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IMARPE Foreword 

R. VILLANUEVA 
Executive Director
 

Institutodel Mardel Peru
 

The marine fisheries are vital to Peri and hence responsible management of our marine 
fish resources should be one of our national priorities.

Much has been achieved as far as understanding the fishery biology of the various fish 
species inhabiting the Peru Current System is concerned; the life-histories of the major species
have been largely elucidated, the fishery monitored and the gross effect of successive El Niiio 
events well documented. 

C -- major impediment in this research effort and hence in formulating optimal
management options has been, however, the piecemeal nature of much of our research largely
due to lack of continued funding for sustained efforts. 

This has resulted in many of our valuable results remaining disconnected, delaying the 
emergence of a broad view of the upwelling ecosystem along our shores, both in the heads of 
some of our scientists and of some of our fishery managers. How else can we explain, over 30 
years after the onset of the anchoveta fishery, the lack of a management plan which would 
simultaneously consider the exploitation of the anchoveta, of its major predators and competitors
(bonitos, mackerels, horse mackerels, sardine) as well as the conservation of the guano birds and 
seals? 

I was therefore very pleased when I first heard about the project initiated by Ms. Isabel
Tsukayama, then Chief of IMARPE's Pelagic Resources Division, by Dr. Pauly of ICLARM and 
by PROCOPA staff and have since given it as much support as I could, both by encouraging
IMARPE staff to participate in it and by encouraging other institutions to release data. 

I now feel satisfied that this project has produced the elements needed to reach a global
view of the Peruvian ecosystem and I have no doubt that future generations of Peruvian 
researchers will find this book useful as inspiration and/or as source of background data for their 
research.
 

With this volume, which includes in table or graphic form an extremely large amount of
time series data, our Institute also provides the international scientific community with material 
that can be used to test various hypotheses on the dynamics of upwelling ecosystems and of their 
pelagic resources. We have convinced ourselves, during this exercise, that we held in our files,
drawers and unpublished reports more and better data than we thought was the case. We hope
others with social and economic constraints such as ours will also inspect their files and drawers 
- and put together the data, as was done in this book. 

Finally, I wish to thank GTZ and ICLARM. Without their support and active 
involvement, this book could riot have been written. This applies especially to Dr. Bilio, who
approved the whole idea, and to Dr. Arntz and Dr. H. Salzwedel, the successive team leaders of 
PROCOPA, who so often acted as bridge between us and faraway ICLARM. This applies also to 
the latter organization and its Director General, Dr. I.R. Smith, for hosting a young Peruvian 
scientist involved in the project and especially for their support of Dr. D. Pauly, whose 
communicative enthusiasm certainly was a major element to the success of this project. 

.Cao,-June1987 
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GTZ Foreword 

DR. M. BILIO 
FisheryandAquacultureSection, GTZ 

Peruvian-German cooperation in fisheries research is getting close to the completion of
its first decade of existence, while cooperation in the fisheries sector in general is even older.
Research cooperation is being conducted through the Programa Cooperativo Peruano-Aleman de
Investigacioh Pesquera (PROCOPA) at the Instituto del Mar del Peru"(IMARPE) in Callao. The
main purpose of this project is to provide assistance in research areas that could not be covered
sufficiently by Peruvian scientists alone, due to the restricted means available from national 
resources. 

PROCOPA, dealing with fishery resources largely dependent on the productive
conditions connected with the Peruvian upwelling system, has from the start aimed to include 
species other than anchoveta in its research program. In this context, emphasis was put on the
stock assessment of fish species in de:kand, or at least highly suitable, for human consumption.
The final objective of the German contribution was the integration of ill available and newly
acquired knowledge into a model of the ecosystem. Such a model should enable us to understand
the essential interactions among the major components of the system and, hence, to predict
changes due either to natural causes, such as "El Ni-no" events, or to the exploitation of parts of 
the system by a fishery.

Collaboration of Peruvian and German scientists has produced a respectable series of 
reports and publications culminating in the publication of "El Ni'ino, Su Impacto en la Fauna
Marina", edited by W. Arntz, A. Landa and J. Tarazona (Boletfh del Instituto del Mar del Perd 
special volume, Callao 1985). However, PROCOPA has not only involved Peruvian and German
researchers. It has, indeed, included a considerable number of internationally renowned scientists 
from other countries, in particular the USA and the UK, and derived benefit from their
participation, which is also documented in PROCOPA's list of publications. One of the foreign
scientists who participated in PROCOPA's activities already at an early stage was Dr. Daniel
Pauly of ICLARM who was invited in 1981 by Dr. W. Arntz, then PROCOPA team-leader, for
what was planned to be a brief consulting exercise on single-species population dynamics and a
series of lectures to IMARPE staff. The present book documents into what Dr. Pauly's
collaboration has grown!

The involvement of ICLARM in PROCOPA is in line with the close cooperation between 
GTZ and this leading international research institution in the field of fishery and aquaculture
development in the tropics and subtropics. It is also in agreement with the principle of making
the best possible use of scientific data by analyzing them according to the highest
methodological standards and to render the results available to the largest possible scientific 
audience and to potential users in fisheries management and politics.

The present book appears to me as an excellent example of the fruits that 'rustful
international cooperation among scientists can bring forth, even when half of the world has to be
bridged in the process. I would therefore, like to congratulate first of all the editors and
contributors on their success and thank them for their commitment. I would further like to 
express my gratitude to Dr. H. Salzwedel, present team-leader of PROCOPA, who
wholeheartedly supported this cooperative effort and successfully steered it through some of its
crises, and to Dr. W. Schmidt, the project officer of PROCOPA, who helped with essential 
arrangements from GTZ Headquarters. Particular thanks are due to the management of IMARPE
and its Executive Director, Dr. R. Villanueva, for their enthusiastic support and to ICLARM for
letting Dr. Pauly contribute a major part of his "research time" through 1986 and 1987. 
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Although some of the contributions included in this book are highly theoretical, I am 
confident that its publication represents a great step forward to the understanding of the 
dynamics of the principal Peruvian marine fishery resource and its management, if only because 
of the massive amount of data that has been assembled and standardized and of the sheer length
of the time series that are now available for detailed study. GTZ is pleased to have been able to 
contribute to this effort. 

