

method, as well as a new method that uses a predictive model to estimate the 

next yearõs SSB for the San Francisco Bay management area. 

 

 Empirical Surveys to Estimate SSB  

In San Francisco Bay, quotas for next season have be en set based on a 

percentage of the most recent seasonõs SSB. This is the intended harvest 

percentage , or target harvest rate,  for the  upcoming  season. The intent is to 

achieve an actual exploitation rate of a given yearõs SSB that closely 

approximates the  intended harvest percentage. An exploitation rate that 

closely matches the intended harvest percentage is more achievable when the 



Draft Herring FMP       August  2019 

7-9 

biomass in the coming season is similar to the biomass observed last season. 

When this method was first developed in San Fra ncisco Bay, Herring stock sizes 

were more stable from year to year. However, since the early 1990s the Herring 

SSB has exhibited higher inter -annual variability. Differences in the SSB from year 

to year can lead to higher than intended exploitation rates w hen stock sizes 

decline sharply between years. Despite the increase in variability of estimated 

stock size from year to year, determining SSB from observed spawn deposition  

has been used successfully since the beginning of the fishery, and as the primary 

quota -setting tool since the early 2000s, when hydro -ac oustic surveys were 

discontinued, as described in Section  6.1.2.3. The spawn deposition  method is 

considered the primary estimation method for quota setting in San Francisco 

Bay. 

 

 Multi -Indicator Predic tive Model to Estimate SSB  

Prior to FMP development, ecological indicators had been assessed each 

season and presented as part of annual season summar ies to the DHAC and the 

public in support of Department management recommendations for the 

upcoming season , as well as to provide context for the SSB estimate. These had 

not been used, however, to quantitatively predict the SSB to set fishery quotas. 

As part of the FMP development process, information on correlations between 

biological indicators of Herring st ock health and environmental indicators were 

used to develop a predictive model to estimate the coming yearõs SSB 

(Sydeman and others, 2018)  (Section  3.4.1, Appendix E).  This model includes  

three indicators:  

1) SSByr-1 ð the observed spawn depo sition from the previous season  

2) YOYyr-3 ð the CPUE of YOY Herring from April to October three years prior  to 

the upcoming season  

3) SSTJul-Sep ð The average SST between July and September prior to the 

upcoming season  

 

Relative to a simple regression that uses  SSByr-1 to predict the upcoming 

seasonõs SSB, the above-described model explains more variability and reduces 

predictive error by a large margin (Sydeman and others, 2018)  (Ap pendix E). 

Mechanistically this model supports what is known about Herring stocks. The 

majority of Herring in the San Francisco stock are thought to mature between 

age s two  and three , and considered fully recruited to the spawning stock by 

age three . Including YOY yr-3, in addition to SSB yr-1, as an explanatory variable in 

the model improves the accuracy of the output estimate, because the 

spawning stock that comes into the bay to spawn is a function of both the 

survivors from the previous year and the recruiting year class. Additionally, it has 

long been hypothesized that, in some years, not all Herring come into the bay to 

spawn, possibly due to environmental cues. The summer and fall SSTs were 

found to be negatively correlated with the observed spawni ng biomass later 

that same winter, suggesting that warmer temperatures may indicate poor 
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conditions for adult Herring, resulting in  behavior that results in  fewer spawners 

during the spawning season. The synthesis of different environmental and 

ecosystem d ata into a multivariate forecasting equation may promote 

proactive, rather than reactive, management, and foster an interdisciplinary 

approach to ecosystem -based fisheries management.  

 

 
This section describes  the steps necessary to estimate SSB using the 

predictive model. All necessary data are available by the end of September 

each year, and prior to the beginning of the fishing season, which begins in 

December.  

 

Step 1: Gather and process the necessary indic ators  

1. SSByr-1 ñ the total spawn deposition from the previous November -March is 

summed and converted to metric kilotons.  

2. YOYyr-3 ñ YOY abundance data are available from the  Department õs Bay 

Study Program , which collects abundance data on pelagic fish using 

midwater trawls throughout San Francisco Bay at monthly intervals for 52 

stations ( Section  6.1.2.4); this analysis is based on the original 35 stations 

that have been sampled since 1980, including those in the central San 

Francisco Bay region where Herring  are common (Baxter and others, 

1999). Data on the age zero, one , and two  Herring observed in the trawls 

are routinely provided to Herring managers each year. To summarize 

YOYyr-3 abundance, calculate the mean catch CPUE for three years prior 

(for example, to make a prediction for the fishing season beginning in 

2020, use YOY data from 2017). First select the appropriate stations using 

only Series = 1 (representing the original 35 stations), and calculate CPUE 

for each station using the following equation:  
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[1] 

 

where PACHER Age0 represents the number of age  zero Herring caught in 

each tow and is scaled by the tow volume data. Next sum the CPUE data 

for April -October (months 4 -10). Finally, average the summed monthly 

data .  

3. SSTJul-Sep ñ The SST for July through September is available from offshore 

buoy N26 at station 46026 provided by the National Data Buoy Center 

and NOAA 6. For each month, average the temperature data available, 

then subtract the mean temperature from each month (bas ed on years 

1985-15: July = 13.16°C (55°F), August = 13.97 °C (57°F), September = 14.24 

                                            
6 http://www.ndbc.noaa.gov/station_history.php?stat ion=46026  
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°C (58°F)) to calculate the temperature anomaly for each month. Finally, 

average the anomaly across the three months (July -September).  

 

Step 2: Apply the forecasting model  

Insert the formatted indicators into the  following equation to calculate the 

coming yearõs SSB: 
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Step 3. Model Validation  

Model validation should be conducted every year after the spawning 

season is complete to verify model prediction skill. To validate that the modeled 

SSB is still performing within the range of deviation described by the regression 

equation (69%), compariso n of predicted and observed SSB (Dec ember -Mar ch ) 

estimates is required. Calculate the percent deviation using the predicted SSB 

for the season that has just passed using the following equation:  
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If the model prediction skill deviates from the mean value (>69%) in one 

year, no management response is required. If skill deviates by greater than 69% 

for two sequential years, this should be considered a warning. If it deviates for 

more than two sequential years, the model should be revaluated and checked 

for continuing veracity. The model prediction skill should also not stay 

consisten tly above or below the mean. In either of these  case s, the spawn 

deposition surveys will be used to estimate biomass and set quotas. Regardless 

of annual model prediction skill, every five  years the Department should test for 

continuing significance of pre dictor variables (i.e., the independent variables) in 

the forecasting model. If terms lose significance or model prediction skill 

decreases significantly, the Department should consider revision of the 

forecasting model to verify that the relationships bet ween SSB, YOY abundance, 

and SST still exist. 

 

 Determining Which Method to Use in Estimating SSB in San Francisco Bay  

The spawn deposition surveys have been and remain the default method 

for estimating the SSB in San Francisco Bay to set quotas. While the predictive 

model provides a promising avenue for incorporating additional indicators into 

Herring management, as well as for improving predictive accuracy, the model 

needs to be tested before it is used to set quotas. To do this, the model must 

have three consecutive years where a) all of the data required are  available, 

and b) demonstrate that over those three years it ha s greater predictive skill 
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than the spawn deposition survey alone. At that point the Department may 

decide to use the predictive model in  yearly quota setting.  

 

 Harvest Control Rule Framework for San Francisco Bay  

Quotas in Tier 3 management areas  are set using a HCR to ensure that 

quotas are appropriate given the current SSB, that the biomass is above the 

cutoff, and that intended harvest percentages are no more than 10%. 

Additionally, the status of environmental and ecosystem indicators (Section  

7.7.2) will be examined to monitor current ecosystem conditions, and the 

Department will include information on these in dicators and their interpretation 

in periodic season reports. Each step is described in detail below.  

 

 Using the Harvest Control Rule to Determine the Quota  

A HCR has been developed to set quotas based on an annual San 

Francisco Bay Herring SSB input, derived either from the above -described 

predictive model (Section  7.6.2) or the previous seasonõs estimate from empirical 

surveys (Section  7.6.1, Figure 7-2). The HCR was developed in consultation with 

Department staff and stakeholders, and was tested using  MSE to understand its 

performance under various uncertainty scenarios , including climate change 

scenarios . It was shown to be robust to the scenarios tested, w hich included a 

number of reduced productivity situations (Appendix M).  

 

 
Figure 7-2. HCR describing the relationship between estimated SSB and quota for subsequent 

season of the San Francisco Bay Herring commercial fishery. 

 

The quota for each season is calculated by inserting the estimated SSB 

into Equation 4 (also described in Table 7 -1).  
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Table 7 -1. Prescribed quota (and associated harvest rate) in tons for each estimated SSB in 

San Francisco Bay . 

Spawning Stock 

Biomass (t)  

Harvest 

Percentages  

Quota 

(t)  
Description  

<15,000 -- 0 No harvest below 15,000t cutoff  

15,000 5.00% 750 

Low fixed quota to maintain limited fishing 

opportunity for the commercial fleet  

16,000 4.69% 750 

17,000 4.41% 750 

18,000 4.17% 750 

19,000 3.95% 750 

20,000 5.00% 1,000 

Harvest rate ramps up from 5% to 10% as 

stock size increases  

21,000 5.50% 1,155 

22,000 6.00% 1,320 

23,000 6.50% 1,495 

24,000 7.00% 1,680 

25,000 7.50% 1,875 

26,000 8.00% 2,080 

27,000 8.50% 2,295 

28,000 9.00% 2,520 

29,000 9.50% 2,755 

30,000 10.00% 3,000 

>30,000 -- 3000 Unadjusted q uota limit fixed at 3,000t  

 

The HCR includes a cutoff at 15,000 tons  (13,600 metric tons), below which 

no fishing will occur and  the quota for the coming season will be zero. The 

selection of this cutoff was based on a number of different factors. Simulation 

analysis suggested that continued harvest at low stock sizes (0 ð 10,000 tons, 

depending on the productivity assumptions) del ayed the recovery of the stock 

to healthy levels. Cutoffs above 10,000 tons  (9,100 metric tons) had minimal 

additional benefits to the Herring stock , which diminished quickly as cutoffs 

increased . However, cutoffs have been suggested as a way to consider  forage 

needs at low stock sizes, and reduce competition between predators and 

fishermen (Cury and others, 2011; Pikitch and others, 2012) . While there is minimal 

informati on available to determine what level of cutoff is required to meet the 

forage needs of Herring predators, this HCR incorporates an additional 5,000 

tons (4,500 metric tons) into the 10,000 -ton base cutoff level for a total cutoff of 

15,000 tons. This higher cutoff provides an additional level of precaution given 

the lack of information on predator dependency on Herring . The 15,000-ton 
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cutoff was agreed to by fishery stakeholders and may also help to buffer against 

additional uncertainty in future climate ch ange scenarios.  

If the SSB is between 15,000 and 20,000 tons  (13,600 and 18,100 metric 

tons), the quota for the coming season will be set at 750 tons  (680 metric tons). 

This represents an agreement among industry and conservation stakeholders to 

reduce the number of years with a zero quota, which can have long -lasting 

implications on market access, while also minimizing the impact on the forage 

base when stocks are below 20,000 tons. For SSBs from 20,000 tons to 30,000 tons  

(18,100 to 27,200 metric tons), the harvest rate increases linearly from 5 to 10%. 

Table 7 -1 shows the intended harvest percentages and quotas associated with 

SSB estimates in this range. MSE testing found that by ramping the harvest up 

from 5 to 10% across this range rather than start ing with a higher harvest rate 

had slightly higher performance in terms of long -term stock health. For SSBs of  

30,000 tons and above, the quota w ill be capped at  3,000 tons (2,722 metric 

tons), prior to any ecosystem -based quota adjustment . This cap was developed 

in consultation with fishing industry representatives and reflects the anticipated 

capacity of the fleet. This cap may also be beneficial to predator -prey 

relationships, which are likely to grow in significance during times when the 

Herring popul ation increases.  

