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Executive Summary

Pacific Herring (Herring) , Clupea pallasii , support an important and
historically significan t 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 . Com mercially, Herring are
targeted 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

recreatio nal Herring fishery also has taken place since at least the 1970s. The

pri mary mar ket for Cal i fngfisheryas@apancwherener ci al H e
Herring roe is considered a delicacy. Herring are also used as bait for salmon,

Oncorhynchus spp., Pacific Hal ibut, Hippoglossus stenolepis , and Lingcod,

Ophiodon elongat us, by 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 decli ned 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 peak), and
limited space in the San Francisco Bay, the Herring fish  ery benefitted from an
intensive level of management.

Regulations changed annually as the fishery expanded, and many
regulations were designed to address socioeconomic r ather than biological
issues.Primary m anagement measures used historically include but are not
limited to limited entry, permits issued by lottery, individual vessel quotas,
guota allocation by gear, a platoon system used to divide gill net vessels into
groups, the transferability of fishery permits, and the conversion of permits
between ge ar 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developed to manage a much larger fleet are outdated and no longer
necessary. Additionally, despite concerns about an in creasing level of take
and potential for commercialization among the recreational Herring fishery,
no restrictions on catch or effort for this sector have been establish ed.

There were concerns 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
Fishery Management Plan (FMP) was to further dev elop and codify this
precautionary approach to ensure the sustainable management of Cal ifornia
Herring into the future. In addition, Herring not only support  commercial and
recreational fisheries, but as forage fish they are a food source for many
predator y fish, marine mammals, and seabirds within the California Current
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Ecosystem (CCE), pro viding an essential energetic link between primary

producers and predators at the top of food chains. As such, a secondary
goal was to develop a management approach that complies with the
California Fish and Game Commi smcies pdlisy, ( Co mmi

which seeks to recognize the importance of forage fish to the ecosystem and
establishes goals intended to provide adequate protection to these species.

The overar ching 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 Commi s sdpeciesd s
policy . In particular, it seeks to:

1 provide a synthesis of relevant information on the species, its habitat,
role in the ecosystem, and the fishery that targets it,

1 integrate the perspectives and expertise of industry members and other
stakeholders in the management process,

1 describe the effects of climate change on Cal i f olHenringastosks,
and identify environmental and ecosystem indicators that can inform
effective management ,

1 provide an adaptive management framework that can detect and

respond to changing levels of abundance and environmental

condi tions,

specify criteria for identifying when a fishery isoverfished ,

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

based on sound science ,

create an orderly fishery through an efficient permitting system,

ensure that research efforts are strategic and targeted |,

use collaborative fisheries research to help fill data gaps,

identify risksand minimize threats to habitat from fishing, and

minimize bycatch to the extent practicable.

= =
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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 Fishand Wildlife (Department) staff evolved to develop a
vision for the Herring FMP. ThisSC 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 formal ly
initiated, the scope of the FMP was presented to the California Fishand
Game Commission (Commission) and refined via a public comment process.
California Native American Tribesalso 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

fora

-
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and through other public meetings (both web -based and in-person) for
stakeholder feedback

Throughout the Herring FMP process, a number of scientific 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
studies to better understand 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 the
Herring fishery isrelatively data rich, a number of informational gaps were
highlighted during this process, specifically related to the relationship
between Herring, predator populations inthe CCE, and altern ative prey
species. Additional information in these areas would allow the Department to
more fully consider ecosystem impacts in future Herring management.

Management Strategy

ThisFMP proposes a management strategy that isbased on an
adaptive management framework that seeksto improve management 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 management 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
guotas based on current SSBusing a HCR, 4) track indicators to mo nitor
ecosystem conditions and adjust quotas as needed, and 5) additional
management measures to regulate fishing.

The primary mechanism for ensuring stock sustainability inCal i f or ni ad s
Herring management areas isto restrict harvest to a rate of no more than 10%
of the estimated SSBby setting catch limits (quotas). Thiscap 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 harv est primarily targets age 4+ fish (mesh size
restrictions) , that spawning aggregations receive some temp oral and spatial
refuges from fishing (closed areas and weekend closures), and to minimize
interactions between fishermen and concurrent usersof the four
management areas.

