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Abstract

Some features of previous oceanographic and fIShery research in the Peruvian upwelling system are presented and contrasted. with
emphasis on the need for biologists to retrieve and standardize historic data and to present and analyze longer time series than commonly done to
date.

The genesis and aims of an international, multidisciplinary project between IMARPE. G1Z and ICLARM and aiming at deriving and
analyzing monthly time series on the Pemvian current system for the period 1953 to 1982 and beyond are discussed, and the key hypothesis that
gives its stmcture to the present book is presented.

Brief discussions, with copious references, are given ofvarious important species of the Pemvian upwelling ecosystem not discussed in the
book of which this contribution foons the introduction.

Introduction

A huge amount of literature exists on the biology and population dynamics of the Peruvian
anchoveta (Engraulis ringens) (see Table 1).However, this literature differs in an important way
from the associated literature on the oceanography of the Peruvian ecosystem: the overwhelming
majority of "biological papers" have a very short time scale, usually covering the period of a few
months within, or the few years spanning major EI Nmo events (see e.g. contributions in Arntz et
al. 1985).

The reasons for this imbalance are numerous and include objective constraints (assembling
and analyzing biological data, say on a monthly scale, over long time series is far more difficult
than assembling say temperature measurements (see Tabata 1985) as well as subjective
problems, such as those that emerge when biologists working in different laboratories, using
different methods, have to share data and ideas.
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Reference

Table 1. Some major source of information on the Peruvian upwelling ecosystem (as of early 1987).

Type of document/remarks

Garcilasode la Vega0609 and 1617)

Hutchinson (1950)

Boerema et al. (1965)

I Seminario Latino Americano sobre el

Oceano Pacifico Oriental (1966), Univ.
San Marcos, Lima, Peru, 218 p.

Schaefer (1967), Murphy (1967),
GuUand (968)

IMARPE (1970,1972,1973; 1974i1,
1974b)

IIP/IBP (1971)

Stevenson and Wicks (1975)

Boje and Tomczak (1978)

Sharp (1980)

UNESCO (1980)

Dickie and Valdivia (1981)

Glantz and Thompson (1981)

Richard s (1981)

Sharp and Csirke (1983)

CPPS (1984)

Mariategui et a1. (1985)

Arntz et al. (1985)

IMARPE Boletin

IMARPE Informes

Bol. Cient. de hi Cia Adm. del Guano

Tropical Ocean-Atmosphere Newsletter

First historic account of the Inca civilization,as written by the son of an Inca princess
and a Spanish conquistador 0539-1616), and includingcomments on the Incas' efforts
to regulateguano exploitation (seeTovaret aI., this voL).

Thorough review of guano production and exploitation throughout the world with an
account of the biology and physiology of the Peruvianguano birds, and of the guano
industry.

as per title (see references).

Proceedings of a UNESCO-supported seminar, containing numerous contribution on the
Peru current and its resources.

Monographs based on data supplied by IMARPE staff.

Reports of five "Panel of Experts" on the biology and management of the anchoveta,
and the economics of the anchoveta fishery.

Contains results of research cruises conducted off Pisco, Peru.

Microfiche bibliography of EI Nu10 and related publications.

Proceedings on a symposium on upwelling ecosystems, with four contributions dealing
with aspects of the Peru current.

Proceedings of a workshop held in Lima and devoted to the early life history of pelagic
species in upwelling systems (Peru and California).

Proceeding of a Workshop held in 1974(!) in Guyaquil, Equador and including several
major reviews.

Compilation of 36 papers either generated as part of a Peruvian-canadian cooperative
research project, or available at the times this was printed. [Some raw data generated by
this project are in Doe, 1978 J.

A multiauthored book on upwelling ecosystem, with numerous contributions relevant to
Peru and ranging from the prediction of El Nino events to the politics of fishery manage-
ment and land reform. Includes reprints of older, classical papers, e.g. by R.C. Murphy
and G.J. Paulik.

Proceedings of a major conference on upwelling ecosystem; includes more than 20 con-
tributions on the Peru Current region.

Proceedings of an "Expert consultation" (FAO term for Symposium) "to Examine
Changes in Abundance and Species Composition of Neritic Fish Resources", held in
San Jose, Costa Rica, 18-29 April 1983; contains numerous contributions on Peruvian
resources.