 

 Incorporating Ecosystem Considerations in to Herring Management  

One of the primary goals of this FMP was to formalize the precautionary  

management approach that Department has been using since 2005. The 

Department has long considered SSB estimates and annual quota 

recommendations with in the context of available ecosystem indicators, but  

quota setting procedures did not include  a protocol for interpreting the status of 

these indicators. A secondary goal was to progressively incorporate ecosystem 

based EFI in compliance with the Commissionõs forage species  policy. In this 

FMP, ecosystem considerations are incorporated in multiple ways.  

The HCR, which includes a precautionary harvest rate, biomass cutoff, 

and quota cap, is more conservative than the harvest strategies currently used 

in other Herring stocks (Fisheries and Oceans Canada, 2016) , and is designed to 

ensure that  fishery needs do not supersede  the forage  needs of  mid -trophic 

CCE predators. In addition, the predictive model to estimate SSB improves the 

Departmentõs ability to proactive ly manage the Herring stock as it responds to 

environmental and ecological conditions. This approach helps to ensure that 

precautionary harvest rates are achieved, and that harvest is reduced or 

eliminated in low productivity years to meet ecosystem needs.  In addition, 

ecosystem conditions are further incorporated into Herring management in two 

ways. First, as was the case prior to implementation this FMP,  indicators of 

ecosystem productivity are considered annually alongside SSB estimation and 

quota recomm endation, and this consideration is described periodically in 

status reports, with a particular emphasis on those indicators that have been 

linked to Herring productivity (Section 7.7.2.1). Second, the quota may be 
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adjusted as necessary due to concerns abo ut key predators or regional forage 

conditions using a decision tree (Section s 7.7.2.2 and  7.2.2.3). Together, the 

indicators identified in each of these tools provide a holistic view of the health 

and productivity of the system, ensuring that decisions ab out the Herring stock 

are placed in the context of the larger ecosystem.  

 

 
Indicators of ecosystem health and Herring productivity are described in 

Table 7 -2, along with their ecological interpretation and what changes in these 

indica tors may mean for Herring management. To monitor changes in  

ecosystem health and to place Herring management decisions in an ecosystem 

context, Department staff should describe ecosystem status at periodic  intervals 

in the Enhanced  Status Report. This reports will describe the status of each 

ecosystem indicator in Table 7 -2 and the anticipated effect on the productivity 

of the Herring stock and the central CCE as a whole, currently and in the 

coming years. Indicators should be considered individually as  well as in concert.  

It is hoped that, through continued monitoring of these indices as well as future 

research, this approach will provide a basis for use of these indicators in fishery 

management and inform future efforts.  

Table 7 -2 includes indicators on oceanographic and terrestrial conditions, 

and Herring productivity. These are designed to assist managers in 

understanding current conditions for the Herring population, as well as how the 

size of the SSB might change in the coming years.  
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Table 7 -2. Matrix  of EFI for assessing ecosystem conditions when setting quotas for the Herring 

fishery in San Francisco Bay . 

Data  Interpretation  Implications for Herring Management  

Oceanographic Indices  

Pacific Decadal 

Oscillation ( PDO)  

Positive PDOs are associated with 

warmer waters and lower 

productivity in the CCE, while 

negative PDOs are associated 

with cooler waters and higher 

productivity.  

PDO fluctuations affect the primary 

producers that are food for Herring , 

so periods of positive PDOs may 

negatively impact Herring  SSB. 

Oceanic Niño 

Index  (ONI)  

Positive ONI indicates El Niño 

conditions (warmer and wetter), 

while negative ONI indicates La 

Niña conditions (cooler and drier).  

El Niño events negatively impact 

p roductivity in the CCE, which can 

indirectly affect food availability for 

Herring. El Niño events may also 

reduce larval or juvenile Herring 

survival, reducing recruitment and 

impacting Herring year class 

structure (Sydeman and others, 

2018). 

Cumulative 

Upwelling Index  

Upwelling results in the transport of 

cool, high ðsalinity, nutrient ðrich 

water onshore. Delayed coastal 

upwelling (known as the Spring 

Transition) severely depresses the 

productivity at the base of the 

CCE. 

Strong upwelling provides nutrient -

rich water that positively impacts 

primary producers, which indirectly 

affects food availability for Herring. 

Years with weak upwelling may 

correspond to lower SSB estima tes. 

SST Anomaly 

High SST is associated with lower 

productivity, while low SST is 

associated with higher  

productivity for species such 

Herring.  

A lower SSB might be expected in 

years where SST anomaly is above 

average due to lower food 

availability for co ld water species in 

the CCE.  

Buoy N26 SST 

Summer SST (Jul-Sep) is negatively 

correlated with observed 

spawning deposition in the 

following season. Warmer waters 

may mean that conditions for 

adult Herring are poor, and either 

survival or spawning may be 

lower.  

Warmer waters may reduce 

spawning returns in the coming 

season, while cooler waters may 

indicate good spawning conditions.  

Terrestrial Environmental Indices   

Outflow metric 

(Sacramento/ 

San Juaquin 

delta)   

Outflow is affected by 

precipitation, snow melt, and 

water diversions, and affects the 

salinity gradient in the bay. Herring 

may use freshwater output as an 

indicator of where to find estuaries 

with suitable salinity conditions for 

spawning.  

Very high outflow may increase 

turbidity and lower s alinity, which 

may result in poor spawning 

conditions for Herring . Very low 

outflow may result in salinities that 

are higher than optimal for larval 

and juvenile survival. Moderate 

outflow may provide the best 

conditions for Herring.  



Draft Herring FMP       August  2019 

7-17 

Snow Water 

Equivalent  (SWE) 

The SWE is a metric of the water 

stored in the snow pack. Snow 

melt influences salinity in the Bay 

during the dry season 

(summer/fall).  

Low SWE may have negative 

consequences for juvenile Herring 

survival during the summer months 

(but see Kimmerer  (2002a)  for a 

caveat here).  

Biological Indices  

Southern 

Copepod Index  

Higher index of Southern 

Copepod species usually 

accompanies periods of lower 

productivity in the CCE  

Southern Copepods are less lipid rich 

and provide a less desirable food 

source for forage  species in the CCE 

such as Herring, so a higher index 

here indicates less favorable 

conditions.  

Northern 

Copepod Index  

Higher index of Northern Copepod 

species usually accompanies 

periods of higher productivity in 

the CCE.  

Northern Copepods are more lipid 

rich and nutrient dense, providing 

better food for Herring, so a higher 

index for this species indicates more 

favorable conditions.  

Herring YOY 

Index  

This index measures the number of 

juvenile Herring in San Francisco 

Bay during the late spring and 

summer months. These Herring will 

leave the bay in the last summer 

and fall to join pelagic Herring 

schools.  

The YOY index has been shown to be 

positively correlated with the winter 

SSB three years later. Herring mature 

between ages  two  and three  and 

recru it to the fishery during that time, 

so a high YOY suggests a larger SSB in 

three  years, and a low YOY suggests 

a smaller SSB in three  years.  

Percentage of 

Age Two and 

Three Herring in 

the Catch  

The gill net  fishery targets primarily 

age 4, 5, and 6 yr old fish. Between 

2005 and 2018, the number of age 

three  or younger fish has been 

under 20% every year. Tracking 

the age composition of the catch 

can be an informative indicator of 

Herring productivity and survival.  

If the percentage of age three - fish is 

higher than average it may signal a 

strong recruitment year and larger 

than average SSB in the next two or 

three years. However, if the fishery 

begins to consistently have high 

numbers of young fish in the catch 

the gear selectivity should be 

examined.  

Percentage of 

Age Six and 

Older  Herring in 

the Catch  

The presence of older Herring 

(age six and older ) in the catch 

suggests low mortality rates that 

allow some individuals to survive to 

older ages. These fish tend to be 

larger and may spawn earlier in 

the  season.  

If the percentage of age six and 

older fish decreases , this suggests 

that mortality (either fishing or natural 

mortality) may be higher, preventing 

survival to old age. If the percentage 

of age six and older  fish is higher 

than average this may si gnal a 

period of decreased recruitment to 

the fishery.  

 

 
The peer review of this FMP concluded that the HCR described in Section 

7.7.1 is likely to ensure that the resource needs of the commercial Herring fishery 

do not negatively affect Herringõs role as forage for  mid -trophic p redators  in the 

central CCE  (Appendix O) . However, one of the goals of this FMP was to 

develop a process to explicitly consider both regional predator population 
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conditions and regional forage availability in quota setting decisions. Given the 

uncertainty about the needs of predators, as well as  concern about recent and 

potential future changes in the composition of the CCE, additional precaution 

during years when forage is low may be warranted . 

Based on the available information on observed diet composition of 

predators in the area in and around  San Francisco Bay (Chapter 3), a suite of 

indicators was selected to track the health of key predator populations as well 

as regional forage availability. To assist Department staff in determining whether 

quota adjustments may be necessary, and if so, how  those adjustments should 

be applied, a decision tree process was developed (Table 7 -3).  

Once the SBB is estimated ( Section 7.6) and the preliminary quota is 

determined, Department staff will follow the decision tree to determine whether 

any quota adjustm ent should be considered. The first step in the decision tree 

relates to the size of the estimated Herring  biomass, because a quota reduction  

based on ecosystem considerations is only warranted if the stock is between 

20,000 and 40,000  tons. Once the SSB i s larger than 40,000  tons, the stock is at 40 -

50% of the estimated average unfished biomass (Append ices B and M) and is 

thus considered able to meet forage needs of predators without additional 

quota reductions. However, at an SSB below 40,000  tons there m ay be a benefit 

to reducing harvest if ecosystem conditions suggest that forage conditions in the  

central CCE  are unusually poor. Alternatively, if forage conditions and predator 

populations are relatively large , the quota may be increased to allow fisherm en 

to take advantage of good conditions  when SSB is greater than 20,000 tons . 

When the stock is between 15,000 and 20,000  tons, a quota of 750  tons is in 

place to preserve the ability of fishermen to access the fishery while minimizing 

potential ecological  impacts of harvest . Because a lower quota is economically 

unfeasible, no quota adjustments based on ecosystem conditions are 

warranted when the SSB is in this range  except under emergency conditions, 

when the quota may be set to zero . When the SSB estimate is below 15,000  tons, 

the quota is zero .  

The next set of criteria ( questions 2 through 5; Table 7 -3) assess unusually 

poor conditions in predator populations that may be related to  limited  forage  

availability . Incorporating indicators of predator health  into management 

decisions is challenging. Predators are often opportunistic, and tend to eat a 

wide variety of species depending on availability . While a number of predators 

are known to eat Herring in the CCE, a comprehensive meta -analysis of all 

known d ietary studies found that there is little information available to link San 

Francisco Herring to specific predator populations  (Szoboszlai and others, 2015) . 

This does not mean that Herring arenõt an important dietary source for 

predators, but few studies are conducted in winter, and so there are few data 

available during the season when Herring are most abundant in the area in and 

around San Francisco Bay. A suite of predators that are known to eat Herring in 

the area  (Section 3.3.2)  have been included in the decision tree. While it is 

expected that predator populations will experience natural fluctuations, unusual 
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mass mortality events should be investigated to determine whether the cause is 

linked to food availability.  If so, this may provide an indication of poor forage 

conditions for local predators.  

