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Situation: National Marine Fisheries Service (NMFS) will briefly report on recent developments in the
coastal pelagic species fishery and other issues of relevance to the Council.
Council Task:
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Reference Materials:
1. Exhibit F.1, Attachment 1– Federal Register Notice of Availability for Amendment 10.
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SOUTHWEST REGION REPORT ON COASTAL PELAGIC SPECIES FISHERIES MANAGEMENT
The National Marine Fisheries Service (NMFS) was able to expedite the processing of the sardine
emergency reallocation as requested by the Council to be effective on September 20, 2002. This should
not be taken as a precedent for future actions. There will be no such emergency action in 2003 as the
Council will have considerable time to consider and decide whether a change in the allocation process or
criteria is warranted and for NMFS to act on any proposals to that effect.
The final rule setting the Pacific mackerel harvest guideline was published in the Federal Register on
October 3, 2002 (67 FR 61994).
Following the meeting of the Coastal Pelagic Species Management Team and Advisory Subpanel
meetings, a proposed rule setting the Pacific sardine harvest guideline has been prepared and forwarded
to NMFS headquarters for publication in the Federal Register.
On October 3, 2002, a Notice of Availability of Amendment 10 to the Coastal Pelagic Species Fishery
Management Plan was published in the Federal Register (67 FR 62001). Proposed rules will be
published this week (October 28-November 1).
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Introduction
The following summary presents pertinent results and harvest recommendations from a stock assessment
conducted on Pacific sardine (Sardinops sagax). It is an update to the stock assessment carried out last
year (Conser et al. 2001), and is intended for use by the Pacific Fishery Management Council (PFMC)
when developing management goals for the upcoming fishing season for sardine beginning January 2003.
The assessment results presented here are applicable to the sardine population off the North America Pacific
coast from Baja California, Mexico to British Columbia, Canada. Research surveys (fishery-independent)
have been conducted on an annual basis in the spawning areas off central and southern California. For most
of the contemporary time series (1983-98), significant fishing for sardine occurred only off northern Mexico
and California (Area 1 or Inside Area). As the sardine population rebuilt and expanded its range through the
mid-1990's, sardine became more available seasonally off Oregon, Washington, and British Columbia.
Subsequently, fisheries in these more northerly areas expanded with significant landings beginning in 2000.
As in past assessments, research survey data (fishery-independent) are used to index the size of the sardine
spawning biomass; and when coupled in a modelling framework with fishery-dependent data and structural
information on sardine biology and migration, provide the stock size estimates and demographics needed by
the PFMC to establish harvest guidelines for the USA fisheries.

Methods
An age-structured stock assessment model (CANSAR-TAM, Catch-at-age ANalysis for SARdine - Two
Area Model, see Hill et al.1999) was applied to fishery-dependent and fishery-independent data to derive
estimates of population abundance and age-specific fishing mortality rates. In 1998, the original CANSAR
model (Deriso et al. 1996) was modified to account for the expansion of the population northward to waters
off the Pacific northwest. The models are based on a ‘forward-simulation’ approach, whereby parameters
(e.g., population sizes, recruitments, fishing mortality rates, gear selectivities, and catchability coefficients)
are estimated after log transformation using the method of nonlinear least squares. The terms in the
objective function (to be minimized) included the sum of squared differences in (loge) observed and (loge)
predicted estimates from the catch-at-age and various sources of auxiliary data used for ‘tuning’ the model,
e.g., indices of abundance from research survey data. Bootstrap procedures were used to calculate variance
and bias (95% confidence intervals) of sardine biomass and recruitment estimates generated from the
assessment model. The CANSAR-TAM model was based on two fisheries (California, U.S. and Ensenada,
Mexico) and semesters within a year were used as time steps, with ages being incremented between
semesters on July 1 and spawning that was assumed to occur on April 1 (middle of the first semester).
Fishery-dependent data from the California and Ensenada fisheries (1983 to first semester 2002) were used
to develop the following time series: (1) catch (in mt)-Table 1 and Figure-1; (2) catch-at-age in numbers of
fish; and (3) estimates of weight-at-age. Fishery-independent data (time series) from research surveys
included the following indices, which were developed from data collected from Area 1 (Inside Area,
primarily waters off central and southern California) and used as relative abundance measures (Table 2):
(1) index (proportion-positive stations) of sardine egg abundance from California Cooperative Oceanic and
Fisheries Investigations (CalCOFI) survey data (CalCOFI Index)-Figure 2; (2) index of spawning biomass
(mt) based on the Daily Egg Production Method (DEPM) survey data (DEPM Index)-Figure 3, see Lo et al.
(1996); (3) index of spawning area (Nmi2) from CalCOFI and DEPM survey data (Spawning Area Index)Figure 4, see Barnes et al. (1997); and (4) index of pre-adult biomass (mt) from aerial spotter plane survey
data (Aerial Spotter Index)-Figure 5, see Lo et al. (1992). Time series of sea-surface temperatures (Figure
6) recorded at Scripps Pier, La Jolla, California were used to determine appropriate harvest guidelines (Sea1

