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ABSTRACT
Abundance data and virtual population analysis indicate that 

biomass of Pacific mackerel (Scomber iaoonicus) declined 
substantially after the early 1980's to less than 100,000 tons 
during 1993. Current conditions appear similar to those in the 
mid-1940's when Pacific mackerel declined after a period of high 
abundance. Recent catch levels (46,000 and 23,000 tons year'1 
during 1992 and 1993) were large relative to biomass and may have 
exceeded the target 30% total exploitation rate policy that is 
the basis for management in California. The economic condition 
of the fishery is poor and resources available for management are 
at an all time low because of changing priorities and financial 
constraints. Landings of Pacific mackerel increased in Mexico 
during recent years while California landings remained relatively 
constant, and biomass declined. Thus, the future of the Pacific 
mackerel stock and fishery are uncertain.

INTRODUCTION
Pacific mackerel (Scomber iaponicus, also known as chub 

mackerel), are a mainstay of the southern California purse seine 
fishery (Thomson 1993; Konno and Wolf 1992). Population dynamics 
during 1929-1984 are described in MacCall et al. (1985) and
Prager and MacCall (1988). California Department of Fish and 
Game (1994) describes current conditions in the fishery. The 
purpose of this paper is to describe the current status of the 
stock, trends in abundance during 1978-1993, data, and models
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used for management purposes.

DATA
Landings data for the California commercial, California 

recreational, and Mexican commercial fisheries during 1978-1993 
were used (Table 1 and Appendix 1). Landings data for the 
California commercial fishery are from fish ticket records 
maintained by the California Department of Fish and Game (CDFG). 
Insignificant amounts of Pacific mackerel taken off Oregon, 
Washington and British Columbia were not included.

For 1978-1989, recreational landings of Pacific mackerel 
were obtained from Marine Recreational Fishery Statistics Survey 
(MRFSS) estimates of mean weight and catch in numbers (Witzig et 
al. 1992) . MRFSS data were not available for 1990-1993, so 
quarterly data for California commercial passenger fishing vessel 
(CPFV) catches, originally from vessel logbooks, were used 
instead. , Data for the recreational fishery were imprecise and 
CPFV data underestimated total recreational landings of Pacific 
mackerel, but errors had little effect because recreational catch 
of Pacific mackerel was small.

Landings data for the Mexican fishery in Ensenada during 
July to December, 1993 were unavailable. To approximate the 
missing catch data, we multiplied California landings during 
July- September and October-December, 1993 by the ratio of 
Ensenada to California catches during the same periods in 1992.

Catch at age data from the California commercial fishery for
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Pacific mackerel during 1979-1993 were obtained by multiplying 
California monthly landings by the proportional weight of each 
year class in samples from Terminal Island canneries and the San 
Pedro fresh fish markets. For each age class, tons landed were 
divided by the mean weight of fish in samples to estimate the 
total number of fish landed in each month. Monthly catch at age 
data for the California.commercial fishery were then summed by 
calendar quarter for further analysis.

No age composition data were available for Pacific mackerel 
taken in the California recreational and Mexican commercial 
fisheries. To account for recreational and Mexican landings,- we 
increased catch at age data for the California commercial fishery 
by an amount proportional to the sum of recreational and Mexican 
landings in each quarter. The absence of catch at age data for 
the Mexican fishery was a significant problem because landings in 
Mexico were relatively large in recent years .(Table 1). Lack of 
age composition data for the small recreational fishery was not a 
serious problem. After correcting for recreational and Mexican 
landings, the catch at age data were further adjusted so that the 
sum of numbers landed in each age group times their mean weight 
was equal to total landings (Appendix 2).
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Abundance Indices
The fish spotter index (SPOTTER) for Pacific mackerel (Table 

2 and Figure 1) was calculated in the same way was as the index 
for northern anchovy (Engraulis mordax) developed by Lo et al. 
(1992) except that data were aggregated by April-March annual 
periods. Thus, data for April 1988-March 1989 were used as an 
index of relative abundance during the first quarter of 1989.

