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ABSTRACT

The spawning biomass of northern anchovy (Engraulis
mordax) in the Gulf of California during 1991 was esti-
mated to be 105,079 metric tons (CV = 0.44), as de-
termined by the daily egg production method.

The principal spawning regions were around the large
islands in the north and in two smaller regions close to
Guaymas in the south.

INTRODUCTION

The populations of small pelagic fishes are charac-
terized by biomass fluctuations (Murphy 1966; Blaxter
and Hunter 1982; Pedrin-Osuna et al. 1992). This vari-
ability has been attributed both to climatic change and
to fishing pressure (Lasker 1981).

Northern anchovy were first detected in the Gulf of
California during 1985 by Green-Ruiz and Aguirre-
Medina (1989). The discovery of anchovy in the gulf
coincided with declines in the availability of sardine and
the decline of the sardine fishery in the Gulf of California
(Cisneros-Mata et al. 1991; Nevirez-Martinez et al. 1993).

The identification of anchovy larvae in ichthyoplank-
ton samples and the presence of adults in the fishery
catches extended the known geographical range of the
anchovy to the Gulf of California (Hammann and
Cisneros 1989). Since then, approximately 40,000 met-
ric tons of anchovy have been incidentally taken in the
sardine commercial fishery (Cisneros-Mata et al. 1991;
Nevarez-Martinez et al. 1993). Later paleoecologic stud-
ies by Holmgren-Urba and Baumgartner (1993) demon-
strated the presence of the anchovy over 250 years, during
alternating periods of high anchovy abundance and high
sardine abundance in the Gulf of California.

The increased abundance of Engraulis mordax made the
stock an alternative resource for the fishing industry and
a matter of scientific concern in the Gulf of California.
Mexican authorities and scientists decided to estimate
its spawning biomass in the Gulf of California. This work
was undertaken by the Small Pelagic National Research
Program of the National Fishery Institute of Mexico.

Spawning biomass of northern anchovy in the gulf
was first estimated with the larval census method (LCM)
by Green-Ruiz and Aguirre-Medina (1990). Larval cen-
sus has been the traditional method for estimating spawn-
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ing biomass of small pelagic fish (Smith and Richardson
1977) on both the west coast of Baja California (Escudero-
Diaz 1976; Olvera-Limas et al. 1983) and in the Gulf
of California (Green-Ruiz and Aguirre-Medina 1990).
In addition, hydroacoustic estimates of anchovy abun-
dance have been made (Melcer et al. 1976). Data have
been collected from fishery catches since the beginning
of the incidental fishery (Cisneros-Mata et al. 1991;
Nevarez-Martinez et al. 1993).

The daily egg production method (DEPM) for esti-
mating spawning biomass of pelagic fish was developed
in 1980 (Parker 1980; Stauffer and Picquelle 1980; Lasker
1985). The DEPM has been used to estimate the size of
clupeoid populations in California (Picquelle and Hewitt
1983, 1984; Hewitt 1985a; Bindman 1986; Scannell et
al. 1996; Lo et al. 1996); in Peru (Alheit et al. 1984;
Santander et al. 1984); in Portugal (Cunha et al. 1992);
in Spain (Uriarte and Motos 1991; Garcia et al. 1992;
Santiago and Sanz 1992); in Africa (Armstrong et al.
1988); and in Mexico (Torres 1986).

The National Fishery Institute of Mexico decided
to use the DEPM for anchovy in the gulf because the
method is relatively precise and because of technical dif-
ficulties in converting hydroacoustic data to estimates of
anchovy biomass. The DEPM was preferred over the
larval census approach because it accommodates vari-
ability in the reproductive output of adults.

The DEPM ofters additional advantages: (1) Ship time
and the associated costs of ichthyoplankton samples are
reduced because samples are taken once a year in the peak
reproductive season, whereas LCM surveys must be con-
ducted throughout the entire year. (2) Biomass estimates
are based on biological parameters and are independent
of stock assessment models that require indices of rela-
tive abundance. (3) The precision of parameters and bio-
mass estimates can be determined (Hewitt 1985b).

The purpose of this study is to estimate the spawn-
ing biomass of anchovy (Engraulis mordax) in the Gulf of
California during the spawning season of 1991 with the
daily egg production method.