Eschborn. June 1987 



ICLARM Foreword 

DR. IAN R. SMITH 
Director General, ICLARPo 

It is with great pleasure that I have accepted to introduce, on behalf of the International 
Center for Living Aquatic Resources Management, this book to its readers.

I believe this volume illustrates very well the many facets of ICLARM's concept of 
management-oriented fishery research conducted by cooperating institutions and more
specifically of ICLARM's multidisciplinary emphasis when conducting such investigations.

Three different institutions, based on three different continents, joined in this effort to
which scientists from six different countris unselfishly contributed all of their data and much of
their time. The disciplines these scienists represent range from physical oceanography and
meteorology to fishery biology and f,,onomics - with one author actually having worked for
almost a decade in the anchoveta fish try. However, it is not only this wide range of skills and 
talents which has made this book posible. Rather, the crucial factor seems to have been the 
support which the authors and the editors received from various institutions in Peru, notably
from PESCAPERU and IMARPE. 

The scientific value of historic data held in the laboratories of developing countries is
often unappreciated. This book illustrates the vision and foresight of those who collected these 
data as well as of those who released them for use by the authors of the various contributions 
included here. 

Three of the key papers included in this book are by staff of the National Marine 
Fisheries Service of the US Department of Commerce. All of the editors' effort at reaching a 
comprehensive coverage of the Peruvian ecosystem would have been vain without the massive
data sets and in-depth analyses contributed by these authors. On behalf of ICLARM, an
institution devoted to research on aquatic resources with institutions in developing countries, I 
would like to congratulate NMFS for this cost-efficient and well-focused i-erlod for transferring
data back to where they originated.

This book is the first ICLARM publication dealing exclusively with Latin American 
resources and I deeply regret that time constraints prevented the editors from preparing Spanish
Abstracts and Table and Figure legends, as originally planned. We hope, however, that the 
opportunity will emerge in due time for a translation of the entire volume into Spanish, which
incidentally would allow for an update of the time series in the various contributions, most of 
which stop in December 1982. 

ICLARM is pleased to have had the privilege of cooperating with IMARPE and GTZ,
and hope that the volume resulting from this cooperation will be found useful by its readers. 

Manila, June 1987 



To the Memory of Haydee Santander Bueno 

To whom this book is dedicated for her valuable contribution to Ocean Science and for her 
exceptional human qualities. She passed away on the 25th of March this year in Lima, Peru, being
in her peak of scientific production and active involvement in the completion of this book. 

Haydee was born in Lima, Peru, in the pleasant district of Brena. She com
pleted her studies in Biological Sciences at the Universidad Mayor de San Marcos 
in Lima, graduating in 1959 with a thesis on "The Euphausids around Callao 

and Chimbote and the General Composition of Zooplankton". 
Haydee's professional career started in 1961 in the Plankton Department

of the Instituto de Recursos Marinos (IREMAR). From 1964 to her last days
she was affiliated with the hnstituto del Mar del Peru (IMARPE) where, in 

recognition of her professional achievements, she was advanced to the rank 
of Director. 

Her main field of interest was research on ichthyoplankton and zoo
plankton having carried out specialization and complementary studies at 
renowned research centers which include the Fisheries Laboratory, Lowe
stoft, England; Marine Laboratory, Aberdeen, Scotland; Southwest Fish

eries Center, La Jolla, California, USA and Bedford Institute of Oceano
graphy, Halifax, Canada. 

She participated as principal researcher of the Zooplankton Com
ponent of the Coastal Upwelling Ecosystem Analysis (CUEA) Project, 

. a Peruvian-Canadian project; Cooperative Research of the Anchovy
and Its Ecosystem (ICANE); and Peruvian-German Fishery Project (PROCOPA). She was national 
representative in the planning of the Sardine-Anchovy Recruitment Program (SARP) Project;
President of the National Study of the "El Niiio" Phenomenon (ENFEN) Multisectoral Committee;
and national representative of the Regional Study of the "El Nio" Phenomenon (ERFEN).

Her scientific bibliography is appended. We will miss her. 

THE EDITORS 

Haydee Santander Bueno
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Abstract 

Some features of previou- oceanographic and fishery research in the Peruvian upwelling system am 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, GT and ICLARM and aiming at deriving and 
analyzing monthly time series on the Peruvian current system for the period 1953 to 1982 and beyond are discussed, and the key hypothesis that 
gives its structure to the present book is presented.

Brief discussions, with copious references, arm given of various important species of the Peruvian upwelling ecosystem not discussed in the 
book of which this contribution forms the introduction. 

Introduction 

A huge amount of literature exists on the biology and population dynamics of the Peruvian 
anchoveta (Engraulisringens) (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 El Nifno 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 m( asurements (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. 

* ICLARM Contribution No. 375. 
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Table 1. Some mjor source of information on the Peruvian upwelling ecosystem (as of early 1987). 