surface Temperature Index), see Amendment 8 of the Coastal Pelagic Species Fishery Management Plan,
Option J, Table 4.2.5-1, PFMC (1998).
Survey indices of relative abundance were re-estimated using generally similar techniques as was done in
previous assessments (Hill et al. 1999; Conser et al. 2000; and Conser et al. 2001). The final model
configuration was based on equally ‘weighted’ indices except for the CalCOFI index, which was
downweighted to 0.7 (relative to 1.0 for the other indices). The relative weight used for the CalCOFI index
(0.7) was consistent with previous assessments in which the proportion of the total spawning area covered
by the CalCOFI surveys (~70%) was used to determine its relative weighting in the model. Further the
CalCOFI Index has undergone considerable saturation in recent years due to the higher frequency of
positive stations as the sardine stock expanded throughout and beyond the southern California Bight. As in
the previous assessment, the CalCOFI index was fit with a non-unity exponent (0.3547) to allow for a
nonlinear relationship between the index and sardine spawning biomass. This procedure produced a better
fit to these data and a more acceptable residual pattern than assuming the classical linear relationship
between the index of abundance and population size. As in the two previous assessments, the Aerial Spotter
Index was assumed to primarily track pre-adult fish (ages 0 and 1 plus a portion of age 2 fish). All 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 geographical extent of the sardine population tends to increase as population size
increases (inferred largely from tagging data and the expansion of the fishery in the 1930's), the CANSARTAM model uses explicit time-varying migration rates to `move’ sardine from the well-sampled Area 1
(roughly Baja California through central California) to the larger, coastwide stock area. Internal consistency
checks are done to ensure that reasonable numbers of sardine are present outside Area 1 to account for the
catches of the developing fisheries in the Pacific Northwest. In conjunction with this assessment, a
sensitivity run was carried out in which (i) the available catch-at-age from Oregon and Washington fisheries
(mostly 2000 and 2001) were formally incorporated into the model and (ii) no structural assumptions
regarding migration rates were imposed. As the time series of catch-at-age data from the Pacific
Northwest fisheries accumulates and fishery-independent data become available from northern areas, the
structure of this sensitivity run is likely to become the template for future sardine stock assessments.

Results
Pacific sardine landings for the directed fisheries off California, USA and Ensenada, Mexico decreased from
the high levels that were reached during 2000 (109,000 mt), with a total 2002 harvest of roughly 81,000 mt
(Table 1, Figure 1); however, note that semester 2 landings in 2002 reflect projected estimates based on
landing patterns observed in the fisheries during the mid to late 1990s (Table 1). Both California and
Ensenada landings in 2002 are expected to decrease from the 2000 level, with a more notable decrease in
the projected Ensenada landings (51,000 mt in 2000, decreasing to 27,000 mt in 2002). Currently, the USA
fishery is regulated using a quota (harvest guideline) management scheme and the Mexico fishery (Ensenada
landings) is essentially unregulated.
As has been the case in recent years, landings from the USA Pacific sardine fishery (California, Oregon, and
Washington) are below the harvest guideline recommended for 2002 (118,000 mt), with roughly 79,000 mt
landed through September 2002 and 87,000 mt projected landings for the entire year (the fishing year ends
December 31, 2002).
Estimated stock biomass (>1-year old fish on July 1, 2002) from the assessment conducted this year
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indicated the sardine population has remained at a relatively high abundance level, with a bias-corrected
estimate of nearly 1.0 million mt (Table 3 and Figure 7). Estimated recruitment (age-0 fish on July 1)
during the past four years has declined considerably from that estimated for the strong 1998 year-class
(Table 3 and Figure 8). However, it should be noted that recent recruitment (4-22 billion recruits) is not
estimated precisely (Figure 8), and another 2-3 years of data may be needed to ascertain whether the
sardine population biomass has reached a plateau at the 1.0 million mt level (Figure 7).
Estimates of Pacific sardine biomass from the 1930's (Murphy 1966 and MacCall 1979) indicate that the
sardine population may have been more than three times its current size prior to the population decline and
eventual collapse in the 1960's (Figure 9). Considering the historical perspective, it would appear that the
sardine population, under the right conditions, may still have growth potential beyond its present size.
However, per capita recruitment estimates show a downward trend in recruits per spawner in recent years
that may be indicative of a stock that has reached a plateau under current environmental conditions (Conser
et al. 2001).
The estimate of 2002 stock biomass from the sensitivity run (in which available catch-at-age from Oregon
and Washington fisheries were formally incorporated into the model and no structural assumptions regarding
migration rates were imposed) was virtually identical to the corresponding estimate from the baseline
assessment model, described above (Figure 10). Most annual biomass estimates from the sensitivity run fell
within the 95% confidence interval from the baseline assessment (with notable exceptions in 1998 and
1999). However, biomass estimates from the sensitivity run were systematically smaller than those from
the baseline during the (recent) years of rapid stock size increase. This may be indicative of a rapidly
growing and expanding stock coupled with a lag in the development of fisheries in the northern area to
`sample’ the sardine in that area. Overall, confidence intervals on stock biomass from the sensitivity run
were much broader than those from the baseline and some parameters were poorly estimated (e.g.
selectivity for the northern fishery). It is reasonable to expect the performance of this model configuration
to improve as the time series of catch-at-age data from the Pacific Northwest fisheries accumulates and
fishery-independent data become available for northern areas.