METHODS

Survey Design

Data used in previous studies for larval census esti-
mates and commercial catch data were used to estimate
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the distribution of eggs, larvae, and adult northern
anchovy in the Gulf of California, where the peak
spawning season is January—February (Green-Ruiz and
Aguirre-Medina 1990). Northern anchovy in the gulf
spawn until April, and spawning adults have been ob-
served near shore (Cisneros-Mata et al. 1991; Nevarez-
Martinez et al. 1993).

Most pelagic fish eggs in the California Current and
on the west coast of Baja Calitornia are found between
the surface and 70-m depth (Hewitt 1983; Smith et al.
1985). The maximum depth of anchovy eggs is related
to depth of the thermocline (Ahlstrom 1959).

There have been no studies of vertical distribution of
anchovy eggs in the Gulf of California, but the ther-
mocline is at about 100 m in winter (Robinson 1973).
All the above-mentioned factors were considered in de-
signing the sampling program for anchovy in the gulf.

Study Area

In 1991, two simultaneous surveys were conducted
in the Gulf of California to estimate the spawning bio-
mass of northern anchovy with the DEPM. Two ships
(the RV BIP' XI and RV BIP XII) were used from
January 24 through February 14, 1991.

The survey followed a station plan established by the
National Program of Small Pelagics for the Gulf of
California. The ichthyoplankton survey started in the
north (line 140) and continued south (to line 440) in 30
perpendicular lines separated by 10 nautical miles (n mi).
Sampling stations were 5 n mi apart along each line
(figure 1).

A total of 352 plankton samples were taken with a
CalVET net of 25-¢cm diameter, 333-micron mesh, and
1.5-m length, retrieved vertically from a depth of 100
m (Smith et al. 1985). Ichthyoplankton samples were
taken during both day and night. Samples were fixed
with 3% neutral buftered formalin (Moser and Ahlstrom
1985). A Nansen bottle and deep-sea reversing ther-
mometers were used to record temperatures at the sur-
face and at 10-m depth.

Adult Survey

Midwater trawls intended to sample spawning adults
were made at 70 stations along both coasts of the Gulf
of California (figure 2), with a 4-panel, 47-m-long mid-
water trawl of 2.5-cm mesh and a vertical and horizontal
opening of 27 m. Trawls lasted 30 minutes, mostly at
night. Trawls were made when anchovy schools were
detected by video echo sounder, following the sampling
criteria described by Picquelle (1985) and Smith and
Hewitt (1985). The sea-surface temperature was recorded
for each trawl.

!Barco de Investigacidén Pesquera.
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Figure 1. Station plan of the 1991 ichthyoplankton survey and geographic
distribution of northern anchovy (Engraulis mordax) from CalVET samples,
and 10-m isotherms.
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Figure 2. Geographic distribution of trawl stations, positive stations, and 10-
m isotherms.

Anchovy were randomly sampled from the trawl catches.
The first 50 fish were sexed and measured (standard
length). The total weight, gonad-free body weight, and
maturity were determined by macroscopic examination.
In most cases, gonad-free body weight and maturity were
determined from the first 25 mature females (Picquelle
and Hewitt 1983). Sometimes additional hydrated fe-
males were selected to increase the number of females
for fecundity estimates, but these additional samples were
not included in the estimate of spawning fraction.
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BIOMASS ESTIMATE MODEL

Spawning biomass was estimated with the model
developed by Parker (1980) and modified by Stauffer
and Picquelle (1980). The spawning biomass is defined
as the quotient of the daily production of eggs in the sea
and the daily fecundity (per ton of spawners) of the
population:

kP AW
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Where B spawning biomass estimate in metric tons;
= daily egg production rate in number of
eggs per day per 0.05 m? of sea surface;
= area of survey in m?;
average weight of mature females in grams;
female fraction of the population by
weight;
= batch fecundity in number of eggs;
fraction of mature females spawning per day;
conversion factor from grams to metric
tons (107° t/g).
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An estimate of variance for the biomass assessment
was derived with the delta method (Picquelle and Hewitt
1983; Parker 1985; Bindman 1986):
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where Cov(RS), for example, is the covariance between
female fraction and the fraction mature.

