
A DIRECT METHOD FOR 
ESTIMATING NORTHERN ANCHOVY, 

ENGRAULIS MORDAX, SPAWNING BIOMASS 

Two methods exist for estimating spawning bio- 
mass, the total weight of mature fish, from abun- 
dance of spawning products. The first, or direct, 
method (Saville 1963) consists of dividing an 
estimate of egg production by the product of batch 
fecundity and the proportion of females in the 
mature stock. Saville safely assumed spawning 
frequency to be unity. The second method is 
indirect (Murphy 1966; Smith 1972) and utilizes 
information from two different species. Smith 
illustrated the second method, using information 
on the Pacific sardine, Sardinops caerulea, and 
northern anchovy, Engraulis mordax. Sardine 
spawner biomass is estimated from landings data 
and cohort analysis; anchovy spawner biomass is 
estimated by multiplying the estimated sardine 
spawner biomass by the product of the anchovy-to- 
sardine ratio of larval abundance and the sardine- 
to-anchovy ratios of fecundity, and spawning 
frequency. Computation was facilitated by assum- 
ing the unknown spawning frequencies to be 
equal, making the ratio of spawning frequencies 
unity. Up to the present only the second method 
has been used for the northern anchovy. This 
paper presents estimates derived from the first. 

Computation of spawning biomass is simplified 
for the direct method when spawning occurs but 
once and for the indirect method when both 
species spawn with equal frequency. Difficulties 
arise when spawning is continuous and when it 
cannot be safely assumed that all mature fish 
spawn with the same frequency. This is the case 
with the northern anchovy. Spawning products 
are present all year, with a maximum abundance 
occurring in the late winter and early spring and 
a minimum during late summer and early fall. 
Abundance of and seasonal pattern of spawning 
products give no clue as to the number of spawn- 
ings by size and age, or even to the average 
number of spawnings. 

Under the following conditions spawning fre- 
quency can be estimated from examining the 
spawning condition of females: 1) females can be 
examined for a characteristic that indicates when 
spawning takes place; 2) the length of time such 
a characteristic remains detectable can be esti- 
mated; 3) the spawing  rate remains relatively 
constant over the sampling interval. 

The spawning fraction, or frequency, is the 
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fraction of females displaying the characteristic 
divided by the length of the time interval the 
characteristic remains detectable. Say, from a 
sample of 10 females, 2 display a characteristic 
which lasts for 1 day and which indicates that 
spawning will take place in approximately 1 wk. 
The daily spawning fraction 1 wk hence will be l/5. 

Given this method for estimating spawning 
fraction the following relationship holds; 

where P = 

a =  

b =  

c =  

S =  

production in eggs, 
batch fecundity in (eggs)/(unit 
weight), 
fraction spawning (weight of spawn- 
ing females)/(weight of all mature 
females), 
(weight of females)/(weight of spawn- 
ing stock), 
spawning biomass. 

Spawning biomass can be estimated directly: 

Hunter and Goldberg (1979) examined female 
northern anchovies for characteristics that would 
indicate a recent spawning. They found that  
following spawning follicles of the northern an- 
chovy go through a sequence of identifiable de- 
generative stages. The first two stages, which 
Hunter and Goldberg referred to as day 0 and day 
1, have durations of 1 day. Stage identification is 
subject to error. Day-0 follicles can be misiden- 
tified as day 1; day-1 follicles can be misidentified 
as day 2 and beyond. The most easily identified 
stage is day 1. If the spawning fraction, b, is based 
on day-1 follicles an adjustment factor, say d,  is 
required in Equation (2): 

where b', replacing b, is the observed fraction. 
The adjustment factor is computed by using 

information on the fraction of day-0 follicles mis- 
classified as day 1, say d o ,  and the fraction of 
day-1 follicles correctly classified, say d,. 

d = (do + d')  
Var(d) = Var(d,) + Var(dl). 

Estimates based on Hunter and Goldberg's (1979, 

542 

table 1) blind classification study for do and d, 
are 5/21 and 16/19 respectively; hence 

d = 1.080 
Var(d) = 0.016. 

From examination of 195 females taken by mid- 
water trawl during the time interval 15-27 Feb- 
ruary 1978, Hunter and Goldberg estimated the 
observed daily spawning fraction and its variance: 

b' = 0.159 
Var(b') = 4.561 x 

Based on the total female weight ofnonspawners 
the estimated batch fecundity and variance are 
from Hunter and Goldberg (1979, table 6) 

a = 396 eggslg (or 3.96 x lo8 eggs/t) 
Var(a) = 886. 

For the time period 18 February-17 March 1978, 
Zweifel' estimated daily egg production. From 177 
plankton samples, northern anchovy eggs and 
larvae were staged from time of spawning. Esti- 
mated total numbers a t  stage were regressed on 
time. The ordinate intercept, number a t  time zero, 
is the estimated egg production: 

P = 2.321 x 1013 eggs/d 
Var(P) = 1.825 x loz6. 

