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ABSTRACT

Recent work has examined the structure of stocks,
races, or subpopulations in the recovering Pacific sardine
(Sardinops sagax) biomass of the northeast Pacific Ocean.
Individual fish characteristics do not clearly indicate the
geographic origin of birth, but collections of sardines
from different areas show some heterogeneity in growth
rate, time of birth and recruitment, blood type, and num-
ber of vertebrae. Even when heterogeneity is in ques-
tion, precautionary management principles, which reduce
the risk of overfishing, should support management of
stocks of fish in different areas as independent stocks.

The sardines of the northeast Pacific have been esti-
mated to have up to three subpopulations based on tag-
ging, size-at-age, isolated spawning centers, blood groups,
vertebral column counts, estimated natural mortality rate,
or bimodal seasons of recruitment. Spawning centers are
thought to occur off the Gulf of California (GOCAL),
Baja California Sur inshore (BSI) and Central California
offshore (CCO). Cursory genetic examinations of sar-
dines from these areas neither support nor refute these
divisions. Genetic analysis of S. sagax from four far-flung
sardine habitat sectors of the Pacific basin can be de-
scribed as “shallow,” meaning the separation of all the
species in the Pacific is relatively recent. However, on
the time scale of fisheries management, decades, the sep-
aration of the two stocks on the Pacific coast, BSI and
CCQO, appears chronic in that the collapse of the north-
ern stock did not stimulate an apparent replacement from
the southern stock in decades. Therefore, it would be
prudent to institute separate management measures that
define the boundary between GOCAL and BSI and the
boundary between BSI and CCO regardless of the ge-
netic or habitat basis for stock separation. Three data-
rich bases for describing the two stocks’ modern isolation
should be used to design careful studies of representa-
tive samples of sardines at the boundaries between the
stocks for devising the most practical method for allo-
cating catches among the neighboring stocks.

This paper reviews existing data to see which might
be applied to a precautionary approach to managing the
revived Pacific sardine fisheries. It also examines what
advances in our knowledge of these stocks and the meth-
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ods used to assess them may be required to ensure an
adequate spawning biomass and yield of the sardine fish-
eries for the northeast Pacific stock(s).

INTRODUCTION

Theories of precautionary management, postulated
to reduce the risk of overfishing to a minimum, depend
on adequate knowledge of the location and movements
of self-sustaining populations and the geographic distri-
bution of landings. At least one stock of Pacific sardines
(Sardinops sagax) in the northeast Pacific has increased in
biomass from low levels in the 1960s and 1970s to a cur-
rently managed fishery spanning the Pacific coast from
México to Canada (Conser et al. 2004).

The primary purpose of this paper is to review ex-
isting data to see which might be applied to a precau-
tionary approach to managing the revived Pacific sardine
(Sardinops sagax) fisheries. Further, some advancement
in our knowledge of these stocks and the methods used
to assess them may be required to ensure an appropri-
ate spawning biomass and yield of the sardine fisheries
for the northeast Pacific stock(s).

INDICATIONS OF SUBPOPULATION STRUCTURE
Early efforts at describing and monitoring the sardine
fishery used only size-frequency and catch location data
(Clark 1931). A geographically massive tagging program
set a standard for characterizing rapid and extended
sardine migrations from northern México to British
Columbia. Early attempts at aging the fish were not suc-
cessful (Thompson 1926), and early meristics studies
supported a single stock hypothesis (Hubbs 1925).
Clark (1935) regarded the West Coast stock of sar-
dines as a single population that spawned in the south
oft California and whose larger fish migrated succes-
sively further north up to the Gulf of Alaska. This de-
scribes the geography of a single stock (fig. 1a)!. Tagging
soon directly supported this model; tags originating from
almost all tagging sites were recovered at northern
California fishmeal plants. An exception was noted for
sardines tagged and released off southern Baja California.

1O. E. Sette (deceased). 1935. unpub. ms.
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Figure 1. The coastal extent of the major Pacific sardine (Sardinops sagax) fisheries, spawning habitat, and migratory range. A) An unpublished diagram of the
fisheries (horizontal lines) and spawning areas (vertical lines) showing unmeasured regions (?) for spawning based on knowledge in 19352, B) A diagrammatic
summary of sardine spawning centers and seasons based on the 1952-1956 CalCOFI surveys (Marr 1960). C) A diagram of the internal boundaries of the migra-
tory range as postulated by Felin (1954), and updated by a geographic review of vertebral counts (Wisner 1960) and blood groups (Sprague and Vrooman 1962;

Vrooman 1964) and range northern extent (McFarlane et al. 2002).

