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INTROQUCTION

Thefolivwing summarizes stock assessment resuits and harvest guideline {HG } recommendations for Pacilic
mackarel (Scomberjaponicus) developed for the Pacific Fishery Management Council’s [PFMC) management
sgason of July 1, 2004 1o June 30, 2009. This summary will alsg be included in the PRMU's Stock
Assessmant and Fishery Evalualion [SAFE) report for coastal pelagic species (CPS), and will be distributed
prior 1o the June 2004 PEMC mesling, A compreheansive stock assessment report is concurrently being
developed for the PFMCs first formal stock assessmenl review {STAR) scheduled lor June 21-25, 2004,

SUMMARY OF THE 2063-2004 FISHING SEASCN

The coast-witde harvest of Pacilic mackerel decreased 35% in calendar year 2003 (Table 1, Figure 1). The
dirseted tighgrigs off California and northesn Baja Calitornia {Ensenada, Mexien} had a combined yield of
8,241 mt, compared to 12,778 mt in 2002, California's direcled tishery for calendar year 2003 landed 5,185
mt — an increase of about 14% from the 2002 vigld. The Ensenada lishery experienced a 65% detrease n
yield, tfrem 7,963 mt in 2002 to 2,815 mt in 2003 (Celia Eva Cotaro, INP-Ensenada, pars. eomm.), Tha
RecFIM estimate of recreational harvest was 341 mtin 2003, up fram 279 mtin 2002,

The U.S. commaearcial lishery was provided a 10,652 mt HG lor the 2003-2004 (July-June) season, based on
a July 1. 2003 bipmass forecast of 68,224 mt (Hill el al. 2003). Through the PFMC management progess,
il was determined that in order to slay within the HG, there would be an initial directed fishary of 7 500 mt, with
3,152 mt set aside for incidental cateh in other CF S fisharies. The 2003-2004 season has progrossad slowly,
with only 5,545 ml of 1he dirgcted HEG allocation being landed trom July 2003 through March 2004, The fishary
is projectad o land a \otal of 5,735 mtthrough the end of June 2004, so will fikaly remain open through June
40, 2004,

Anecdotal observations from Ihe lield have attributed Ihe reduced harvest from 2003-2004 to limelad
availability, rathar that dus W market conditions andfor redirected effort.  Similar reasons have Deen
postulated for Ihe Ensenada fishary as well (Celia Eva Ceolgre, INP Ensenada, personal communication),
which typically harvests larger yields when the lish are available. However, givan the diversily of Ihe species
targeted by the CPS tleet at large over the vears, it has been problematic objectively determining the intluantial
factors that lead to reductions in harvest in the Pacific mackerel fishery.  Finally, managameant-ralated
information regarding this species’ slock struclure generally supported by the scientific cammunity follow: (1)
higterically, rmackaral spawning aclivity has been centered off Ihe cenlral and northarn Baja Calilarnia coast;
(2} only imited data exist regarding mackerel abundance soulh ol Ensenada; (3t mackeral have been present
as incidental catch in whittng and salmon fisheries ofl Cregan and Washington since 1992 {4} duning El Nino
gvents, mackarel catches have been abserved to increase in more northern {oft Orggon and Washington)
waters; and (5} the presence of older {(say ages »3) and larger rnackarel in this norharn region, couplad wilk
the ralative paucity of these older age groups in the southern California landings, does gensrally support Ihe
axpanding/contracting 'single-stock’ hypothesis currerly in place.

ASSESSMENT METHODS
Model

A modified vinual populalion analysis (VPA) model (ADEPT, Jacobson 1993}, based on Gavaris’ (1988)
ADAPT procedurs, was used 1o estimate biomass ol Pacilic mackerel. The ADEFT model has been used
to agsess Pacific mackerel for the past eleven years and is described in detail in Jacobson {1993}, Jacobson
ot al. {1994}, and Hill et al. [1832a.b). Conventional WPAg bark-ealculale age-structured abundance ulilizing
calch-al-age and weight-al-age dala, as wall as assumplions regarding both age-specitic natural mortality in
each yaar of the time series and fishing mortality (F} estimates for the most recenl year {refarred o as
tarminal F'). The ADEPT model improves upon a conventional ¥PA by evaluating terminal F and other
pararneters to obtain the best statistical fit betwaan VPA output and survey indices of refative abundance, The
orux ol Ihe stalistical procadurs ligs in the modals ability to estintate tarminal F based upen tha survey indicas,
ustng them to adjust the conventional VPA output.

The ADEPT model uses a slandard suite of subroutines o estimals paramaters in a VPA model, based an
a slightly modified simplex algorithm and subrouting from Press et al. (1830). The standard program for
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parameler estimation is simitar to that described by Miltertremer and Schnute (1883). The ADEPT approach
is based on the astimation method of maximum likelihood. Paramatars arg @stimated by minimizing an
sbjective function, which inthe case of ADEFT, is the negative log-likelihood ol the data, given the madel and
parameter estimates (rathar than the equivatenl sums of squares used by Gavarig 1988). Two types of
paramneters are estimated in the ADEPT model: obsarvalion parameters {survey-based g's and exponents)
and tarminal F parametars. Observalion parameters are used lao intgrpret index data, which are used in turn
1o astimate terminal F values. Terminal F parameters are highly influential tor estimating pepulalion biomass
for recant years, Natural mortality was assumed to be 0.5y for all ages in all analyses (Parrish and MacCall
14978).