Reference 

Garcilaso de laVega (1609 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), 

Gulland (1968)
 

IMARPE (1970, 1972, 1973, 1974a, 

1974b) 


IIP/IBP (1971) 


Stevenson and Wicks (1975) 


Boje and Tomczak (1978) 


Sharp (1980) 


UNESCO (1980) 


Dickle and Valdlvia (1981) 

Glantz and Thompson (1981) 

Richards (198i) 


Sharp and Csirke (1983) 


CPPS (1984) 

Mariategui et al. (1985) 

Arntz ct al. (1985) 

IMARPE Boletin 

IMARPE Informes 

Bol. Cient. de laCa Adm. del Guano 

Tropical Ocean-Atmosphere Newsletter 

Type of document/remarks 

First historic account of the Inca civilization, as written by the son of an Inca princess
and a Spanish conquistador (1539-1616), and including comments on the Incas' efforts 
to regulate guano exploitation (see Tovar et al., this voL). 

Thorough review of guano production and exploitation throughout the world with an 
account of the biology and physiology of the Peruvian guano 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 El Nimo 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 hisiory of pelagic 
species in upwelling systems (Peru and California). 

Proceeding of a Workshop held In 1974(!) in Guy'-ull, Equador and including several 
major reviews. 

Compilation of 36 papers either g irated 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, 19781. 

A muitauthored 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 Jos6, Costa Rica, 18-29 April 1983; contains numerous contributions on Peruvian 
resources. 

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

Indexed bilbiography, with 1,106 entries on El Nii'o and Peruvian resources. 

Proceedirgs of a Symposium on El Nii'o and its impact on the marine fauna, held in Are
quipa, Peru, Oct. 1983, heavy emphasis on the 1982/83 El 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-date articles on the Peru Current area, and discussions of El 
Nino. 
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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 operandithat 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 1980 release of the early version of the ELEFAN 
programs for -dieestimation 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-length data using the ELEFAN I and III 
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 "VPA LI" in Pauly and 
Tsukayama (1983) and Pauly, Palomares and Gayanilo (this vol.) - appear
eminently suited to study the dynanics 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 asst-ription 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 vol.);

iii) 	 the 20-year time series of catch-at-length 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 in IMARPE, PROCOPA/GTZ and ICLARM formalizing an agreement tocooperate 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 performing a planimetric analysis of over 10,000 maps showing 
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1 Northern /Central stock 
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: *...,.:;....,.,,,.... .4: .. o 
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Fig, 1. Distributlin of anchoveta stocks along the Eastern Coast of South America. Based on FAO (1981), Jordan (1971),
Chlrichigno (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 el Guano and its various successors (see Tovar et 
al., this vol.). This also involved deriving a model of the predation on anchoveta by the guano
birds (see Muck and Pauly, this vol.).

Item (iii) above involved retrieving, from a number of scattered sources, information on the 
catch and catch size composition of aichoveta for the earlier years of the fishery. This effort 
brought a surprisingly large amount of material to light (see Tsukayama and Paloinares, this 
vol.), 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 vol.). This also applied
to the time series of oceanographic and meteorological data compiled and analyzed by Brainard 
and McLain (this vol.), Bakun (this vol.) and Mt.ndo et al. (this vol.). 

Identity of the Anchoveta Stock 

The Peruvian anchoveta (Engraulis ringens Jenyns) belongs to the family Engraulidae
(Pisces Clupeoniorpha, 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 (i.e.,
"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), 

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 may or may not cor:espond 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, electropnoretic 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 support the 
hypothesis expressed in previous reports that the anchoveta resources in the southern area 
(Atico-Ilo area) are a more or less separate stock". 

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 strung interactions between the 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 investigation 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 
course 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 bur.t of wind-driven turbulence, i.e., our 
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central hypothesis corresponds to Lasker's contention that "storms", by dissipating food-rich 
microlayers in which anchoveta larvae can feed, lead to their starvation and to recruitment

failures (Lasker 1978). Given appropriate datatesting 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). 

7 A 
6 70 x .o, o71 

.i5 
666 

45 11 01697 , 67, rl 6M6n8 

65 6 

1,E 3 ..0.; . 71I 

c°I 0 5~~0722,2 0 5 4 
6i 

5 ID 1 20 25 30 35 

Anchoveto parent stock (t x 106) 

Fig. 2. Stock/recruitment relationships of Peruvian anchovy (Engraulis ringens)
showing effect of taking an additional variable into consideration. (A) simple Ricker 
plot, showing rather bad fit and correspondingly low correlation of observed toexpected recruitmen3,(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 Nio 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 (R/S) = 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 Ipoint 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 Lest 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 autocorrelation then 
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 

ii) 
1982?, or 
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, ir,tto the nonconsideration of some zooplankton and other 
time series reported in the literature, wini'h 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 
whole 30-year period from 1953 to 1982;

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

iii) 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 

"The bulk of thedata presented in this book isalso available as Lots 1-2-3 fies an 5 1/4' diskettes for IBM PC and compatibles; please 
contact the first author for details. 
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Table 2. Sea surface temperature off Peru in oC.a 

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

1953 
1954 

19.4 
18.5 

21.2 
19.0 

22.6 
18.4 

21.5 
17.1 

19.6 
16.3 

8.0 
15.4 

17.8 
15.9 

17.0 
14.6 

17.2 
15.0 

16.8 
15.1 

17.0 
15.8 

17.6 
18.2 

1955 
1956 

20.8 
18.4 

19.6 
19.8 

17.8 
20.2 

18.4 
18.8 

17.0 
18.2 

16.8 
17.8 

16.6 
17.6 

15.9 
17.0 

16.3 
16.6 

15.7 
16.2 

16.1 
16.4 

16.8 
16.2 

1957 
1958 

17.8 
21.8 

22.3 
22.2 

22.1 
22.0 

21.8 
20.1 

22.2 
18.8 

21.2 
18.2 

20.3 
18.0 

18.7 
17.0 

17.7 
17.0 

17.9 
17.1 

17.9 
17.5 

20.6 
17.0 

1959 19.0 21.2 20.6 19.6 18.7 17.8 16.9 16.6 16.8 17.2 17.6 18.6 
1960 19.0 19.5 19.2 18.0 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 16.8 
1962 19.0 19.1 18.1 17.4 17.6 17.0 16.6 16.4 16.6 16.0 16.4. 16.5 
1963 17A 18.8 19.4 18.2 18.4 17.9 17.7 17.4 17.3 17.0 17.0 18.0 
1964 19.0 19.5 19.2 17.8 16.2 15.6 15.3 15.7 15.8 16.0 16.2 16.2 
1965 
1966 