Harvest Guideline for 2003
The harvest guideline recommended for the U.S. (California, Oregon, and Washington) Pacific sardine
fishery for 2003 is 110,908 mt. Statistics used to determine this harvest guideline are discussed below and
presented in Table 4. To calculate the proposed harvest guideline for 2003, we used the maximum
sustainable yield (MSY) control rule defined in Amendment 8 of the Coastal Pelagic Species-Fishery
Management Plan, Option J, Table 4.2.5-1, PFMC (1998). This formula is intended to prevent Pacific
sardine from being overfished and maintain relatively high and consistent catch levels over a long-term
horizon. The Amendment 8 harvest formula for sardine is:
HG2003 = (TOTAL STOCK BIOMASS2002 - CUTOFF) • FRACTION • U.S. DISTRIBUTION,
where HG2003 is the total U.S. (California, Oregon, and Washington) harvest guideline recommended for
2003, TOTAL STOCK BIOMASS2002 is the estimated stock biomass (ages 1+) from the current
assessment conducted in 2002 (see above), CUTOFF is the lowest level of estimated biomass at which
harvest is allowed, FRACTION is an environment-based percentage of biomass above the CUTOFF that
can be harvested by the fisheries (see below), and U.S. DISTRIBUTION is the percentage of TOTAL
STOCK BIOMASS2002 in U.S. waters.
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The value for FRACTION in the MSY control rule for Pacific sardine is a proxy for Fmsy (i.e., the fishing
mortality rate that achieves equilibrium MSY). Given Fmsy and the productivity of the sardine stock have
been shown to increase when relatively warm-water ocean conditions persist, the following formula has
been used to determine an appropriate (sustainable) FRACTION value:
FRACTION or Fmsy = 0.248649805(T 2) - 8.190043975(T) + 67.4558326,
where T is the running average sea-surface temperature at Scripps Pier, La Jolla, California during the three
preceding years. Ultimately, under Option J (PFMC 1998), Fmsy is constrained and ranges between 5% and
15% (Figure 11).
Based on the T values observed throughout the period covered by this stock assessment (1983-2002), the
appropriate Fmsy exploitation fraction has consistently been 15% (see Figures 6 and 11); and this remains the
case under current oceanic conditions (T 2002 = 17.3 °C). However, it should be noted that the decline in
sea-surface temperature observed in recent years (1998-2002) may invoke environmentally-based
reductions in the exploitation fraction as early as next year (i.e. in setting the harvest guideline for the 2004
fishing season) – see Figure 11.
Although the 2003 USA harvest guideline (110,908 mt) is less than the 2002 level (118,442 mt), recent
fishery practices indicate that it may not be constraining with regard to USA fishery landings in 2003 (Figure
12). However, should the recent declining recruitment trend estimated in this assessment be confirmed with
future work, and should the sea-surface temperature decline, it 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 Canada as well as
the USA, adherence to an implied ‘stock-wide harvest guideline’ may constrain fisheries even without seasurface temperature declines. Figure 13 compares recent international landings with the annual harvest
guidelines that would have resulted from applying the PFMC CPS FMP harvest formula (above) absent the
“U.S. Distribution” term. Should Oregon and Washington landings continue to increase (at rates
comparable to the past few years) and/or Mexican landings return to their 1999-2000 levels, the implied
stock-wide harvest guideline may be exceeded as early as next year (2003).
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Table 1. Pacific sardine time series of landings (mt) by semester (1 is January-June and 2 is
July-December) in California and Baja California (Ensenada), 1983-2002. Semester 2
(2002) estimates are projections.

Year
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
00
01
02

CALIFORNIA
Semester 1 Semester 2
245
244
188
187
330
335
804
483
1,625
1,296
2,516
1,611
2,161
1,561
2,272
1,033
5,680
3,354
8,021
13,216
12,953
4,889
9,040
5,010
29,565
13,925
17,896
18,161
11,865
34,331
21,841
19,215
31,791
24,956
35,174
22,761
30,118
24,785
28,079
25,624

Total
489
375
665
1,287
2,921
4,128
3,722
3,305
9,034
21,238
17,842
14,050
43,490
36,057
46,196
41,055
56,747
57,935
54,903
53,703

ENSENADA
Semester 1 Semester 2
150
124
<1
<1
3,174
548
99
143
975
1,457
620
1,415
461
5,763
5,900
5,475
9,271
22,121
3,327
31,242
18,649
13,396
5,712
15,165
18,227
17,169
15,666
23,399
13,499
54,941
20,239
27,573
34,760
23,810
25,800
25,373
9,307
12,939
14,453
12,969

Total
274
0
3,722
243
2,432
2,035
6,224
11,375
31,392
34,568
32,045
20,877
35,396
39,065
68,439
47,812
58,569
51,173
22,246
27,422

Grand Total
762
375
4,388
1,529
5,352
6,163
9,947
14,681
40,426
55,806
49,887
34,927
78,886
75,121
114,636
88,868
115,316
109,108
77,149
81,125

Table 2. Pacific sardine time series of survey indices of relative abundance and sea-surface
temperature, 1983-02.

Year
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
00
01
02

CalCOFI
(% positive)
na
4.9
3.8
1.9
4.0
7.9
7.2
3.7
16.7
8.8
6.1
17.8
13.4
28.0
27.3
24.3
16.7
7.8
12.5
7.1

DEPM Spawning area Spotter plane
2
(mt)
(Nmi )
(mt)
na
40
na
na
480
na
na
760
na
7,659
1,260
22,049
15,704
2,120
11,498
13,526
3,120
55,882
na
3,720
32,929
na
1,760
21,144
na
5,550
40,571
na
9,697
49,065
na
7,685
84,070
127,096
24,539
211,293
na
23,816
188,924
83,175
25,890
119,731
409,585
40,591
66,943
313,985
33,446
118,492
282,236
55,171
40,506
1,063,845
32,784
48,373
790,958
31,663
na
206,323
61,753
na
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Sea-surface temperature
(C)
17.25
17.58
17.80
17.87
17.71
17.55
17.24
17.19
17.35
17.61
17.84
17.97
18.04
18.06
18.06
18.44
18.04
17.73
17.24
17.31

Table 3. Pacific sardine time series of stock biomass (age 1+ fish in mt) and recruitment (age 0
fish in 1,000s) estimated at the beginning of semester 2 of each year. Stock biomass
estimates are presented for Area 1 (Inside) and the Total Area of the stock. The 95%
CIs for Total Area biomass and recruitment estimates are also presented.
Year
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
00
01
02