Data

Tha assessment model uses an annual time step and now incarparates 75 years {1823-2003) of lishery data,
including landings (Table 1, Figure 1), age composition (Figure 2}, and mean estimates of weighl-at-age
{Fiqure 3). Fishary dala for the early hislorical period (1929-1865) were cbtained from previously pubished
assossments (Parrish and MacCall 1978; Prager and MacCall 1988). Abundance estimales from 1he VEA
are agjustad by the model 1o befer maleh trendgs in the survey data, which includes aerial spotier sightings
fLo ot al. 1922; Figure 4). CalCOF) larval data (Figure 53, recreational fishery catch-per-unil-ettont information
{Figuras & and 7), triennial shell survey data {Figure 8), and powgr plant impingement rates {Figura 9). Asg
in past assessmenls, compenent likelihoods for most surveys were weighted equally to a valua of 1.¢t. The
power plant impingemant index {age-0 mackerel caughl in cooling water at San Onofre Nuclear Generating
Station) represents a small parion of the coasliing and was \harelore down-weighted to 0.1. The ADEFT
model can also accommaodate weighlad annual survey observations based on coeflicients of vanialion {CYs)
associaled wilh he individua! eslimates, As per Hill et al. (2003}, we catoulated CVs for each survay
observation and re-scaled them ta & median value. Re-scaling CVs 10 a value of 1.0 had the benetfit ol
maintaining equal waighting among surveys, whila down-weighting cbservations within surveys for
poorly-sampled or kighiy-vatiabla years

Fishing Mortality in lha Tarminal Yaar

The ADEPT madal estimale of terminal F [argely determines biomass estimates for the mosl recent years.
Terminal F estimates tor each age group were calculated using age-specific vulnerability {selactivity')
parametars and a parameter for the ovarall fishing mortality rate:

(11 F=VeF,

wherg F, is the fishing mortality rate at age @ in the terminal year, V, is lhe vulnerability for age 2, and £ is the
fishing mortalily rate experienced by fully-recruiled age groups (ages with V, =1}, The paramelers F,, V. and
F were estimated after log Iransformation to improve numerical estimation. Vulnerability parameters in [1)
could, in principle, be estimated indivigually by ADEPT or set manually to any tixed valuss based on “prior’
informalion. It is always dasirable to estimate selectivilies individually, however, dala limilations often cause
converganca problems making direct estimatian impractical. When specified individually (fived), he best that
can be done is 1o eslimate average wulnerability values by praliminary VPA analysis, then fix terminal
selaclivities 1o average valuas,

Faor thiz gssasement, we enveloped uncertainty in recenl biomazs eslimales using a malhod consislant with
las| year's assessment {Hill et al. 2003). We used lixed age-spgcific parameters based on vulnerabililies
averaged tor prior years with catch-al-age similar lo 2003 (e, large proporlion ol age O and 1 lish in the
catch; see Figure 2). AMer an initial model run using fixed values, ADEPT was configured to estimale
selectivities of age 0-3 fish individually {ages 4 and =5 were naecessarily fully-selacted, 1.€., V, =1 for all mods|
runs). Tha modsl converged, however, the parameter tar age 2 fish was Ihe only one eslimated with any
degree of cartainly (CV=27%). Mods| eslimates for age 0, 1, and 2 tish were similar ta initial values from Ihe
detault method, but GV's for the estimates were extremely high. Thus, we used fixed values for 0, 1, and 3
yaar-uld fish. Salactivities far age 0 fish are typically low (<0.2), and age 3 lish are moderately yulnerable to
tha tishery [roughly, J.4-0.8),

A major area of uncerainty ligs in the vulnerability of age-1 mackers! to Ihe fishery. Age-1 vulnerability in the
terminal yaar has the greatest gotential impact on biomass caleulations for recent years. [n other waords. a
high proportian ot age 1 fish in the 2003 cateh may be interpreted in two ways: assumed lower vuinerability
equalas to relalively higher abundance; ar assumed higher vulnerabilily resulls in relativaly lower abundance.
Frior model estimales of age-1 vulnerability range from low [~0.2} to high (1.0}, with no consistant patiern over
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the pasl tifteen years. For the final model run, we developed a broad range of ‘states of nature’ by calculating
tha fraquency of coeurrence of vulnerabilities lor four general vulnerabilily categories {V,=0.2, 0.4, 0.6, and
0.8} and subsequenlly, calculated an average vulnerability within each category. Ultimately, four madal runs
were conducted based on the age-1 vulnerabilitigs above and finally, these model outpuls were used to derive
2 weighted estimale ol important management-related slock paramelers (2.g., biomass and racruits). A
summary of Heal V, parameters follows;

Age Yulnerability Paramelar (V3 Source

0 0.066 tixed average based on catch-al-age

1 0.200, 0408, 0.602, 0.930 our values Used to caloulats waightsd average
2 0.035 model estimated {CV=27%:}

3 Q.722 lixed average based on catch-al-age

4 and -5 1.000 lixed at 1

Bicmass Projection for July 2004

Biomass was eslimatad thraugh the beginning of 2003 (calendar year), then a projeciad eslimata of bicmass
tor July 1, 2004 was calculated based on: 1) the number of mackeral eslimated 1o comprisa each year ciass
at the beginning af 2003; 2} modsl estimates of lishing mortality during 2003; 3} assumpticns tor natural
moriality {M=0.5) and F through the lirst half of 2004; and 4) mean weighl-al-age tor 2003. Waight-at-age
data were used g convert numbers of fish to biomass lor sach age, which was summed across ages to obtain
total (=1 year-old fish) hiomass.