California Cooperative Oceanic Fisheries Investigations 
(CalCOFI) data for Pacific mackerel were used in two indices of 
relative abundance (Table 2 and Figure 1). The index DENSITY was 
the density of Pacific mackerel larvae per unit area calculated 
from catches in bongo nets. The index PROP+ was the proportion 
of bongo tows that were positive for Pacific mackerel larvae. We 
used both because PROP+ may work better than DENSITY when eggs 
are rare or patchy in distribution (Mangel and Smith 1990; Smith 
1990). For purposes of standardization, CalCOFI indices were 
calculated using data from the current CalCOFI sampling grid 
(covering roughly the Southern California Bight, Hewitt 1988) 
that were collected during April-September of each year when 
spawning is most common (MacCall and Prager 1988). Both were 
assumed to measure egg production at midyear. CalCOFI data for 
1993 were based on single cruise during the second calendar 
quarter; data for other years were from at least two cruises 
during the second and third calendar quarters.

Estimates of net fecundity at age for Pacific mackerel 
(fraction mature x spawning frequency x batch fecundity, Table 3)
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were used to interpret CalCOFI data (see below). Fraction mature 
was estimated by fitting a logistic regression model to age and 
fraction mature data in Dickerson et al. (1992). Spawning
frequency was estimated by fitting a straight line to age and 
spawning frequency data from the same study. Following Dickerson 
et al. (1992), batch fecundity per gram was assumed constant.

METHODS
We used ADAPT to estimate biomass of Pacific mackerel.

ADAPT is a virtual population analysis (VPA) approach with 
terminal fishing mortality rates and other parameters adjusted to 
match trends in abundance indices (Gavaris 1988). Catch at age 
data were stratified by year and quarter; ages 0 to 6+ were 
included (6+ includes fish six years of age and older). Pacific 
mackerel ages 5 and 6+ were assumed to experience the same 
fishing mortality rate during the last quarter of each year so 
that cohorts could be linked using Murphy's algorithm (Prager and 
MacCall 1988) . Recruitment was assumed to occur on July 1 and 
natural mortality was assumed to be 0.5 yr'1. Where necessary, a 
small value (1,000 fish) was substituted for zero catches and 
mean weights for 1978-1992 were substituted for missing weight at 
age data.

PR0P+ data were modeled:
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[1]

and

TV = a + p Ey [2]

where Py is PROP+ for year y (constrained by eqn. [1] to lie
between zero and one) , hats O denote estimates, a and f3 are 
parameters, and Ey is egg production. Egg production was 
calculated:

Ey=flba,yna [3] 
a=0

where b = is the biomass of Pacific mackerel age a at the time of 
the survey, and na is normalized net fecundity per gram at age a 
(Table 3). PROP+ data were assumed to include binomial 
measurement errors.

4

The relationship between Pacific mackerel biomass and 
SPOTTER data was modeled:

Sy = gByy [4]

and

6
By = YJby,asa- ^

<3 = 0

where Sy is the SPOTTER index for year y, q is a scaling 
parameter, and sa is a .selectivity parameter that measures the 
relative contribution of Pacific mackerel age a to the SPOTTER
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survey. The exponent y accounts for nonlinearity in the 
relationship between Pacific mackerel biomass and the SPOTTER 
index (Bannerot and Austin 1983). DENSITY was modeled in a 
similar fashion except that egg production was substituted for By 
in eqn. [4]. Both SPOTTER and DENSITY were assumed to include 
lognormally distributed measurement errors.

Parameters in the ADAPT model were estimated by maximum 
likelihood as described in Jacobson (1993) except that log- 
likelihoods for PROP+ were calculated using the binomial 
distribution. Residuals were used to check goodness of fit. 
Variance estimates for parameters and biomass estimates were 
calculated by a parametric bootstrap procedure (50 iterations, 
Jacobson 1993) .

RESULTS
Preliminary runs of the ADAPT model did not fit abundance 

data for^early years so we excluded all abundance data for years 
prior to 1986. This problem may have been due to the absence of 
older age groups during 1978-1983, or temporal changes in age 
specific selectivity and scaling parameters.