None were retrieved in the northerly fishmeal plants
(Marr 1957). It was concluded that the fish landings from
British Columbia to central and northern Baja California
came from a common stock (Clark and Jannson 1945).
Godsil’s?> unpublished paper, however, reported that sar-
dines recruit to San Diego fisheries in April and August.

Once aging from scales and otoliths became available
(Walford and Mosher 1943a), two radically different
growth patterns were detected (Felin 1954): a stock of
small sardines in the south and a stock of larger sardines
in the north. At three years, the modal northern sardine
length was 219 mm standard length, and the modal
southern sardine length was 193 mm. The northern
three-year-old sardine was about 50% heavier than the
southern. Felin (1954) concluded as follows:

The possibility of heterogeneity in stocks of Sardinops
caerulea along the Pacific coast of the United States
and Canada is examined through evidence from
growth and vital statistics of the fished population(s).
Growth characteristics of six year-classes sampled
in Canada are compared with those from San Pedro.
Significant difference in predicted size indicates lack
of homogeneity in populations of adults as sampled
by the fishery in Canada and in San Pedro. Evidence
from qualitative and quantitative difterences in in-
dividual scale and growth patterns indicates some

2H. C. Godsil. 1932. Untitled manuscript. Available at: Southwest Fisheries
Science Center Library, 8604 La Jolla Shores Drive, La Jolla, CA 92038.

76

independence in the fished stock of the Pacific
Northwest and southern California. Bimodality in
length composition of certain year classes is evi-
dence that pilchard populations are not homoge-
neous. Large, long-ranging pilchard may arise from
spawning stocks off California while more south-
ern stocks, smaller in size and more short-lived,
have limited migration. In view of indications of
heterogeneity in growth types of fished stocks of
pilchard, whether genotypic or phenotypic in ori-
gin, it appears desirable that their population dy-
namics be studied not only for the coast as a whole
but also by geographic areas.

The most comprehensive review of population struc-
ture and dynamics was conducted by Marr (1960). Marr
assembled and analyzed all of the data from the Pacific
sardine fishery, tagging information, and fishery inde-
pendent surveys of sardine eggs and larvae that were
available at the time. Because there were negligible sar-
dine data from the small Mexican fisheries before that
time, it was impossible to include data on this southern
stock beyond that collected from occasional catches in
warm years at San Pedro. The early spawning data col-
lected from off BSI were best described during the “cold”
CalCOFI years up to 1956 (Marr 1960).

The early fishery for sardines supported several com-
mercial products, many derived from European prod-

a0. E. Sette (deceased). 1935. unpub. ms.
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ucts: fish meal and oil, bait, fresh and canned fish. There
were three sizes of sardine cans. The principal California
fisheries provided fish mostly for the one-pound oval
can (454 g), lesser quantities for the half~pound oval
(227 g), and least of all for the “quarter”’-pound square
(114 g). The size structure of sardines along the coast
determined in what ports each size can was filled. There
were two dominant size groups in San Pedro that were
canned in the one-pound oval: generally 10 fish per can
except during February and March when larger sardines
dominated the pack with five fish per one-pound oval
(Higgins 1926). In retrospect, this may indicate that an
area exists where the difterent size fish could support an
overlap zone that includes San Pedro. “Quarters” were
juvenile sardines canned in oil in San Diego in the quar-
ter-pound square can. The sport bait and “quarter oil”
cannery drew on two cohorts of juveniles: one appeared
in the spring, called the “spring” quarters, and one in
the fall, called the “local” quarters?.

The seasonal and geographic distributions of spawn-
ing are the most important data available to describe the
geographic separation of the stocks. The most extensive
continuous spawning area is currently off Central
California in April (Lynn 2003). Spawning also appears
to narrowly extend north to the coastlines oft Canada
and Alaska and south to Cedros Island and Sebastian
Vizcaino Bay off the coastline of northern and central
Baja California. The Gulf of California (GOCAL) is also
a site of geographically extensive sardine spawning in
late fall and winter (Aceves-Medina et al. 2004).