Proceeding of a Symposium on EI Nino, held in Guyaquil, Equador, 12-16 Dec. 1983.

Indexed bilbiography, with 1,106 entries on El Nino and Peruvian resources.

Proceedings of a Symposium on EI Nino and its impact on the marine fauna, held in Are-
quipa, Peru, Oct. 1983, heavy emphasis on the 1982/83 EI Nino. Includes several ac-
counts of benthic animals.

Scientific journal of the Instituto del Mar del Peru; includes crucial informations often
missed by non-Peruvian scientists writing on the Peru current and/or the anchoveta.

Report series of the Instituto del Mar del Peru; contains crucial information not found
elsewhere.

Scientific journal of an organization previously in charge of guano birds and exploita-
tion; contains numerous papers relevant to anchoveta biology (ser. now defunct.)

Contains many brief, up-to~ate articles on the Peru Current area, and discussions of El
Nu1o.

-- --- ------
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One consequence of this imbalance is that long time series data, to which rigorous
multivariate methods could be applied are lacking, and that various hypotheses, advanced
decades ago to explain the dynamics of the anchoveta stock of Peru could not be tested and/or
refined. Another consequence is that each author, while concentrating on the specific
problems(s) she or he is investigating has to "set constant" those variables that are not
specifically dealt with, leading to rather old estimates of important anchoveta population
statistics being "carried over" from one study to the next.

Underlying these problems, finally, is an enormous waste -or at least underutilization -of
information which, while not necessarily being easy to access, does nevertheless exist and
which, if properly standardized, could help interpret the behavior of the anchoveta stocks off
Peru, and more generally, of stocks of small pelagics throughout the world.

Genesis of the Project Leading to the Present Book

We shall present, in the following paragraphs (based on Pauly et al. 1986) an outline of the
genesis of the multidisciplinary project which led to the book presented here, meant to alleviate
the situation described above. We shall elaborate on this item more than might appear necessary
because we believe that this international effort illustrates a cooperative modus operandi that is
used far too little in projects with aims similar to ours.

The project emerged out of three, at first unrelated, developments. The first was that the
staff of a GTZ project hosted by IMARPE, the Programa de Cooperacion Peruano-Aleman
(PROCOPA) was given a mandate to develop, for purposes of fishery management, and in
cooperation with their counterparts at IMARPE, a model of the Peruvian ecosystem that would
be more realistic and versatile than those of Walsh (1981) or of Kremer and Sutinen (1975).
Thus, an attempt was made to involve Dr. E. Ursin, who had earlier worked on a model of the
North Sea (Andersen and Ursin 1977) in these efforts (Ursin 1980).

The second development was the 1980release of the early version of the ELEFAN
programs for the estimation of growth, mortality and related statistics from length-frequency
data (pauly and David 1980, 1981; Pauly 1982;Pope et al. 1981), such as have been collected on
the Peruvian anchoveta since the 1950s (Clark 1954; Jordan 1959).

The third development, finally, was the identification and refinement, by A. Bakun, R.
Parrish and associates at the Pacific Fisheries Environmental Group of NOAA/NMFS
(Monterey, California) of a methodology for the analysis of wind data in a context relevant to
fisheries in upwelling systems (Bakun 1985; Parrish et al. 1983).

Two of these developments converged in 1981, during the first author's initial visit to.
IMARPE. A "test run" was undertaken as a consequence of this visit, leading to an analysis of
20 years' worth of monthly anchoveta catch-at-Iength data using the ELEFAN I and ill
programs. This provided extremely encouraging results (pauly and Tsukayama 1983), the three
main conclusions from this preliminary analysis being:

i) length-based methods - particularly that described as "YPA ill" in Pauly and
Tsulcayama (1983) and Pauly, Palomares and Gayanilo (this vol.) - appear
eminently suited to study the dynamics of anchoveta, and reasonable estimates of
monthly recruitment, biomass, fishing mortality and related information can be
readily derived from an extremely limited amount of data in addition to catch-at-
length data;

ii) the assumption of a constant natural mortality ("M") underlying the preliminary
analysis, as well as most fish population models is untenable in the case-of the
Peruvian anchoveta, and ways must be found to let M vary, e.g., with the biomass
of major predators, or by adding anchovetas consumed by predators to those
caught by the fishery (see Pauly, Palomares and Gayanilo, this vo!.);

ill) the 20-year time series of catch-at-Iength data used in the preliminary analysis
from 1961 to 1979 should be extended backwards to cover the initial phase of the
fishery (when biomasses were high and recruitment variability low) and forward

--
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in time to cover the period when the anchoveta was (partly) replaced by other
small pelagic fishes, and its variability became high.