Age specific selectivities for SPOTTER data could not be 
estimated directly using ADAPT. To estimate age specific 
selectivities, biomass estimates from a preliminary ADAPT run 
were compared to SPOTTER data. SPOTTER data were strongly 
correlated (p=. 90) with the biomass of one year old Pacific 
mackerel during 1986 to 1993. Relationships were weaker for
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other age groups and when data for years prior to 1986 were 
included. SPOTTER data were, therefore, used in the model as a 
measure of the biomass of age one Pacific mackerel (i.e. Sj, set 
to one, selectivities for other ages set to zero).

We were not able to estimate terminal (last quarter in last 
year) fishery selectivities individually or as functions of age. 
In lieu of maximum likelihood estimates, we used average values 
calculated iteratively. To obtain estimates, we ran ADAPT and 
calculated average fourth quarter fishery selectivities during 
1984-1993 which where then used to rerun ADAPT. The first year 
used in calculating averages was 1984 because there were few fish 
in the oldest age classes during 1978-1983. The process was 
repeated until average selectivities stopped changing. The 
assumption of average selectivities in the last quarter of the 
terminal year was not ideal because final results indicated a 
great deal of interannual variability in fishery selectivity 

patterns .-
Final runs with SPOTTER and DENSITY data converged readily 

to a maximum in the log-likelihood surface. The log-likelihood 
surface for runs with SPOTTER and PROP+ was flat in the area-of 
the maximum, however, and convergence was not complete. Terminal 
fishing mortality rates for ages 0 to 6+ were: 0.20, 0.36, 0.30, 
0.17, 0.21, 0.29, 0.29 qtr'1 for SPOTTER and DENSITY data, and: 
0.082, 0.16, 0.13, 0.075, 0.092, 0.13, 0.13 qtr’1 for SPOTTER and 
PR0P+ data. Residual plots indicated that the exponent y in eqn. 
[4] was necessary to fit SPOTTER and DENSITY data.
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CONCLUSION
Final runs with average values for terminal fishery 

selectivities and abundance index data for 1986-1993 indicate 
that Pacific mackerel biomass increased dramatically during 1978- 
1982 and then declined to low levels by 1993 as recruitment 
declined (Table 4 and Figure 2). High Pacific mackerel biomass 
in early years was due to the strong 1978 and 1980-1982 year 
classes. Biomass estimates for Pacific mackerel age 1+ in July 
of 1993 were 35,000 tons from SPOTTER and DENSITY data, and 
65,000 tons from SPOTTER and PROP+ data. It is likely that ADAPT 
underestimated Pacific mackerel biomass during 1992-1993 because 
El Nino conditions caused extensive movement of Pacific mackerel 
to the north and out of the area covered by CalCOFI and fish 
spotter surveys (California Department of Fish and Game 1994).

Biomass estimates for Pacific mackerel during 1986-1993 were 
imprecise (CV > 30%) and lack of precision was severe (CV > 50%) 
after 1989 (Table 4). Lack of precision was exacerbated by 
imprecise indices of abundance (Table 2), low levels of fishing 
mortality in some years (Pope 1972), and because abundance data 
for 1986-1993 were a "one way trip" (continuously decreasing, 
Hilborn and Walters 1992). It is likely, moreover, that we 
overestimated precision because errors in landings and catch at 
age data, uncertainty about index and fishery selectivities, and 
effects of El Nino were not considered in bootstrap calculations.

In view of the El Nino conditions, and considering all 
uncertainties, we estimate that Pacific mackerel biomass during
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1993 was less than 100,000 tons. Thus, current conditions appear 
similar to those in the mid-1940's, when Pacific mackerel 
declined to biomass levels less than 100,000 tons after a period 
of high abundance (Prager and MacCall 1988). After 1945, the 
Pacific mackerel stock varied around an average biomass of about 
70,000 tons until the fishery collapsed in 1965.

Recent catch levels (46,000 and 23,000 tons year'1 during 
1992 and 1993, Table 1) were large relative to biomass estimates 
(< 100,000 tons) and may have exceeded the target 30% total 
exploitation rate policy that is the basis for California 
management (quotas are set at 30% of the Pacific mackerel biomass 
above 20,000 tons). The California fishery is managed using 
quotas that make no allowance for Mexican harvests while the 
Mexican fishery is not regulated by a quota. Thus, it seems 
likely that catches in the next few years will be large enough to 
deplete the stock, particularly if poor recruitment continues.