Tiered Management Approach
Implementing intensive surveys, like the annual spawn de position
surveys used to estimate the SSBin San Francisco Bay, in all four management
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areas isnot feasible due to resource and staffing constraints. Thus,this FMP
outlines a three -tiered management approach to help prioritize monitoring
efforts and appl y 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. Tier3 has the highest level of
fishing activity, Tier2 isintermediate, and Tier1 has the lowest level of fishing
activity. The level of monitoring effort associated with each tier isdictated by
the level of participation in the fishery. Quotas are determined based on the
information available. As more information isavaila ble, higher harvest rates
are available to participants , provided stock sizescan sustainably support
higher levels of catch. When this FMP was first drafted , Tomales Bay,
Humboldt Bay, and Crescent City Harbor were Tierl management areas, and
the San Francisco Bay wa sthe only Tier3 management area.

Multi -Indicator Predictive Model to Estimate SSB

Setting quotas in Tier3 management areas requires an estimate of the
expected total SSBin 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 predictive
model to estimate the coming y e a rS8BAlthough ec ological indicators
have been assessed yearly and presented as part of the annual season
summary to the Di r e ¢ Heosrind Advisory Committee (DHAC) for
management recommendations and to provide context for the SSBestimate,
they have not been used to quan titatively predict the SSBto set quotas prior
to this FMP. The multi -indicator predictive model include sthe following three
indicators:

1 SSBear10the observed spawn deposition from the previous season

2 YOVYyear3 0 the Catch Per Unit Effort (CPUE) of Young of the Year (YOY)
Herring from April to October three years prior

3 SSTu-sep 0 The average Sea Surface Temperate (SSThetween July and
September prior to the upcoming season

The above -described model explains more variability, mechanistically
supports what isknown 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 equation
may promote proactive, rather than reactive, managem ent, and foster an
interdisciplinary approach to ecosystem -based fisheries management. The
FMP adopts this multi-indicator predictive model as an option for estimating
the coming s e a s oS%BnsSan Francisco Bay, contingent upon availability of
necessary input data and continued predictive power by the model. Spawn
deposition surveys remain the default method for determining SSB.

iv
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Harvest Control Rule

A key provision of this FMPisa HCRfor Ca | i f o Hemringafi@hery to
ensure that quotas are appropriate given the current SSBand that intended
harvest percentages (target harvest rates) are no more than 10 percent (%).
The HCR developed for San Francisco Bay includes a SSBcutoff at 15,000
tons, below which no fishing can occur and the quota for the comin g season
will be zero. Developed in consultation with Department staff and
stakeholders and tested using MSE,the HCR isused to set appropriate quotas
in Tier3 management areas. The HCR developed isbased on the current
precautionary management approach and provides a predetermined
method for setting initial quotas each year based on SSBestimates.

Assessing Ecosystem Indicators

Given He r r irolega® 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 assistDepartment staff in determining whether additional
guota 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 process to ensure alignment with the overall management
strategy proposed for Cal i f oHemringafiShery. 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 goal 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.
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Gill net Fishery 8 The platoon system, and the complex permitting
associated with that system, was developed for a much larger fleet and isno
longer necessary in San Francisco Bay. To modernize the Herring gill net fishery
regulations, the following regulatory changes will be made:

1 convert 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,

1 establish a long -term capacity goal of 30 permits under the new
permitting system,

1 eliminate the paperwork associated with substitution by allowing
anyone who possessesa valid California Commercial Fishing License to
operate a Herring fishing vessel provided the permit isonboard and
that vessel has been designated ,

1 require that gill netsbe marked with the Fishing Vessel Number
designated on the permit to track fishing activities ,

1 remove yearly quota specification from regulations, and instead set

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

Department

reduce the permitcap from 35to 15in Tomales Bay,

establish new conservative quotas for Tier 1 and 2 fisheries,

adjust regulations to promote collaborative research between the

Department and the fishing industry, and

1 alter and updat e the permitting process.

= =4 =

HEOKOd To streamline the HEOKfishery sector , the following regulations
changes were determined via the FMP development process:

1 restructure the permitting process such that HEOK permits are
completely separate from the gill net permits,

1 bring HEOKfees in line with those paid by the gill net sector,

1 streamline notification requirements ,

1 require vessels,rafts and lines to display the Fishing Vessel Number
designated on the permit to track fishing activities ,

1 require cork linesto be marked at each end with a contra sting-colored
buoy for easier maneuverability

Recreational Regulations 0o Priorto this FMP, there was no limit for the
recreational take of Herring. To address this, the FMP recommends
establishing a daily bag limit that iseasily enforceable and provides for a
satisfying and sustainable recreational experience while deterring illegal
commercialization of the fishery.