17.6 
19.9 

19.6 
20.4 

20.4 
19.2 

21.3 
18.1 

20.6 
17.5 

19.5 
16.8 

19,0 
16.4 

18.4 
16.2 

17.6 
15.6 

17.5 
16.2 

17.9 
16.5 

18.6 
16.8 

1967 18.4 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 18.5 16.6 16.4 15.5 15.8 16.0 16.4 16.1 16.6 17.1 
1969 18.7 19.G 20.4 20.5 21.0 19.5 17.4 17.3 17.2 17.3 17.3 17.8 
1970 19.2 19.8 20.0 19.1 18.6 17.8 16.8 16.9 16.9 17.3 17.0 17.2 
1971 18.2 19.1 19.6 19.8 18.7 18.0 18.0 18.0 17.4 16.8 17.1 17.2 
1972 18.6 20.6 21.8 21.4 21.0 21.4 21.1 20.0 18.9 19.0 19.3 21.4 
1973 23.2 23.0 21.3 18.4 17.4 16.6 16.0 15.5 15.7 16.2 17.1 16.4 
1974 17.0 18.2 18.6 18.9 18.6 19.1 17.6 16.8 16.1 15.8 16.5 16.3 
1975 16.7 18.1 21.1 19.8 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 19.8 19.9 19.4 19.1 17.6 18.0 18.4 20.2 
1977 
1978 

20.4 
18.0 

20.5 
20.0 

20.6 
19.9 

20.6 
19.1 

19.1 
17.6 

18.2 
16.5 

17.6 
16.6 

17.0 
15.9 

16.6 
16.2 

16.6 
16.6 

17.2 
17.1 

17.8 
17.3 

1979 18.5 18.5 19.2 19.0 18.3 17.3 17.4 17.4 17.0 17.2 17.4 18.3 
1980 18.6 18.8 19.4 19.1 18.3 18.0 17.5 16.8 16.6 16.6 16.9- 17.6 
1981 
1982 

17.4 
17.6 

18.8 
18.8 

18.5 
19.1 

18.3 
18.9 

18.5 
19.3 

17.6 
18.6 

16.8 
18.4 

16.8 
17.6 

16.2 
17.5 

17.0 
19.3 

16.9 
21.9 

17.0 
23.7 

a Mean of values off Talara, Chimbote and Callao and thus referring to the entire Peru coast between 4 and 140 S. Based on data 
provided by P. Lagos (Instituto Geofisico del Peru, pers. comm.) complemented by data from Zuta and Urquizo (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, i.e., to realize their 
investigations deal with living things and not disembodied entities that manifest themselves as 
numbers or dots on a graph. 

Following Keller (1985) we are thus suggesting "that questions asked about objects witht%Iich 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 rightquestion. 

The Mammals of thePeruvianUpwellingEcosystem 

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 Northridge (1984). His 
list of marine mammals from Fishing Area 87 (Southeast Pacific) includes 38 species of 
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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 Advincula, IMARPE's whale biologist, with regard to
Bryde's whale (Balaenopteraedeni) 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 decades, only 
one (1!) ever contained anchoveta. He also asserted that the whales occurring off Peru actually
tend to avoid waters in which anchoveta occur, concentrating instead on areas with abundant 
schools of sardines, mackerels and Vinciguerria.

The sperm whale (Physetermacrocephalus= P. catodon), similarly, consumes no 
anchoveta, concentrating instead on squid (Vinatera-Jaramillo 1965), in line with Tomilin (1967)
who states that "the distribution of sperm whales is limited by the distribution of cephalopods, on
which they feed, and which tend to prefer warmer, more salty waters" (Northridge 1984).
Burmeister's porpoise, Phocaenaspinnipinisappears to be rather abundant off Chile and Peru,
with rather high catches reported from the latter country. However, no data are available on its 
diet off Chile and Peru (Brownell and Praderi 1982).

This leaves only two species, the South American fur seal Arctocephalusaustralis
(Zimmerman 1783) and the South American sea lion Otariaflavescens(Blainville 1820) as
mammal speciis 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 FishFeeding 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 anchoveta 
predators.

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

However, we overlooked, 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 cm). Dr. Peter Muck eventually convinced us
that mackerel caid horse mackerels most probably have a predatory impact on adult anchoveta far 
more important than that of birds, bonito and seals especially in later years. Unfortunately the 
contribution by Muck and Sanchez (this vol.) became available too late to be considered 
explicitly when deriving Virtual Population Analysis (VPA)-based estimates of anchoveta
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, ianging 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 mackerels' stomachs, along with other biological data are 
available which could be used for this purpose. 



10 

The role of Peruvian hake Merlucciusgay!peruanusas 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 fcr back in time 
(i.e. do not fulfill criterion "i)above). However, a strong relationship between hake abundance
 
and bottom oxygen concentration (i.e., temperature regime and occurrence of El Nihio events)

has recently been established (Espino et al. 1985, 1986; Espino and Urquizo 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 Nifio events (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 of anchoveta 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
Mo 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 
because 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 wil be found useful for managing this valuable resource. 
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Abstract 
Time series of monthly means of subsurface ocean temperature data along the Peru coast am developed fo- the period 1952 to 1984 forhistorical studies of anchoveta populations. Monthly mean values of sea surface temperature (SST), depth of the 140C isotherm, and thickness

and heatcontent of the surface layer were computed from all available subsurface temperaturu profiles. Mews of these four parameters werecomputed for five areas along the Peru coast from I to 170S, extending approximately 300 km offshore. Intra-annual (seasonal) and interannual 
variations of the four parameters are described and plotted as contour isograms. Time series ofthe fourparameters am presented for the region
from 4 to 140S, as are monthly means of the Southern Oscillation Index and SST and sea level at Talara and La Punta (Callao), Penu. 