NOAA tracks marine mammal mortality events in the United States 7, and 

the United States Geological Survey tracks mass mortality events for terrestrial 

species 8. This information should be used by Department staff to determine 

whether there is a mortality event currently in progress for any of the species 

listed in question  2. If there is currently no mortality event in progress, 

Department staff may proceed to question  5. If there is an event affecting one 

of the indicator predator populations, the information provided on these 

websites should also be used to assess the location of the mortality event 

(question  3). It may be difficult to assess the primary location of an on going mass 

mortality event, especially in a species that is migratory or has a very large home 

range. Department staff will evaluate the best information available at the time 

when quotas are being set and will decide whether a high proportion of 

observed mortalities are occurring in the central CCE . Department staff will also 

need to determine whether the mortality event is caused by a lack of forage 

(question  4), which may manifest itself with signs of emaciation or starvation. It 

should be noted that in the past, some mortality events have been inconclusive 

or caused by non -forage issues, including infectious diseases or exposure to 

biotoxins such as domoic acid. These events would not warrant a reduction in 

the quota because they are not caused by a lack  of forage in the system. It 

may take some time to determine the cause of a predator mortality event. In 

the event of a mortality event where the cause is yet  undetermined, no quota 

reduction is warranted. This is because the HCR is already precautionary, and 

without direct evidence of forage -related conditions, quota reductions would 

not be warranted. Should the criteria in questions  2, 3, and 4 all be met, the 

decision tree directs Department staff to consider a quota reduction (discussed 

in Section 7.7.2 .3). 

Chinook Salmon have been directly linked to San Francisco Bay Herring 

through dietary studies (Merkel, 1957; Thayer and others, 2014) . Question 5 

compares the forecasted oceanic abundance of the Sacramento River fall -run 

Chinook Salmon with the upper range for the escapement target that has been 

set by the PFMC. If the forecasted oceanic abundance is below 180,000 fish, the 

decision tree recommends considering a quota reduction. This forecast is 

available in the spring, prior to the time when quotas are set for the Herring 

fishery. This salmon population is intensively managed, and pre -fishery ocean 

abundance forecasts  are primarily driven by ecological conditions, as fishing is 

yet to occur  (PFMC, 2019). There is no immediate way to know whether low 

oceanic abundance is specifically due to a lack of forage, but given the direct 

                                            
7 https://www.fisheries.noaa.gov/national/marine -life-distress/active -and -closed -unusual -

mortality -events  
8 https://www.nwhc.usgs.gov/whispers/searchForm/index  
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connections  between Chinook Salmon and San Francisco Bay Herring tha t have 

been observed, should the pre -season ocean abundance salmon forecast  fall  

below the upper end of the escapement  target  range , care should be taken to 

consider  adequate Herring for forage when population levels are extremely low . 

Questions  6-10 aide Department staff in assessing regional forage 

availability in the central CCE . If the forage indicators suggest that prey 

conditions in the central CCE are unusually  poor (as defined in the decision tree) 

a reduction in quota may be necessary. Conversely, unusually good conditions 

might suggest that an increase in quota is warranted. The regional forage 

indicators identified in questions  6, 7, and 8 rely on variabilit y indices provided by 

the California Current Integrated Ecosystem Assessment (C CIEA) project, which 

synthesizes data for the central CCE region (with most data coming from the 

region around San Francisco Bay). The central CCE forage community includes 

a di verse array of species and life history stages, each varying in behavior, 

energy content, and availability to predators, and the relationships between the 

availability of each type of forage and the Herring stock are not well 

understood. For this reason, m ultiple indices are used to provide a holistic look at 

forage conditions. Krill are important forage for Herring and many other species,  

and unusually low krill abundances may suggest the potential for reduced 

productivity, both for the Herring stock and f or the entire central CCE . Pacific 

Sardines and Northern A nchovy are perhaps the most important central CCE 

prey species because of their high lipid content. The regional indices of relative  

forage availability of other important forage species such as Mar ket Squid and 

YOY groundfish such as Pacific Hake, rockfish, and Sanddabs are also tracked  

(Harvey and others 2017) . While these indicators reflect prey conditions during 

the summer and may represent a spatial distribution that is further offshore than 

Herring tend to range, these indicators offer the best available science 

describing the general forage availability within the central CCE . 
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Table 7 -3. Decision tree to assess predator -prey conditions in the CCE . 
H

e
rr

in
g

 

1. Is the biomass estimate greater than 20,000 tons? 

No Do not adjust quota.  

Yes Proceed to 2.  

P
re

d
a

to
rs

 

2. Is there an unusual mortality event in progress in 

California for one of the following species: Common 

Murre, Rhinoceros Auklet, Harbor Seals, or California 

Sea Lions? 

No Proceed to 5.  

Yes Proceed to 3.  

3. Is the mortality event occurring in Central California 

(e.g., Sonoma, Marin, San Francisco, San Mateo, 

Santa Cruz, Monterey counties)?  

No Proceed to 5.  

Yes Proceed to 4.  

4. Is the cause of the mortality event attributed to or 

exacerbated by lack of forage , and the Herring 

biomass estimate is < 40,000  tons? 

No Proceed to 5.  

Yes Consider reducing quota.  

5. Is the forecasted ocean abundance of 

Sacramento River fall-run Chinook Salmon < 180,000 , 

and the Herring biomass estimate < 40,000  tons? 

No Proceed to 6.  

Yes Consider reducing quota.  

R
e
g

io
n

a
l 
F

o
ra

g
e

 

6. Calculate whether YOY Hake, YOY Rockfish, YOY 

Sanddab, Market Squid, and krill in the central CCE are 

more than 1 standard deviation below  the long term mean. 

These indicators are classified as "unusually low".  

Proceed to 7.  

7. Calculate whether central CCE regional indices of 

relative forage availability for Adult Pacific Sardine and 

Adult Northern Anchovy are below 50% of the long term 

mean. These indicators are classified as "unusually low".  

Proceed to 8.  

8. Calculate the number of forage indicators that are more 

than 1 standard deviation above the long term mean. 

These indicators are classified as "unusually high".  

Proceed to 9.  

9. Are there currently > 5 forage indicators that are 

unusually low , and the Herring biomass is < 40,000  

tons? 

No Proceed to 10.  

Yes Consider reducing quota.  

10. Are there currently > 3 forage indicators that are 

unusually high, and the answer to lines 2, 5, and 6 is 

no?  

No Do not adjust quota.  

Yes Consider increasing quota.  

 

 
Should one or more of the criteria in the decision tree recommend that 

the Department consider reducing the quota, a 300 ton (272 metric ton)   

reduction in the harvest  should be applied (Figure 7 -3). If applied to an SSB of 

20,000 tons, where the HCR recommends a 5% target harvest rate , resulting in a 
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quota of 1,000  tons, the harvest rate would be adjusted down to 4%, result ing in 

a quota of 800  tons. At a SSB of 25,000 tons where the HCR recommends a 7.5% 

target harvest rate , resulting in a quota of 1,875  tons, the target harvest rate 

would be adjusted down to 6.5%, resulting in a quota of 1,625  tons. At SSBs 

between  30,000 and 40,000 tons, the quota would be reduced to 2 ,700 tons. 

Conversely, if an increase is warranted, a 300 ton  increase to the quota  should 

be applied (Figure 7 -3). At a SSB of 20,000 tons, the  target  harvest rate would be 

adjusted up to 6%, resulting in a quota of 1 ,200 tons. At a SSB of 25,000 tons, the 

target harvest rate would be increased from 7.5% to 8.5%, resulting in a quota of 

2,125 tons. However, because the target harvest rate is capped at 1 0%, per an 

agreement from the SC, increases  to the  target  harvest rate  due to ecosystem 

considerations  at estimated SSBs  between 28,000  and 32,000  tons are limited. At 

33,000 tons or greater  SSB, the maximum possible adjusted quota is 3,300  tons.  
 

 
Figure 7-3. Possible range of quotas under the harvest control framework after the ecosystem 

decision tree is applied . 

 

 Application of Management Framework  

While there is a desire to have a clearly described and transparent 

mechanism f or setting the quota each year (i.e., the HCR framework described 

in Sections 7.7.1 and 7.7.2), there is also a need to maintain the ability of 

Department staff to assess and, if necessary, respond to unforeseen conditions 

as they arise. This balance betwe en having both a pre -determined process, as 

well as bounded flexibility in yearly management decisions, is a key component 

of this FMP, because it is impossible to plan for every possible future scenario that 

may arise in a complex ecological system.  

The Department will follow the previously described quota setting 

framework but will reserve a level of discretion given the uncertainty related to 

Harvest rate may be increased by 
up to 1% when ecosystem 
conditions are good, to a 
maximum harvest rate of 10% Harvest rate may be decreased by 

up to 1% when ecosystem 
conditions warrant precaution 
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data availability, as well as resource and staff constraints. Quotas must be 

announced each year by November 1 t o allow fishermen the time to prepare 

for the season, and quotas must be set using the best available information. The 

management strategy described in this FMP relies on a number of data that are 

collected by other projects within the Department (YOY Herring  index, 

forecasted oceanic abundance for Chinook Salmon) as well as other agencies 

(predator mortality events, regional forage indicators, environmental 

conditions). It is possible that in some years one or more data streams may be 

unavailable due to a disruption in sampling. Under that scenario, the 

Department will apply the HCR framework based on the best available 

information. Should any of these data become permanently unavailable, the 

Department will need to develop an alternative method for incorpo rating 

ecosystem indicators into quota decisions based on what is available.  

Ecosystem -based fishery management is an emerging science and new 

indicators, as well as methods for incorporating them into fisheries management, 

are continually in development.  In recognition of this, the suite of indicators used 

to assess ecosystem conditions (Table 7 -2) and evaluate the need for 

ecosystem -based quota adjustments (Table 7 -3) may be updated by the 

Department as needed to reflect the best available science (Secti on  9.1). As an 

example, the forage indicators used in the decision tree reflect what is known 

about forage availability in the central CCE , but may not be the best metric to 

describe coastal forage, or accurately reflect alternative forage for Herring  

predators, which is largely unknown due to the limited number of diet studies 

specific to the winter months. As additional data become available and the 

science evolves, there may be a better understanding of the linkages between 

ecological indicators, th e Herring stock, and the wider CCE, and Department 

staff may then update the indicators used in Tables 7 -2 and 7 -3. When altering or 

adding indicators it is important to focus on those that overlap geographically 

and temporally to the extent possible with Californiaõs Herring stocks.  

The Department retains the discretion to act to protect the Herring 

resource beyond what is specified in this management strategy. Department 

staff may set a zero quota or otherwise enact an emergency quota in the event 

of ext reme environmental conditions or disasters, such as in the case of an oil 

spill or unprecedented environmental or ecological conditions. In this case, the 

stock should be closely monitored for the season, and conditions should be 

reevaluated prior to the n ext season. Closing the fishery for an entire season has 

economic impacts for the commercial fleet, and should only be considered 

under poor ecological conditions that would be detrimental to the stock and its 

ability to recover.  

 

 Management Measures and t heir Anticipated Impact on the Stock  

While quotas are the primary basis for ensuring sustainability in Herring 

stocks, additional management measures are necessary to provide safeguards 
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for the stock, as well as to mitigate conflicts between user groups to  the extent 

possible. This section describes those additional management measures.  

 

 Restrictions on Catch  

This FMP requires that commercial catch limits, in the form of annual 

quotas, be set for each of the four management areas where Herring fishing is 

al lowed. Quotas in the three northern management  areas will be set at a 

precautionary level based on available historical spawning biomass data 

and/or landings history (Section  7.4). Quotas in the San Francisco Bay 

management area will be set in accordance w ith the HCR framework 

described in the sections above. This framework ensures that : a) quotas are set 

as a percentage of the total estimated spawning stock for fished stocks that are 

intensively monitored, b) target harvest rates are low (or zero) when Her ring 

stock sizes are small in order to reduce impacts to the sustainability of the stock 

and the ecosystem as whole , and  c) current forage conditions in the central 

CCE are tracked and described to provide environmental  context. This  

management  framework i s comprehensive, adaptive, and based on the best 

available science.  