Item (i) resulted j,nIMARPE, PROCOPA/GTZ and ICLARM formalizing an agreement to
cooperate on a major program of data retrieval and standardization, such that subsequent studies
using length-frequency methods, time-series analysis and other methods would become possible.

Item (ii) implied a need to explicitly consider the major predators of anchoveta, of which the
guano birds were -at the time (see below) -the only ones we thought were really important.

Estimating the population size and anchoveta consumed by guano birds along the stretch of
the Peruvian coast between 4 and 140S (i.e., such that the "southern stock" of anchoveta is
excluded, see Fig. 1) involved perfonning a planimetric analysis of over 10,000 maps showing

Engrau/is rmgens. Northern /Central stock

If}j Southern stock

30 20 10

Noutlcol miles from shore

Fig. 1. Distribution of anchoveta stocks along the Eastern Coast of South America.Basedon FAO (1981), Jordan (1971),
Chirichigno(1974), Brandhorst (1963) and IMARPE(1973).

--
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the distribution of three species of guano birds on 40 guano islands and "points", completed by
the guards of the Compania Administradora del Guano and its various successors (see Tovar et
al., this vo1.).This also involved deriving a model of the predation on anchoveta by the guano
birds (see Muck and Pauly, this vo1.).

Item (ill) above involved retrieving, from a number of scattered sources, information on the
catch and catch size composition of anchoveta for the earlier years of the fishery. This effort
brought a surprisingly large amount of material to light (see Tsukayama and Palomares, this
vo1.),matching previous experiences elsewhere (Ingles and Pauly 1984). These data, as well as
data covering the late 1970s and early 1980s indeed allowed for the construction of numerous
time series, and showing so few gaps that standard interpolation procedures could be used to
obtain uninterupted series (see, e.g., Pauly, Palomares and Gayanilo, this vo1.).This also applied
to the time series of oceanographic and meteorological data compiled and analyzed by Brainard
and McLain (this vo1.),Bakun (this vo1.)and Mp.ndoet al. (this vo1.).

Identity of the Anchoveta Stock

The Peruvian anchoveta (Engraulis ringens Jenyns) belongs to the family Engraulidae
(Pisces Clupeomorpha, Clupeoidei). It occurs exclusively along the eastern coast of South
America, from 4030'S off Peru (Jordan 1971) to 42030'S off Chile (Brandhorst 1963; Mathisen
1979), with heaviest concentration along the coast of northern and central Peru, north (Le.,
"downstream") of the strongest upwelling area. At the northern end of their range, anchoveta

, biomass drops off rapidly, while toward the south, this biomass only tapers off gradually (Fig. 1).
1).

Mapping of anchoveta distribution during "EUREKA" (Villanueva 1975) and other acoustic
surveys and during egg surveys suggests the presence during the spawning season of isolated
"density centra" (see maps in Santander, this vol.) which mayor may not correspond to
genetically distinct subgroups or populations. Mathisen (1979), after a thorough review of the
then available literature, suggested these "centra" to be genetically distinct populations.
However, electrophoretic studies of allelle distribution have not been conducted in anchoveta.

At the gross level however, distinctions can be made straightforwardly between the
anchoveta off northern/central Peru, and those from southern Peru/Chile, with anchoveta from
southern Peru and Chile having less, coarser gill rakers (Tsukayama 1966) and shorter guts
(Rojas 1971), both items suggesting that these fish rely on zooplankton more than their northern
counterparts.

IMARPE (1973) wrote that "the results of the recent tagging experiments ~upportthe
hypothesis expressed in previous reports that the anchoveta resources in the'southern area
(Atico-lloarea)are a moreor less separatestock". .

