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We shall present here biomass estimates that are structured by length (1 cm classes) and
which have a monthly time scale. Also, the time span covered shall extend from 1953 to 1981,
i.e., covering the Peruvian anchoveta fishery from its beginning to a period shortly preceeding its
total demise at the height of the 1982-1983 El Nifio.

The estimates we present do not call into question the overall magnitude of previous
estimates of biomass as obtained previously, mainly through acoustic surveys. The reason for
this is that the model we used - Virtual Population Analysis (VPA) - and the specific fashion we
implemented it, i.e., adding fish removed by major predators to fish taken by the fishery,
necessitated estimates of residual mortality (i.e., that part of natural mortality not caused by
major predators (here coded "Mg") which we had no way of estimating independently.

Therefore, we have used available estimates of biomass for calibration, i.e., to obtain
estimates of Mg, with the result than our analysis, rather than challenging the existing anchoveta
estimates, actually gives them additional coherence by integrating them with other information.

Materials and Methods

Computation of Total Withdrawals and Catch-at-Length Data

The bulk of the material used here is represented by the nominal catch and catch
composition data in Tables 1 to 30 of Tsukayama and Palomares (this vol.). To account for
unrecorded catches (Castillo and Mendo, this vol.), we have multiplied all monthly nominal
catches by 1.2. Much could be said pro or contra this value; however, it has little impact on VPA
estimates of biomass given that the Mg values estimated from the independent biomass estimates
are inversely related to such multiplicative factor.

The estimated quantities of anchoveta consumed monthly by cormorants, boobies and
pelicans (from Muck and Pauly, this vol.) by bonito (from Pauly, Palomares and Gayanilo, this
vol.), and by two species of seals (from Muck and Fuentes, this vol.) were then added to the
corrected catches of the fishery to obtain total withdrawals on a monthly basis (Table 1). We
shall refer to these total withdrawals as "catches" and use the terms "catch-at—length" when
referring to the monthly "number-of-fish-withdrawn-by-length-class”, except in cases where

fishery catches must be explicitly differentiated from predatory losses.

The detailed analyses on each of the major anchoveta predators considered here shows that
they consumed anchoveta of sizes largely matching those of the fishery (see Jordan 1959; Figs.

1-3 in Muck and Pauly, this vol.; Fig. 7 in Pauly, Vildoso, et al., this vol.; Fig. 1 in Muck and
Fuentes, this vol.), thus Jusufymg the approach of pooling the withdrawals by the fishery with
those of the birds, the bonito and the seals.

The % catch composition data in Tables 1 to 30 of Tsukayama and Paloma:.cs (this vol.)
were raised to this catch (i.e., total withdrawals) by means of raising factors (R.F.) computed, for
each month (i) separately, from

R.F(j) = catchi/Ws(i) i

where Wy(j) is the weight of the % composition data in month (i). The values of Ws(j) were
obtained from

n
W T LW, e 4

s(i) = . ij ij

where WIJ is the mean weight of fish in class j of sample (i.e., month) (i), n the total number of
length classes in that sample, and fjj the % frequency of class (_]) in sample (i). The values of Wj
were estimated, given a length wclg‘llt relationship of the form !
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W =aj.Lb, R
from

W = 1/(Lj2 - Lj1)-ai/(b + 1)-[Lj2b+1 - Lj1b+1] )

where Lj] and Lj2 are the lower and upper limits of class (j), and which provides an unbiased
estimate of the mean weight of fish in a given length class (Beyer 1987). All computations were
performed with the value of b in equation (4) set equal to 3 (i.e., isometric growth and the
appropriate values of a = c.f./100; see Tsukayama and Palomares, Tables 1 to 30 and text).

This procedure, implemented here through the ELEFAN III program was applied 360 times,
ie., to all % length-frequency samples in Tsukayama and Palomares (this vol.) as well as to the
samples interpolated to fill in gaps (see below). The resulting matrix of monthly catch at length
data, covering the years 1953 to 1982 was used for all VPAs.

Brief Description of Length-Structured VPA

Beverton and Holt (1957) showed that the catch (Cj) from population during a unit time
period (i) is equal to the product of the population size at the beginning of the time period (Nj)

times the fraction of the deaths caused by fishing, times the fraction of total deaths, or

F.

C i-¢"5 N
- R =a :
Z

1 1

)

i

where Fj is the fishing mortality in the ith period, M is the natural mortality, generally assumed
constants for all period and Zj=Fj + M.

The version of Beverton and Holt’s catch equation which has become most widely used for
stock assessment purposes, however, is '

' =P
Nis Zice
e e -6)
C, Fill=¢ ) :
also written
g F,
e i (ezi = B o
Ni + 1 Zi
which is the equation in Gulland’s (1965) VPA and which can be derived from (5) by
substituting for Nj the relationship
Ni=Nj+1-eZj )

Given values of Cj and an estimate of M (here: "Mg") equation (7) can be used to estimate
(retroactively) the size of past cohorts (i.e., of groups of fish born at the same time and exposed
to the same mortalities throughout their lives), given an estimate of Nj + 1 from which to start
the computation. Such estimate of Nj + 1 (expressing the last population size a cohort had before
it went extinct) are usually called "terminal populations” (N¢).Values of Nt can be obtained from

Ni=Ct/Ft ..9)

where Ct is the terminal catch (i.e., the last catch taken from a cohort before it went extinct) and
Ft is the terminal fishing mortality, i.e., the fishing (here inclusive of predation) pressure that
generated Cy (Mesnil 1980; Pauly 1984).
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Both the data and the software we used have serious liabilities associated with them: the
former had gaps which were "filled" using interpolation procedures which might not have all the -
required properties, while the latter is structured around assumptions about the growth of fish
(i.e., that all fish in a given cohort have the same growth parameters) which are known not to be
true.

Improved estimates of biomass and recruitment may thus result from more sophisticated
interpolation methods and by using a length-structured VPA model not based on the assumption
that all fish of a cohort have the same growth parameters.

However, such improvement might be minor compared with what we considered to be the
main problem with our analysis, i.e., the fact that we did not account through the explicit
inclusion of predators of as large a fraction of overall natural mortality as we would have liked.

This is due to the fact that, following earlier authors, we believed the birds to be the key
anchoveta predators in the Peru current system (see Pauly and Tsukayama, this vol.; Pauly this
vol.). We have here been proven wrong.
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