Area 1
5,145
13,409
21,173
29,917
73,715
107,013
162,381
176,794
226,334
353,005
335,486
494,524
508,294
531,651
482,595
457,126
610,828
586,710
510,877
570,306

Stock biomass
Total Area Lower CI
5,145
2,988
13,473
9,132
21,675
15,754
31,546
24,369
77,313
60,204
116,721
95,152
181,604
148,898
210,440
173,500
263,632
203,648
421,519
323,045
447,224
344,253
654,337
535,996
726,690
598,227
791,496
667,663
770,613
659,886
775,882
668,011
992,323
833,745
1,000,871
827,203
928,578
728,391
999,871
704,161

Upper CI
10,237
23,233
36,295
49,475
115,178
162,348
254,547
301,142
413,259
659,025
681,348
955,097
1,029,945
1,094,850
1,030,390
1,056,753
1,384,818
1,404,431
1,405,681
1,668,985

Total Area
149,689
224,302
217,919
866,710
839,143
1,465,991
1,157,082
4,792,851
5,889,816
4,170,058
9,244,272
10,755,601
6,607,815
5,550,420
9,424,984
15,082,296
8,217,217
9,386,310
10,773,256
8,362,928

Recruitment
Lower CI
89,658
147,543
147,483
623,621
605,890
1,032,887
791,458
3,130,855
3,719,993
2,597,005
6,537,849
7,664,169
4,604,385
4,069,965
6,870,295
10,943,898
5,254,279
5,567,436
5,945,732
3,677,163

Upper CI
270,675
392,307
370,813
1,366,185
1,256,424
2,389,804
1,975,840
8,333,861
10,548,967
7,521,409
15,455,594
17,160,261
10,396,623
8,823,371
14,799,898
23,682,041
14,563,581
17,800,084
22,997,633
21,765,966

Table 4. Proposed harvest guideline for Pacific sardine for the 2003 fishing season. See Harvest
Guideline for 2003 section for methods used to derive harvest guideline.

Total stock biomass (mt)
999,871

Cutoff (mt)

Fraction (%)

U.S. Distribution (%)

Harvest guideline (mt)

150,000

15%

87%

110,908

7

Landings (mt)
Spawning biomass (mt)

120,000

1,100,000
Ensenada

DEPM Index

1,000,000

100,000

California

Observed
900,000
Predicted

800,000
80,000

700,000
600,000

60,000

500,000
400,000

40,000

300,000
200,000
100,000

20,000

0
86

87

88 89

90

0

91 92

93

94 95

96

97

98

99

00

01

02

Year

83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02
Year

Figure 3. Index of relative abundance of Pacific
sardine spawning biomass (mt) off
California based on daily egg production
method
(DEPM)
estimates
from
ichthyoplankton survey data (1986-02).
Note that no sample data (Observed
estimates) were available for years 1989-93
and 1995.

Figure 1. Pacific sardine landings (mt) in California
and Baja California (Ensenada), 1983-02.
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Figure 4. Index of relative abundance of Pacific
sardine spawning stock size based on
estimates of spawning area (Nmi2)
calculated from CalCOFI and DEPM survey
data (1983-02).

Figure 2. Index of relative abundance of Pacific
sardine eggs (proportion-positive stations)
off California based on CalCOFI bongo-net
survey (1984-02).
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Figure 5. Index of relative abundance of Pacific
sardine pre-adult biomass (primarily age 0-2
fish in mt) off California based on aerial
spotter plane survey data (1986-00). Note
that no sample data were available for 200102.

Figure 7. Time series (1983-02) of Pacific sardine
stock biomass (age 1+ fish on July 1 of each
year in mt) estimated from an age-structured
stock assessment model (CANSAR-TAM,
see Hill et al. 1999).

Temperature (C)
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Figure 6. Time series of sea-surface temperature (C)
recorded at Scripps Pier, La Jolla, CA
(1983-02). Annual estimates reflect 3-year
'running' averages, see Jacobson and
MacCall (1995).

Figure 8. Time series (1983-02) of Pacific sardine
recruitment (0-yr old fish on July 1 of each
year in 1,000s) estimated from an agestructured
stock
assessment
model
(CANSAR-TAM, see Hill et al. 1999).
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Figure 9.
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Time series (1983-2002) of Pacific sardine stock
biomass (age 1+ fish on July 1 of each year in
million mt) and associated 95% confidence intervals
estimated in the current stock assessment (cf. Figure
7); and historical stock biomass estimates (1932-65)
from Murphy (1966). Confidence intervals or other
measures of precision are not available for the
historical estimates. No stock assessment-based
estimates are available for the period 1966-82. The
sardine fishery was closed during much of this
period and biomass was at very low levels.

Figure 11. Environmentally-based harvest rate control rule for
Pacific sardine as specified in the Coastal Pelagic
Species Fishery Management Plan (PFMC 1998).
For any given year, sea surface temperature (Xaxis) is the running average sea surface temperature
at Scripps Pier (La Jolla, CA) during the three
preceding years. The exploitation fraction (Y-axis),
which can range between 5-15%, is an explicit part
of the algorithm used to determine the annual
harvest guideline (quota) for the coastwide U.S.
fishery – see Table 4. Open circles illustrate the sea
surface temperature and exploitation fraction for
recent years (1998-2002).
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Figure 10. Time series (1983-02) of Pacific sardine stock
biomass (age 1+ fish on July 1 of each year in mt)
and 95% confidence intervals from this stock
assessment (cf. Figure 7); and the stock biomass
estimates from a sensitivity run using the NW
fisheries data (Oregon and Washington) during
1999-2002. See text for details regarding the
sensitivity run.