RESULTS and DISCUSSION

The ADEPT model recalculatas binmass and recruitment for all years in the 7%-year time serigs. Diffarencas
in biomass estimales among assessment years ¢an be caused by changes in Fandings, shifts in tishery age
compositions, trénds in fishery-indapendant surveys, and assumptions regarding terminal year fishing
vulnesability. As is true for all age-structured population models, abundance-at-age estimales are the least
certain for tha most recent years when Lhe youngest year classes have nat yet bacome fully vulngrable to, or
utilized by, lhe fishery. Compounding this uncertainty is the general lack ol tishery or survey data for Pacitic
mackere| outside the Southern California Bight andthetack of tishery-independentinformnation on recruitment.
Catch-at-age and weight-al-age data are not yet availabla Irpm the Ensenada fishary, which is comparable
in volume o Calitornia's commercial lishery,

Biamass Trend

Pacific mackarel biomass peaked in 1982 at approximately 1.32 million mt, declining steadily to & low of
10,438 mt in 2001 {Table 2, Figure 13). The peak biomass chsarved twenty yaars ago was primarily buill by
exceptional year classes in the late 19705 and early 19805 (Table 2, Figurs 10), These recruitment pulses
occurred alter a decade of axtremsly tow biomass from the mid-1960s ta mid-1970s (Figure 13}, The decline
in biomass sinee 1982 has razuliad fram a steady decling in yoar class strength (Figure 10] and relatively low
reproductive success {recruils par spawning stock biomass; Figures 11 and 12) since that lime.  Model
gstimates of 2001 and 2003 year class abundance are slightly highar than lor the previous lew yaars and
recent reproductive success (Tecruils per spawning stock biomass) is more oplimistic refalive to the past 18
Years,

The recent frand in » 1yaar-old biomass tor the current assessmenl was simitar o that estimated in 1he 2003
stock assessment {Hill gt al. 2003}, A precipilous decline in biomass was abserved [rom 1997 to 2001, This
decrease is attributed 1o relatively weak yaar classes it 1998 10 2000 (Figure 10), combined with high fishing
meralily during the 1998 fishery {i.e., keeping in mind thatl environmental condilions are als befieved to
strongly influence abundance associated with coastal pelagic stocks in general]. The 1988 fishery was lha
sacond largest on record {71,255 mb, wilh the majority (50,726 m1) of the total harvest being landed in
Ensenada, Mexico (Tabla 1, Figure 1), Despite the lower cvarall astimates of biomass gompared with Hill et
al (20403}, Whe current time series indicales a stabilization in biomass in Ihe past two years (Figure 13). This
may ba altributed 1o what appears to be a relatively strong 2001 year class thal contributes substantially to
Ihe exploitable biomass. Finally, this stabilization should be interpreted i tha context of the historical
astimated abundance levels and Whus, the population remaing at relatively low levels compared with that
reafized during the 13803 and aarly 19905,

Biomass Projeslion




The July 1, 2004 biomass projeclion, used to calculate the 2004-2005 HG, was based on ADEFT outputs and
certain assumptions about recruitment and lishing martality during the lirst half of 2004. Estimates of yaar
class strength {age-0 abundance] for the terminal year (2003) are included in the forgeast.  Various
approaches may be used 1o address uncenainty in meodel estimates of age-0 abundance: 1} use a modsl-
detived aslimats; 2) use an average of model-derived estimates; ar 3) rely stricily on a stock-recruit
relationship. Dacistons congerning the best approach necessarily depend on assumplions regarding the
accuracy of the hypothesized stock-recruit relationship and in particular, the existence of compansalary
responses by the stock, L&, ralatively spaaking, increased recruitmant at law spawning biomass levels.

Reliance on the stock-recruit relationship seems reascnable when model éstimalas are considerably higher
or lawar than recently chserved values and when ne ancillary information exisls to suggesl that recruilment
is atypically high {e.q., year class failure or a compensatory ingrease in juvenile production andfor sunavai).
The model estimale of age-0 abundance for Jahuary 2003 was 310 million fish, well witiin the range of
recruilments observed for the past gight years, Some evidence exisis that suggests relatively sirong year
classes oceurrad wilhin Ihe past several years. The fishery contained some of the highest proportions of age-
0 fish in racsnl Ristory {(e.9., 45% in 2003; Figure 2). The 2000 year ¢lass comprised the largast propartion
{3%} of \he 2002 catch. Length data from recreational angler serveys indicated increased catches of young
machkerel by ‘shore maode' anglars in 2000 and 2001. Based on the above evidence kar sIronger year classes,
we applied the model eslimate of 2003 age-0 abundance in the foracast. The projected estimate of July 1,
2004 population bicmass (=1 year-old lish) is approximataly 81,383 ml,

HARVEST GUIDELINE RECOMMEMNDATION FOR 2003-2004

In Amendment & to the GPS FMP (FFMGC 1998), the recommended maximum suskainable yield ¢onlrol rule
for Pacitic mackerel was;

HARWEST = [BIOMASS-CUTOFF) x FRACTION x STOCK DISTRIBUTION ,

wherg HARVEST is the U.S. HG. CUTOFF {18,200 mt} is the lowest level of estimated bicmass at which
harvest s allowed, FRACTIOMN (30%) is the fraction of binmass above CUTOFF that can be taken by fisheries,
and STOCK DISTRIBUTION (70%) is the average fraction of tolal BIOMASS in LS. waters. CUTOFF and
FRACTION values applied in the Counci's harvast policy for mackerel are based on analyses publishad by
MacCail ef al. {1985). BIOMASS (81,382 mt} is the estimated biomass ot lish age t and older lor the whole
stock as of July 1, 2004, Basad on this formula, the 2004-2005 season HG would be 13,268 mt {Table 3,
Figurg 14). The recommendad HG is 2. 818 ml higher (+25%) than the 2003-2004 HG, and comparable to
Ihe averane yield [~12,000 mt) realized by the fishery since the 1952-1993 season (Table 3).
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Table 1. Commargial and recraatignal landings [metnc tonsp of Pacific mackarel in Calitomia and norhem Baje Califomia
(Ensenaca, Memaee), for calendar years 1929 10 2003, Soe Figure 1.
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Figura 1. PacHlz mackere! landings by fishery for calendar years 1829-2003 {gee Table 1).
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Figura 2. Froportlonal catch-at-age for GCalifornia’s commerclal mackeral flshecy, 1984-2003,
The assesament model Includes data rom 1923-2003,
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Figure 4. Aerial apattar Index of relatlve abundance.
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Figure 10. Yeer £lass abundance (millians), January 1.
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Figura 12 Recruliment Success and Spawning Stock Blomass, 192830 to 200203,
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Tably 2. Historical July 1 estimates of Pacific mackerel biomass (age 1+, matric ons) and recruitment
{age . number 1x10°%) estimated using the ADEFT maodal. See also Figures 10 and 13.