The HCR framework proposed in this FMP meets the requirements of the 

MLMA, which state that FMPs must specify criteria for identifying when the stock 

is overfished, include measures to end  or prevent overfishing, and provide a 

mechanism for rebuilding in the shortest time period possible ( FGC §7086). This is 

achieved by providing clear definitions of when the stock is in a depressed state 

(which may occur due to either overfishing or natural fluctuations) via the cutoff 

prescribed in the HCR. It also provides a clear rebuilding plan should the stock 

be depressed by reducing quotas to zero until the stock recovers to a level  

above the cutoff, and implements more precautionary target har vest rates at 

low stock sizes to promote stock growth. The harvest cap is designed to reduce 

the chance of overfishing .  

 
In developing this FMP, it is necessary to determine how the quota should 

be allocated between fishing sectors. Previously, the quota for the HEOK fishery 

sector was subtracted  from the overall gill net  quota and transferred to the 

HEOK sector to reflect t he permits that elected to fish using HEOK rather than gill 

net  or round haul gear in that  season . This quota in whole fish weight was then 

converted to the number of eggs that biomass of fish could produce to 

determine the HEOK product weight. By removing  fish from the sac -roe sector 

and transferring them to the HEOK sector, the Department reduced fishing 

mortality of adult Herring, because the HEOK fishery removes eggs but does not 

remove adult fish. This FMP establishes that the gill net  sector quota wil l be set 

based on the HCR framework described above, and the total HEOK sector 

quota will be set at a product weight equal to 1% of the total quantity of eggs 

produced by the most recent estimated SSB (Appendix N).  
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 Effort Restrictions 

 

 
During the FMP development process, a comprehensive review of the 

permitting system in San Francisco Bay was undertaken. This was one of the 

primary goals of this FMP and was initiated by fishing industry representatives 

during annual DHAC meetings. The p rior permitting system was originally 

developed for a much larger fleet, and the platoon system , experience points, 

restrictions on the number of permits that could be owned , and the dedicated 

Herring account  are no longer necessary  or useful  given reduced  effort and 

participation in the fishery. The FMP development process provided an 

opportunity to modernize the permitting system and conform to operational 

requirements for  other fisheries in California.  

 

This FMP establishes the permitting system as follo ws: 

 

¶ Odd, Even, and DH gill net permits will be reassigned as Temporary  

permit s. CH permits will be reassigned as two Temporary  permits. A 

Temporary  permit allows the permittee to fish one shackle (65 ftms) of gill 

net  during every week of the season from a single vessel. Permittees can 

hold up to three Temporary  permits and these permits are transferable 

(Section  4.7.2).  

¶ holders of two  Temporary  permits will be consolidated to a single San 

Francisco Bay  permit . A San Francisco Bay permit allows the holder to fish 

two nets, each one shackle (65 ftms) in length, during all weeks of the 

season from a single vessel. Conversion to a San Francisco Bay  permit is 

permanent and these permits are transferable.  

¶ permittees can own a maximum of  one San Francisco Bay permit, or one 

Temporary  permit and one  San Francisco Bay  permit.  

¶ Temporary  and San Francisco Bay  permits will receive new permit 

numbers, but will be traceable to the permits/platoons from which they 

were converted.  

¶ permits will be issued to one permittee  each, and may no longer be held 

in partnership .  

¶ Temporary Substitutes and Experience Points  are no longer needed, 

because a  permittee may have any licensed commercial fish erman serve 

in his or her place  on the designated vessel and engage in fishing, 

provided the permit is aboard the vessel named on the permit(s) at all 

times during Herring fishing operations.   

¶ HEOK-designated Odd, Even, and DH permits will be reassigned as stand -

alone HEOK permits . HEOK-designated CH permits will be reassigned as 

one HEOK permit and one Temporary permit each.  HEOK permits are 

transferable  and royalty payments are eliminated . 
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¶ deadline for r eceipt or p ostmark of a pplication  for renewal of all Herring 

permits in all managem ent areas, w ithout p enalty , is April 30 of each year .  

 

Under the consolidation described in this FMP each vessel can fish two 

Temporary  permits simultaneously  or one San Francisco Bay  permit. All 

Temporary  permits that are not renewed will be held by the Department until 

they can be converted to San Francisco Bay  permits and reissued once the 

number of permits drops below the long -term capacity goal described below . 

Under the authority of this FMP, permitte es will have five years from the date of 

FMP adoption to convert all Temporary  permits to San Francisco Bay  permits. 

Once the five -year deadline is reached , all Temporary  permits will become non -

transferrable and non -renewable. No new San Francisco Bay  per mits will be 

issued after the consolidation deadline until the number of permits falls below 30 

San Francisco Bay  permits.  

This FMP also establishes a long -term capacity goal of 30 vessels (or 30 San 

Francisco Bay  permits), with a maximum of two nets per v essel, which will likely 

be achieved through attrition due to economic conditions in the fishery. With a 

3,000-ton (2720 metric ton)  unadjusted quota cap in the H CR framework, a fleet 

of 30 vessels could catch up to 100  tons (91 metric tons) of Herring on average 

per vessel, though there is no vessel -based allocation of the quota. This level of 

harvest should maintain the economic viability of the fleet in years where the 

quota is near the 10% target harvest rate  cap. Additionally, the HCR al lows a 

small quota to be available to sustain a reduced fleet in years were SSB is 

between 15,000 and 20,000  tons (13,600 and 18,100 metric tons).  

 

 
Under this FMP the permitting system will remain the same in Tomales Bay 

(Section  5.3.2), with  the only change s being the maximum number of permits 

issued in this management area  and permit application  deadline . At the time of 

FMP development, the maximum number of permits allowed in Tomales Bay was 

35. This FMP reduces that number via attrition to  15, (i.e. no new permits issued 

until the total number of Tomales Bay permits falls below 15). Should conditions 

change in the future, Department staff may find it necessary to adjust the permit 

capacity in accordance with the needs of the fleet and the l evel of catch the 

resource can support  in this management area . 

 

 
Under this FMP there are no proposed changes to the permitting system in 

the Humboldt Bay and Crescent City Harbor management areas except permit 

application  deadline (Section  5.3.2). The number of permits in these areas 

specify a permit capacity of four permits. Should conditions change in the 

future, Department staff may find it necessary to adjust the permit cap acity  in 

accordance with the needs of the flee t and the level of catch the resource can 

support  in these management areas . 
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 Gear  

At the time of FMP development, the gill net  mesh size for San Francisco 

and Tomales Bays wa s set at 2-in (50 mm)  and the minimum gill net mesh size for 

Humboldt Bay and Cre scent City Harbor management  areas  was  2.25-in (57 

mm).  When mesh size for San Francisco and Tomales Bays was reduced in 2005 

there was a concern that the reduction from 2.125 -in (54 mm) (Section 5.4.3) 

would lead to a reduction in the size and age of the commercial catch . 

However, the proportion of fish age two  and three  in the commercial catch has 

remained at less than 15% since that time, except during a large recruitment 

event in 2010 -11 and 2011 -12, and the catch has primarily consisted of age four 

and  older  Herring (Figure 5 -2). This is consistent with the Departmentõs goal of 

ensuring that all Herring are able to spawn prior to becoming vulnerable to the 

fishery. The maximum mesh size for all management areas is 2.5 -in (63.5 mm). N o 

changes to the mes h size used in the gill net  fleet are recommended at this 

time. However, emerging research suggests that selective harvest, in which 

certain size or age classes are caught at a higher proportion than they naturally 

occur in the population, may have adverse  ecological effects (Garcia and 

others, 2012) , and evolutionary consequences (Law, 2000) . The Department will 

continue to monitor the age structure of the commercial and research catch , 

and changes to the selectivity of the gear may be warranted if negative trends 

in the age structure or other adverse effects are detected.  

In an attempt to facilitate a local whole fish market for Herring, the 

Department may consider allowing additional gear types into the commercial 

Herring fishery (e.g. small cast nets have been proposed to the Commission ) 

(Section  4.7.4). However, any changes in allowed gear must take careful 

consideration of the efficiency and selectivity of that gear, and its likely impacts 

on the age and size structure of the stock. A primary component of the 

Departmentõs Herring management strategy includes allowing gear that 

primarily targets age four and older  Herring. This allows all Herring the 

opportunity to spawn at least once  before they become vulnerable to the 

fishery. In addition, alternative gear types may increase the rates of bycatch or 

habitat impacts, and these impacts should be considered prior to allowing new 

methods of take into the fishery. Any proposed changes in allowable 

commercial gear  should be  initially  explored through the issuance of an 

experimental fishing permit through the  Commission process. This avenue allow s 

Department  scientific  staff to assess potential impacts to the stock and 

ecosystem prior to a r egulatory change . See Chapter 9  (Section  9.1) for a 

discussion of the Commissionõs role in establishing alternative gear types and 

issuance of experimental fishing permits  under this FMP .  

 

 Spatial Restrictions  

No changes to the existing spatial restrictio ns on Herring fishing in San 

Francisco Bay ( Section  5.5, Figure 5-3) are proposed as part of the FMP.  
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 Temporal and Seasonal Restrictions  

One of the goals of the FMP is to streamline regulations as appropriate. 

During the development of this FMP, the Department conducted a review of the 

existing regulations and sought input from various stakeholder groups, including 

permit holders, processors,  the Departmentõs Law Enforcement  Division, 

recreational fishermen, and the conservation community through surv eys, 

meetings, and public comment periods. Based on the feedback received, 

changes to the season dates are indicated in Table 7 -4. 

 

Table 7 -4. Summary of changes to season dates in each management area . 

Area  Dates Prior to FMP  Dates Established Under this FMP 

San Francisco Bay  
1700 on January 1 until 

1200 on March 15  
Herring fishing in all management areas  will 

run from 1200 on Jan 2 to 1200 on March 15.  

The weekend closure will remain in effect in 

San Francisco Bay. If January 2 falls on a 

weekend, the fishery in San Francisco Bay will 

open at 1700 on the following Sunday.  

Tomales Bay  

1200 on December 26 

until 1200 on February 

22 

Humboldt Bay  
1200 on January 2 until 

1200 on March 9  

Crescent City  
1200 on January 14 

until 1200 on March 23  

 

Previously, each management area had its own season dates. This FMP 

establishes a single start and end date for all management areas. The start date 

is moved to January 2 for all management areas, with an end date of March 

15. The weekend closure will rema in in effect only in San Francisco Bay. If Jan 2 

falls on a Friday or Saturday, the fishery in San Francisco Bay will open at 1700 

on the following Sunday due to the weekend closure requirement.  

 

 Size and Sex  

There are currently no limits on the size of H erring that can be retained by 

the fishery. However, the current mesh size limit begins to select fish at about 160 

mm (6 in) body length, and fish are fully selected at about 180 mm  (7 in) . Given 

the schooling nature of Herring and the use of gill net s, both males and females 

are caught in the fishery. The commercial fleet is unable to catch only females, 

which are the target of the roe fishery. The Commission  may choose to adjust 

the size of the gill net  mesh to alter the size composition of commercial landings 

as a management tool in the future  (see section 9.1) .  

 

 Recreational Fishery  

This FMP establishes a daily bag limit for recreational fishing. This FMP 

recommends a  range between 0 and 100 lb  (45-kg) daily bag limit, which is 

equivalent to up  to  ten gallons, or  two  5-gallon bucket s of Herring , each 

contain ing  approximately 260 Herring. Based on input from stakeholders this is 

considered to be an appropriate amount to provide a reasonable and 
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sustaina ble amount of recreational harvest for participants . This possession limit is 

also designed to be clear and easily enforceable. Currently, there are no 

estimates of the recreational catch available, but this possession limit will 

provide Department staff with a means of estimating recreational take via 

counting the number of recreational  anglers  observed during each spawning 

event .  