For the purposes of this, and the other contributions included in this book, we have therefore
used 140S as the limit between the northern/central stock -here reported upon -and the southern
Peruvian/Chilean stock of anchoveta (Fig. 1).The strong interactions betWeenthe Peruvian and
Chilean components of the southern stock of anchoveta would make studies based on isolated
"national" data sets of limited usefulness. In fact a detailed inv~stigation of this stock would
require a high level of cooperation and data exchange between Peruvian and Chilean scientists
and institutions. We hope that such cooperations will materialize in the future, and that the
southern stock of anchoveta will become as well documented as the northern/central stock
covered in this book.

The Peruvian Anchoveta and the Prediction of Its Recruitment

A research project as comprehensive as the one reported upon in this book cannot be kept on
comse if a "central hypothesis" is lacking around which the various contributions can be
structured.

Our central hypothesis is that the recruitment of the Peruvian anchoveta, "everything else
being equal", is determined by a short-frequency burst of wind-driven turbulence, i.e., our

- ---
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central hypothesis coxrespondsto Lasker's .contentionthat "storms", by dissipating food-rich
microlayers in which anchoveta larvae can feed, lead to their starvation and to recruitment
failures (Lasker 1978). Given appropriate data,testing this hypothesis is rather straightforward,
and indeed, it has been repeatedly and successfully tested off California both for average
conditions (Husby and Nelson 1982) and based on time series data (peterman and Bradford
1987). This hypothesis has also been tested, in the Peru Current area, for average conditions with
somewhat equivocal results (see Bakun 1985 for a review of the relevant literature).

What has been lacking to date was a test of this hypothesis using time series data from Peru.
For such a test, however, everything else must be at least approximately equal (see above), and
the bulk of this book represents an attempt to collect data on those things that have varied, such
that they can be explicitly accounted for, and the true effect of wind-induced turbulence isolated
from the noise. Thus in a sense, this book is a test of Lasker's hypothesis, probably the most
comprehensive test this hypothesis will ever get.

Previous work dealing explicitly with the recruitment of anchoveta include the classic paper
of Csirke (1980) who quite conclusively demonstrated that plotting a bivariate stock vs.
recruitment relationship simply will not do for the Peruvian anchoveta (see Fig. 2), as is indeed
also true for any other fish, notwithstanding suggestions to the contrary (e.g., by Shepherd 1982).
Also, an attempt exists to deal with anchoveta recruitment in terms of bioenergetics (Ware and
Tsukayama 1981).
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Fig. 2. Stock/recruitment relationships of Peruvian anchovy (Engraulisringens)
showingeffect of taking an additional variable into consideration. (A) simpleRicker
plot, showing rather bad fit and correspondingly low correlation of observed to
expected recruitment (GM line, r = 0.494). (B) Plot of the residuals of a multivariate
relationship involving recruitment, parent stock and concentration index, Q, related
to occurrence of El NiiiO events onto stock recruitment relationship, drawn for an

average value of Q. This shows an improved fit with a correlation of observed to
expected recruitment of r = 0.893 (based on data in Csirke 1980).
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An approach to deal with recruitment (R), suggested by Bakun et al. (1982), and following
up on the work of Csirke (1980) is to use a model of the form

log (RlS) =a+blS+b2 El +b3 E2+... ...1)

where S is the spawning stock and the Ei are environmental variables likely to affect the survival
of prerecruits. Bakun et al. (1982) suggests that because data points for such approach are
limited (they implied 1 point per year), "the number of explanatory variables must be limited to a
minimum", and that "this should be done on rational ground, based on the best available
understanding of cause-effect relationships between recruitment and environmental factor".

The problem of data point limitation alluded to by Bakun et al. (1982) has been resolved
here at least in part by putting all time series included in this book on a monthly basis (this
resolves the problem only in part because other problems, such as seasonal autocoITelationthen
crop up; see Mendelsohn and Mendo, this vol. and Pauly, this vol.).

On the Time Series and Graphs in This Volume

The criteria applied to decide whether to include a given data set into the present volume
were:

i) do the raw data cover reasonably well the period January 1953 to December
1982?,or

ii) does a given data set allow estimation of a "constant" or relationship useful for
deriving time series covering 1953 to 1982?

Examples of data sets fulfilling criterion (i) or (ii) are the temperature data in Table 2 and in
Bakun (this vol.) and the data on spawning of anchoveta in Pauly and Soriano (this vol.),
respectively.

These criteria, on the other hand, led to the nonconsideration of some zooplankton and other
time series reported in the literature, which were too short and could not be utilized as input to
derived time series.