Vi
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Chapter 1. Introduction

The Marine Life Management Act (MLMA) isCa |l i f o primarya fisiseries
management law. It directs the Department of Fishand Wildlife (Department)
to ensure the sustainable use of the s t a tlieirfg anarine resources (Fishand
Game Code [FGC] 87050(b)). The MLMA also identifies Fishery Management
Plans (FMPs) as the primary tool for achieving this goal (FGC §7072). FMPsare
comprehensive planning documents that outline what isknown about a
species, the characteristics and impacts of the fishery that targets it, and how
that fishery isto be managed and monitored once the FMP isimplemented
The Department isresponsible for drafting FMPsand presenting them to the
California Fishand Game Commission (Commission) for adoption. New
regulations required to implement a FMP are promulgated through a
separate  Commission rulemakin g process, and are codified in Title 14 of the
California Code of Regulations (CCR).

ThisFMP 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.

1.1 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 Current Ecosystem (CCE). The overarching
goal of this FMPisto promote the long -term sustainable management of the
Herring resource consistent with the requirements of the MLMA and the
Co mmi s s pobcy @rs forage fish. In particular, it seeks to:

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

role in the ecosystem, and the fishery that targets it;

1 integrate the perspectives and expertise of industry members and other

stakeholders in the management process;

1 identify environmental and ecosystem indicators that can inform

management ;

1 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 isoverfished ;
streamline the annual quota -setting process while ensuring that it is
based on sound science ;
create an orderly fishery through an efficient permitting system;
ensure that research efforts are strategic and targeted ;
use collaborative fisheries research to help filldata gaps;
identify risksand minimize threats to habitat from fishing; and
minimize bycatch to the extent practicable

= =4

= =4 =4 -8 -2
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Specific strategies for achieving these goals are identified and
described in the relevant chapters of the FMP.

1.2 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 FMPsbeing 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 preserve d Department
control while utilizing outside resources and expertise. The resulting process for
FMP development isintended to be used as a test case and a potential
model for future FMPsfor other fisheries.

The MLMA places great emphasis on constituent involvement in
decisions regarding marine resources, as well as collaboration among
stakeholders. ThisHerring FMP has soug ht 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 0 b | u e pautlinmg ¢he broad scope and goals for the FMP
deve lopment process, as well as the scientific analyses required to meet
those goals. Industry and conservation stakeholders agreed to a broad
outline for a Harvest Control Rule (HCR) to set yearly quotas, namely, that it
would emulate the De p ar t meracaud nary management approach by
capping target harvest rates at 10 percent (%) of the most recently estimated
biomass, and include ecosystem indicators to further inform management.
Thisagreement helped to reduce conflict bet ween stakeholder groups and
help ed 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 FMPto their wider
constituencies . Resultsof research conducted as part of FMP development
were also shared with the SCiteratively throughout the process, and as a
result the management strategy in this FMP reflect sboth the best available
science as well as a high degree of stakeholder involvement .

Once the FMP development process 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 conducted
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 devel oped, it was presented to the Commission through the
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Marine Resources Committee. It was also presented at other public meetings
(both web -based and in-person), and feedback from stakeholders was
solicited and incorporated

1.3 Fishery Management Plan Contents

Sections 7080-7088 of the MLMA describe in detail the required contents
of FMPsand the De p ar t m&018 Master Plan for Fisheriesincludes
guidance regarding how specific issuesshould be addressed. The structure
and content of this FMP are based on the direction they provide .

The FMP first provides an overview of what isknown about the natural
history of the species and itsrole in the ecosystem (Chapters 1-3). It then
describes the Herring fishery and the history of its management and
monitoring (Chap ters 4-6). The core of the FMPisChapter 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 FMPincludes a chapter on alternative projects considered
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 (Chapter 9), a chapter that includes an analysis of
alternative management actions (Chapter 10) and a final chapter that
includes literature cited (Chapter 11). The appendices provide additional
detail on the F MP development history, monitoring efforts, and modeling
approaches and outcomes (Appendices A-P). Under Section 7088 of the
MLMA, FMPshave the ability to render conflicting statutory law inoperative
once adopted by the Com mission. The FMP contains a listof these co nflicting
statutory provisions that will be made inoperative in Chapter 9.