Should the recreational sector continue to grow, or should there be 

additional concerns about the impact the recreational sector is having on the 

stock, Department staff may consider implementing additional re strictions on 

fishing effort. These may include only allowing recreational Herring fishing at 

certain times of the day, on certain days of the week, or establishing a 

recreational fishing season. Additionally, restrictions on gear types and 

configurations (such as cast nets) may be an effective and easily enforceable 

way to reduce the CPUE in the recreational Herring fishery.  

 

 Management Measures to Prevent Bycatch and Discards  

Given the low levels of bycatch observed in the Herring fishery (Section  

5.9), this FMP includes no additional management measures to reduce the 

amount or impact of bycatch.  Bycatch collected in commercial herring 

samples will be recorded and periodically reported in season summaries or 

Enhanced Status Reports.  

 

 Management Measures to  Reduce Habitat Impacts  

Gill net s generally are set in shallow muddy bays. Muddy benthic habitats 

support a wide variety of invertebrate fauna that have varying degrees of 

susceptibility to and ability to recover from disturbance. Gill net s may also be set  

in areas with eelgrass and other submerged vegetation, which are vulnerable to 

disturbance by gill net  gear  (Section 2.13.3) . Existing spatial restrictions on using 

gill net s to fish for Herring provide protection to roughly 13% of total eelgrass 

habitat in San Francisco Bay, including the beds in Richardson Bay and 

Belvedere Cove (Section  5.10.1, Figure 5-3). Other areas, such as Kiel Cove, 

Paradise, Brooks Island, and Point Richmond have eelgrass beds that may be 

impacted by gill net  fishing. However, gi ven the very short fishing season, which 

frequently lasts six weeks or less, as well as the established limit on the number of 

vessels in the gill net  fleet, the potential for this type of damage is considered 

minimal. No additional management measures are  proposed to reduce the 

habitat impacts from fishing activities. The primary threats to Herring habitat are 

from non -fishing activities that fall outside the scope and authority of this FMP 

(Section  5.10.2).  

 

 Management Procedure  

Under this FMP, the authority for quota changes  in all management areas 

is transferred from the Commission to the Departmentõs Director (Section  9.1). 

Provided the proposed management change is in line with the management 
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strategy described in this chapter , the Department will be able to adjust quotas 

as needed without a Commission rulemaking . This allows  the Department to be 

more responsive to changes in the fishery, as well as to reduce the workload 

associated with routine management (Section  6.1.1). Othe r changes to the 

management of the fishery  will still require the formal Commission process and 

approval, providing safeguards for the fishery , as defined in Chapter 9 of this 

FMP. 

 

 Continued Stakeholder Involvement  

The MLMA directs managers to involve st akeholders in management 

decisions and the Herring fishery has benefited greatly from having a formal 

process for communication with stakeholders since the early years of the fishery. 

Yearly meetings with the DHAC should continue to be an integral part of the 

management cycle. When appropriate, Department staff will continue to meet 

once a year with the DHAC in order to present the data collected from that 

season, results of analyses conducted, and a recommendation for the quota 

based on the HCR. However, u nder the new HCR framework, some of the 

ecological and environmental data required for use in the predictive model are 

not available until late September. Therefore, the timing of DHAC meetings will 

move to late October or early November to allow  Departmen t staff enough 

time to conduct  the necessary analyses and determine the quota for the 

coming season. Department staff should present the available data and 

describe the resulting SSB estimate, any quota changes for the next season,  and 

the status of the va rious ecosystem indicators and their interpretation in periodic 

Enhanced  Status Reports. The DHAC meeting will continue to be a forum for 

industry and Department discussion as well as exchange of information and 

ideas.  
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 Additional Management Needs and Future Research  

 

 Stock Size in Crescent City Harbor  

While the stock in Crescent City Harbor was routinely fished between 1973 

and 2002, surveys were  not been conducted by Department staff to estimate  

SSB. Anecdotal reports suggest that this stock  spawns in Crescent City Harbor 

along rocky riprap, rather than in shallow subtidal vegetation beds. The total 

spawning potential and whether the stock utilizes spawning habitat outside the 

harbor is unknown for this area. The age structure and growth rate s are also 

unknown. These data are important and could be useful for making 

management decisions in this fishing area.  

 

 Changes in Size at Age and Impacts on Stock Health  

Tomales and San Francisco Bay s both experienced a decline in the 

abundance of larger,  older fish between the mid -90s through the present. While 

the age structure in San Francisco Bay has shown some signals of recovery, size 

at age has continued to decline despite more than a decade of precautionary  

management  (target of 5% or lower) intend ed harvest percentages. The loss of 

older fish in a population indicates an increase in mortality rates for those age 

classes. Increased mortality may arise from fishing or natural processes, and both 

increased natural mortality and declining size at age h ave been observed in 

other Herring stocks (Hay and others, 2012; Schweigert and others, 2002) . Given 

the decrease in fishing pressure in California since the early 2000s it is possible 

that natural mortality has increased, though the cause  of the mortality rate 

change is unknown.  

The location of fishing is often nonrandom relative to spatial distributions of 

stocks; fishing is typically concentrated where biomass is greatest or most 

accessible. Fishing mortality is therefore selective with  respect to both  species 

and phenotypic variation within species (Jennings and Kaiser, 1998; Stokes and 

Elythe, 1993) . Heavy fishing has been shown to have selective effects on certain 

phenotypic traits related to yield, most commonly growth rate, length - and age -

at -sexual maturation, and fecundity (Law, 2007) . Changes in fecundity have 

been noted in the San Francisco Bay stock . Reilly and Moore (1986) estimated 

fecundity at 113.5 eggs / g of body weight of female and male Herring, whereas  

in 2015 Department staff  estimated 108.5 eggs / g of body weight. It is possible 

that larger fish, which a re known to spawn earlier in the season, were subjected 

to higher fishing pressure when fishing was allowed earlier in the season, 

therefore less likely to reproduce successfully.  

Environmental fluctuations may also play a role in the observed changes 

in length at age in San Franciscoõs Herring stock. Warmer waters, increased 

climate variability, pollution, or other unknown variables may have contributed 

to the reduction in growth rates and condition index that have been observed. 

Herring populations throug hout British Columbia have also displayed a long -term 

decline in size -at -age, and it has been hypothesized that the food supply in the 
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CCE may have been reduced over the past two decades (Schweigert and 

others, 2002) . More research is needed to unders tand the causes of observed 

changes in size and age distribution. Additional work is also needed to 

understand the impacts of changes in size and age on the Departmentõs ability 

to interpret metrics of stock health, which are often based on historical 

obse rvations.  

 

 Genetics and Stock Structure  

Herring populations in California are managed as distinct stocks, though 

the true underlying population structure has never been verified. San Francisco  

Bay and Tomales Bay stocks occur within 80 km (50 mi) of one another and 

some efforts have been made to determine stock structure. Spratt  (1981) noted 

that the growth rate of Tomales Bay Herring was significantly different than that 

of San Francisco Bay Herring and that this may be evidence that the Herring 

populations in the two bays are distinct. Reilly and Moore (1986) analyzed 

morphometric (measurement of body parts expressed as a ratio to total body 

length) and meristic (count of body parts such as fin rays, vertebrate, etc.) 

characteristics of California Herring  from Fort Bragg Harbor and San Francisco, 

Tomales, and Humboldt Bays, in an attempt to detect differences in Herring from 

these locations. Analysis indicated that the northern populations (Humboldt Bay 

and Fort Bragg) could be separated from the southern populations (Tomales 

and San Francisco Bays) with an 85 -87% success rate, but morphometric 

differences were not great enough to separate Herring from Tomales and San 

Francisco Bays. Moser and Hsieh (1992) used parasites as biological tags in a  

study of juvenile Herring off central California. The results suggested that Tomales 

and San Francisco Bay Her ring are separate spawning stocks and generally 

remain separate while at sea. As DNA analyses techniques evolve it may be 

possible to determine the extent to which populations mix or use multiple bays 

for spawning.  

There is a new body of evidence from nort hern populations of Herring that 

spawning aggregations separated by several weeks or more in timing exhibit 

genetic differentiation when using high resolution molecular markers (Petrou 

and others, in preparation) . Given that spawn timing in San Francisco Bay spans 

months, these new markers may be used to evaluate if there is genetic structure 

by spawn timing or  geography. These may help inform whether additional 

spatial or temporal considerations in management are necessary.  

 

 Oceanic Phase of California Herring  

There is very little information available on the behavior, migration 

patterns, or distribution of Cal iforniaõs Herring stocks when they emigrate from 

bays after spawning each winter. There is some evidence linking the San 

Francisco Bay winter spawning stock with Herring populations observed on 

summer feeding grounds in Monterey (Moser and Hsieh, 1992) . This study also 

concluded that Herring in Tomales Bay are  a separate stock that feeds offshore 
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base d on the observed parasites load. There is no information on the stocks in 

Humboldt Bay and Crescent City Harbor. Characterizing these dynamics might 

be a key future research endeavor that could help to refine the set of 

ecosystem indicators considered giv en the spatial overlap of Herring  with their 

prey and predators. The recent development of high resolution, polymorphic 

single-nucleotide polymorphism markers (Petrou and others, in preparation)  may 

provide information on spatial structure of Californiaõs Herring  populations, 

including during oceanic phases.  

 

 Disease  

Disease has significant effects on population abundance of some Herring 

stocks, particularly in Alaska (Marty and others, 2003) . Herring are susceptible to 

epidemic diseases such as viral erythrocytic necrosis virus and viral hemorrhagic 

septicemia virus (VHSV ) (Gustafson and others, 2006; Kocan and others, 1997) . In 

Prince William Sound, Alaska, risk of disease was increased by poor body 

condition and very high recruitment levels prior to spawning (Marty and others, 

2003). Recently, several fish diseases have been implicated as major constraints 

in limiting age structure and survival of Herring populations in Washington State. 

Hershberger  and others (2002) identified a single -celled protist, Icthyophonus 

hoferi , and VHSV as endemic pathogens in Puget Sound Herring. I. hoferi  is age 

dependent, increasing in  incidence as the fish grows older. The recent 

emergence of a disease of this type could potentially explain the lack of older 

age classes ( seven and older ) in the San Francisco Bay populations despite very 

low harvest rates since the early 2000s. VHSV has  been found in southern 

California stocks of Pacific Sardine (Cox and Hendrick, 2001) . Herring from San 

Francisco Bay were tested for VHSV in the early 1990s and the virus was not  

found (W . Cox, pers . c omm .). Updated pathological work in this area would be 

beneficial to understand the occurrence of disease in California Herring stocks.  

 

 Spatial Variability  

Certain regions have been utilized for spawning disproportionately among 

locations in San Francisco Bay by the observed SSB, and those regions have 

shifted over time. In the past two decades, the majority of spawning (79% since 

2000) has occurred in Marin County, which includes the areas of Richardson B ay 

and Tiburon Peninsula. Prior to that, from the late 1980s to the early 1990s, the 

San Francisco Bay Waterfront was the primary spawning region. It is unknown 

what causes spatial shifts across spawning habitats utilized by Herring in San 

Francisco Bay. T here may be external influences, such as habitat alterations or 

other environmental cues, or shifts may occur due to the spatial structure of the 

stock, with certain sub -populations returning to specific locations year after year. 