The most enigmatic of the putative stocks is the in-
shore spawning population centered near Magdalena Bay,
Baja California Sur (BSI) which has a spawning peak in
summer. In some years this spawning has extended in a
narrow coastal band north to the coast of southern
California. The southern limit toward Cape San Lucas
is not well known (Ahlstrom 1959; Marr 1960; here fig.
1b). The Marr (1960) spawning diagram is probably the
best representation of the spawning centers, but it is
drawn from the early cold years of CalCOFI. The con-
temporary spawning center of the CCO (Central
California offshore) sardine is about 500 km (300 nmi)
north of the 1939-41 spawning center targeted by Sette
and Ahlstrom (1948).

The possible genotypic foundation for geographic
limits to the BSI and CCO subpopulations was devel-
oped with erythrocyte antigen methods (“blood type”)
by 1960 (Sprague and Vrooman 1962). Vrooman (1964)
reviewed the outer coastal data and reported additional
erythrocyte antigen results from GOCAL. The age struc-
ture of the outer coast stocks in the southern California

SH. C. Godsil. 1932. Untitled manuscript. Available at: Southwest Fisheries
Science Center Library, 8604 La Jolla Shores Drive, La Jolla, CA 92038.

fishery showed that the CCO sardines were from the
1956 and 1957 year-classes and that the BSI sardines were
from the 1958 and 1959 year-classes. A seasonal migra-
tion of the two stocks may overlap spatially, but not
at the time of spawning. A summary of the blood type
data is found in Table 1 with the statistically assigned
stock origins.

A summary of geographic data from the 1930s, which
supports the idea of a single stock (Clark 1935)%, is shown
in Figure 1a. The location of the spawning centers of
the early 1950s (Marr 1960) is reproduced in Figure 1b.
The location of the former spring spawners coincides
with the location of the CCO stocks currently moni-
tored in April; the location of the former fall stocks co-
incides with BSI stocks that spawn in August. Figure 1c
illustrates the Pacific coast populations’ migratory paths
and limits by combining the migratory data and pattern
suggested by Felin (1954). The migration range may be
influenced by the size structure of each subpopulation
and controlled by ocean temperature (See Parrish and
McFarlane papers in this symposium).

ADDRESSING POPULATION STRUCTURE

If subpopulations differ in productivity, the stock with
higher productivity could induce overharvest of the other
stock if'a common quota is used. Even if their produc-
tivities are similar, asynchronous recruitment could re-
sult in strong recruitment to one stock, leading to
overfishing of the other stock. This is especially impor-
tant in contiguous stocks because markets and fleets can
be redeployed causing “domino” collapse. Even shore-
side plants can be involved, as was the case following the
decline of the Pacific stocks after 1958 when the GOCAL
sardine harvest was iced and trucked 500 km overland
to idle canneries in Ensenada®.

Given the contemporary lack of understanding of the
sardine stock, the first priority is to exercise precau-
tionary management to protect the regional stocks near
all fishing ports. This policy should be implemented even
before knowledge is gained of the essential details of the
current geographic structure and seasonal migrations of
the stock.

The second priority is to study the contemporary
intermixture, if any, of sardines among the fishing areas
around major ports. As a starting point, the boundary
between the CCO and BSI stocks should be documented
relative to the harbors of Ensenada and San Pedro. These
efforts should be model driven (see Parrish this sympo-
sium) and prioritized by the level of fishing relative to
the existing fishery management plan of the U.S. and
the developing fishery management plan of Mexico.

*0. E. Sette (deceased). 1935. unpub. ms.
SR. S. Wolf (retired), pers. comm.
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TABLE 1
Sardinops blood type frequency 1958-1962

Site L: Db N¢ N C+d %C+ Subpop. Reference

Monterey, CA 36 —222 150 18 12.0 North Sprague & Vrooman 1962
Morro Bay 35 —111 147 22 15.0 North Sprague & Vrooman 1962
San Pedro 34 0 145 16 11.0 North Sprague & Vrooman 1962
San Pedro 34 0 98 15 15.3 North Sprague & Vrooman 1962
Santa Cruz Island 34 0 88 10 11.4 North Vrooman 1964