DATA PROCESSING

Temperature-Dependent
Anchovy Egg Development

Daily egg production was determined from ichthy-
oplankton samples and the embryonic developmental
stage of each egg. Developmental stages were determined
by microscopic inspection (Moser and Ahlstrom 1985),

and ages were assigned on the basis of sea temperature
at 10-m depth at the sampling station where the eggs
were collected, according to a model for temperature-
dependent northern anchovy egg development (Lo 1985).

The standard length of preserved larvae (SLP) was
measured to the nearest 0.5 mm with a micrometrical
ocular. Only larvae smaller than 7.0 mm were included
in egg production estimates. Because representative sam-
ples of larger larvae cannot be taken with a CalVET
net (Lo 1983), age of yolk-sac larvae was estimated from
a temperature-dependent growth curve (Zweifel and
Lasker 1976).

Egg Production (P,) and Egg Mortality (Z)

In order to estimate daily egg production and mor-
tality rate, a single equation model (SEM) was fit to the
age and the daily production of eggs and larvae (Lo 1986).
The SEM integrates the information about eggs and
larvae, assuming that eggs and yolk-sac larvae (larvae
<5 mm SLP; Zweifel and Lasker 1976) have the same
mortality rate. Before the SEM was applied, numbers of
eggs and larvae were corrected for duration, retention,
extrusion, and avoidance (Lo 1983).

The single equation model is

E(vi) = Pe®**1i x2f -k
(vi) = Dje m (3)
Where P, = daily egg production;
a = daily embryonic mortality rate;
x,, = independent variable
t, for t,<u
X, = ——
L T -
i
x,, = independent variable
u, for t <u
X, = ——
27 4w, 12207
t = age of eggs and yolk-sac larvae;
¥, = maximum age of mortality stanza, when

larvae absorbed the yolk sac;
B/t = daily larval mortality rate between 5.5
and 10 mm (fixed length).

For egg samples, the survey area was poststratified into
stratum 1 (the area containing positive tows) and stra-
tum 0 (devoid of eggs). Stratum 1 covered 74% and stra-
tum O covered 26% of the total area (figure 1).

Adult Parameters

In the laboratory, preserved gonads from both sexes
were weighed to the nearest milligram. A sample was
taken from the central part of each for histological
examination. The samples were dehydrated in alcohol
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in gradual steps at concentrations from 70% to 100%.
Next, they were soaked in xilene and acetone, and
embedded in Amerafin. They were then cut into 5-
7-micron sections. The tissue samples were stained with
the traditional hematoxylin and eosin histotechnique
(Humason 1979).

Each gonad was analyzed and classified histologically
in order to estimate the fraction of females and males
that were mature, and to nieasure spawning rate for
histological classification (Hunter and Goldberg 1980;
Hunter and Macewicz 1985; Macewicz et al. 1996;
Cotero-Altamirano 1987).

Batch Fecundity

The number of eggs spawned by spawning batch—
the batch fecundity—was estimated from the number of
hydrated oocytes in the ovary (Hunter et al. 1985). All
hydrated females from the adult survey were used to
estimate batch fecundity. Both ovaries from each female
were examined histologically to identify females that had
begun to ovulate and spawn (ovaries with hydrated
oocytes and new postovulatory follicles). We eliminated
these females to avoid underestimating batch fecundity.
We tested for how location of tissue sample affected batch
fecundity estimates, but found that fecundity estimates
were not affected by sampling location. We estimated
mean batch fecundity from data for 63 hydrated females
and then determined the relation between batch fe-
cundity and gonad-free weight by linear regression.

We estimated adult parameters: female weight (1),
batch fecundity (F), spawning fraction (S), and sex ratio
(R) from anchovy caught by midwater trawl. We used
weighted sample mean variance estimators (Picquelle
and Stauffer 1985):

2 my,
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Where m,_ = number of fish subsampled from the
ith trawl;
n = number of positive trawls;

mi

¥, = average for the ith trawl = >} 1 ;
j=1m

y; = observed value for the jth fish in the
‘ ith trawl.
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RESULTS

Oceanography and Distribution of Anchovy Eggs

During the survey, temperature at 10 m ranged from
14.5° to 19°C. We observed two cold-water masses, one
in the north from Angel de la Guarda Island to Cape
San Miguel and the other near the Sonora coast in front
of Punta Kino (figure 1).

The ichthyoplankton survey took 382 samples; 92
were positive for anchovy eggs. The principal spawn-
ing region was in the north around the large islands.
Anchovy eggs were also found in two smaller regions
close to Guaymas in the south (figure 1).