Introduction 

The coastal waters off the west coast of South America, particularly off Peru, are among the 
most biologically productive regions of the world's oceans (Ryther et al. 1971). The Peruvian
anchoveta (Engraulisringens)once supported the world's largest fishery. The high productivity
of the area is a result of coastal upwelling which is an oceanic response to the southeasterly trade
winds which cause offshore Ekman divergence, elevating the tiemocline and bringing relatively
cold, nutrient-rich water to the euphotic zone where the nutrients can be utilized by
phytoplankton photosynthesis (Barber et al. 1985). The upwelling ecosystem off Peru is subject
to considerable natural variability, with prominent time scales ranging from days to decades.
This paper examines two temporal scales of oceanic variability which are likely to affect 
populations of anchoveta: seasonal (months) and interannual (years). The seasonal or intra
annual variability, being stron~gly dependent upon the annual solar cycle, is relatively
predictable, and therefore likely to promote evolutionary adaptation (Parrish et al. 1983; Bakun,
this vol.). The interannual variability, by contrast, has an irregular period which would tend to 
promote population variations. The dominant form of interannual variability off Peru occurs
when the normal seasonal upwelling of nutrients is interrupted by "El Nifio" intrusions of 
relatively warm, clear oceanic waters from the west and north. 

Authors am listed alphabetically only; both contributed equally to this manuscript.$* Present address: Ocean Applications Group, National Ocan Service, NOAA, Fleet Numerical Oceanography Center,Motetey, CA 
93940 U.S.A. 
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The coastal upwelling off Peru is imbedded within the Peru current system, which consists 
of several more or less independent currents interacting in a rather complicated manner (Wyrtld
1966). Gunther (1936) first distinguished a poleward countercurrent situated between the 
northwestward flowing Peru Coastal Current and the northwestward flowing Peru Oceanic 
Current farther offshore. This intermediate current, the Peru Countercurrent or Gunther Current,
is a weak and irregular southward flow along 80oW and is usually observed only as a subsurface 
current. At the surface it is usually concealed by the wind drift to the northwest and west. It is 
strongest near 100 m depth, but reaches to about 500 m. 

According to Wyrtki (1965, 1966), the Peru Ccastal Current flows northwestward along the 
coast with velocities of 10-15 cm/s. At about 15oS, much of this flow turns westward away from
the coast and increases speed to 25-35 cm/s as it joins the South Equatorial Current. Generally,
the Peru Coastal Current is strongest from April to September. North of 150S, the wind drift
remains northwestward, but it is shallow and the southward flow of the Peru Undercurrent lies 
immediately beneath the shallow surface layer. The combined system of the Peru Coastal 
Current, the westwardwind drift, and the subsurface Peru Countercurrent maintain the upwelling
along the coast. North of 15oS, the upwelling is supplied by equatorial subsurface water which is 
of high salinity and low oxygen content and flows southward in the Peru Countercurrent. The 
Peru Oceanic Current, which flows in a more westward direction and is slightly stronger than the
Peru Coastal Current, seems to have little direct interaction with the more complicated processes 
closer to the coast. 

The mean topography of the thermal structure of the Eastern Tropical Pacific reflects the 
ocean currents and has been described by Wyrtki (1966). The thermocline is relatively shallow 
along the coast at depths of 40 to 60 m and slopes downward in the offshore direction to depths
of over 200 m about 1,000 km oftshore. A region of shallow thermocline extends westward from 
the coast along the equator out to 130oW and beyond.

The current system off Peru is related to the large-scale oceanic and atmospheric
circulations over the entire tropical Pacific. The atmospheric circulation over the region is 
dominated by the Hadley circulation of rising air over the equatorial region and sinking air over
mid-latitudes near 30ON and 300S. The Hadley circulation creates the high-pressure systems
observed over the oceans in these latitudes which are strongest in the summer and weakest in the
winter of their respecti.e hemispheres. The meridional Hadley circulation is modified by zonal 
Walker circulation of rising air over the warm western tropical Pacific (WTP) and sinking air 
over the cold, upwelled water of the eastern tropical Pacific (ETP). The zonal Walker circulation 
normally causes heavy rainfall and low pressure over the WTP and sparse rainfall and high 
pressure over the ETP. The trade winds result from the combination of the Hadley and Walker 
circulations: the trades blow equatorward from the mid-latitude oceanic highs toward the lower 
pressure at the equator and westward from the higher pressure over the ETP to the lower presure 
over the WTP. 

The surface wind stress created by the northeast and southeast trade winds drive the warm 
surface water westward in the North and South Equatorial Currents, respectively. This westward 
transport of mass and heat depresses the thermal structure and raises the sea level in the WTP. 
By conservation of mass, the high sea level in the WTP requires a poleward flow of the western 
boundary currents of the North and South Pacific gyres and eastward flow in the North and 
South Equatorial Countercurrents and the equatorial Undercurrent or Cromwell Current (within a 
degree or so of the equator).