Catalina 34 0 98 18 18.4 North Vrooman 1964

Catalina 34 0 99 14 14.1 North Vrooman 1964

San Pedro 34 0 100 6 6.0 South Vrooman 1964

San Diego 33 111 110 12 10.9 North Sprague & Vrooman 1962
San Diego 33 111 96 14 14.6 North Sprague & Vrooman 1962
San Diego 33 111 184 7 3.8 South Sprague & Vrooman 1962
San Diego 33 111 197 10 5.1 South Sprague & Vrooman 1962
San Diego 33 111 100 15 15.0 North Vrooman 1964

San Diego 33 111 56 7 12.5 North Vrooman 1964

San Diego 33 111 247 34 13.8 North Vrooman 1964

San Diego 33 111 140 18 12.9 North Vrooman 1964

Del Mar 33 111 99 14 14.1 North Vrooman 1964

San Diego 33 111 80 13 16.3 North Vrooman 1964

San Diego 33 111 99 12 12.1 North Vrooman 1964

San Diego 33 111 100 11 11.0 North Vrooman 1964

San Diego 33 111 98 12 12.2 North Vrooman 1964

San Diego 33 111 86 11 12.8 North Vrooman 1964

San Diego 33 111 98 13 13.3 North Vrooman 1964

San Diego 33 111 98 13 13.3 North Vrooman 1964

San Diego 33 111 94 5 5.3 South Vrooman 1964

San Diego 33 111 100 8 8.0 South Vrooman 1964

San Diego 33 111 292 21 7.2 South Vrooman 1964

Ensenada 32 222 100 12 12.0 North Sprague & Vrooman 1962
San Quintin Bay 30 444 41 8 19.5 North Sprague & Vrooman 1962
San Quintin 30 444 100 5 5.0 South Vrooman 1964

Blanca Bay 29 556 74 6 8.1 South Vrooman 1964

Vizcaino Bay 28 667 100 5 5.0 South Sprague & Vrooman 1962
Vizcaino Bay 28 667 99 6 6.1 South Sprague & Vrooman 1962
Vizcaino Bay 28 667 105 7 6.7 South Sprague & Vrooman 1962
Vizcaino Bay 28 667 100 5 5.0 South Vrooman 1964
Magdalena Bay 25 1000 151 7 4.6 South Sprague & Vrooman 1962
Magdalena Bay 25 1000 100 6 6.0 South Sprague & Vrooman 1962
Magdalena Bay 25 1000 100 7 7.0 South Vrooman 1964
Magdalena Bay 25 1000 99 7 7.1 South Vrooman 1964

Cresciente Island 24 1111 199 13 6.5 South Vrooman 1964

Agua Verde Bay 25 1667 101 14 13.9 Gulf Vrooman 1964

Mangles Point 26 1778 95 16 16.8 Gulf Vrooman 1964

Carmen Island 26 1778 100 16 16.0 Gulf Vrooman 1964

Carmen Island 26 1778 98 12 12.2 Gulf Vrooman 1964

San Pedro Bay 28 2000 95 18 18.9 Gulf Vrooman 1964

Los Animas Bay 28 2000 97 16 16.5 Gulf Vrooman 1964

San Francis. Bay 28 2000 53 10 18.9 Gulf Vrooman 1964
Puertecitos 31 2334 99 21 21.2 Gulf Vrooman 1964

*degrees north latitude

Pnominal km from San Pedro, CA by sea into Gulf of California
‘numbers of fish processed

dnumbers of fish with C+ reaction

Finally, harvest guideline (HG) models with separate
biomass estimates should be implemented as in Conser
et al. (2004) each year for each putative stock. Their
parameters need to be based on new geographic bound-
ary simulations, possibly with SIO (Scripps Institution
of Oceanography) pier temperatures augmented, or re-
placed, by temperatures chosen from different locations.