For example, Spratt  (1992) observed that a large storm in 1981 removed a large 

proportion  of the submerged vegetation in Richardson Bay, and hypothesized 

that this shift in habitat contributed to the increased spawning along the San 

Francisco waterfront in the following ten or more  years. The closure in Richardson 
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Bay to the Herring sac -roe fi shery may have also contributed to the observed 

disparity between Marin County and the rest of San Francisco Bay. Populations 

with high levels of spatial structure may require lower or more evenly distributed 

harvest rates in order to maintain that structu re (Ying and others, 2011) , though 

this requires managemen t at a smaller spatial scale than is usually practical. A 

Herring stock that spawns in only one location may also be more susceptible to 

localized disasters such as the 2007 Cosco Busan oil spill, which caused 

increased Herring embryo mortality (Incardona and others, 2012) . A more in -

depth analysis focused on spatial population dynamics, spawning habitats, and 

the diversity of spawning sites will improve management given the current 

reliance of the population on specific spawning sites, particularly Richardson 

Bay.  

There is also little information on the extent to which Herring stocks utilize 

spawning groun ds outside of San Francisco Bay. Anecdotal reports have 

indicated that spawning may occur in areas to the north and south of San 

Francisco Bay each year, as well as just outside of the mouth of San Francisco 

Bay in high outflow years, and spatial variability on this scale is difficult to detect 

with current resources. Given that Herring in San Francisco Bay are at the 

southern end of their range, there is a potential for range shifts in the future due 

to climate change. Monitoring changes in the sp atial distribution of Herring 

spawns, even if only through anecdotal reports, may be useful in detecting 

range shifts.  

 

 Relationship between Habitat Availability and Spawning  

Herring utilize eelgrass and various algae in addition to other physical and 

bio logical spawning habitat. However, the extent to which the availability of 

these spawning habitats influences spawning behavior and magnitude is 

unknown. Eelgrass habitat may be an important ecosystem indicator for Herring  

stocks, especially in Tomales and  Humboldt Bays, where it serves as a primary 

spawning habitat for Herring. Sporadic estimates of eelgrass coverage are 

available in San Francisco Bay (Merkel and Associates, 2014) , as well as for 

Tomales Bay and Humboldt Bay, but these datasets do not represent a 

continuous time series. However, the Department has surveyed the biomass of 

vegetation beds yearly in San Francisco Bay since 1980, and conducted similar 

surveys every few years in Tomales Bay until 2005. The data from these surveys 

could be analyzed to understand variability in these bed  over time, and to 

explore correlation between vegetation and environmental conditions as well 

as vegetation and estimated Herring SSB. In the future, high -resolution satellite 

data may provide a way to develop a longer -term eelgrass time series that 

could improve understand ing of how Herring biomass and eelgrass co -vary, 

improving habitat management capabilities.  
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 Aging Herring Using Scales  

In addition to otoliths, scales have been used to reliably age fish (Ricker , 

1975), and an independent review of a stock assessment model for San 

Francisco Bay suggested that the Department explore using scales to estimate 

the age distribution of Herring stocks. This methodology could be considered by 

Department staff in the f uture (Appendix C). Switching to a new aging 

methodology would require upfront costs in terms of training and validation, but 

might result in a reliable way  to obtain age distributions for Herring stocks over 

the long term. Age structure is an important in dicator of stock health and using 

an equal or more reliable  way to age Herring would be beneficial for the 

longevity the Herring program.  

 

 Understanding the Impact of Marine Mammal Exclusion Devices in the HEOK 

Fishery 

A representative of the HEOK fishery  has petitioned the Commission to 

allow the use of marine mammal deterrent devices provided they meet NOAA 

guidelines ( marine mammal interactions are primarily governed by Federal 

statute). California Herring regulations ( CCR Title 14 §163 (f)(G)) currentl y specify 

that the use of marine mammal deterrents during Herring fishing is not allowed. 

The Commission issued an experimental gear permit to deploy seal exclusion 

nets around HEOK rafts during the 2004 -05 season and was subject to annual 

renewal in subse quent seasons. These nets had a rigid structure and large 

openings in the mesh to minimize bycatch impacts while allowing Herring to 

freely enter and exit the structure. However , additional trials and directed study 

are required to optimize the size and co nfiguration of the structures and to 

understand bycatch and habitat impacts prior to any regulatory change.  

 

 Improving our Understanding of Predator -Prey Relationships  

One of the key areas of uncertainty identified in the development of this 

FMP was the predator -prey dynamics of Herring in California. One of the central 

questions that arose was whether , and under what circumstances Herring as a 

specific pr ey item are a limiting factor for predators in the central CCE. Future 

research may focus on : 1) whether there is evidence that predator populations 

fluctuate in response to the Herring population abundance in California, and if 

so, 2) what predators , and 3) at what levels of Herring abundance do  those 

predators become food limited. Additional research also needs to be 

conducted to understand the interactions  between other small pelagic  forage 

speciesõ relative abundance in relation to Herring. It may be pa rticularly useful 

to establish winter diet composition data for herring predators in central and 

northern California (Appendix R).
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 Implementation, Review and Amendment  

 

Section 7087 of the MLMA states that each FMP shall include a procedure 

for review and amendment of the plan, as necessary and shall specify the types 

of regulations that the Department can adopt without a plan amendment. This 

section describes those regul ations that can be adopted without a FMP 

amendment, the changes that require an amendment, and the process for 

plan amendment.  

 

 FMP Implementation: Quota Adjustment and Regulatory Changes Not 

Requiring Amendment  

Upon adoption of the FMP  and implementing r egulations , the Director of 

the Department will set annual fishing quotas for  all management areas  in 

accordance with the management strategy described in Chapter 7, including 

the use of  the HCR framework  in San Francisco Bay  (Section  7.7). This does not 

require changes to the CCR through the formal Commissio n rulemaking process. 

Changes, if any, to t he San Francisco Bay quota will be set on or before 

November 1 each year. Herring permit holders and the public will be notified as 

early as feasible to assist  permit holders and buyers with planning for the season. 

Notification will be posted on the Departmentõs website once a final 

determination has been made. The notification will provide a summary of how 

the HCR was applied to determine the quota, and inform ation on the status of 

additional environmental indicators , if available.  

An important component of this FMP is that it provides the Department 

the ability to respond to changing conditions, both environmental and market 

driven. Regulation changes may be implemented  as necessary to meet the 

management objectives described in Chapter 7 without FMP amendment. This 

includes regulations that : 1) manage fishery impacts to Herring habitat, 2) 

manage bycatch in the fishery, 3) establish record keeping requirement s, 4) 

provide for the orderly conduct of the fishery, and 5) facilitate market access. 

These changes can only be made if they do not jeopardize the sustainability of 

the stock or negatively impact the ecosystem. Potential examples of future 

regulatory chan ges that may occur are provided in Table 9 -1. The anticipated 

impacts of each regulatory change should be carefully considered, and the 

changes must maintain consistency with the management objectives and 

strategies outlined in this FMP. The Department wil l continue to seek input from 

various constituents should any management change be considered.  
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Table 9 -1. Descriptions of example management measures (changes) that may be 

considered by the Commission via a rulemaking process under this FMP . 

Type of Change  Potential Rational e Considerations  

Gear change s, 

experimental 

fishing permits  

There is desire by permit 

holders to reach new markets 

via an alternative gear type.  

How does this change alter the 

age and lifetime reproductive 

capacity of the stock?  

How does this change alter the 

bycatch levels of the fishery?  

How does this change alter the 

habitat impacts of the fishery?  

Change to 

season dates  

There is a shift in the prime 

spawning season (earlier or 

later).  

How does this change impact 

older, larger Herring, which 

typically spawn early in the 

season?  

How does this change impact 

market access?  

Change to 

weekend closure 

times  

There is a desire by permit 

holders to alter or eliminate the 

weekend closure.  

How does this change impact 

other  activities on the bay?  

How does this change alter the 

temporal refuge spawning 

schools may get receive?  

How does this change impact 

market access?  

How does this change impact 

the cost of management for 

the Department?  

Additional 

regulations for 

recreational 

fishery 

The total recreational catch 

continues to increase, causing 

concern for the status of the 

resource.  

How does this regulatory 

change impact the goal of 

providing for a satisfying  and 

sustainable  recreational  

experience for participants?  

Are the restrictions consistent 

with those applied in the 

commercial fishery?  

 

The goal of this FMP is to provide an adaptive management framework 

that is applicable to a wide range of future management scenarios  (Chapter 7) . 

Unforeseen events may occu r that require additional management action by 

the Department. For example, t he HCR framework does include an emergency 

closure provision for the San Francisco Bay  management area . This can be 

utilized by setting the quota to zero and does not require a Commission 

rulemaking process. The HCR framework is based on precautionary 

management principles , therefore  this type of management response would 

only be considered  under extreme c onditions, such as an oil spill, natural 

disaster, or severe  ecological change s. Under these conditions, the recreational 

fishery may also be closed to limit all fishery impacts on the stock through an 
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emergency rulemaking process . The Department and the C ommission also 

retain authority to promulgate emergency regulations as needed ( FGC §240). 

This FMP also allows the Department to continue to adapt the SSB 

estimation protocol as needed to changing conditions both in the stock as well 

as in the fishery. App lication of the HCR framework in San Francisco Bay requires 

the use of spawn deposition survey s as the primary assessment method to 

estimate annual spawning biomass  (Table 6 -1, Section 7.6) . The monitoring 

procedure has been developed over the last 40 year s and has been refined 

over time to adjust to changes in both the Herring population and staffing 

availability (Watters and others, 2004) . If participation in the Herring fishery 

continues to decrease or stop all together, the Department may allocate fewer 

staff to monitoring Herring in San Francisco Bay. Under this scenario, the 

Department may choose to switch to the Rapid Spawn Assessment  Method  

described in Section  6.2.1.1 without an amendment to the FMP.  

 

 When an Amendment is Required  

A change to any components of the HCR  framework  identified in Section  

7.7.1, including the cutoff, minimum quota, line slope, or maximum  target  

harvest rate, will require a FMP amendment. As new information becomes 

available, MSE analysis used to develop the HCR can be updated to ensure that 

the desired fishery management o bjectives continue to be met, and to 

determine any potential need for a FMP amendment. Updating the MSE analysis 

however does not require a FMP amendment, and only a change to the HCR 

framework would require amending the FMP. An updated MSE analysis could 

help the Department determine if the HCR was performing as expected or to 

evaluate performance should conditions change in the future.  

An important component of this FMP is the inclusion of ecosystem 

indicators in the decision tree as well as in  ecosystem status reports for the San 

Francisco Bay stock. Ecosystem -based fishery management is an evolving 

science, and new data and informative indicators on the environmental 

conditions that a ffect Herring or their predators may be developed. 

Additiona lly, climatic changes may alter the relationships between indicators of 

Herring population health and indicators that are informative to management. 

Department staff may choose to include additional and/or remove existing 

environmental indicators  to the de cision tree or to the matrix of EFI for 

understanding ecological and environmental conditions  without an 

amendment to the FMP (Section s 7.7.3). This can be done provided they have 

been shown to have either : a) direct and significant relationship to metrics  of 

population health through peer reviewed analysis, or b) direct dietary 

connection at ecologically relevant spatial and temporal scales between the 

predator and the San Francisco Bay stock. Department staff may also remove 

indicators that no longer info rm stock health. This can happen as ecological 

conditions change (regime shift as an example) and correlations between 

indicators and Herring population metrics are no longer present. Additionally, as 
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the science evolves  the Depart ment may adjust the magni tude of changes to 

the quota  recommended by the decision tree up to the limits defined in 

Appendix R  provided the supporting science is clearly documented.  

This FMP has described options to address management needs outside of 

the San Francisco Bay manageme nt area through a tiered management 

system. This approach matches the level of Department management effort to 

the risk posed by the fishery. Chapter 7 outlines how management effort may 

increase should fishing activity change. Active management in Tomales Bay, 

Humboldt Bay, or Crescent City Harbor may be required if fishery participation 

rates increase or to meet a Commission petition for larger quotas.  