Figure 12. Time series (1990-03) of Pacific sardine harvest
guidelines ('quotas') and actual USA landings (mt).
State-based (California) regulations were in place
for 1990-99, with federal-based (California,
Oregon, and Washington) regulations beginning in
2000. Note that landings in 2002 represent an
estimate projected through the end of the year. The
2003 harvest guideline is based on the 2002 stock
biomass estimated in this assessment (Figure 7).
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Figure 13. Pacific sardine landings (mt) from Mexico (Ensenada); California; Oregon
and Washington; and Canada during 1999-2002. Landings shown for 2002 are estimates
projected through the end of the calendar year. The thin bars illustrate the annual harvest
guidelines that would have resulted from applying the PFMC CPS FMP harvest formula
(see Table 4 and related text) on a stock-wide basis, i.e. applying the harvest guideline
formula absent the “U.S. Distribution” term.
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Exhibit F.2.c
Supplemental CPSMT Report
November 2002

COASTAL PELAGIC SPECIES MANAGEMENT TEAM REPORT ON
PACIFIC SARDINE STOCK ASSESSMENT AND HARVEST GUIDELINE FOR 2003
The Coastal Pelagic Species Management Team (CPSMT) recently met with Dr. Ray Conser (National
Marine Fisheries Service) to review results from the latest Pacific sardine stock assessment, which will be
used to set a harvest guideline for the 2003 season. The CPSMT concurs with the stock assessment
team’s analyses, and recommends the Council adopt a harvest guideline of 110,908 metric tons (mt) for
the 2003 season.
The CPSMT held a brief discussion on establishing a set-aside and tolerance level for sardine caught
incidentally in other CPS fisheries during 2003. The CPSMT defers to the CPS Advisory Subpanel to
recommend incidental set-aside and tolerance levels. The CPSMT notes that incidental catch allowances
of up to 45% by weight may be established under the CPS fishery management plan (FMP).
The CPSMT briefly discussed planning for a stock assessment review (STAR) panel in September of
2003. The current plan calls for the Pacific sardine and Pacific mackerel stock assessment data and
models to be reviewed and to have results available for management of the 2004 sardine fishery and the
2004-2005 mackerel fishery. The CPSMT will appoint a member to participate on the STAR panel,
should the event occur.
While the CPSMT considers the current sardine assessment to be based on the best available
information, more data on West Coast sardine stock is clearly needed. Development of an improved
coastwide sardine assessment model will depend upon gathering fishery-dependent and
fishery-independent data for the northern portion of the stock. Fishery sampling by the states of Oregon
and Washington is ongoing, but fishery-independent data for the Pacific Northwest region is sparse.
Future research efforts should include adult biomass surveys using trawl gear, sonar, and spotter planes,
as well as indirect estimates of spawning stock biomass using plankton nets and egg pumps. The
CPSMT urges the management bodies and industry to actively pursue funding, which will be vital to
improving the sardine assessment.
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Exhibit F.2.c
Supplemental SSC Report
November 2002

SCIENTIFIC AND STATISTICAL COMMITTEE REPORT ON
PACIFIC SARDINE STOCK ASSESSMENT AND HARVEST GUIDELINE FOR 2003
Dr. Ramon Conser presented the results of the Pacific sardine stock assessment and harvest guideline
(HG) for 2003. The assessment model and data analysis are similar to those used in previous years.
The analysis included the most recent fishery and survey data. The 2002 sardine stock biomass estimate
is approximately one million mt and the recommended HG is 110,908 mt. The SSC endorses the use of
this HG for the 2003 Pacific sardine fishery. The 2003 HG is slightly lower than the 2002 HG. However,
the actual landings in recent years have been less than the HG, and it is expected the 2003 fishery
landings will not be constrained by this reduction in HG. Dr. Conser noted that in future years, however,
U.S. fisheries may be constrained by Council HG’s if, (1) sea-surface temperature continues to decline –
invoking a reduction in the exploitation rate as specified in the FMP’s environmentally-based harvest
control rule and/or (2) the U.S. sardine fisheries continue to grow at rates of increase comparable to
those observed over the last few years. In addition, when viewed on a stock-wide basis, an increase in
Mexican harvest to its historic level may affect the U.S. fishery.
A new sardine model and assessment are needed that more thoroughly incorporate the expansion of
sardine from its core area (central California through Baja California, Mexico) northward to include
Oregon, Washington, and British Columbia, Canada. In December 2002, the Third Trinational Sardine
Forum will meet in San Pedro, California. This forum will encourage continuing work on assembling a
coastwide sardine database that could be used in a new stock assessment. Fishery independent surveys
(as well as continued fishery sampling) from Oregon, Washington, and British Columbia are needed to
support new model development. The SSC recommends that funding be secured to conduct simultaneous
surveys off Oregon/Washington and the traditional survey area off central/southern California.
The sardine assessment should undergo a STAR panel review in conjunction with the Pacific mackerel
assessment in September 2003. The STAR panel would review new model development using data
through 2002. The new sardine and revised mackerel models could then be used to establish HGs for the
respective 2004 fishing seasons. The SSC will develop terms of reference for the coastal pelagic species
STAR panel review for Council consideration at its March 2003 meeting.
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Exhibit F.2
Situation Summary
November 2002