A separate management model is required for each
stock (in the notation used by the Coastal Pelagic Species

plan® for sardine):

78

HGa = (BIOMASSa - CUTOFFa)
FRACTIONa « USA DISTRIBUTIONa (1)

HGb = (BIOMASSDb - CUTOFFbD) ¢
FRACTIOND « USA DISTRIBUTIONb (2)

SPFMC (Pacific Fishery Management Council). 1998. Amendment 8 to the
Northern Anchovy Fishery Management Plan incorporating a name change to:
The Coastal Pelagic Species Fisheries Management Plan. Pacific Fishery

Management Council, Portland, OR 97220.
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where HG is the harvest guideline; BIOMASS is the
annual estimate of spawning biomass in tons; CUTOFF
is the threshold biomass below which no fishing occurs;
FRACTION is a value between 0.05 and 0.15 based on
temperature at Scripps Pier; and USA DISTRIBUTION
is the proportion allocated to U.S. fishermen.

The current harvest guideline is derived from stud-
ies of early (1930-90) catches and estimated biomass
(Jacobson and MacCall 1995). Jacobson and MacCall
(1995) performed simulations assuming a single stock
north of Punta Baja, Baja California Norte. The crite-
rion for CUTOFF was that the stock should be able to
recover rapidly from a series of recruitment failures.
FRACTION was a value that would minimize the fre-
quency of collapses during cold and warm phases of the
California Current region. The USA DISTRIBUTION
value is arbitrary. To successfully implement the pair of
models, the seasonal geographic location and biomass
estimates of all subpopulations must be approximated
with respect to the fishery from each port. The crite-
ria, productivity, and variability used for simulation would
have to be established with new parameters and latitu-
dinal ranges for each of the proposed stocks.

DATA FOR MANAGING SARDINE STOCKS

The geographic location and extent of the stocks’ sea-
sonal spawning areas should be monitored frequently.
The fishery only exists in the coastal region of the sar-
dines’ total distribution. There may be insufficient data
on fisheries landing catches at Cedros Island or directly
at tuna-rearing pens along this stretch of coastline.
Historical information on length-at-age, vertebral count,
temperature, and season-of-capture may suffice for al-
locating catches for current management purposes.

Techniques for obtaining environmental parameters
from research ships and space (Lynn 2003), and obtain-
ing egg samples and surface salinity from ships under-
way at full speed, should be given priority for
development, because the current sardine fleet would
not be useful for the long-range requirements of estab-
lishing boundaries of spawning grounds. The bound-
aries of spawning biomass can be monitored in the peak
spawning seasons using egg-pump surveys. When the
stocks overlap, spawning biomass can be estimated from
Punta Eugenia to Alaska in April for the CCO stock
and from Point Conception south to the tip of Cape
Lucas in August for the BSI stock. If the GOCAL stock
is to be managed at the same time as the BSI and CCO
stocks, the initial spawning area surveys should be from
Cape San Lucas to the northern margin of the GOCAL
in November—January (Moser et al. 1993; Aceves-Medina
et al. 2004). While index methods may suffice for man-
agement, these biomass values should be validated pe-
riodically by daily egg production methods (Lasker 1985)

using adult and area egg production methods. Adult sam-
pling conducted to determine egg production should
include analysis of vertebral counts, otolith determina-
tions of trace metals, growth, and season of birth.

Blood type analysis is probably not feasible for mon-
itoring racial boundaries, and current genetic approaches
can barely distinguish between sardines in the far-flung
reaches of the Pacific and Indian Oceans (Hedgecock
et al. 1989; Parrish et al. 1989; Grant and Leslie 1996;
Bowen and Grant 1997; Grant and Bowen 1998;
Lecomte et al 2004). Thus, the development of genetic
techniques is a necessity.

At the time of egg production assessment, scientific
sampling for genetic analyses should be instituted. Current
genetic studies are hampered by a number of factors;
many have used specimens collected haphazardly by
volunteers, and these are geographically biased because
volunteer collectors do most of their collecting near the
coast. Compared with the definitive vertebral count
studies and erythrocyte antigen studies (Vrooman 1964;
Wisner 1980), existing genetic studies may have used
insufficient numbers of fish to define within-region stock
boundaries.

Representative genetic samples should be allocated
by use of the seasonal and spatial distribution of egg-
pump samples. As a matter of priority, fisheries in the
area where stock migrations overlap—San Pedro to
Ensenada—could be studied more intensely in April
and August. Existing data (tab. 1) on blood types (Sprague
and Vrooman 1962; Vrooman 1964) and vertebral
counts (tab. 2; fig. 2) (Wisner 1960) should serve to de-
sign the quantitative genetics work (Sprague and
Vrooman 1962; Vrooman 1964) rather than the small
number of specimens used by Hedgecock et al. (1989)
and Lecomte et al. (2004).