A significant increase in fishing pressure may require the Department to 

increase monitoring effort, and to rea llocate staff to address monitoring needs in 

those areas. A FMP amendment would be required if a quota change petition 

exceeds what is recommended in this FMP for the northern stocks and/or if there 

is a desire to transition one of these areas to a Tier 3 management  area . 

Development of a HCR for any of the northern management areas  would also 

require an amendment. Many of the features for  Tier 3 management areas in 

this FMP were developed and tested specifically for San Francisco Bay (using 

location specif ic data and indicators) and may not be  appropriate for the 

northern management  areas. MSE testing would also be necessary to develop a 

HCR that meets the management objectives for those fisheries, and location -

specific environmental and ecological indicato rs will need to be explored. 

Thresholds and management objectives would also have to be developed 

during MSE testing to set levels of harvest beyond what is recommended in this 

FMP, which is currently based on historical data and landings.   

 

 Process for Am endment  

FGC Sections 7075 -7078 describe the process required to amend a FMP. 

The Department, fishery participants and their representatives, fishery scientists, 

or other interested parties may propose amendments to a  FMP to the 

Department or the Commission . The Commission shall review any proposal 

submitted and may recommend that the Department develop a plan 

amendment to incorporate the proposal. Existing Department and Commission 

workloads and priorities may impact the response to these petitions.  

In deve loping any proposed amendment, the Department will solicit input 

from California Native American T ribes, stakeholders, the public, and the 

Commission. Prior to submitting a proposed amendment to the Commission, the 

Department will submit it to peer review unless the Department determines the 

amendment may be exempted pursuant to FGC §7075(c). If the amendment is 

exempt, the Department shall submit reasons to the Commission. The 

Commission will make any proposed amendment available to the public for 

review a t least 30 days prior to a hearing. The Commission will hear any 

proposed amendment within 60 days of receipt and will hold at least two public 

hearings prior to adoption or rejection. The Commission may adopt the 
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amendment at the second public hearing or at any duly noticed subsequent 

meeting. If the Commission rejects an amendment, it will return it to the 

Department for revision and resubmission together with a written statement of 

reasons for the rejection. The Department will revise and resubmit the 

am endment to the Commission within 90 days of the rejection. The revised 

amendment shall be subject to the same review and adoption requirements 

described above.  

 

 List of Inoperative Statutes  

This FMP will render the following sections of the Fish and Game code 

inoperative , as applied to only the Herring  fisheries, once the implementing 

regulations are in place:  

 

8389. Herring Eggs; Taking Restrictions (a) Herring eggs may only be taken 

for commercial purposes under a revocable, nontransferable permit subject to 

such regulations as the commission shall prescribe. In addition to the license fees 

provided for in this code, every person taking herring eggs under this section  

shall pay a royalty, as the commission may prescribe, of not less than fifty dolla rs 

($50) per ton of herring eggs taken.  

(b) Whenever necessary to prevent overutilization, to ensure efficient and 

economic operation of the fishery, or to otherwise carry out this  article, the 

commission may limit the number of permits which are issued a nd the amount of 

herring eggs taken under those permits.  

(c) In limiting the number of permits, the commission shall take into consideration 

any restriction of the fishing area and safety of others who, for purposes other 

than fishing, use the waters from which herring eggs are taken.  

(d) Every person operating under a permit issued pursuant to this section  is 

exempted from the provisions of Chapter 6 (commencing with Section 6650) of 

Part 1 of Division 6 for aquatic plants taken incidental to the harvest o f herring 

eggs. (AM õ88) 

 

8550. Herring may be taken for commercial purposes only under a permit, 

subject to regulations adopted by the commission. The commission may, 

whenever necessary to prevent overutilization, to ensure efficient and economic 

operatio n of the fishery, or to otherwise carry out this article, limit the total 

number of permits that are issued and the amount of herring  that may be taken 

under the permits.  

The commission, in limiting the total number of permits, shall take into 

consideratio n any restriction of the fishing area and the safety of others who, for 

purposes other than fishing, use the waters from which herring are taken.  

(Amended by Stats. 1996, Ch. 870, Sec. 38. Effective January 1, 1997.)  
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8550.5. (a) A herring net permit grant ing the privilege to take herring with 

nets for commercial purposes shall be issued to licensed commercial fishermen, 

subject to regulations adopted under Section 8550, as follows:  

(1) To any resident of this state to use gill net s, upon payment of a fee o f two 

hundred sixty -five dollars ($265).  

(2) To any nonresident to use gill net s, upon payment of a fee of one thousand 

dollars ($1,000).  

(b) The commission shall not require a permit for a person to be a crewmember 

on a vessel taking herring pursuant to t his article.  

(Amended by Stats. 2000, Ch. 388, Sec. 17. Effective January 1, 2001.)  

 

8552. (a) It is unlawful to take herring for roe on a vessel unless the 

operator holds a herring permit issued by the department pursuant to 

commission regulations. The permit may be transferred pursuant to Sections 

8552.2 and 8552.6.  

(b) No person may be issued more than one herring permit, and the department 

shall not issue a herring permit to more than one person except as provided in 

Section 8552.6.  

(c) Herring permit s shall only be issued to and shall be held only by a natural 

person.  

(d) Herring permits shall not be used as any form of security for any purpose, 

including, but not limited to, financial or performance obligations.  

(e) The permittee shall be on board th e vessel at all times during herring fishing 

operations, subject only to exceptions provided for in this code and regulations 

adopted under this code.  

(Amended by Stats. 1988, Ch. 1505, Sec. 3.)  

 

8552.2. Notwithstanding Section 1052, a herring permit may b e transferred 

from a herring permitholder to a nonpermitholder having a minimum of 20 or 

more herring fishery points, as follows: The permitholder shall mail, by certified or 

registered mail, to the department and every individual listed on the 

departmentõs list of maximum 20 or more point herring fishery participants, his or 

her notice of intention to transfer his or her herring permit, which notice shall 

specify the gear type to be used under the herring permit; the name, address, 

and telephone number of the transferor and proposed transferee; and the 

amount of consideration, if any, sought by the transferor. Sixty days after mailing 

the notice, the transferor may transfer the permit to any person having 20 or 

more experience points without the necessity f or giving further notice if the 

transfer occurs within six months of the date the original notice was given. 

Transfers after that six -month period shall require another 60 -day notice of 

intention to be given. No person may hold more than one herring permit . A true 

copy of the notice of intention to transfer a permit shall be filed with the 

department by the transferor under penalty of perjury and shall be available for 

public review.  
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(Amended by Stats. 1989, Ch. 207, Sec. 4. Effective July 25, 1989.)  

 

8552.3. The commission may, in consultation with representatives of the 

commercial herring roe fishery, and after holding at least one public hearing, 

adopt regulations intended to facilitate the transfer of herring permits, including, 

but not limited to, regul ations that would do the following:  

(a) Allow an individual to own a single permit for each of the different herring gill 

net  platoons in San Francisco Bay.  

(b) Eliminate the point system for qualifying for a herring permit.  

(c) Allow a herring permit to b e passed from a parent to child, or between 

spouses. 

(Amended by Stats. 2016, Ch. 50, Sec. 42. (SB 1005) Effective January 1, 2017.)  

 

8552.4. Herring permits that are revoked or not renewed may be offered 

by the department for a drawing to persons having 2 0 or more experience 

points in the fishery on the first Friday of August of each year.  

(Amended by Stats. 1989, Ch. 207, Sec. 5. Effective July 25, 1989.)  

 

8552.5. The commission shall revoke any herring permit if the holder of the 

herring permit was convi cted of failing to report herring landings or 

underreported herring landings or failed to correctly file with the department the 

offer or the acceptance for a permit transferred pursuant to Section 8552.2.  

(Added by Stats. 1988, Ch. 1505, Sec. 6.)  

 

8552.6. (a) Notwithstanding Section 8552, a herring permit may be issued 

to two individuals if one of the following criteria is met:  

(1) The individuals are married to each other and file with the department a 

certified copy of their certificate of marriage and a  declaration under penalty 

of perjury, or a court order, stating that the permit is community property.  

(2) The individuals meet both of the following requirements:  

(A) They are both engaged in the herring roe fishery either by fishing aboard the 

vessel or by personally participating in the management, administration, and 

operation of the partnershipõs herring fishing business. 

(B) There is a partnership constituting equal, 50 percent, ownership in a herring 

fishery operation, including a vessel or equipmen t, and that partnership is 

demonstrated by any two of the following:  

(i) A copy of a federal partnership tax return.  

(ii) A written partnership agreement.  

(iii) Joint ownership of a fishing vessel used in the herring fishery as demonstrated 

on federal vessel license documents.  

(b) For purposes of this section, a herring permit does not constitute a herring 

fishing operation. A herring permit may be transferred to one of the partners to 

be held thereafter in that partnerõs name only if that partner has not less than 10 

points computed pursuant to paragraph (2) of subdivision (a) of Section 8552.8 
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and there has been a death or retirement of the other partner, a dissolution of 

partnership, or the partnership is dissolved by a dissolution of marriage or decr ee 

of legal separation. A transfer under this section shall be authorized only if proof 

that the partnership has existed for three or more consecutive years is furnished 

to the department or a certified copy of a certificate of marriage is on file with 

the  department and the permit is community property as provided in subdivision 

(a). The transferor of a permit shall not, by reason of the transfer, become 

ineligible to participate further in the herring fishery or to purchase another 

permit.  

(c) Notwithstan ding subdivision (b), in the event of the death of one of the 

partners holding a herring permit pursuant to this section, where the partnership 

existed for longer than six months but less than three years and the surviving 

partner does not have the minimum  points pursuant to subdivision (b) to qualify 

for a permit transfer, the permit may be transferred on an interim basis for a 

period of not more than 10 years to the surviving partner if an application is 

submitted to the department within one year of the deceased partnerõs death 

and the surviving partner participates in the fishery for the purpose of achieving 

the minimum number of points to be eligible for a permit transfer pursuant to 

Section 8552.2. The interim permit shall enable the surviving partner to 

participate in the herring fishery. At the end of the interim permit period, the 

surviving partner, upon application to the department, may be issued the permit 

if he or she has participated in the fishery and gained the minimum number of 

experience poi nts for a permit.  

(Amended by Stats. 2001, Ch. 753, Sec. 20. Effective January 1, 2002.)  

 

8552.7. The department shall reissue a herring permit which has been 

transferred pursuant to Section 8552.2 or 8552.6 upon payment of a transfer fee 

by the transferee  of the permit. Before April 1, 1997, the transfer fee is two 

thousand five hundred dollars ($2,500), and, on and after April 1, 1997, the 

transfer fee is five thousand dollars ($5,000). The fees shall be deposited in the 

Fish and Game Preservation Fund an d shall be expended for research and 

management activities to maintain and enhance herring resources pursuant to 

subdivision (a) of Section 8052.  

(Amended by Stats. 1994, Ch. 360, Sec. 1. Effective January 1, 1995.)  

 

8552.8. (a) For purposes of this articl e, the experience points for a person 

engaged in the herring roe fishery shall be based on the number of years 

holding a commercial fishing license and the number of years having served as 

a crewmember in the herring roe fishery, and determined by the sum of both of 

the following:  

(1) One point for each year in the previous 12 years (prior to the current license 

year) that the person has held a commercial fishing license issued pursuant to 

Section 7852, not to exceed a maximum of 10 points.  
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(2) Five points for one year of service as a paid crewmember in the herring roe 

fishery, as determined pursuant to Section 8559, three points for a second year 

of service as a paid crewmember, and two points for a third year as a paid 

crewmember, beginning with the 1978 ð79 herring fishing season, not to exceed 

a maximum of 10 points.  