1.4 Environmental Document under the California Fishand Game

Co mmi s s Certiigdl SRegulatory Program

Thisdocument isalso intended to fulfilthe Co mmi s s obbgati@rs to
comply with the California Environmental Quality Act (CEQA) [Public
Resources Code (PRC) 821000 et seq.] in considering and adopting an FMP,
and associated implementing regulations. In general, public agencies in
Califor nia 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 require sthe 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 iscommonly known as a negative declaration.
Where an EIRisrequired, however, the document must identify all reasonably
foreseeable, potentially significant, adverse environmental impacts that may
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result from approval of the proposed project, as well as potentially feasible
mitigation measures and alternatives to reduce or avoid such impacts.
Because the lead age ncy must also subject the EIRto 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 EIRor negative
declaration in limited circumstances. Under CEQA, the Secretary of Resources
isauthorized to certify that a state regulatory program meeting certain
environmental standards provides a functionally equivalent environmental
review to that required by CEQA [PRC 8§21080.5; see also CEQA Guidelines,
CCR Title 14 815250- 15253]. As noted by the California Supreme Court,

0 [ crfaie state agencies, operating under their own regulatory programs,
generate a plan or other environmental review document that serves as the
functional equivalent of an EIR.Because the plan or document isgenerally
narrower in scope than an EIR,environ mental review can be completed

more expeditiously. To qualify, the a g e n ¢ edgukatory 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 CE QA& s
other re qu i r e m@Mountaid Lion Foundation v. Fishand Game Comm.
(1997) 16 Cal.4th 105, 113-114 (internal citations omitted)].

TheCo mmi s s CEHQA @mnpliance with respect to the Herring FMP
and associated regulations isgoverned by a certified regulatory program
[CEQA Guidelines, CCR Title 14 815251, subd. (b)]. The specific requirements
of the program are set forth in CCR Title 14 in the section governing the
Co mmi s s adoptiah s of new or amended regulations, as recommended by
the Department (CCR Title 14 8781.5). Pursuant to CCR Title 14 8781.5, 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 EDisintended to serve as the
functional equivalent of an EIRunder CEQA. As noted above, however,
preparation of the EDisnot a 0 b | a nekxeetmp t fraonnafl of CE QA J s
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 0 t h opsoeisions of CEQA
from which it has not been specifically exempted by the Le gi s | a[Siermae 0
Club v. State Board of Forestry (1994) 7 Cal.4th 1215, 1228].

1.4.1 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
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various management tools and alternatives available will be described
including the stated policies, goals, and objectives of FMPsunder the MLMA.
The Herring FMP will continue to be manag ed through ongoing oversight and
management of the fishery by the Commission.

1.4.2 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 regulatory program [See PRC 821080.5 (d)(2); see also
CCR Title 14 8781.5). The adoption of the Herring FMP and its associated
implementing regulations issuch a project under CEQA. In additi on to the
requirements of the MLMA, CEQA requires public consultation on all
environmental projects. The Department accomplishes this through a public
comment period, scoping sessionswithin the communities involved, or at least
two Commission meetings. As outlined above in Section 1.2, the Department
went through a multi-phased iterative process with stakeholder groups as well
as the SCin development of this FMP.

In August 2018, the Commission, with support from the Department,
prepared and filed a Notic e 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 regula tory
actions regarding Herring. On behalf of the Commission, the Department 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

1.4.3 Tribal Consultation

Pursuant to CEQA 821080.3.1, as well asthe De par t mdribal 6 s
Communication 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 isoutside 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 isto be any earth
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 culturall y sensitive sites.

The Department initially informed tribes that a FMP 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
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process and scope . A subsequent letter soliciting tribal input on the
management objectives outlined in the FMP was mailed to tribes on March
28, 2018. Appendix Q contains copies of the tribal notification letters.