The Pacific mackerel fishery in California is at a crossroad 
and its future is uncertain. Economic conditions in the fishery 
are poor (Thomson et al. 1993; California Department of Fish and 
Game 1994) . Resources available for management at state and 
federal levels are currently low because of changing priorities, 
low revenues from landings taxes, and other financial 
constraints. CDFG was not able to age Pacific mackerel collected 
in port samples collected during 1994, and a stock assessment may 
not be possible in 1995 due to lack of personnel and data. 
Landings of Pacific mackerel increased in Mexico during recent
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years while California landings remained relatively constant and 
biomass declined (Table 1). Thus, the Pacific mackerel fishery 
in California, already beset with economic problems, faces 
reduced management during a period of increased total landings 
and low biological productivity.
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Appendix 1. Pacific mackerel landings by quarter during 1978-

1993 .

Calif. Calif. Mexican

Year Quarter Commer. Recr. Commer. Total

(tons) (tons) (tons) (tons)

1978 1 4,800 132 931 5,863 

2 497 348 2,792 3,637 

3 4,481 861 4,655 9,998 

4 2,670 556 931 4,157 

1979 1 5,341 144 635 6,120 

2 7,841 791 1,905 10,536 

3 5,346 1,364 3,175 9,884 

4 11,966 319 635 12,920 

1980 1 8,508 228 467 9,204 

2 5,877 502 1,400 7,779 

3 15,823 1,577 2,334 19,735 

4 2,335 690 467 3,492 

1981 1 8,875 150 227 9,252 

2 3,801 395 682 4,879 

3 18,428 894 1,137 20,459 

4 11,811 134 227 12,172 

1982 1 10,154 181 498 10,833
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2 1,982 436 1,493 3,911

3 7,918 905 2,488 11,312

4 11,705 318 498 12,521

1983 1 2,223 147 0 2,369

2 12,118 469 427 13,015

3 12,626 727 776 14,129

4 8,890 283 518 9,690

1984 1 6,998 237 730 7,965

2 11,483 463 512 12,458

3 15,021 606 596 16,223
4 12,920 268 507 13,695

1985 1 7,356 144 2,309 9,809

2 7,797 394 1,244 9,435

3 11,629 503 1, 906 14,038

4 11,457 185 2,547 14,189

1986 1 8,499 128 1,690 10,316

* 2 10,217 219 1,107 11,543

3 13,280 536 2,052 15,869

4 13,564 208 5,491 19,263

1987 1 12,332 98 82 12,512

2 9,435 214 177 9, 826

3 16,376 482 445 17,303

4 7,709 175 165 8,049
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1988 1 9,134 99 44 9,277
2 16,959 143 25 17,127
3 12,199 444 3,863 16,506
4 9,781 152 994 10,926

1989 1 14,654 17 944 15,615
2 9,825 105 2,295 12,224
3 12,813 451 12,423 25,687
4 2,971 69 737 3,777

1990 1 8,425 68 0 8,493
2 4,931 228 9,883 15., 042
3 21,259 532 26,291 48,082
4 7,344 237 3,225 10,806

1991 1 7,015 69 3,045 10 ,.129
2 8,008 159 1,082 9,249
3 9,801 432 10,996 21,228
4 9,721 163 4,155 14,039

1992 * 1 6,614 104 7,618 14,336
2 3,331 196 14,373 17,900
3 9,712 224 1,843 11,77r9
4 2,042 215 166 2,423

1993 1 6,392 83 0 6,475
2 1,820 192 1,584 3,596
3 2,647 495 4,100a 7,242a
4 2,498 223 3,17 9a 5,900a

a Preliminary estimates.
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Table 1. Pacific mackerel landings during 1978-1993.

Calif. Calif. Mexican
Year Commer. Recr. Commer. Total

(tons) (tons) (tons) (tons)

1978 12,448 1,898 9,309 23,655
1979 30,495 2,618 6,348 39,461
1980 32,544 2,997 4,668 40,209
1981 42,916 1,574 2,273 46,763
1982 31,759 1,841 4,977 38,577
1983 35,857 1,626 1,721 39,204

1984 46,422 1,573 2,345 50,340

1985 38,240 1,227 -8,005 47,472

1986 45,560 1,092 10,340 56,992
1987 45,852 969 869 47,690
1988 48,072 838 4,926 53,837

1989 40,263 641 16,399 57,303

1990 41,959 1,065 39,400 82,423

1991 34,545 823 19,277 54,645
1992 21,700 738 24,001 46,439

1993 13,358 991 8,863a 23,212a

a Preliminary estimates.
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2. Indices of relative abundance for Pacific mackerel.