The zonal slope of the sea surface downward from the high sea levels in the WTP to the 
lower sea levels in the ETP establishes a reverse zonal slope of the thermocline upward from the 
WTP to the shallow thermocline of the ETP. Meyers (1979) showed that near the equator
(between ION and lOS), the 140C isotherm varies from depths of 200 to 250 m in the WTP to 
depths of 100 to 150 m in the ETP. Off the South American coast, local alongshore winds induce 
offshore Ekman divergence and the associated upwelling. This upwelling elevates the relatively
shallow thermocline, bringing nutrient-rich deep water to the euphotic zone where it supports a
high level of biological productivity. In addition, the trade winds cause oceanic divergence or 
surface transport away from the equator. This divergence forces local upwelling along the 
equator, which produces a region of shallow thermocline and above normal productivity that 
extends westward along the equator from the coast. 
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Interannual variations of the stength of the trade winds cause changes in the ocean
circulation and related changes in the upwelling of nutrients off Peru. According to the 
hypothesis of Wyrtki (1975), El Nifio occurs when a weakening or reversal of the trades occurs 
after a sustained period of anomalously strong trades. The period of stronger than normal winds
forces an even greater than normal east to west slope of the sea surface. When the trade winds 
slacken or reverse, the forcing of the higher than normal sea levels in the WTP is removed. This
imbalance generates equatorially-trapped baroclinic disturbances which propagate eastward 
along the equator in the form of equatorial Kelvin waves (Enfield and Allen 1980). The
propagation of these long-period internal waves, and the associated energy, across the entire 
equatorial Pacific from Indonesia to South America has been observed using an extensive array
of sea level monitoring stations (Wyrtki and Nakahara 1984). Upon encountering the South 
American coast, this energy is observed as a large intrusion of warm water which depresses the 
normally shallow thermocline and causes a rapid rise in sea level along the coast. As a result,
normally arid regions of Peru and Ecuador receive inordinate amounts of rain, with severe 
flooding occurring during major events. 

Interannual variations in the strength of the trade winds are part of a global pattern of 
surface pressure variation called the Southern Oscillation. The Southern Oscillation is often
measured by the difference. of atmospheric pressure between weather stations in the ETP and 
WTP. Quinn (1974) and Quinn and Neal (1983) have used the difference of atmospheric 
pressure between Easter Island (representative of the Indonesian low) as an index of the 
Southern Oscillation (SO1, see Table 1). Quinn (1974) demonstrated the strong relationship
between anomalously low SOI values and the occurrence of El Nifio off the coasts of Peru and
Ecuador. A time series of anomaly of the SOI pressure difference shows the major El Nifio 
events of recent decades (Figs. 1 and 2). Note the strong positive SOI presure differences (and
implied strong trade winds) during 1954-1956 and 1970-1971. Subsequent sharp declines in the
SOI pressure difference in the winters of 1956-1957 and 1971-1972 were followed by El Nifio 
events, as evidenced by the increased SST and sea level a. zjara and La Punta. Also, note that 
the strong 1982-1983 El Nio was not preceded by a period of strong positive SOI, rather, it 
occurred during a period of predominantly negative SOI which began in 1976. 

The formation of El Nino has been modelled numerically by McCreary (1976) who 
suggested that !he anomalous deepening of the density structue observed during El Niio events
dissipates by reflection in the form of westward propagating baroclinic Rossby waves and 
transmission to the north and south along the coast as low-frequency coastally trapped waves and
coastal Kelvin waves. Such baroclinic waves can be observed as anomalous deepenings of 
temperature and salinity surfaces adjacent to the coast and as anomalous rises of sea level at
coastal tide stations. Polewad currents along the coast are created in geostrophic response to the 
anomalous deepening and change in slope of the density surfaces normal to the coast. The 
currents reverse to equatorward as the anomalous deepening dissipates. To some extent these 
processes occur each year and anomalous warm years are merely an extreme condition of the 
normal annual cycle of events (Chavez et al. 1984).

Although the interannual changes associated with El Nifno events are dominant, !o.oger
period fluctuations also occur. In their 34-year time series of temperature at 100 m along the 
west coast from British Columbia to Chile, Brainard and McLain (1985) showed a marked 
warming trend occurring between the early and late 1950s, cooling in the 1960s, and warming
again in the mid-1970s and early 1980s (see also Tables 2 and 3). The causes of these long-term
temperature trends are unknown, but like the interannual variations, they are related to changes
in both the large-scale atmospheric and oceanic circulations. The period of below normal SOI 
pressure differences daring the years 1976-1983 (Fig. 2) is an example. El Nifio-like conditions 
of above normal SST and sea level occurred during much of this period in the northeast Pacific
(McLain 1983, and see Fig. 2 and Tab!es 4 and 5 for monthly sea level data from 1950 to 1974).

Development of historical time series of subsurface temperature conditions off Peru is
important for modelling historical changes in fish populations of the area. This paper presents
plots and tables of monthly mean values of four parameters computed from subsurface 
temperature observations for 1952 to 1984 for use in historical studies. These four parameters 
are SST, depth of the 140C isotherm, depth to the temperature that is 2.OOC less than the surface 
temperature (SST-20C), and heat content from the surface to the SST-20C isotherm. The depth 
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Table 1. Southern Oscillation Index (SOl). Monthly mean pressure difference in millibars between Easter Island and Darwin, 
Australia. Data courtesy of Dr. W. Quinn, Oregon State University. 