1.4.4 Public Review and Certification of the Environmental Document

The Co mmi s s cedifed gegulatory program and CEQA itself require
that the Draft ED (DED) be made available for public review and comment
(CCR Title 14 8781.5(f); PRC 821091). Consistent with these requirements, and
upon the filing with the Commission 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 g o v e r nQffircé af
Planning and Research, the DED will be made available for public review and
comment for no lessthan 45 days. During this review period, the public is
encouraged to provide written comments regarding the DEDto the
Commission at the following address:

California Fishand 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 isrequired by law to prepare written responses to all
comments on the DED and proposed Herring FMP received during the public
review period that raise significan t 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
Departmen t Oasitten responses to comments raising significant environmental
issuesshall 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 required by CEQA and the FGC. Notice of any final
decision by the Commission regarding the FEDand Herring FMP will be
provided to the extent required by law.
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Chapter 2. Biology of the Species

Thischapter describes what isknown 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 issummarized. Thischap ter isintended to be a
resource for understanding the biology of the stock as it pertains to
management.

2.1 Natural History of the Species

The Herring isa 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 designate d the Herring a separate species (Grant, 1986; Robins and
others, 1991). C. pallasii isthought 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 response to oce anic cooling and
warming cycles (Liu and others, 2011).

Herring are dark blue to olive green 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 centimeters (18
inches (in)) in the northern parts of their range (National Oceanic and
Atmospheric Administration, 2014b). The body iselongate with a deeply
forked caudal fin, and a later al line on each side of the fish (Hourston and
Haegele, 1980; Lassuy and Moran, 1989). The mouth isterminal, moderate in
size, without teeth, and directed moderately upward, with a protruding lower
jaw (Hourston and Haegele, 1980; Lassuy and Moran, 1989). Thisallows adult
and juvenile Herring to switch between particulate feedin g and filter-feeding
modes depending on prey size (Blaxter, 1985). Like all clupeids, Herring are
physostomous, meaning that the swim bladder isconnected to the gut and
thus allows the fishto actively control its buoyancy (Blaxter, 1985; Carls and
others, 2008b).
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No adipose

No spots along fin

Deeply
forked tail

Side of body /

Protruding
lower jaw

Large scales that
slough off easily

Figure 2-1. Herring, with identifying features noted .

2.2 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 isthought that Herring exhibit three different life history forms: 1) a
long -lived, migrator y 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 isheavily influenced by these differing life history
strategies.

N
W+E
s
47
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180°0'0"
Figure 2-2. Approximate distribution of Herring throughout the northern Pacific .
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2.3 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 shallow
subtidal areas of bays and estuaries (California Department of Fishand
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 bee n demonstrated in Canada
(Tester, 1937) and it is possible that each spawning ground supports a stock
that isdistinct 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 (California Department
of Fishand 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 (California Department of Fishand Game, 2015; Vines and
others, 2000), producing slender, transparent larvae about 6-8 millimeter (mm)
(0.2-0.3in) long (Spratt, 1981). Warmer temperatures may lead to smaller egg
sizeand 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 isclumped, controlled largely by tidal factors (Henri and others,
1985). The duration of the yolksac stage isdependent on the amount of yolk
present and temperature (Fossum, 1996).

The spawning season isfollowed by increasing temperature and
productivity in San Francisco Bay, 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 (California Department of Fishand Game,
2015). They mature and spawn in their second or third year. Little isknown
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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2.4 Spawning Season

In California, schools of adult Herring migrate inshore to bays and
estuaries to spawn, beginning as early as October and continu ing as late as
April (California Department of Fishand Game, 2015). In San Francisco Bay,
the spawning period istypically from November to March, with peak leve Isof
spawning occurring most often from December through February (Watters
and others, 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 fish 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 are used for
several consecutive years and then abandoned. Forexample, Marin was the
primary spawning area in the majority of seasons in the 1970s, but after a
larg e 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 sof 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 Percent of Average Earliest date Latest Peak
Area Observed number of observed Date Month
Spawns Spawns per observed
(1973-74 to year
2016-17)
Marin 65.3 9 Oct 19 Apr 26 Jan
(2014) (1999)
San 18.5 2.5 Nov 18 Mar 10 Jan
Francisco (1988) (1989)
North East 4.3 0.6 Dec 1(1980) Mar 5 Feb
Bay (1981)
South East 5.6 0.8 Dec 1(1993) Feb 18 Dec
Bay (1990)
South Bay 6.3 0.9 Dec 3(2015) Feb 23 Jan
(1987)