PACIFIC SARDINE STOCK ASSESSMENT AND HARVEST GUIDELINE FOR 2003
Situation: Per the coastal pelagic species (CPS) fishery management plan (FMP) annual cycle, the
Council is scheduled to review the Pacific sardine stock assessment and adopt a recommendation to the
U.S. Secretary of Commerce for a harvest guideline for the 2003 Pacific sardine fishing season. The
current harvest guideline (which expires December 31, 2002) is 118,442 mt (based on a biomass estimate
of 1,057,599 mt). The 2002 stock assessment and 2003 harvest guideline recommendation are
summarized in Exhibit F.2.b.
Per the FMP, the harvest guideline is annually divided between northern and southern sub-areas. For
2002, the north and south allocations were 39,481 mt and 78,961 mt, respectively. The location dividing
the northern and southern subareas is Point Piedras Blancas, on the central California coast.
The Scientific and Statistical Committee (SSC), CPS Management Team (CPSMT), and the CPS Advisory
Subpanel (CPSAS) have reviewed the assessment and the recommended harvest guideline. They will
present their respective advice to the Council. The advisors will also present information on
establishment of a CPS stock assessment review (STAR) process and schedule.
In setting the harvest guideline for 2003, the Council might consider including incidental catch allowances,
which would provide for incidental landings of Pacific sardine in CPS fisheries. The CPSMT and CPSAS
will provide their recommendations on incidental allowances.
Council Action:
1. Adopt harvest guideline for 2003.

Reference Materials:
1. Exhibit F.2.b, Supplemental Status of the Pacific Sardine Resource and Fishery in 2002 With
Management Recommendations for 2003.
2. Exhibit F.2.c, Supplemental SSC Report.
3. Exhibit F.2.c, Supplemental CPSMT Report.
4. Exhibit F.2.c, CPSAS Report.
Agenda Order:
a.
b.
c.
d.
e.

Agendum Overview
Report of Stock Assessment Team
Reports and Comments of Advisory Bodies
Public Comment
Council Action: Adopt Harvest Guideline for 2003
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Exhibit F.3.b
Supplemental CPSMT Report
November 2002

COASTAL PELAGIC SPECIES MANAGEMENT TEAM REPORT ON
CONSIDERATION OF LONG-TERM SARDINE HARVEST ALLOCATION
The Coastal Pelagic Species Management Team (CPSMT) recently met to discuss issues related to
long-term sardine harvest allocation. The CPSMT has reviewed the problem statement and allocation
alternatives developed by the CPSAS, along with the Council’s direction to consider the types of analyses
that would be necessary to change the current management scheme in a fishery management plan (FMP)
or regulatory amendment. As requested, this report will summarize current and needed research on the
sardine stock and will highlight biological and economic issues the CPSMT views as pertinent to analyzing
allocation alternatives.
Sardine Biology and Harvest Allocation
The Pacific sardine population has increased in biomass and geographic range along the West Coast of
North America for the past 30 years. For management purposes, there are considered to be two stocks,
one in Mexico’s Gulf of California and the other along the Pacific coast from Baja California to British
Columbia. While differences have been observed in the size and age compositions of the population at
the northern and southern extremes of the coastal stock, there currently is no definitive information
available regarding exact positions or migrations of the northern and southern stocks and further, no
realistic management scheme that has been field-tested regarding managing a segmented fishery. Early
stock composition work was done when the total biomass and geographic distribution was quite limited.
The Pacific sardine population is well-studied off southern and central California through California
Cooperative Oceanic Fisheries Investigations (CalCOFI) cruises, which began in 1951. The April
CalCOFI cruise, critical to indirect estimation of spawning stock biomass, spans from San Diego to San
Francisco and offshore 200 to 300 miles. The Canadian Department of Fisheries and Oceans has
conducted swept area surveys around Vancouver Island for the past several years.
No
fishery-independent surveys currently exist for the Oregon-Washington area. Port samples of biological
data are taken by the states of California, Oregon, and Washington and thus, time series of size and age
compositions for the U.S. directed sardine fisheries are available. However, scientists have only a very
limited understanding of population dynamics (e.g., biomass and migration) for the stock, and available
information on coastwide biomass and distribution will be inadequate for addressing detailed spatial
allocation options.
One potential biological concern is there may be two interbreeding sub-stocks off the West Coast – one
that spawns in cooler waters off California (and northern Baja) in the spring, and another that spawns in
warmer waters off Mexico (and southern California) in summer. If, for example, the southern stock grows
rapidly and matures at relatively young ages and the northern stock grows more slowly and generally
matures at older ages, then the joint productivity could be curtailed by harvest guidelines that do not
account for these dynamics in some fashion. Another potentially problematic scenario would be if high
biomass associated with the northern stock translated to harvest guidelines that ultimately, resulted in
recruitment overfishing in the south and near the coast: similarly, the impact of a heavily exploited fishery
at the northern limits could materially curtail the egg production in the spawning area. In other words,
there are potentially negative impacts of differential harvest rates on age groups north to south.
Over-harvest of older, high fecundity fish to the north may affect biomass and productivity (at least for the
short-term), but long-term effects on stock productivity are strictly unknown at this time. Conversely, a
large portion of smaller, partially immature sardine (ages 0- and 1 year) is taken by the southern California
fishery. Over-harvest of immature fish could have numerical implications for future spawning stock
abundance. It is not possible to quantify these consequences, given the limited understanding scientists
currently have regarding this species’ distribution and seasonal migration habits along the West Coast.
For the coming year, scientists at the Southwest Fisheries Science Center are proposing to conduct
(offshore) direct and indirect sampling of adult fish in waters off the Pacific Northwest during July, when
fishing pressure is typically the highest. These results will be compared to a similar (offshore and coastal)
survey that is conducted in January, in efforts to examine the proportion of sardines that are hypothesized
1