If the female to male sex ratio in numbers were 
1:l and if the two sexes had equal growth rates in 
terms of weight then c could be assumed to be 0.5. 
However, because of conflicting and insufficient 
evidence neither of these two hypotheses can be 
supported. Klingbeil(1978) demonstrated that the 
distribution of northern anchovy sexes is hetero- 
geneous over space and time and that estimates of 
sex ratio are dependent on the samplinggear. From 
the purse seine fishery Klingbeil estimated that 
the ratio of numbers of females to males varies 
between 1.14:l and 2.02: 1 for 1969-76. From 9 yr of 
midwater trawl data Klingbeil estimated that the 
sex ratio is 1.03:l. Since midwater trawl surveys 
cover a wider geographic area and size range of 
anchovies, they probably provide an estimate 
closer to that of the true population sex ratio. 
However, since neither midwater trawl surveys 
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nor purse seines are designed to estimate sex ratio 
it can only be stated that the anchovy sex ratio has 
not been adequately estimated. 

Collins (1969) showed that females are greater 
in length and weight a t  age than males. However, 
since Collins' estimates are based on combined 
data from three fishing seasons and, since female 
weights are known to fluctuate within season due 
to spawning activity, the precision with which the 
data can be used for estimation purposes is open 
to speculation. 

For the present purpose of estimating c the sex 
ratio of the number of females to males plus 
females as estimated from the February 1978 
midwater trawl survey (Hunter and Goldberg 
1979) will be used. Reexamining original data 
used by Hunter and Goldberg (1979, table 5) the 
ratio estimate is 

c = 0.550 
Var(c) = 0.001, 

This assumes, of course, an equal weight a t  age. 
In the future, the best estimate of c is likely to be 

the ratio of the actual sampled weights of males 
and females; these were not available for the 

proximations. P may not be constant for as long a 
time interval as assumed here. Observed b' was 
found to be consistent for time of day, weight of 
fish, and geographic location. This may not prove 
to be the case under more intensive sampling. 
Another problem in estimating the spawning 
fraction is in determining female sexual maturity. 
This problem may be particularly acute for recent- 
ly spawned young females where microscopic 
analysis is necessary to separate the recently 
spawned from the sexually immature. Misclassi- 
fying recently spawned as immature would tend to 
inflate the estimated b. 

By the delta method (Seber 19731, the variance 
of S is 

Var(S) = (ab'c)-2 d2Var(P) + P2Var(d) 

Var(a) Var(b') Var(c) + (PdI2 [ + b'2 + -]I . (4) 
C2 

Dividing Equation (4) by the square of Equation 
(3) and then taking the square root we have the 
coefficient of variation (CV) of spawning biomass 

CV(S) = J[CV(P)I2 + [CV(a)I2 + [CV(b)12 + [CV(c)12 + ZCV(d)12, (5) 

February 1978 survey. This would, of course, 
require the assumption that the sex ratio can 
differ from 1:1, that the weight distribution of the 
two sexes can change with time, and that a sample 
estimate is a better estimate than any hypothe- 
sized or long-term average value. 

Using the following estimates 

P = 2.321 x 1013 eggs/d c = 0.550 
a = 3.96 x 10' eggsit d = 1.080 
b' = 0.159 

the estimated S is approximately 0.72 million t. 
This is reasonably close to  the estimate by the 
Smith procedure (Stauffer and Parker2) of 1.17 t. 

At this time caution should be exercised in inter- 
preting the general range described by these two 
estimates. The parameters of Smith's procedure 
have not been formally estimated. The parameter 
estimates of this new method are only first ap- 
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which is the component vector of the coefficients of 
variation of the estimated parameters, right side 
of Equation (3). Since possible covariance terms 
are neglected, Equation (5) may be somewhat 
oversimplified. However, Equation (5) allows a 
first approximation to delegating the relative 
impact of the precision of the individual param- 
eter estimates. The squared coefficients of varia- 
tion are as follows: 

[CV(P)I2 = 0.339 [CV(c)12 = 0.003 
[CV(a)I2 = 0.005 [CV(d)12 = 0.013. 
[CV(b)I2 = 0.018 

Thus CV(S) = 0.614. P contributes approximately 
8 times more to the coefficient of variation of the 
spawner biomass estimate than all other param- 
eters combined. In the future, additional effort 
will be allocated to estimating production. 

The utility of the direct method, Equation (21, 
lies in the fact that all the parameters can be 
estimated. The same samples used for estimating 
b' can be used to estimate a and c. This can be 
done with 2 wk of midwater trawling. It is hoped 
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that precise estimation of production can be done 
within 30 d by sampling for eggs; this goal seems 
attainable for the northern anchovy. Utilization of 
the method for other species seems feasible. 
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