Age 1+ Bomass ReCruils Apg 1+ Biomass Recruils
Year i 1an 1 Veal fnetnié Mgl (ilions)
1989 155877 1,020 1967 1,306 )
193] 223,002 1,392 1968 B3: 114
1931 286,364 1.651 1969 GA2 £
1932 365,182 1,706 1570 513 B
1933 JED.593 373 1971 521 1
1924 288,571 157 1572 ik 1
1939 192,391 1HE 1973 142 1
1936 127,708 343 1574 108 41
1937 114,713 313 1575 9.2%95 i3
1938 105,568 ) 1578 13023 716
1935 116,858 52 1577 146,312 488
1944k 31,175 an 1978 160,097 4474
1ad1 EG415 B35 1579 518,182 41
1942 114,205 233 1280 605G, 114 2,874
1943 105,781 210 12814 Toa25 7,320
1944 84277 215 1582 1,347,247 1,685
1945 65,374 a5 1983 1,257,304 TOE
1946 41,075 A7 1364 108 202 1,118
1047 20852 £B2 1563 G42 dad 1,391
1943 57031 310 15645 851.6348 1,066
1945 G015 34 1987 B35 5r8
1850 42 450 15 1988 E59. 43 1,606
1351 21,92 10 1583 678,228 Boi
1452 8133 188 1950 454 5RO o6
1953 26,276 485 1599 431,032 489
1854 51,752 192 1582 S8, 738 B23
1855 55,045 324 1953 268,740 485
1856 62,475 BE 1954 234,638 350
1857 d2. 684 ar 19455 188,211 a2
1668 21,300 HXH) 14956 172.384 Ryl
1665 43537 287 169857 1489.508 187
1560 L3 B 487 1958 949 564 56
15651 BUBYT 2B5 1989 53754 432
1962 95,241 41 2000 Cl.E8E 56
15963 62,787 24 200 10.424 3451
1564 35.922 19 2002 43 281 G4
1963 12,602 25 2003 45,111 33
1065 CR L 3 20014 £1.383 =

Figure 13, Pacific mackerel biomass estimates and projection, Ages 1+ July 1.
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Tabla 3. Commareial landings {California directed fishery] and quotas (92/93 to 98/99) or harvest
quidelings {9900 to present) lor Pacitic mackerel. See also Figure 4.

Season Quota/HG  Landings
Q293 34.M0 18,307
8454 23147 10,793
94,95 14,706 4372
95196 8,798 7,815
a6g7 8709 9. 7EH
a7/98 22045 23413
Q99 30,572 18,578
99/00 42819 5,732
0o 20,740 20837
0102 13837 8,438
o203 12,935 3.541
{3/04" 10,652 5,735
405" 13,268

* projecled 03/04 landings,

"t proposed harves] guideline o
2004, 2005,

Metlrke Eonk

Figure 14. Paciflc mackerel quoias {CA, pre-88/00) and harvexl guidealines (PFMC, S5
onward], and resultant landings for aach management sedson (359 Tekla 3}
The praposed HG for 2004105 §s 13,268,

Q23

R T

kel

ke

=
b
o
=

b0 N T | R = =i
Fighing Saason {.J ury-Jure)

a1

oo

O OkQas it

BCuoiamG
Diardngs




Stock Assessment of Pacific Sardine with Management Recommendatians for 2004

Executive Summary

by

Ramon ). Conser', Kevin T. 11IF, Paul R. Crone’, Nancy C 11 Lo, and Darrin Bergen®

Submitted o
Pacific Fishery Management Council
77100 NI Ambassador Place, Suite 200
Portland, OR 97220

Oclober 2003

Addresses for auhoes:

NOAANMES
Southwest Fisheries Science Conter
RE0D La Jolla Shores T
Lalolla, A Q2037

= California Depanment of Fish and Came
Southwust Fisheries Science Center
5604 La lolla Shores Dr.

La Jolla, A 92037

This document is available electronically uat:
htip:/iswisc.nmfs.noaa. gov/frd/Cozstal % 20 PelagicsiSardine/sardinel . htm



Introduction

The following summary presents pertinent results and harvest recommendations from a stock
assessment conducted on Pacitic sardine (Sardinops sagax). [is an update to the slack
assessment carried out lase year (Conser et al. 2002}, and is imended for use by the Pacific
Fishery Management Council (PFMC} when developing management gaals for the upcoming
fishing scason for sardine beginning Januvary 2004,