2.5 Movement

Adult Herring move between spawning area sin 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),
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Herring congregate in dense schools and migrate 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 (California Department of Fishand Game,
2015; Carls and others, 2008b; Sigler and Csepp, 2007). Generally, they school
close to the seafloor in continental shelf waters lessthan 200 meter (m) (656
feet (ft)) deep (Hay and McCar ter, 1997) and at dusk they move towards the
surface and feeding activity increases (Blaxter, 1985). The specific oceanic
distribution of Ca |l i f oldemringastosks isunknown. The availabil ity of suitable
prey islikely the determining factor inHe r r i mggafiom pattern and
behavior inthe feeding period (Kvamm e and others, 2000).

Most of what we know about Herring movement in California comes
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 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
kilometers (km) /week (93 miles (mi)/week) (Carls and others, 2008b; Watters
and others, 2004). Many Young 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 isknown 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 isalso 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). Thisisconsistent with the thought that
Herring in the northeastern Pacific exhibit a number of different life history
strategies. Some Herring populations (i.e., Northern Bristol 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).

2.6 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 iscomposed 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, and copepodites ) (Purcell and Grover, 1990).
Juvenile Herring in shallow subtidal areas feed primarily on zooplankton
(copepods and crab larvae) (Freshand 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
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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
they ascend (Thorne and Thomas, 1990). As light increases again at dawn,
the school reforms and moves back into deeper water (Blaxter, 1985). Thisdiel
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
(California Department of Fishand 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
sizeto maximize number of prey (Blaxter, 1985; Boehlert and Yoklavich, 1984;
Gibson and Ezzi,1985).

2.7 Natural Mortality

2.7.1 Annual Mortality Rates and Sources

Natural mortality isdefined as all the sources of death for a fish
population 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 firstyear of life (Table 2-3, Appendix A). Survival of
eggs ishighly 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 islikely 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
correla ted 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 docum ented in some
Herring stocks.
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Table 2-3. Summary of estimated natural mortality rates and sources for Herring at different

life stages.
Life Stage | Mortality Rate Sources of Mortality Reference
Egg 660100% | Wave action, predation, (Rooper and
smothering by dense egg others, 1999)
deposits, hypoxia,
desiccation , temperature,
and microorganism
invasions
Larvae - 0050% | Physiological abnormalities, (Norcross and
Post such as underdeveloped Brown, 2001)
Hatch jaws, which leads to
starvation
Larvae - 933899% Starvation or predation (Norcross and
Dispersal Brown, 2001;
Period Purcell and
Grover, 1990)
Juveniles 1098% Starvation, competition, (Norcross and
predation, and disease Brown, 2001)
Adults 30 and 40% Predation, disease, (Bargmann,
(with some | starvation, competition, or 1998;
estimates as | senescence, and observed Gustafson and
high as 60%) | increases in mortality could others, 2006;
also be caused by pollution Stick and
or climatic shifts others, 2014)

2.7.2 Estimates for Instantaneous Mortality Rates
Mortality for fish isoften reported as an instantaneous natural mortality

(M) and isone of the most important and uncertain
fishery management.

life history parameters in
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 0.21to 0.67 between ages four and eight and was gre ater
than 0.99 for older ages (Tanasichuk, 2000). In addition to varying with age, M
has been found to vary over time, suggesting that it likely fluctuates in

response to environmental

condition s (Fisheriesand Oceans Canada, 2016).

An age -structured stock assessment model commissioned for the San
Francisco Bay Herring stock by the Centre for Environment , Fisheriesand
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

addition,

Herring because

2-9

to annual mortality rates of 23-45%) were explored. In
this assessment explored increasing M in older (age sixand older)
it improved fits to the available data .
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2.8 Maximum Age and Age Structure of the Population