to migrate southward for spawning in the ensuing spring. Eventually, it maybe necessary to explore the
genetic composition of the stocks and methods for determining the presence of these stocks in areas
where migration and mixing are possible, although there are no research plans currently underway to
accomplish this goal.
Socioeconomic Analyses
An economic analysis of north-south sardine allocation options should focus on the economic values of
the incremental production of sardine products, under each allocation option, as measured by changes in
short-run profits to producers (Regulatory Flexibility Act [RFA]), and changes in net benefits to the nation
(producer surplus) (Regulatory Impact Review [RIR]). The problem is to determine, for the northern and
southern sectors of the fishery, the relative harvests of sardine, the quantities of the different processed
products, the revenue received for these products and the costs of producing the products under each
allocation alternative, and to then calculate the change in short-run profitability and producer surplus from
the status quo (no action alternative). The analysis should encompass processors since it is anticipated
that differences in net economic values between the two sectors are mainly determined at the exprocessor
level. Consumer surplus, the analog of profits to the consuming sector, will not be considered since final
product markets are mainly overseas, and therefore, benefits do not accrue to domestic consumers.
This analysis will obviously require detailed, representative cost and earnings data for the sardine
harvesters and processors that comprise each fishery sector. An effort will soon be underway to collect
these data for sardine harvesters through a coastwide cost-earnings survey of the CPS purse seine fleet.
There are no plans to conduct cost-earnings surveys of processors at this time, which as indicated above,
could severely constrain the analysis. In the event that cost data are not available on a timely basis, the
analysis would focus on the revenue differences between the two sectors (assume no difference in costs)
at the harvesting level (exvessel revenues from the [Pacific Coast Fisheries Information Network [PacFIN]
data base) and the processing level (value of exports).
The impact of allocation alternatives on CPS fishing communities should also be taken into account
(community impacts, NS-8 requirement). Community impacts can be evaluated using various economic
impact "multipliers" to gauge the affects of allocation options on the level of economic activity within a
particular area, i.e., evaluating the impact (say increase or decrease) to economic activity in a given area
associated with different allocation schemes (say increasing or decreasing landings) in that. Some of the
applicable multipliers necessary for such an evaluation are available in the Council’s "Draft Communities
Document" and from the West Coast Fisheries Economic Assessment Model.
Limiting rapid expansion of capacity in the northern fishery should also be explored. Notably, what will
happen to this harvesting and processing capacity if sardine availability to the northern fishery ebbs? The
Council has recently invested over two years in developing Amendment 10, which established a capacity
goal for the CPS limited entry fishery. Is there a similar concern for over-developing capacity in the
Pacific Northwest?
General Issues
A central question remains, what management regime provides the Council flexibility to fully achieve the
available harvest, while ensuring conservation of the resource and equitable access to the fishery
coastwide? Is it preferable to "hardwire" an allocation in the FMP, rather than building a flexible system
that conserves the resource and generally provides an approach for achieving optimum yield. There are
at least four “moving targets” in this fishery, (1) the population biomass, which can vary considerably when
measured on a decadal scale; (2) distribution of a target stock (both north-south and onshore-offshore),
which varies seasonally and yearly; (3) a mobile CPS fleet, some of which moves among management
sub-areas; and (4) international market forces. The CPSMT recommends the FMP be made more
flexible in order to accommodate these dynamics without regular FMP amendments.
Another outstanding issue that remains unresolved is whether an allocation change would require an FMP
or regulatory amendment? Generally, the analytical requirements would be similar, but an FMP
amendment would take longer due to public review requirements. To facilitate work on analysis of these
allocation considerations, NMFS needs to determine if an FMP amendment or regulatory amendment is
required. Guidance from NMFS on use of the FMP’s "socioeconomic point of concern" framework is
also needed.
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Finally, if at all possible, the CPSMT requests the CPSAS narrow the number of options that have been
currently tabled for analysis.

Appendix - Allocation language excerpted from the CPS FMP:
2.1.4

Allocation

In addition to other requirements in this FMP, the Council will consider the following factors when
considering direct allocation of the resource:
1.
2.
3.
4.
5.
6.
7.

Present participation in and dependence on the fishery, including alternative fisheries.
Historical fishing practices in, and historical dependence on, the fishery.
Economics of the fishery.
Agreements or negotiated settlements between the affected participants in the fishery.
Potential biological impacts on any species affected by the allocation.
Consistency with the Magnuson-Stevens Act national standards.
Consistency with the goals and objectives of this FMP.

Modification of a direct allocation cannot be designated as "routine" unless the specific criteria for the
modification have been established in the regulations.

PFMC
10/29/02
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Exhibit F.3
Situation Summary
November 2002

CONSIDERATION OF LONG-TERM SARDINE HARVEST ALLOCATION
Situation: The Council is considering amending the allocation formula for the Pacific sardine harvest
guideline. The coastal pelagic species (CPS) fishery management plan (FMP) states:
5.2.2