SPOTTER CV DENSITY CV PROP + N
(tons (larvae (tows)
block'1) 10 m'2)

1978 21.93 0.44 9.9054 0.32 0.1377 247

1979 40.46 0.42
1980 31.44 0.42
1981 31.20 0.44 45.5338 0.36 0.3333 105
1982 32.42 0.42
1983 38.56 0.43
1984 32.25 0.47 2.1382 0.60 0.0536 112

1985 40.39 0.47 3.5956 0.46 0.1642 67

1986 21.21 0.48 2.8246 0.44 0.1000 70

1987 * 15.50 0.46 18.7083 0.66 0.0941 85

1988 6.50 0.51 4.5224 0.45 0.1282 78

1989 11.23 0.53 2.4788 0.45 0.0843 83

1990 3.04 0.60 0.3052 1.00 0.0130 77

1991 3.14 0.55 0.5695 0.59 0.0698 43

1992 4.40 0.52 0.2694 0.53 0.0430 93

1993 2.48 0.68 0.0603 1.00 0.0116 86
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Table 3. Net fecundity calculations for Pacific mackerel.3

Observed Predicted
Spawning Spawning Normalized

Observed Predicted Frequency Frequency Net Net
Age Fraction Fraction (% spawning (% spawning- Fecundity Fecundity
(yrs) Mature Mature day’1) day'1) (eggs g'1) (eggs g’1)

0 0 ,. 000 0 ,. 000 0 ,. 0 0 .. 00 0 ..00 0 ,.00
1 0 ..214 0 ,.487 0 ,. 0 1..38 0 .. 672 0 ,. 07
2 0 ..867 0 .. 636 3 ,. 9 3 .. 52 2 .. 24 0 .. 24
3 0 .. 815 0 .. 763 6 .. 8 5 .. 66 4 ..32 0 ..47
4 0 ,. 851 0 .. 855 9 .. 9 7 .. 80 6 ,. 67 0 .. 73
5 + 0 .. 882 J 0 .. 916 7 .. 7 9 .■ 94 9 .. 11 1.. 00

1 Observed fraction mature and observed spawning frequency from Dickerson 
et al. (1992). Predicted fraction mature from logistic regression.
Predicted spawning frequency from linear regression. Normalized net 
fecundity is adjusted to a maximum value of 1.0. Batch fecundity assumed 
constant.
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Table 4. Biomass and recruitment estimates (age zero fish on 
July 1) for Pacific mackerel during 1979-1993 from the ADAPT 
model using SPOTTER with DENSITY data, and SPOTTER with PROP+ 
data.

SPOTTER and DENSITY SPOTTER and PROP+

Year Biomass! CV1 Recruitment Biomass Recruitment
(1,000 (million (1,000 (million

tons) Fish) tons) fish)

1978 78 0.01 1,985 106 2,019
1979 303 0.06 428 307 445
1980 363 0.08 1,987 371 2,092

1981 550 0.15 3,154 572 3,341

1982 829 0.19 1,366 872 1,483

1983 4 781 0.22 280 830 302

1984 691 0.24 234 740 240

1985 498 0.25 992 534 1,096

1986 504 0.31 795 549 895

1987 480 0.37 434 533 543

1988 442 0.50 911 512 1,032

1989 340 0.54 260 399 314

1990 269 0.67 267 330 280

1991 185 0.75 135 233' 190

1992 71 1.21 30 109 49
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1993 35 1.58 16 65 37

1 Calculated using a parametric bootstrap procedure with 50 
iterations.
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Figure 1. Indices of abundance for Pacific mackerel plotted in 
log scale for comparison.

Figure 2. Biomass and recruitment estimates (zero year old fish 
on July 1) for Pacific mackerel from ADAPT runs using SPOTTER and 
DENSITY data. Results using SPOTTER and PROP+ were similar.
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