Daily Egg Production

The estimated daily egg production (P,)) was 7.8 eggs/
0.05/m?/day (CV = 0.33), and the estimated daily em-
bryonic mortality rate (Z) was 0.35/day (CV = 0.17;
figure 3, table 1).

Adult Distribution

The adult survey consisted of 70 midwater trawls;
14 were positive for anchovy. Adults were found where
surface temperatures ranged from 15.4° to 17.8°C. The
greatest abundance of adults was in the north around
large islands, and southward near Guaymas (figure 2).
The distribution of schools of spawning anchovy coin-
cided with the distribution of eggs (figures 1, 2).

Length and Maturity

The length of female adults in the samples ranged
from 90 to 125 mm, mean 105 mm (CV = 0.25). Length
of male adults ranged from 93 to 124 mm, mean 103

12 -

1 ~—=Fstimated
0 Obgerved

# Eggs & Larvae/0.0S m?

Age (days)

Figure 3. Embryonic mortality curve for northern anchovy (Engraulis mor-
dax) eggs and yolk-sac larvae from the 1991 daily egg production method
survey.
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TABLE 1 05 -
Abundance by Size and Age of 1991 Field-Caught
Anchovy Eggs (E) and Larvae, Used to Estimate Daily
Egg Production (P)) and Instantaneous Mortality Rate (2)
04
Size* Age No. of eggs or
(mm) (days) larvae/0.05 m?>
E 0.409 5.1900
E 0.853 10.7500 034
E 1.448 1.5790 3
E 1.834 8.7300 5
E 2.369 1.3610 #
2.67 2.380 0.0765 02]
312 2.900 0.0701
3.69 4.070 0.2745
4.24 5.860 0.6643
479 7.800 0.3294 or |
5.32 8.990 0.1148 ’
5.85 10,510 0.0842
6.37 11.530 0.0517
6.89 12.750 0.0348
) 0
74 13.740 0.0310 95 100 105 110 115 120 125 130
*Fixed length (corrected) LENGTH CLASS
Figure 4. Standard length distribution for northern anchovy (Engraulis mor-
mm (CV — 0.19; ﬁgure 4). We defined “first matura- dax) taken in all trawls. Females (open bars); males (filled bars).
tion” as “when 50% of the famales are mature.” We used
logistic regression to determine the length at 50% mature.
Females taken in the survey were 50% sexually mature ! ’
at a standard length of 104.7 mm; males at 102 mm (fig- 0o Males ‘
ure 5). The length at 50% maturity for the anchovy in ¢
the Gulf of California was less than that estimated for 08
the Pacific coast (table 2). Females
07
Female Weight
06
Before estimating average female weights, we cor- )
rected the weight of hydrated females in the sample for g os
. . - ™ »
bias due to the presence of females with hydrated ovaries
(Picquelle and Staufter 1985). We adjusted weights with 04
a regression of whole-body weight on ovary-free weight o
estimated for females without hydrated ovaries, ‘
L/
W= —0.7369 + 1.155w (6) 2
where ® is the ovary-free weight (R> = 94.2%). The es- 01
timated average female weight was 13.4, with a variance
0 L 3 +
Of 00643 80 85 90 95 100 105 110 115 120 125 130
LENGTH CLASS {mm)
Batch Fecundity Figure 5. Fraction of northern anchovy (Engraulis mordax) females and

: males that were sexually mature as a function of standard length. Dotted
The batch fecundlty for each mature female was es- lines are estimated length at which females (104.7 mm) and males (102 mm)

timated by regression of batch fecundity on ovary-free were mature.

TABLE 2
Length at Maturity of Engraulis mordax off the California and Baja California Coasts and in the Gulf of California

Length at maturity (mm)

Female Male Both Authority
Baja California west coast 130 Clark and Phillips 1952
Oregon, Washington 107 104 Laroche and Richardson 1980
Central California 96 Hunter and Macewicz 1980
Ensenada, B.C. 111 98 Cotero-Altamirano 1987
Gulf of California 104.7 102 Authors’ survey
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Figure 6. Linear regression of batch fecundity on ovary-free weight fitted to
females with hydrated eggs.

weight as estimated for a sample of 63 hydrated females
(without new postovulatory follicles) taken during the
survey.