STANDARDS FOR DEFINING FISHERY
STOCK GENETICS

In his classic review of fishery biochemical genetics,
Utter (1991) restated the logical principle that “absence
of proof'is not proof of absence.”

. it is important to note that differences in
frequencies between collections of individuals sam-
pled from distinct locations or at different times
are usually reliable evidence for genetic difterenti-
ation between the sampled populations . . . the
absence of such differences is not in itself positive
evidence that the samples were drawn from a single
panmictic population.

The works of Rodriguez-Sanchez et al. (2002) and
Lecomte et al. (2004) support a major alternative to the
established three-stock idea. For example, it is possible
that the immuno-genetic approach to stock definition
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TABLE 2
Pre- and Post-Sardine Collapse Vertebral Count

Precollapse (Clark 1947)

Sea km from Number Number of Proportion Lower 95% Upper 95%
Collection Area San Pedro of Fish Fish >51 Fish >51 Std Error Limit Limit
Gulf of California 1713 735 121 0.165 0.027 0.138 0.191
Magdalena Bay 1296 795 250 0.314 0.032 0.282 0.347
Pta. Eugenia-CSLaz 963 710 261 0.368 0.035 0.332 0.403
Sebastian Vizcaino Bay 741 1093 651 0.596 0.029 0.567 0.625
San Diego 148 6553 4380 0.668 0.011 0.657 0.680
San Pedro 0 9652 6490 0.672 0.009 0.663 0.682
Postcollapse (Wisner 1960)
Sea km from Number Number of Proportion Lower 95% Upper 95%

Collection Area San Pedro of Fish Fish >51 Fish >51 Std Error Limit Limit
Gulf of California 1713 611 122 0.200 0.032 0.168 0.231
Magdalena Bay 1296 679 209 0.308 0.035 0.273 0.343
Santa Maria Bay 1204 842 314 0.373 0.033 0.340 0.406
Pta. Eugenia-CSLaz 963 1967 849 0.432 0.022 0.410 0.454
Sebastian Vizcaino Bay 741 559 234 0.419 0.041 0.378 0.460
Cedros San Benito 685 783 417 0.533 0.035 0.498 0.568
Ensenada 269 10670 5325 0.499 0.009 0.490 0.509
San Diego 148 666 343 0.515 0.038 0.477 0.553
San Pedro 0 1864 940 0.504 0.023 0.482 0.527
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Figure 2.

Geographic position of a postulated internal range boundary derived from a comparison of the latitudi-

nal gradient of vertebral fractions (p > 51) from before the Pacific sardine (Sardinops sagax) fishery collapse (solid

line) and after the fishery collapse (dashed line).

is not able to isolate the genetic/environmental balance
of controls”. It is possible that the CCO stock was so re-
duced that it has now been replaced from a migrant BSI
stock. Hedgecock et al. (1989), however, discounted the
idea that the recent decline of sardines was evidence of
an evolutionary bottleneck.

Simulations of the CCO stock (Gaggiotti and Vetter

7W. S. Grant. 2004. pers. comm. P.O.Box 240104, Anchorage, AK 99524.
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1999) also indicate that it is unlikely that the genetics of
the putative CCO stock were reduced in biomass enough
to have become a genetic “bottleneck.”

The use of vertebral counts appears to be a robust, if
tedious, method for distinguishing the BCS and CCO
stocks. Data on vertebral counts are available for the 1900s.
Wisner (1960) plotted the results from two periods: be-
fore the collapse of 192141 and after the collapse of
1951-59 (fig. 2). From the comparison of collection
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sites, the two lines appear to diverge north of Sebastian
Vizcaino Bay; this latitudinal cline was expected based
on analysis of temperature data. This suggests that the
underlying rate of increase of vertebral count distribu-
tion is a function of temperature at birth, and the two
lines may result from genotypic differences as in the case
of the coincident blood types. The genetic origin of ver-
tebral count distribution has been illustrated by exper-
iments on Atlantic silverside (Menidia menidia (L.))3.