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

1948 12.9 11.7 12.3 10.4 9.3 11.6 10.7 11.2 9.3 12.1 9.8 9.31949 8.0 12.8 15.0 6.2 7.8 11.9 10.3 9.7 11.7 11.3 13.4 15.1
1950 16.4 17.6 15.0 14.7 9.5 13.8 11.3 9.2 9.1 16.0 17.1 17.61951 14.3 14.3 12.9 7.3 4.1 7.8 4.6 5.2 5.4 9.9 13.6 11.81952 13.2 11.5 10.8 5.5 8.6 7.0 10.9 8.9 5.8 11.6 12.8 11.31953 12.6 9.1 12.1 8.3 6.1 8.4 :6.7 5.0 8.2 16.2 12.8 12.819S4 15.4 15.2 10.6 11.0 10.7. 7.1 11.0 8.6 13.8 15.3 14.9 16.31955 11.2 18.6 13.9 13.2 10.9 10.6 10.0 11.7 16.2 16.8 13.3 15.11956 15.9 15.3 13.6 12.3 12.7 8.0 9.1 10.5 10.7 11.8 10.5 9.81957 10.2 10.8 10.0 7.7 3.9 4.1 7.0 8.6 8.6 11.8 9.4 11.51958 11.0 13.4 11.3 6.1 3.4 10.3 2.9 10.8 8.6 12.0 13.4 8.51959 15.0 11.1 .10.1 11.7 5.5 10.0 5.9 11.3 8.5 11.2 13.8. 14.51960 11.0 12.5 9.4 9.1 8.3 5.4 9.3 9.7 12.5 12.7 12.6 '10.51961 12.3 14.9 9.5 13.0 4.8 4.4 1.6 4.0 10.0 10.1 11.5 12.01962 12.4 11.1 10.6 10.2 10.6 7.5 7.3 11.0 13.0 14.2 10.6 13.21963 16.2 13.5 14.9 8.2 5.0 6.0 11.9 7.9 7.5 7.7 12.9 10.61964 12.3 13.0 13.0 11.1 6.4 9.9 8.7 11.2 13.1 10.3 9.5 12.81965 12.5 12.9 10.1 8.0 4.5 3.2 3.2 6.3 6.7 11.3 8.3 10.2
1966 10.5 13.7 10.4 7.8 3.3 10.4 5.0 10.3 12.0 10.4 11.1 13.81967 14.3 15.5 12.7 6.3 9.1 11.6 13.9 11.0 12.5 10.7 11.0 12.51968 15.9 12.9 14.8 8.3 7.5 10.8 8.3 6.3 4.8 12.0 10.2 12.71969 10.2 14.7 12.7 7.1 6.0 6.3 3.5 8.6 8.2 10.5 15.9 13.11970 12.8 12.8 9.8 7.0 12.4 10.2 10.2 10.0 11.9 13.3 16.5 16.8
1971 15.5 16.0 15.2 11.2 14.3 11.1 5.2 12.0 12.7 11.3 14.5 15.11972 10.4 11.5 13.4 7.5 .6 .3 5.5 3.2 4.8 8.2 10.2 8.9
1973 12.5 12.7 13.0 3.9 7.6 9.5 8.4 10.7 13.6 13.0 16.2 16.51974 16.8 17.1 15.4 9.5 6.1 10.1 9.4 5.3 11.2 13.4 15.7 13.01975 11.6 8.6 13.8 8.7 3.8 8.6 8.8 13.4 13.3 14.0 13.6 14.9
1976 14.5 15.0 13.7 6.7 2.4 3.5 3.1 8.2 5.2 7.2 11.0 7.61977 10.2 15.0 8.0 5.3 2.3 5.9 11.1 10.0 4.8 7.0 11.5 10.51978 13.1 9.7 9.6 60 7.8 9.1 .7.6 , 10.7 10.3 6.9 9.1 11.6
1979 11.0 13.1 10.9 4.5 3.7 9.7 2.7 1.1 9.2 10.1 8.3 9.91980 13.6 12.2 9.4 8.6 7.4 7.5 6.6 7.3 6.5 12.4 10.3 10.5
1981 16.5 15.0 8.0 7.3 7.6 6.4 8.0 7.4 6.2 9.5 13.6 13.21982 14.2 14.4 12.2 4.2 6.3 6.9 2.9 1.5 4.0 6.8 5.3 7.21983 3.9 4.3 7.3 7.2 5.8 6.4 4.6 9.0 10.9 10.5 12.4 10.51984 9.9 13.6 10.9 5.6 7.0 6.6 8.4 6.5 6.5 10.6 12.5 14.21985 13.1 14.2 13.4 12.7 8.3 4.8 5.9 13.0 10.1 **** **** **** 

of the SST-20C isotherm indicates the thickness of the mixed layer which provides a measure ofthe depth of the thermocline and hence, relates to upwelling and availability of nutrients to theeuphoric zone. This definition of mixed layer is similar to that used by Robinson and Bauer
(1976), except that they chose the depth that is 20F (1. OC) less than the SST. The SST-20C
depth was selected for defining the depth of the thermocline from smooth average temperaturesbecause 20C is larger than the small positive and negative temperature changes near the surface
thal are present in both the raw data and the analyzed values. Also, a temperature change of 20Cis large enough to reach the large gradients found in the thermocline. 

The 140C isotherm is at depths of 80 to 180 m off Peru and is below the strongest gradients
of the thermocline. Variations in the depth of the 140C isotherm are indicators of large-scale
vertical movements of the water column, such as upwelling. Also, Barilotti et al. (1984) relatedthe depth of the 140C isotherm off San Diego, California, to the depth of the thermocline and
hence to the supply of nutrients for kelp growth.