The asscssment reswlts presented here are applicable to the surdine pepulation off the North
America Pacific coast from Baja California, Mexico to British Columbia, Canada. Rescarch
surveys [fishery-independent) have been conducted on an annual basis 1o the spawning arcas ol
cenirgl and southern California. For mast of the centempoerary time serics { 1983-98), signilicant
fishing for sardine oceurred only off northern Mexico and California (Area | or favide Area). As
the sardine population rebuill and expanded its range through the mid-1990's, sardine became
mare available seasonally off Oregon, Washington, and British Columbia. Subsequently,
fisheries in these more northerly arcas expanded with significant landings beginning in 2000, Axs
in past assessmients, rescarch survey data (fishery-independent) are used to mdex the size ot the
sardine spawning bigmass; and when coupled in a medelling framework with fishery-dependent
data and structural information on sardine biology and migration, provide the stack size estimatis
and demographics needed by the PFMC 10 csiablish harvest guidelmes for the USA fishenies,

Methods

An age-struciured stock usscssment model (CANSAR-TAM, Catch-at-ape ANalysis tor
SARdine - Two Arca Model, see Hill et al.1999) was applicd to fishery-dependent and fishery-
independent data to derive estimates ol population abundance and age-specific fishing mortahicy
rates. In 1998, the original CANSAR medel (Deriso ot al. 1996} was modified to accound for the
expansion of the population northward to waters off the Pacific northwest. The models are bascd
on a *forward-simulasion” appraach. whereby parameters (¢.2., population sizes, rcenitments,
lshing moriality rates, pear sclectivitics, and catchability coethicients) arc estimated alter log
transformation using the method of nonlinesr least squares, The termis in the objective function
{10 be minimized) included the sum of squared differences in (log,} obsenved and {log,) predicied
estimates from the catch-at-ape and vanous sources of auxiliary data used for *tuning” the modet.
¢.g., indices of zbundance from rescarch survey data. Bootstrap procedures were used 10
calculate variance and bias (95% confidence ntervals) of sardine biomass and recruitment
estimates generated from the assessment model. The CANSAR-TAM model was based on two
fisheries {California, USA and Linsenada, Mexico) and semesters within a year were used a3 time
steps, with apes being incremented between semesters on July | and spawning that was assumcd
tee poeur on April | (middle of the fitst semester).

Fishery-dependent daty from the California and Ensenada fisheries (Garcia and Sanchez 2003) -
1983 1o first semester 2003 - were used Lo develop the following time series: (1) catch (in mt)-



Table | and Fipure-1; {2} calch-at-age in numbers of fish; and (3) estimates of weighi-ul-age.
Fishery-independent data {time series) from rusearch surveys included the following indices,
which were developed from data collecled from Arca | (fnsfede Aree, primarily waters off central
and southern California) and used as relative abundance measures (Table 2): (1) index
{proportion-positive stations) of sardine ceg abundanee from California Cooperative Ovcunic and
Fisheries Investigations {CalCOFT} survey data (CalCOFS fndex)-Figure 2; (2} index of
spawning hiomass (1) bascd an the Daily Egg Production Method (DEPM) survey data {(DEPM
Index)-Figure 3, sce Lo ot al. (1996). (3) index of spawning arca {Nmi*} from CalCOF1 and
EPM survey data (Spawning Area Indexi-Figure 4, sce Barnes et al. (1997); and (4} index of
pre-adult biomass (mt) from aerial spolier plane survey data (Aeriaf Spotrer Index)-Figure 5, see
Loct al, {19921 Time series of sca-surface icmperatures (Figure 6) recorded at Scripps Picr, La
Jolla, California were used to determine appropriate harvest suidelines (Sea-surface Temperarure
{ndex), sec Amuendment ¥ of the Coastal Pelagic Specics Fishery Managetent Plan, Option J,
Tabte 4.2.5-1, PFMC (1998). Further, the CANSAR-TAM maodel includes a madificd Ricker
{1975) spawner-recruil fenction that eonstrains recruitment estimates in the Jast few years,
Following Jacobson and MacCall {1995), the modified model in¢ludes a term for zea-surface
temperature, but the reniaining spawner-recruit parametets are fixed per Jacobson amd MacCall
{1995).

Survey indices of relative abundance were re-cstimated using penerally similar technigues a5 was
done in previous assessments (Hill ¢r al, 1999; Conser ¢t al. 2000; Conser o al, 2001, and Conser
et al, 2002, The final model configuration was bascd on eyually ‘weighted® indices cxcept for
the CalCOFI index, which was downweighted w0 0.7 (relative to 1.0 for the other indices). The
relative weight used for the CalCOFL index (0.7) was consislent with previous assessments in
which the proportion of the total spawning arca covered by the CalCOFI surveys {~70%) was
used to determine its relative weiphting in the model. Fusther the CalCOFT Index has underpone
considerable saturation in recent years duee to the higher frequency of positive stations as the
sardine stock expanded throughout and beyond the seuthem California Bight. As in the previous
avsessment, the CalCOFT index was tit with a nen-unity ¢xponent (0.3547) to allow for a
nonlingar relationship betwecn the index and sardine spawning biomass. This procedure
produced a better At to these data and a more acceptable residual patlern than agsuming the
classical lincar relationship between the index of abundance and population size. As in the two
previous assessments, the Acrial Spotter Index was assumed to primarily track pre-adult fish
(ages O and | plus a portion ol age 2 fish). Al of the other fishery-independent indices were used
as indices of the spawning stock biomass, which can be approximated by the biomass of ages 1+
sardine.