Formulas for Allocating Pacific Sardine

The northern area allocation is 33% of the Pacific sardine harvest guideline, and the southern
area allocation is 66% of the Pacific sardine harvest guideline. Nine months after the start of the
fishing season, any uncaught portion of the harvest guideline will be totaled and reallocated with
50% of the total allocated to the northern area and 50% of the total allocated to the southern
fishery area. Reallocation will be carried out by the NMFS Regional Administrator as an
automatic measure as described in Section 2.1.
Concern has been expressed the current formula could result in premature closure of a subarea fishery
and failure to fully achieve the optimum yield. This is, in part, due to the nature of the northern subarea
fishery. Oregon and Washington fisheries typically peak in the summer each year while Monterey,
California area fisheries typically peak in the fall. The formula, which reallocates the unused amount of
the harvest guideline 50/50 on October 1 of each year, is meant to ensure full utilization of the available
harvest.
However, the October 1 reallocation may, in some years, cause premature closure of the northen area
fishery. For example, the expanding Oregon and Washington fisheries have the potential to fill the
northern subarea quota prior to October 1, which would result in closure of the northern area fishery. This
occurred in September 2002. Conversely, if the Monterey fishery starts early, with high landings, and the
Pacific Northwest starts late or there is low availability of sardine, Oregon and Washington could be
preempted.
For 2002, the Council recommended, and National Marine Fisheries Service (NMFS) took emergency
action, to reallocate the unused portion of the sardine harvest guideline prior to October 1. This action
allowed the northern subarea sardine fishery to re-open on September 26, 2002.
To address this issue for the long-term, the CPS Advisory Subpanel (CPSAS) developed a purpose
statement and suite of alternative actions for amending the allocation formula. These were presented to
the Council at the September Council meeting:
The CPSAS agrees the purpose of the alternative actions proposed seek to achieve full utilization
of the harvest guideline which has not occurred under the federal FMP.
The CPSAS proposes the following allocation options should be forwarded to the Coastal Pelagic
Species Management Team (CPSMT) for analysis:
1. Status quo.
2. Change only current reallocation date to –
a. August 1; or
b. September 1.
3. Change current subarea definitions –
a. Revise subarea definitions; or
b. change only current dividing line from Piedras Blancas to Pt. Arena.
4. Change current allocation percentages –
a. Revise north/south allocation to some other fraction; or
b. divide harvest guideline 50/50.
1

5. Implement three subquotas verses two.
6. Establish an “off-the-top” set-aside from the annual harvest guideline –
a. Give discretion to NMFS Regional Administrator to reallocate annually from a set-aside
based on certain criteria (i.e., social and/or economic hardship); or
b. [Added by the Council] reallocation of the set-aside would be nondiscretionary. That is,
in the event of early attainment of a subarea’s portion of the harvest guideline, the
set-aside would be automatically provided to the subarea.
7. Modify FMP language to establish an inseason adjustment mechanism to modify subarea
quotas taking into account the harvest in the respective subareas.
8. Eliminate allocation entirely (coast-wide quota).
The Council directed the CPSMT to review the problem statement and management alternatives
developed by the CPSAS. For the November Council meeting, the Council asked the CPSMT to report
on the economic and biological issues that would need to be considered in analyzing the management
alternatives, as well as an estimate on the amount of work the analysis could entail. The Council also
requested the CPSMT report on ongoing and needed research on Pacific sardine distribution, stock
structure, recruitment, etc. This information is intended to help the Council determine how to engage in
and spur on coastal pelagic species-related research initiatives.
At this meeting, the CPSMT will report on their initial consideration of the management alternatives.
NMFS will advise on the most appropriate process for revising the sardine allocation framework. Based
on the information provided, the Council is scheduled to consider initiation of an FMP or regulatory
amendment to address long-term allocation issues.
Council Action: Consider Need and Process for Long-Term Allocation Plan
Reference Materials:
1. Exhibit F.3.b, Supplemental CPSMT Report.
2. Exhibit F.3.d, Public Comment.
Agenda Order:
a.
b.
c.
d.
e.

Agendum Overview
Report of the Coastal Pelagic Species Management Team
Reports and Comments of Advisory Bodies
Public Comment
Council Action: Consider Need and Process for Long-Term Allocation Plan

PFMC
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Exhibit F.3
Supplemental NMFS Report 1
November 2002

NATIONAL MARINE FISHERIES SERVICE VIEWS ON PROCESS REQUIREMENTS FOR
CHANGING SARDINE ALLOCATION
The Coastal Pelagic Species (CPS) Fishery Management Plan (FMP) sets forth the current 1/3 north- 2/3
south Pacific sardine allocation with the October 1 reallocation in equal shares of unused Pacific sardine
harvest guideline with the dividing line at Piedras Blancas. The FMP clearly contemplated there would be
future consideration and likely adoption of changes in one or more of the allocation factors (shares, timing,
dividing line). Section 2.1.4 lists factors to take into account when considering allocations; section 4.8.1
describes the procedure for annual specifications, including allocations. Section 5.2 establishes the
allocation process for Pacific sardine but then provides that “Nothing in this FMP precludes additional
allocations based on other geographic areas of other factors developed under the authority of this FMP.”
Thus, it apparently was expected the Pacific Fishery Management Council (Council) would revisit this topic
as more experience and information were gained under the FMP.
National Marine Fisheries Service (NMFS) views adjustment of the allocation factors as an action that can
be taken under the Socioeconomic Framework of the FMP (section 2.1.3). This essentially calls for two
Council meetings with NMFS to determine the appropriate method of implementation, which would be
notice and comment rulemaking (i.e., proposed and final rules). NOAA Fisheries believes that allocation
issues are very important and thus do not fit well in “abbreviated rulemaking.” Further, recent court
decisions indicate that abbreviated rulemaking should be avoided. Therefore, notice and comment
rulemaking would be used.
In the current situation, the process for adjusting the Pacific sardine allocation would be:
November 2002

Directions to team for analysis of options.

March 2003

First Council consideration of options; clear for public review.

April 2003

Final Council action and submission of documents to NOAA Fisheries.

May 2003

Proposed Rule published for public review.

July 2003

Final Rule published.

August 2003

Adjustment implemented (assuming approval).

This would provide for the new approach to be in place well before the end of the season. Note,
however, that if the northern fishery accelerates its landings, there could still be a chance that its
“allocation” would be taken before the new allocation is in place. This is not very likely.
Under this approach, the 2003 fishery would begin with the current allocation.
allocation could be implemented inseason through the final rule.
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Any change in the