This approach was needed -at least as far as the major contributions included in this book
are concerned - to prevent a large numbers of nonoverlapping time series from being assembled.
We feel vindicated in this approach in that:

i) those who contributed to this book made a special effort to "stretch" their data,as
far as possible, which now allows simultaneous analysis of a very large number of
mutually compatible, uninterrupted time series covering, on a monthly basis, the
whole30-yearperiodfrom 1953to 1982; .

ii) some readers of this book will feel challenged to match the time series they
encounter here with time series of their own; and finally,

ill) a body of background data is now available allowing other authors working with
data covering a shorter period to rigorously test whatever hypothesis they might
have.

To facilitate further analysis of the data presented in the various contributions included here,
we have included throughout the book tables with unaggregated data which readers are welcome
to usea.

The astute reader will notice that this book, despite the restrictive inclusion criteria given
above, incorporates more data on the Peruvian upwelling ecosystem than ever published in a
single volume. In fact, an attempt was made to make each contribution included here cover the

aThe bulk «the data presented in this book is also avaiJableu Locus 1-2-3files CDS 1/4' diskcacs for mM PC and c:ompatibIeI;please
CCDtact the fim author for dctaiIJ.

---- - -- - -



The Mammals of the Peruvian Upwelling Ecosystem

The most comprehensive account of the mammals of the Peru Current - at least as far as
their interactions with fish stocks and fisheries are concerned -is that of Nonhridge (1984). His
list of marine mammals from Fishing Area 87 (Southeast Pacific) includes 38 species of
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Table 2. Sea surfacetemperature off Peru in 0e. a

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dee

1953 19.4 21.2 22.6 21.5 19.6 18.0 17.8 17.0 17.2 16.S 17.0 17.6
1954 18.5 19.0 18.4 17.1 16.3 15.4 15.9 14.6 15.0 15.1 15.8 18.2
1955 20.8 19.6 17.8 IS.4 17.0 16.8 16.6 15.9 16.3 15.7 16.1' 16.S
1956 18.4 19.8 20.2 IS.8 18.2 17.8 17.6 17.0 16.6 16.2 16.4 16.2
1957 17.8 22.3 22.1 21.8 22.2 21.2 20.3 18.7 17.7 17.9 17.9 20.6
1955 21.8 22.2 22.0 20.1 18.8 18.2 18.0 17.0 17.0 17.1 17.5 17.0
1959 19.0 21.2 20.6 19.6 IS.7 17.S 16.9 16.6 16.S 17.2 17.6 18.6
1960 19.0 19.5 19.2 IS.0 17.2 17.1 16.6 16.8 16.7 16.6 16.6 17.6
1961 19.0 20.6 19.3 18.7 18.2 17.3 16.7 16.6 16.4 16.4 16.4 16.S
1962 19.0 19.1 IS.1 17.4 17.6 17.0 16.6 16.4 16.6 16.0 16.4 16.5
1963 17.4 IS.S 19.4 18.2 IS.4 17.9 17.7 17.4 17.3 17.0 17.0 IS.0
.1964 19.0 19.5 19.2 17.S 16.2 15.6 15.3 15.7 15.8 16.0 16.2 16.2
1965 17.6 19.6 20.4 21.3 20.6 19.5 19.0 IS.4 17.6 17.5 17.9 IS.6
1966 19.9 20.4 19.2 IS.I 17.5 16.S 16.4 16.2 15.6 16.2 16.5 16.S
1967 IS.4 19.6 19.1 17.6 16.9 16.2 16.1 15.4 15.4 15.0 15.1 16.4
1968 17:6 17.6 IS.5 16.6 16.4 15.5 15.S 16.0 16.4 16.1 16.6 17.1
1969 IS.7 19.0 20.4 20.5 21.0 19.5 17.4 17.3 17.2 17.3 17.3 17.S
1970 19.2 19.5 20.0 19.1 IS.6 17.S 16.S 16.9 16.9 17.3 17.0 17.2
1971 IS.2 19.1 19.6 19.5 IS.7 IS.0 IS.0 IS.0 17.4 16.S 17.1 17.2
1972 IS.6 20.6 21.S 21.4 21.0 21.4 21.1 20.0 IS.9 19.0 19.3 21.4
1973 23.2 23.0 21.3 IS.4 17.4 16.6 16.0 15.5 15.7 16.2 17.1 16.4
1974 17.0 IS.2 IS.6 IS.9 IS.6 19.1 17.6 16.S 16.1 IS.S 16.5 16.3
1915 16.7 18.1 21.1 19.5 18.6 16.9 16.7 16.1 16.0 15.9 15.6 16.4
1976 17.2 21.0 21.3 19.6 19.5 19.9 19.4 19.1 17.6 IS.0 IS.4 20.2
1977 20.4 20.5 20.6 20.6 19.1 IS.2 17.6 17.0 16.6 16.6 17.2 17.8
1975 IS.0 20.0 19.9 19.1 17.6 16.5 16.6 15.9 16.2 16.6 17.1 17.3
1979 IS.5 IS.S 19.2 19.0 IS.3 17.3 17.4 17.4 17.0 17.2 17.4 18.3
1980 18.6 IS.S 19.4 19.1 IS.3 IS.0 17.5 16.S 16.6 16.6 16.9 17.6
1981 17.4 18.S IS.S IS.3 IS.5 17.6 16.S 16.S 16.2 17.0 16.9 17.0
19S2 17.6 18.S 19.1 IS.9 19.3 IS.6 IS.4 17.6 17.S 19.3 21.9 23.7