Recognizing that the geogmphical extent of the sardine population tends to Imcrease as
population size increases (inferred largely from lagging data and the expansion of the ishery in
the 1930's), the CANSAR-TAM maodcl uses explicit time-varying migration rates 1o mowve’
sardine from the well-sampled Arca | (roughly Baja California through central California) 1o the
larger, coastwide stock arca. Tnternal consistency checks are done to cnsure that reasonable
numbers of sarding arc present outside Arca 1 to account for the catches of the developing
fisherics in the Pacific Northwest. En conjunction with the previcus assessment {Conser ¢t al.
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2002}, a sensitivily ran was carricd oul in which (1) the available catch-at-age from Oregon and
Washington fisherics {mostly 2000 and 2001} were formally tcorporated into the medel and (i)
nu structeral assumptions regardimg migration rates were imposed, The 2002 assessmem results
were Fairfy robust o the allernative structural assumptions of the sensitivity run, The sensitivity
run was not repeated this year. Llowever, as the tmu series of catch-at-age data from the Pacific
MNorthwest fisherics aceunulates and fishery-independent data become available from northern
arcas, the strecture of this sensitivity run is likely to beeome the template for future sarding stock
assessments.

Results

Pacific sardine landings estimate for the directed fisheries off Calitornia, U'SA and Ensenada,
Mexico decreased from the relatively high level that was reached during 2002 (107,000 mr}, with
a total 2003 harvest of roughly 94,000 mt (Table 1. Figure 1) however, note that semester 2
landings in 2003 reflect projected estimates based on landing patierns observed in the fisheries
during recent years {Table 1), California landings in 2003 arc expected te decreasc somewhat
from the 2002 level, while the Ensenada landings are projected to remain at the 2002 level or
slightly above, Currently, the USA fishery is regulated using a quota (harvest guideline
management scheme and the Mexico fishery (Ensenada landings) 1s cssentially unregulated,

A5 has been the case in recent years, landings from the USA Pacific sardine fishery (California,
Oregon, and Washington} arc below the harvest guideling recommended for 2003 (11 1,600 mt},
with roughly 65,000 mt landed through September 2003 and 86,000 mi projected landings tor the
cntire year (the fishing year ends December 31, 2003).

Estimated stock biomass (> 1-vear old fish on July 1, 2003} from the assessment conducted this
year indicated the sardine population has remained at a relatively high abundance level, with a
bias-corrected estimale of nearly 1.1 million mt {Tabkle 3 and Figure 7). Estimated recruitment
{age-( fish on July 1) has increased significantly — with year-lo-ycar fluctuation — since the Iate
1980's { Table 3 and Figure §). Recent recruitment levels are an order of muapnitude larger than
the low levels estimated during the 1980's, However, it shauld be noted that recent recrnuitment
(5-37 billion recruits) is not well-cstimated (Figure ) — largely due to the lack of a recruitnicnt
index in recent years, Another 2-3 years of data may be needed to ascertain whether the surdine
population hiomass has reached a plateaw at approximately the one million me level (Figure 7).

Estimates of Pacific sardine biomass from the 1930's (Murphy 1266 and MacCall 1979) indicale
that the sardine population may have heen more than three times its current size priot © the
population decling and eventual collapse in the 1960% (Figure 9). Considering the historical
perspective, it would appear that the sarding population, under the right conditions, may still have
grawrh potential beyond its present size. However, per capita recaitment cstimates show a
downward trend in recruits per spawncer in recent years that may be indicalive of a stock that has
reached a plateau under current cnvironmental conditions (Conser ¢t al. 2000 ).



Harvest Guideling for 2004

The harvest guideline recommended for the USA {Califormia, Oregon, and Washington) Pacific
sardine fishery for 2004 is 122,747 mt. Statistics used ta determine this harvest guideling are
discussed below and prescented in Table 4. To calculate the proposed harvest guideline for 2004,
we uscel the maximom sustainable vield {MSY) contro! rule defined in Amendment & of the
Coastal Pelagic Speeies-Fishery Management Plan, Option I, Table 4.2.5-1, PIMC (1998). This
formula is intended o prevent Pacific sardine lrom being overfished and maintain relatively high
and consistent cateh levels over a long-term hotizen, The Amendment 8 harvest formula for
sarding is:

HG.0, = {TOTAL STOCK BIOMASS,, . - CUTOFF) » FRACTION « USA DISTRIBUTION

where 11G,,,,, 1s the total USA (California, Orcpon, and Washington) harvest guideline
recommended for 2004, TOTAL STOCK BEOMASS, ., 15 the estimated stock biomass (ages 1+)
from the current assessment conducted in 2003 {see above), CUTOFF 15 the lowest level of
estimated biomass at which harvest is allowed, FRACTION is an environment-based porcentage
of biomass above the CUTOLF that can be harvested by the [isheries {(see below), and LUSA
DISTRIBUTION is the pereentage of TOTAL STOCK BIOMASS.,, in USA waters.

The value fur FRACTION in the M3SY control rule for Pacific sardine 15 a proxy for F, {1.¢., the
fishing mortality rate that achieves equilibrium MSY). Given F . and the productivity ot the
sardine stock have been shown 10 increase when relalively warm-waler ocean conditions persist,
th follawing formula has been used to determine an appropriate {sustainable) FRACTION
value:

FRACTION or F_, — 0.248649805(T7} - 8.190043975(1) v 674558326,

where T is the running average sca-surface temperature at Seripps Pier, La Jolla, Califorma
during the three preceding years, Ultimately, under Option J (PFMC 1998), F is constrained
and ranges between 5% and 153% (Figure 10).