(b) The department shall maintain a list of all individuals possessing the maximum 

of 20 experience points and of all those persons holding two points or more, 

grouped in a list by number of p oints. The list shall be maintained annually and 

shall be available from the department to all pointholders and to all herring 

permittees. All pointholders are responsible for providing the department with 

their current address and for verifying points cre dited to them by the 

department.  

(c) A herring permittee may use the departmentõs list and rely upon that list in 

making offers for transfer of his or her permit until the date of the annual 

distribution of the new list. On and after the date of the annual  revision of the list, 

the permittee shall use the new list.  

(d) The point provisions in this section are for purposes of sale of a permit or 

transfer to a partner of a coowned permit.  

(Amended by Stats. 2000, Ch. 388, Sec. 18. Effective January 1, 2001.)  

 

8553. The commission may make and enforce such regulations as may be 

necessary or convenient for carrying out any power, authority, or jurisdiction 

conferred under this article.  

(Added by Stats. 1973, Ch. 733.)  

 

8554. The commission, in adopting regulatio ns for the commercial herring 

fishery, shall provide for the temporary substitution of a permittee to take herring, 

if the permittee is ill or injured, by a crewmember aboard the vessel operated by 

the permittee. The commission may require that proof of th e illness or injury be 

substantiated to the satisfaction of the department.  

(Added by Stats. 1986, Ch. 725, Sec. 3.)  

 

8556. Notwithstanding any other provision of law, the commission shall 

determine, by regulation, if drift or set gill net s may be used to take herring for 

commercial purposes. The commission may also determine, by regulation, the 

size of the meshes of the material used to make such gill net s. 

(Added by Stats. 1976, Ch. 882.)  

 

8557. Notwithstanding any other provision of law, the commission s hall 

determine if round haul nets may be used to take herring in Districts 12 and 13 

and the conditions under which those nets may be used.  

(Amended by Stats. 1987, Ch. 269, Sec. 17.)  
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8558. (a) There is established a herring research and management 

account within the Fish and Game Preservation Fund. The funds in the account 

shall be expended for the purpose of supporting, in consultation with the herring 

industry pursuant to Section 8555, department evaluations of, and research on, 

herring population s in San Francisco Bay and those evaluations and research 

that may be required for Tomales Bay, Humboldt Bay, and Crescent City and 

assisting in enforcement of herring regulations. The evaluations and research 

shall be for the purpose of (1) determining th e annual herring spawning biomass, 

(2) determining the condition of the herring resource, which may include its 

habitat, and (3) assisting the commission and the department in the adoption of 

regulations to ensure a sustainable herring roe fishery. An amou nt, not to exceed 

15 percent of the total funds in the account, may be used for educational 

purposes regarding herring, herring habitat, and the herring roe fishery.  

(b) The funds in the account shall consist of the funds deposited pursuant to 

Sections 855 8.1, 8558.2, and 8558.3, and the funds derived from herring landing 

fees allocated pursuant to subdivision (a) of Section 8052.  

(c) The department shall maintain internal accountability necessary to ensure 

that all restrictions on the expenditure of the fu nds in the account are met.  

(Amended by Stats. 2017, Ch. 26, Sec. 32. (SB 92) Effective June 27, 2017.)  

 

8558.1. (a) No person shall purchase or renew any permit to take herring 

for commercial purposes in San Francisco Bay without first obtaining from the 

department an annual herring stamp. The fee for the stamp shall be one 

hundred dollars ($100). The revenue from the fee for the herring stamps shall be 

deposited into the herring research and management account established 

pursuant to Section 8558.  

(b) This section shall become operative on April 1, 1997.  

(Added by Stats. 1996, Ch. 584, Sec. 2. Effective January 1, 1997.)  

 

8558.2. The amount of the difference between fees for nonresidents and 

resident fees, collected pursuant to Section 8550.5, shall be dep osited into the 

herring research and management account established pursuant to Section 

8558, and all fees for San Francisco Bay herring permit transfers, collected 

pursuant to Section 8552.7, shall also be deposited into the herring research and 

managemen t account.  

(Added by Stats. 1996, Ch. 584, Sec. 3. Effective January 1, 1997.)  

 

8558.3. One -half of all royalties collected by the department from the roe -

on -kelp fishery collected pursuant to paragraph (2) of subdivision (f) of Section 

164 of Title 14 of the California Code of Regulations shall be deposited into the 

herring research and management account established pursuant to Section 

8558. 

(Added by Stats. 1996, Ch. 584, Sec. 4. Effective January 1, 1997.)  
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8559. The commission, in determining experienc e requirements for new 

entrants into the herring fishery after January 1, 1987, shall require that any 

person seeking a permit to operate a vessel to take herring and claiming crew 

experience shall demonstrate, to the satisfaction of the department, proof of 

payment as a crewmember in the herring fishery based on tax records or copies 

of canceled checks offered and accepted as payment for service on a crew in 

the California herring roe fishery.  

(Added by Stats. 1986, Ch. 725, Sec. 5.)  
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 Analysi s of Management Action  and  Alternatives  

 

Per CEQA, an environmental document need not consider every 

conceivable alternative to a project. Rather an environmental document must: 

consider a range of reasonable alternatives that meet most or all of the 

projectõs objectives; substantially avoid or lessen the proposed projectõs 

potentially significant negative effects; be feasible to implement based on 

specific economic, social, legal and/or technical considerations; and foster 

informed decision making and public participation. It is not required to c onsider 

alternatives which are infeasible. The discussion of alternatives in this document 

will focus primarily on different management actions that could be modified to 

either improve the economics of the fishery or reduce negative environmental 

effects o f the project. All commercial harvest alternatives contain common 

elements with the proposed project with only selected elements of the 

management framework considered as alternatives.  This document examines in 

detail only the alternatives that could feasi bly attain most of the basic 

objectives of the project. The document provides information about each 

alternative to allow meaningful evaluation, analysis, and comparison with the 

proposed project and does not consider alternatives whose effect cannot be 

reasonably ascertained and whose implementation is remote and speculative.  

 

 Summary of Potential Environmental Impacts of the Proposed Project  

Overall, the proposed project is not anticipated to have any significant 

impa c ts on the environment. Additionally,  implementation of the proposed 

project is expected to benefit natural resources held in trust for the people of 

California when compared to existing conditions. This section is intended to 

summarize the analysis contained throughout this document, with a focus on 

the potential for significant impact.  

 

 Effects to the Herring Population  

Overall, this FMP is not anticipated to cause any significant impact to the 

health of the herring population. There is no anticipated change to overall 

fishing effort. In fac t, the season will be shortened a few days from the current 

regime, and overall fishing effort may decrease due to an anticipated reduction 

in fleet size. Additionally, the quotas are set at levels anticipated to ensure 

recovery of stock if needed, buffer against uncertainty in the future due to 

climate change scenarios, as well as support higher performance in terms of 

long -term stock health.    

While the FMP does anticipate a scheme for allowing increased fishing in 

areas where fishing (at least in recent  history) has not been occurring, for 

example Crescent City and Humboldt Bay, the management measures put in 

place by this FMP ensure that fishery will progress only at a level that is 

sustainable for the herring population. This includes conservative, pre cautionary 

initial quotas until monitoring data supports raising the fishing level.  
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This FMP does not authorize any changes to current gear types. In 

particular, net mesh size, which has the potential to impact the age of herring 

targeted by the fishery, will remain the same as currently used.  

In sum, the proposed project will not cause any significant impacts on the 

herring population in California.  

 

 Effects on Predator Populations  

Herring play a role in the CCE as a forage stock for mid - to upper -trophi c 

level predators. However, this FMP is not anticipated to cause any significant 

impact on predator populations dependent on herring. The HCR is set to put 

limitations on herring fishing and minimize any impact on the forage base, even 

when herring stocks are low. Additionally, the quota cap may be beneficial to 

predators by allowing them to feed more on herring when Herring are 

abundant. Furthermore, the CCE is resilient to fluctuations in forage fish 

abundance because so many species make up the forage ba se available to 

predator populations.  

In sum, the FMP is designed to ensure that fishing mortality does not 

negatively affect the stockõs role as forage, and will not have any significant 

impacts on the predator populations in California.   

 

 Effects on Mar ine Habitats  

Gill nets may be set in areas with submerged vegetation as well as a 

variety of invertebrate benthic fauna that may be susceptible to disturbance. 

Eelgrass is one example of submerged vegetation that could be impacted by 

Herring fishing activi ties. However, given the short fishing season as well as the 

proposed limits on the number of vessels in the fleet, the anticipated damage to 

benthic habitats is considered minimal. Much of the available eelgrass habitat 

area is closed to the commercial He rring fishery. While localized areas subject to 

intense fishing may be vulnerable to short -term effects, no data exists to quantify 

these impacts, and the limited depths associated with eelgrass beds also limits 

the fishing activity and potential impact fr om that activity. Regarding benthic 

fauna, soft -bottom benthic communities impacted by Herring fisheries are 

dynamic and anticipated to recover quickly from non -continuous disturbances.  

In sum, the FMP is designed to ensure the Herring fishery does not 

ne gatively impact marine habitats and associated communities, and will not 

have any significant impacts on marine habitats.  

 

 Effects on Non -Target Sensitive Species  

The nets set in the gillnet sector may have interaction with young 

salmonids in San Francisco  Bay, including listed species of salmon and 

steelhead. However, the peak timing of smolt emigration typically occurs after 

the Herring fishing season is ended. Additionally, smolts tend to remain in main 

channels and move quickly through the Bay, and are unlikely to occur in the 

nearshore areas where gill nets are often set. Salmon smolts that do occur in San 



 
Draft Herring FMP          August 2019 

10-3 

Francisco Bay during the Herring fishing season are also too small to be 

vulnerable to Herring gill nets due to the allowable mesh size. As a result,  the FMP 

is unlikely to have impacts to non -target sensitive species.  

 

 Growth Inducing Effects  

The proposed FMP is not expected to result in potentially significant 

growth inducing affects. The proposed project could foster some very limited 

economic activ ity, but that incremental affect would not be of a magnitude 

that it would stimulate the establishment of new businesses, population growth, 

or the construction of additional housing. In addition, no project characteristics 

are likely to remove obstacles t o population growth or encourage or facilitate 

other activities that could significantly affect the environment, either individually 

or cumulatively. Any increase in fishing activity is not expected to be significant 

relative to existing conditions in and around the Herring fishery.  

 

 Significant Irreversible Environmental Effects  

CEQA Guidelines section 15126(f) requires that the proposed project 

identify potential impacts that could result in significant irreversible 

environmental changes, including the u se of non -renewable resources and the 

irretrievable commitment of resources. An irreversible commitment of resources 

is one that cannot be reversed, except perhaps in the extreme long term 

(millions of years). The classic instance is when a species becomes  extinct; this is 

an irreversible loss. Irretrievable commitments are those that are lost for a period 

of time. The proposed project would not result in significant irreversible 

environmental changes or irretrievable commitments of environmental 

resources.  The project is designed to avoid significant adverse impacts to other 

species, their habitat, and listed or locally unique species.  

 

 Short-term Uses and Long -term Productivity  

CEQA Guidelines section 15126(e) requires that the cumulative and long -

term effects of the proposed project that could affect the state of the 

environment, could narrow the range of beneficial uses of the environment, or 

that could pose long -term risks to health or safety be addressed. The proposed 

project will not affect the vari ety of short -term uses currently available, nor are 

any significant impacts expected to occur. In addition, the proposed project will 

not adversely affect long -term productivity of statewide populations of the 

targeted species, as this FMP is designed to b ring fish populations and fishery 

participants into a balance that promotes sustainability.  

 

 Cumulative Impacts  

In this section, the proposed project is analyzed in relation to other major 

projects in the region. Cumulative effects on environmental resourc es can result 

from the incremental effects of the project when added to other past, present, 

and reasonably foreseeable future projects in the area. Cumulative effects can 
















































































































































































































































