The few contemporary vertebral counts off Southern
California (61.5%) and Oregon (Survey 76.5%; Fishery
69.2%)° estimate the percentage of vertebral counts at
or above 52. If the South Baja inshore stock had invaded
the coast from Central California to Alaska, one would
expect fewer vertebrae than those found in the 1950s.
Birth date determination by daily otolith ring counting
indicates that as many sardines were born in August as
in April in San Diego waters in 1982-83 (Butler 1987).
The putative northern stock declined to less than 10,000
tons for the period between 1964 and 1980 (fishing mora-
torium 1967-84). The southern stock near Magdalena
Bay was not diminished in this period according to ju-
venile bait fish estimates of population size and geo-
graphic distribution analyzed by Rodriguez et al. (2002).
The failure of the southern stock to fill in for decades
after the virtual disappearance of the northern stock mil-
itates against the deregulation of fisheries based on hope
that a stock decline can be rectified by migration from
adjacent habitats (Taylor and Dizon 1999). Lastly, in a
comprehensive study of sardine and anchovy fisheries
(Jacobson et al. 2001), it was found that the instanta-
neous natural mortality rates ranged from 0.7 for GOCAL
and BSI stocks to 0.4 for the CCO stock; this differ-
ence alone would require separate management models
irrespective of whether the stocks are separated on habi-
tat or genetic bases.

SUMMARY

The sardines (Sardinops sagax) of the northeast Pacific
have been referred to as three subpopulations based on
tagging (Clark 1947), size-at-age (Felin 1954), isolated
spawning centers (Marr 1960), blood groups (Vrooman
1964), vertebral column count (Wisner 1960), estimated
natural mortality rate (Murphy 1966; MacCall 1979;
Jacobson et al. 2002), or bimodal seasons of recruitment

8Methodological Note: The original analyses of vertebral count used analysis

of variance on a distribution composed of six integer values (49-54 vertebrae)
with leptokurtic deviations from normal distribution. While these analyses and
frequencies are published, I have chosen to treat the vertebral counts as two
categories: greater than 51 and less than or equal to 51 vertebrae expressed as a
fraction. This separation near the median allows precise binomial descriptions of
the proportions and a normal approximation of confidence limits (fig. 2; tab. 2).
It is easier to envision differences in proportions r than differences in averages
which differ by only hundredths of a vertebra.

°D. Ambrose. 2004. pers. comm. NOAA/NMFS/SWESC, 8604 La Jolla Shores
Dr., La Jolla, CA 92037.

(Butler 1982)1°. Spawning centers are in the Gulf of
California (GOCAL), Baja California Sur inshore (BSI)
and Central California Offshore (CCO). Cursory genetic
examination of sardines from these areas neither sup-
ports nor refutes these divisions (Hedgecock et al. 1989;
Lecomte 2004). Studies to date are considered cursory
because the sardine geographic areas and boundaries have
not been contemporarily, systematically, and represen-
tatively sampled. Genetic analysis of S. sagax from four
far-flung sardine habitat sectors of the Pacific basin can
be described as “shallow,” (Parrish et al 1989; Grant and
Bowen 1998) meaning that the separation of all the
species in the Pacific is relatively recent. However, on
the time scale of fisheries management, decades, the sep-
aration of the stocks appears chronic in that the virtual
collapse of the northern stock, 1940-79, did not stim-
ulate an apparent replacement from the southern stock
in decades. Therefore, it would be prudent to institute
separate management measures defining the boundary
between GOCAL and BSI and the boundary between
BSI and CCO regardless of the genetic or habitat basis
for stock separation. Three data-rich bases for describ-
ing stocks’ modern isolation should be used to design
careful studies of representative samples of sardines at the
boundaries between the stocks for devising the most prac-
tical method for allocating catches among the neighbor-
ing stocks.

A review of the literature characterizing sardine catch
and fishery independent samples of eggs and adults lends
support for the continued existence, at important times,
of isolated subpopulations of sardines in the northeast
Pacific. That panmixia existed, on the other hand, has
been concluded from cursory examination of regional
genetic characteristics and is likely based on flawed logic;
absence of evidence is not evidence of absence of sub-
population structure. It appears that historical data on
blood types, vertebral counts, and spawning areas would
serve to design practical approaches to determining the
contemporary distribution of sardine stocks in this region.
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