Based on the T valucs observed throughout the period covered by this stock assessment (1983~
2003). the appropriate F_,_exploitation fraction has consistenuly been 1 5% (scc Figures fand 1)
and this remains the case under current oceanic conditions (T, = 17.5 “C}  However, it should
be nated that the general decline in sea-surtace iemperature observed in recent years { 1998-2003)
may contnbute to eovirotmentally-based reductions in the exploitation lraction in the future
years — wilh congomilant reductions in future harvest guidelines (see Figure 18),

The 2004 USA harvest puideline {122,747 mt) is 11%5 greater the 2003 harvest guideline
(110,908 mt). Recent fishery practices and marketl conditions indicate that it may not be
constraining with regurd 1o USA fishery landings in 2004 (Figure 11}, However, recent



recruilment Jevels are not well-cstimated, resulling in a high degree of uncertainty with respect 1o
recent recruitment. If the actual recruitment in tecent years is less than that estimated in the
model and‘or should the general sca-surface temperature decline continue, i is likely that harvest
guidelines in the out years will constrain USA fishery practices and removals.

Further when viewed on a stock-wide basis and considering the landings of Mexico and Canadz
as well as the USA, adherence to an implicd *stock-wide harvest guideline” may constraim
fisherics cven without recruitment and sea-surface temperature dechnes. Figure 12 compares
recent international landings with the annual harvest guidelings that would have resulted from
applying the PFMC CP§ FMP harvest fortnula {above) absent the “USA Distribution™ term.
lnternational tandings have exceeded such cateulated harvest guidelings during the past two years
(2002 and 2003}, Should Oregon and Washington landings continue to increase (al rates
comparabic (o the past few years) and/or Mexican landings retum to the levels reponied during
19972000 (average landings of 56,500 — see Table 1), Ihe implicd stock-wide harvest puideline
will be exceeded again in 2004 and perhaps beyoml,
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Table 1. Pacific sardinc time series of landings {mt) by semester ([ s January-June and 215
July-December) in California and Baya California (Ensenada), [983-2003. Scmester 2
{2003) estimates are projections. MNote that estimates in 2002 reflect updited values and
differ from projected estimates uscd in the assessment conducted in 2002, see Conscr ot
al (2002, Fosenada fisheries data are from Garcia and Sanchez (2003

CALIFOENIA ENSENADA
Year  Semester ! Setnescer Tatal Semester | Scmesler 2 Total Grund Total
81 5 141 4hw 150 [}aq 374 i
wd 18 1 &7 375 <] ] 0 L
L3 n 3is L1 31 548 1,712 4,744
26 Eid dh1 | 2&T uy 4% a3 |.529
&Y 140245 1. 1A 1,971 935 1.457 FaQik £.352
RA 201k 1oL +.13% Azl 1.415 2033 &, 1]
ao 2141 L.&2nl 1723 4l 5.763 6,224 G.04T
a0 2272 1.033 1,304 5.9} 5475 11,375 14631
a1 SRED 1154 9.054 g.27 22021 31,492 40,426
9 g0k L2216 2].2338 3.3 31,242 XA 56E 55,806
93 L2953 4589 17,542 18,649 L3396 32.04% 49 887
s A 0= S0 14,0510 5712 L5 165 20,2 34927
9% 20 565 [3.925 A5490 18,227 L7, 1RY  E5 306 78,286
@6 L7.896 LB 16l 3e.057 15,666 33499 TGS 75,121
97 L. Ea% 34331 36,196 13,494 494 n¥ 429 114,A2 6
R X1 E4) [RE a1 ,U55 20 21y ITATY a4 il L]
94 15, X305 58,747 34,700 2IEIF 55 569 1153106
il 5174 XZ. Tl ST W35 25,800 2537F R117; 103, 103
il AN ILR 4 Th: 54,9073 Y [y L2 9iy 22 M6 IT LT
oz LR 13 14K G dad 16 4497 2hG4 43437 106, 28]
3 5. 30k Xa114 50,082 15,097 Zu.8498 A3 4yl 94,075



Table 2. Pacific sardine time serics of survey indices of relative abundance and sca-surtace
wcmperature, 19R3-03.

al{IF] BEPM Spavwning area Spotterplane  Sca-surfaee temperafure

Yrar (%% positive) [indd iNmi‘} {mt] L8y
"3 ut na 40 ni 1725
34 4.4 na 450 na | T.58
59 ER na Tal i 17 S0
18 L. 7.859 | 260 22,034 1787
i LRI} 3,704 2,120 11,4t 17.71
B N 13,520 120 55882 IT.25
B2 1.2 ni 3720 i2e29 IT.24
e 7 na 1,760 21,144 1714
21 6.7 na 8,550 40,571 1735
2 BB na 9647 4% 065 1T.481
3 6.1 ni T.hES 84000 17.54
Y4 L7.8 127,102 14,539 211,385 17.97
43 134 ni 233814 LE%, w24 1£.04
P LA B3 173 5,50 L1751 [
T 271 w574 410,591 frs, 95 1 &.064
94 243 313 %is 131,134 11%,a52 | &.44
o 8.7 IE2.24% 35,171 Q01,506 | &.04
4] 7.8 |, 0A383T 11,744 45,373 1773
0l 12.5 Tl ks ir.gol (1 [7.24
nx ER 6313 [ K] L [7.71
03 142 485,121 41,702 na | 7.50



Table 3. Pacific sardine ume serics of stock biomass (=age-1 tish in mt) and reerintrment {age-0
fizh in 1 (W0s} estimated at the beginning of semesier 2 of cach year. Stock biontass
cstimates are presenwed (or Area 1 (inside) and the Total Area of the stock. The 5% Cls
tor Total Area biomass and regruiiment cstimaltes are also presenred.