a Meanof valuesoff Talara, Chimbote and Callaoand thus referringto the entire Peru coast between 4 and 14°5. Basedon data
providedby P. Lagos(lnstituto Geofisicodel Peru,pers. comm.) complementedby data from Zuta and Urquiza (1972).

bulk of the information available on a given topic. Thus for example virtually all
bathytermograph casts hitherto taken off Peru have been analyzed by Brainard and McLain (this
vol.).

The graphs included in this volume, whether original or redrawn from earlier graphs, have
all be done at ICLARM, mainly by Messrs. Mark Anthony Go-Oco and Christopher Bunao,
usually on the basis of drafts provided by the senior editor.

As the reader will notice, these often include schematic representation of the animals or
processes "meant" by the graphs. This was not done primarily to make the present volume more
accessible to nonscientists (although this would be a nice side-effect). Rather, this style was
chosen because we believe it is appropriate for scientists to develop, in the course of their
research, what Keller (1983) calls "a feeling for the organism" they work on, Le., to realize their
investigations deal with living things and not disembodied entities that manifest themselves as
numbersor dotson a graph. '

Following Keller (1985) we are thus suggesting "that questions asked about objects with
which one feels kinship are likely to be different from questions asked about objects one sees as
unalterably alien". The reader will decide whether we have asked the right question.
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cetaceans and pinnipeds. However, his reference to information other than occurrence records
and population size estimates (e.g., Aguayo 1975, 1979; Vaz-Ferreira 1979a, 1979b, 1981,
1982), are extremely sparse, almost vanishingly so when only the Peruvian coast is considered.

This scarcity is, however, due to problems with accessing relevant sources since quite a few
publications exist which discuss, at least in anecdotal form, actual or potential interactions
between Peruvian mammals and fish stocks (Piazza 1959; Vinatera-Jaramillo 1965; Grimwood
1968; Majluf and Trillmich 1981;Trillmich and Majluf 1981; King 1983; Limberger et al. 1983;
Majluf 1985; Ramirez and Urquizo 1985; Ramirez 1986 and see references in Muck and
Fuentes, this voL).

Northridge (1984) concluded his review of Area 87 by stating that "there are no documented
examples of any effects of competition between marine mammals and fisheries in this area,
although the collapse of the anchovy stock could well have affected some species, such as
Bryde's whale."

We have consulted Dr. P. Ramirez Advinculat IMARPE's whale biologistt with regard to
Brydets whale (Balaenoptera edeni) as a potential anchoveta predator. He informed us that in all
the stomach samples he collected at Paita land station over a period spanning 3 decadest only
one (1!) ever contained anchoveta. He also asserted that the whales occurring off Peru actually
tend to avoid waters in which anchoveta occurt concentrating instead on areas with abundant
schools of sardinest mackerels and Vinciguerria.