The relation between female ovary-free weight (I7)
and batch fecundity (F) was:

F= —9897 + 1458 W @)

where R? = 53%, and the female ovary-free weight
ranged from 11.5 to 20.8 g (figure 6).

We used equation 7 to estimate batch fecundity for
all mature females from each trawl. The mean batch fe-
cundity for mature females in trawl samples was esti-
mated to be 8,220 oocytes (CV = 0.079).

Spawning Fraction

The average fraction of females spawning per day was
0.174/day (CV = 0.20), estimated from females that
spawned the night before capture.

Sex Ratio

Sex ratio is the fraction of females in the anchovy
stock based on fish weight. For northern anchovy in the
gulf during our survey, the estimated sex ratio was 0.68

(CV = 0.027).

Biomass Estimate

The spawning biomass estimate was 105,079 metric
tons (CV = 0.44). Estimates of the rate of egg mortal-
ity and adult reproductive parameters are summarized in

table 3.

DISCUSSION

Peak spawning time was estimated to be 2200 hours,
based on 1991 data similar to that for the anchovy off
California (Picquelle and Hewitt 1983). To estimate the
peak spawning time, we followed the procedures used
by Lo et al. (1996) for Pacific sardine, in which the 50th
percentile of the cumulative proportions of stage 2 eggs
since sunset (1800) was assumed to be the peak capture
time for stage 2 eggs (figure 7). The peak spawning time
was computed as: 50th percentile of capture time from
sunset — the age of stage 2 eggs + the sunset time =
11 — 7 + 18 = 2200 hrs.

In 1991, the temperature of the sea at 10-m depth
ranged from 14.5° to 19.0°C (average 17.6°). Green-
Ruiz and Hinojosa-Corona (in press) found that Engraulis
mordax spawns at higher temperatures in the Gulf of
California than off the California coast, and found the
highest abundance of eggs at 17°

We compared spawning biomass estimates from our
survey with values obtained in 1987 by means of the
larval census method (Green-Ruiz and Aguirre-Medina

TABLE 3

Estimates of Daily Egg Production and Adult Reproductive Parameters for Spawning Biomass of
E. mordax in the Gulf of California for 1991, from Daily Egg Production Method

Coefficient
Parameters Mean Variance of variation
Daily egg production (10'2) eggs/day) PA 7.49 4.9 x 108 0.44
Average female weight (g) w 13.64 0.06425 0.019
Batch fecundity (eggs/batch/mature female) F 8220 4.2 x10° 0.079
Spawning fraction (spawning females/total females) N 0.174 1.28 x 1077 0.206
Sex ratio (females/total) R 0.68 331 x107* 0.027
Daily specific fecundity (eggs/g biomass/day) 72
Spawning biomass (metric tons) B 105,079 2.18 x 10? 0.445
Egg mortality rate z 0.35 3.54x 1073 0.17
Average temperature (°C) 17.6
Average temperature of positive stations (*C) 16.4
Positive stations (%) 21.0
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Figure 7. Cumulative proportion of time from sunset (1800) for stage 2

northern anchovy (Engraulis mordax) eggs during survey.

1990). The difference (106,000 ¢ vs 421,000 t) indi-
cates that the two methods yield comparable results, but
detailed comparison is not possible because the estimates
were for different years.

The coefficient of variation (0.44) for our biomass
estimate was high, mainly because our estimate of egg
mortality (z) was relatively imprecise (CV = 0.17), partly
because it came from a single-equation model where both
egg and larval data were used. Otherwise, the estimate
of the mortality rate may have a higher variance because
the distribution of eggs in the sea is patchy, and too few
eggs in early stages were caught (Smith 1981).

Comparisons between
Gulf and West Coast Stocks

Anchovy in the Gulf of California are less abundant
than off California. Biomass in the gulf ranged from 12%
to 34% lower than estimates for the Pacific coast. The
egg mortality rate for anchovy in the Gulf of California
was higher than that estimated for anchovy along the
Pacific coast of California during 1981-85. Only in 1980
was the California estimate higher. Adult parameters for
anchovy in the gulf were generally similar to estimates
for anchovy off California (table 4).

The small pelagic fishes in the Gulf of California vary

in abundance. It is therefore necessary to continue as-
sessing the anchovy population in order to understand
the dynamic behavior of this important species in the
Gulf of California.
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*Bindman 1986.
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