Stock Biomass Recruitmert
Year Arem ]l Tom] Mea Lewertl Lpper CI Total Area  Lowst (T Uppa (]
8} 4121 4140 rne 9,937 1+ 787 89,946 173267
B4 12,338 12509 5917 Il EEE I EEA 1584 397,556
S n: 21703 18359 399] MERTN 1.3 411 38901
Bl 9.8 ER 23,73 18,814 5052 A0, 321 L3581
B° LRk b-RER .14 1142582 42804 #0280+ 1257504
] 1k, 133 S L 94, 390 140 51F 1476516 102,714 3325218
£ 142, 35) 53,567 1-3,512 a1 1175843 509,343 L.773,843
] 1770440 211,07 11169 296,544 1,53 461 32015 5432261
91 L 468,211 22,003 F14,085 FAMERT PAMEIT LD4FEDT
8 1R6.301 425957 BRI §37,290 1864300 2594304 TAFRI0A
93 75481 JAT TR 3E0,683 JES 952 FIOAELT X2 HIT 13347 01T
9= o 2 I 632,113 3325 S35, 548 Q277379 "2I337% LBA4TTATE
gi i3 354 L i T S e SELESLY 285131 19887 3L
L] L P TEIg8s 619, 2-6 D08 R3 S AR 40y S 18 A0 RS
9y <19 4550 Tog, 0z a5783% 102523 I30ER A1) T 324415 15418413
38 R B02,4%7 (o | B R | L21x1 731 5853731 18323713
3 RN 919,97 RO 1AREg) 8431180 4134180 14014 1ED
g LLIfag Qs 892 R T R B 1 5.RIBA0S BARSLBS {34300
01 40 e 2ha 872 LA RS 145626584+ SE81 484 27 I3 684
0z dip= 593 L0546, 764 ol el R L - SITER3 490313 20365311
13 853102 L0587 IO TEMDERS 12586417 s@addf SERAJLE

Table 4. Proposcd harvest guideline for Pacific sardine for the 2003 fishing scason. See Harvest
Guideline tor 2004 seetion for methads used o derive harvest guideline.

Total stack bionass (mary CutplT {mt) Fraciion {%%) LS. Distriboden {5 Harvest yuiddine ()

1,090,587 150,000 1&%% E7% 122,747
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Fipure 1. Paciiic sardine landings (i) in Culifornia and Baja California (Ensenada), 1983-03.
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Figure2.  Index of relative abundance of Pacilic sardine cpes (proportion-positive stations) off southern
Calitomia based on CalCOF ] bongo-nel survey (1934-03),
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Figure 3. Index of relative abundance of Pacific sardine spawning binmass {mt) off Californiy based on
dajly egg production mothod (DEPM) estimates from ichthyoplankton survey data { F986-03). Note that no
sample data {Obscrved cstimates) were available for vears 198983 and 1993
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Figure 4. Index of relative abundance of Macific sardine spawning stwock size based on cslimates of
spawning grea (M 2) caloulated froo CaldOF] and DEPM survey data {1983-03),
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Figure 5. Index of relative abundance of Pagific sardine pre-adult biomass (primarily age 0-2 fish m mt)
off California based on serial spotter plane survey data { 198600). Note 1hat no sample data were available
for 2001-03.
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Figure 6. Time series ol sea-surface temperature (C) recorded @t Suripps Pier, Ta Jolla, CA (1983.03].
Apmeal petimares reflect 3ocar running' averages, see Jacobson and MacCall [1995].
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Fipure 7. Time serics (1983-03) of Pacific sardine stock himmass (= 1-yr obd fish on July 1 of cach yearin
mty estimated from an age-siructured stock assessment model (CANSAR-TAM, ses Ehll enal. 19993,
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Figure 8. Time series (1983-03) of Pacific sardine recraittnent (0-yr old fish on July | of vach year in
1.0005) estimated from an agestruclured stock assessment model (CANSAR-TAM, see Hill e1 al. 1999),
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Figure %, Time series (1983-2003) of Pacific sardine stock biomass (Fage 1+ fish on Tuly 1 ol cach year
inmillion mt) and assactated 25% confidence intervals cstimuted o the cwrrent stock assessment (el Figure
77, and historical stock biomass estimates (1932-65) from Mumphy (1966), Confidence intervals or ether
measures of precision are oot available for the historical estimates. No stock assessnent-based esumales are
available for Ibhe period 1966-82. The sardine fishery was closed during much of this period and biomass
wils ab very low levels.

Enrvcvmenalli-Bared € 3vric R e

TRk sl

Fogdvita iha: Frs-li

. ' B i -
Sea Sweface Tomporainre B

Figare 10. Enviroomentally-based barvest rate contral rule for Pacitic sardine as specified inibe Caasal
Polagic Species Fishery Managenent Plan (PEMC 1998}, For any given year, sca surface wmperuture
{X-axis} is the Tunning average sea swrlage temperature at Scripps Prer (La Jobla, CA) duning the three
preceding years, The explodtation fraction {Y -axis), which can range between 3-15%, 1s an explicit part of
the algorithm wsed to detenming the annual harvest guideline {quota} for the coastwide 1.5, Nshery — see
Table 4. Open ciccles lustrate the sed surface wmperature and exploitaion fraction for recent years
{L99E-2003),
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Figure 11, Time series { 1990-03) of Pacific sardine harvest guidelines {'quotas’) and actual landings (me).
Stakc-bused (California) regulations were in place for [990-99, with federal-based {Califormia, Cregon. and
Washington) regulations beginning in 2000, Now: that landings in 2003 represent a projucted estimate and
o Eanddings thus far in 2004,
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Figure 12. Pacific sardine landings () from Mexico (Ensenda), Calitornia, Oregon and Washington. and
Canaca ¢ 199903 Landings shown for 2003 are estimates projected throwgh the ead of the calendar year,
The thin bars illustrate the annual harvest guidelines that would have resulted from applying the FEMC CPS
FMP barvest fonnula {see Tuble 4 and related text) ona stock-wide hasis, i.e., applying the harvest guideline
formula abseni the "US. Disiriburion' tenm,
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