Herring in California are considered a short-lived species and generally,
few fish live long er than 9 years (yr), though longevity may exceed 15yr
(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 fishin extreme southern populations typically living only 6 or 7
yr (Hay and others, 2008). The San Francisco population istowards the
southern end of Herr i nrige and fish older than 7 yrdo 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 s t o cdgé structure in San Francisco Bay (Figure 2-5). The age
composition of spawning populations isinfluenced by dominant year classes
and can vary considerably. For example, a strong recruitment event in 2009-
10 was observed, but since then the proportion of age two fish observed in
the research catch has declined , which may be attributed to unprecedented
warm water and drou ght conditions from 2014-16, driven in part by the North
Pacific Marine Heatwave (Section 3.2).
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Figure 2-5. Percent at age, by number, of ripe fish for the San Francisco Bay spawning stock
biomass. Based on age composition of the research catch (excluding age -1 fish), 1982-83
through 2017-18 seasons. Note that final age composition was not determined for the 1990-
91 and 2002-03 seasons.

In the late 1990sand 2000s, a truncation in the age structure was
observed, with few fish over age sixrecorded. Thisled to concerns that the

2-10



Pacific H erring FMP Oct ober 2019

harvest rate was negatively impacting the age structure of the stock, and
fishing pressure was reduced due to lower harvest rates from 2004 onward. In
recent years Department staff have observed an increase in older fish (age
sixand 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
structure of the stock when it was lightly fished (Table 2-4). The maximum age
observed was 11, and almost 20% of the stock was over age eight. There are
no recent data on the age structure from Humboldt Bay.

Table 2-4. Obse rved age composition in the Humboldt Bay stock between 1974 -76 (Rabin
and Barnhart, 1986)
Age 1974-75 1974-75 1975-76 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
I 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

2.9 Growth Information

2.9.1 Larval Growth

At the time of hatching, Herring larvae are approximately 7.589.0 mm
(0.30-0.35in) in length (Carls and others, 2008b; Hart, 1973; Hourston and
Haegele, 1980). A growth rate of 0.4880.52 mm/day (0.019-0.020 in/day) was
estimated for larvae during the first 15 days of life (Alderdice and 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). After about
three more weeks, metamorphosis iscomplete and juveniles are
approxim ately 35 mm (1.4 in) long (Hourston and Haegele, 1980). Growth
over the summer isquick, and juveniles typically reach a length of 100 mm
(3.93in) by fall, whe reas little growth occurs during the winter (Hourston and
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Haegele, 1980). Herring in San Francisco Bay reach approximately 100 mm
(3.9in) in average length by age one.

2.9.2 Length at Age

Adult Herring typically range from 1308260 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 Francisco Bay spawning population range in size from approximately
100-240 mm (4-9in) 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 ishighly variable
from year to year due to variations in parental/adult biomass, initial larval
mass, fish abundance, sea temperature, salinity, or other oceanographic
factors (Tanasich uk, 1997). The Spratt (1981) growth curve may therefore
reflect a time period of better growth conditions, however, the lower length
at age in the 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 (Fisheriesand
Oceans Canada, 2016; Wheeler and others, 2009), and appears to be the
case with other size metrics for San Francisco Bay Herring.
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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 iscontrasted with the modeled length -at-age for San Francisco 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
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end of their range and thus have smaller maximum sizes(Schweigert and
others, 2002). Spratt (1987) found that Tomales Bay Herring are 1610 mm (0.03-
0.40in) larger at each age than San Francisco Bay Herring. Thislatitudinal

cline does not always hold, however, as environmental factors or life history
strategies can have stronger effects on growth. Data on growth and sizeat
age are lacking for Humboldt Bay and Crescent City Harbor stocks.

The Department has collected weight and length data as part of its
ongoing sampling program 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

150 —
135 -
120
105 -
90 —
75 —
60 —
45 -
30
10 =

0 —

—— Females: W=4e-06L3%%°
—— Males: W=9e-06L>%

Weight (g)

l T I | l 1
100 120 140 160 180 200

Figure 2-7. Length -we ight 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
Nifio event, and weight at age increased in following years. However, since
the mid -1980sthere 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 (Fisheriesand Oceans 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.

2.9.3 Body Condition

Since 1979, each year the observed lengths and weights for mature
Herring are used to develop a Condition Index (Cl), which isderived from a
f i sweiglg divided by the cube of itslength. High condition indices have
bee n 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 Cl were observed during the strong El
Nifio events in 1982-83 and 1997-98. Despite a recent increase , the long -term
Cl trend isdecreasing , though the underlying ca use of that decrease is
unknown .

2-14

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