The sperm whale (Physeter macrocephalus =P. carodon)t similarlYtconsumes no
anchoveta, concentrating instead on squid (Vinatera-Jaramillo 1965)t in line with Tomilin (1967)
who states that "the distribution of sperm whales is limited by the distribution of cephalopodst on
which they feedt and which tend to prefer warmert more salty waters" (Northridge 1984).
Burmeisterts porpoise, Phocaena spinnipinis appears to be rather abundant off Chile and Perut
with rather high catches reported from the latter country. Howevert no data are available on its
diet off Chile and Peru (Brownell and Praderi 1982).

This leaves only two speciest the South American fur seal Arctocephalus australis
(Zimmerman 1783) and the South American sea lion Otariaflavescens (Blainville 1820) as
mammal species off Peru that are (a) sufficiently well documented and (b) that could have an
impact on the anchoveta resources. The contribution of Muck and Fuentes (this vol.) examines
this question.

Coverage of the Fish Feeding on Anchoveta

A crucial element of the time series of anchoveta biomass and derived series presented in
this book is that they are based on an approach which explicitly considers some key anchovet,a
predators.

Thust large resources were devoted to estimating the guano bird populations in the ~eru
System (Tovar et al.t this vol.) and their anchoveta consumption (Muck and Pauly, this vol.) as
well as the population and anchoveta consumption of seals (Muck and Fuentest this vol.) and
bonito (Pauly, Vildoso et al., this vol.).

However, we-overlookedt in the first phase of this project the potential impact of the
mackerel and horse mackerel which we (erroneously) assumed to be largely limited to the
anchoveta prerecruits (i.e., to fish of length under 4 em). Dr. Peter Muck eventually convinced us
that mackerel and horse mackerels most probably have a predatory impact on adult anchoveta far
moreimportantthimthatof birds,.bomtoandsealsespecially.inlateryears.Unfortunatelythe .

contribution by Muck and Sanchez (this vol.) became available too late to be considered
explicitly when deriving Virtual Population Analysis (VPA)-based estimates of anchbveta
recruitment and biomass. This is probably the reason why Pauly, Palomares and Gayanilo (this
vol.) found Mo (i.e., the part of natural mortality not explained by the predators explicitly
included in their VPA model) to take high values, ranging from 2-4 y-1.

It is obvious from this that future estimates (or re-estimate) of anchoveta biomass should
consider mackerels and horse mackerel predation explicitly. Information on the size composition
of anchoveta in mackerels and horse mackerelst stomachs, along with other biological data are
available which could be used for this purpose.

--
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The role of Peruvian hake Merluccius gayi peruanus as a potential anchoveta predator has
not been investigated in any of the contribution included in this book, mainly because available
time series of population estimates (Espino et al. 1984)do not reach sufficiently far back in time
(Le. do not fulfill criterion (i) above). However, a strong relationship between hake abundance
and bouom oxygen concentration (Le., temperature regime and occurrence of EI Nmo events)
has recently been established (Espino et al. 1985, 1986;Espino and Urquiza 1986) possibly
allowing, in combination with more recent population estimates, the construction of time series
of inferred hake abundance covering the period from 1953 to the present. Such time series would
provide the chronological "backbone" for the hake stomach content data held at IMARPE which
suggest that hake preys heavily on anchoveta when its range, normally limited to the north of
Peru, is extended southward by the well oxygenated waters typical of El-Niiioevents (M.
Espino; H. Fuentes, pers. comm.).

Iteration of Anchoveta Biomasses and Derived Statistics

The astute reader will notice that the interrelationships of the various contributions included
here implies an iterative approach.

Thus, in a fIrst iteration, preliminary estimates ofanchoveta biomass, available in the
literature were used both to estimate the anchoveta consumption by guano birds and seals and to
obtain reasonable values of Mo. Then, anchoveta consumption by bird and seals, the estimates of
Me and other data were used to re-estimate monthly anchoveta biomass for 1953 to 1982, which
thus represent the results of a second iteration. The data presented in this book could be used
quite straightforwardly for a third iteration, but we have abstained therefrom. We have done so
beca~se we believe that the results of the second iteration are good enough to be presented, and
to allow others to perform (or to join us in performing) this third iteration, with better data and
models than have been assembled here.

We hope that the results presented here on the dynamics of the anchoveta stocks off Peru,
and of their upwelling ecosystem wit be found useful for managing this valuable resource.
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