Heat content down to SST-20C is an indicator of the overall environmental change in theeuphoric zone. Combined with wind-derived Ekman transports (Bakun, this vol.; Mendo, thisvol.), these vertical temperature parameters can be used to describe the offshore velocity
structure which is critical to the reproductive success of the anchoveta (Parrish et al. 1983, and
other contributions in this vol.). 
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Fig. 1. Time series of monthly means of (A) Southern Oscillation Index (difference of surface barometric 
pressure in millbars between Easter Island and Darwin, Australia), (B and C) SST n degrees C, and (D andE) sea level in cm at Talara and La Punta, Peru. Values are computed as monthly means of daily observations. 
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Mean values of the four parameters were computed for each month for the 33-year period
from 1952 to 1984 for five areas alkng the coast from 1 to 170S (Fig. 3). Each of the given areas 
spanned 3 degrees of latitude except for the central-most area which spanned 4 degrees. The 
zonal extent of each area was chosen so that they would extend about the same distance 
offshore, roughly 300 km. In addition, all data prior to 1952 were combined to form a single
composite year. Thus, the resulting fields of monthly me.ns for each parameter for the 5 areas 
covers 34 years (408 months), for a total of 2,040 cells. The average value for the region from 4 
to 140S was obtainet by averaging the values computed for the three central areas. Mean 
temperature at 25 m depth intervals from the surface to 350 m were also computed for the central 
area to show vertical variations of temperature with time. The data are plotted as contour 
isograms of latitude (area) or depth vs. month to show both seasonal and interannual 
variations. 

Table 2. Monthly mean sea surface temperature in degrees Celsius at Talara, Peru. Data courtesy of Dr. D. Enfleld, Oregon State 

University. 

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

1950 19.0 21.6 21.7 16.9 18.6 17.6 17.3 16.8 17.6 17.9 17.7 18.1 
1951 23.2 20.6 20.9 21.9 21.4 21.1 20.5 18.8 18.9 19.8 19.6 17.9 
1952 19.8 21.4 20.6 18.4 17.2 17.3 16.5 16.5 17.1 17.7 18.6 18.8 
1953 20.8 23.0 24.8 23.6 19.7 19.7 18.8 17.7 19.0 17.2 19.2 18.4 
1954 19.5 20.6 20.4 17.2 16.2 17.1 16.4 16.3 16.7 16.7 17.9 18.2 
1955 22.8 22.9 22.4 20.9 18.6 19.7 18.0 17.8 17.3 17.4 18.3 17.9 
1956 19.2 22.6 22.5 20.3 19.5 19.3 19.8 18.5 18.1 17.4 17.4 17.9 
1957 20.7 25.1 24.3 23.9 23.4 22.8 21.0 19.4 18.3 19.1 19.4 22.1
 
1958 22.8 24.8 23.8 21.0 19.9 19.7 18.2 17.7 18.4 18.4 
 18.6 17.0
 
1959 20.3 23.0 22.4 20.6 19.9 18.1 17.5 17.2 18.0 17.5 19.6 
 18.6
 
1960 21.3 20.3 20.6 18.7 17.7 18.7 17.6 17.7 18.0 17.8 17.6 19.6
 
1961 22.4 24.1 20.7 20.1 18.9 18.1 17.8 17.6 17.3 17.5 17.5 18.1
 
1962 21.8 19.3 18.7 17.6 18.2 17.5 17.1 17.3 17.8 16.4 17.2 16.8
 
1963 19.4 22.3 20.8 19.6 19.9 18.9 19.0 19.0 18.4 17.8 17.9 19.2
 
1964 20.1 19.9 20.1 18.5 16.1 16.0 16.1 16.0 16.0 17.0 17.6 17.5
 
1965 20.3 22.5 23.3 23.5 22.0 19.8 18.6 18.31 18.5 19.1 19.4 20.2
 
1966 21.2 21.5 19.4 17.9 17.6 19.1 17.0 17.7 17.0 17.8 
 17.2 17.1
 
1967 20.5 22.1 19.4 18.5 17.3 18.4 16.9 17.1 16.1 16.4 16.1 18.1
 
1968 20.1 19.3 19.1 16.2 17.9 16.6 18.3 17.8 18.1 17.0 
 19.0 18.4 
1969 20.2 19.7 22.4 22.3 21.6 19.7 18.2 17.3 17.5 18.4 18.8 19.2 
1970 20.3 19.8 19.6 19.3 18.0 16.8 16.0 16.5 .16.5 17.0 16.5 16.5 
1971 19.5 20.5 21.5 20.5 17.5 17.0 17.0 17.0 16.5 17.5 17.5 16.5 
1972 19.8 23.9 24.8 22.3 20.7 22.2 21.0 19.5 19.0 19.9 20.1 23.3 
1973 24.0 23.6 21.9 19.4 17.9 16.9 16.7 16.2 16.0 17.0 17.3 16.0 
1974 18.8 21.2 20.4 19.5 19.4 19.1 18.0 16.9 17.4 16.6 17.4 16.9 
1975 17.8 18.6 22.4 21.5 19.8 17.8 18.0 17.7 18.1 18.1 16.2 17.7 
1976 20.5 24.4 23.6 21.4 21.7 21.2 21.2 19.0 18.9 19.5 20.1 20.3 
1977 20.5 20.3 20.8 19.4 18.5 19.1 18.2 18.3 17.9 18.7 16.9 18.7 
1978 18.7 21.5 20.1 19.1 18.6 17.3 17.2 15.9 17.3 17.8 18.2 18.1 
1979 18.7 18.3 18.7 19.0 18.7 18.3 18.2 18.1 17.9 18.0 17.6 18.5 
1980 18.6 17.8 21.8 17.8 19.0 18.4 17.4 17.5 16.8 17.2 16.7 18.9 
1981 17.7 20.7 18.6 19.2 19.1 18.7 17.7 18.0 17.6 17.9 17.7 17.7 
1982 18.4 19.9 19.9 19.6 18.7 20.0 20.0 18.5 18.2 20.9 23.4 24.9 
1983 24.9 27.9 28,3 29.2 29.2 28.5 26.2 19.3 20.1 * * 
1984 * * " **** **** *.** **** **** **** **** **** **** 
1985 e * * * 15.7 18.6. 17.0 16.6* 16.7 16.9 16.7 18.6 
1986 20.2 23.5 19A 18.8 15.7 **** **** **** ******* **** **** 
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Table 3. Monthly mean sea surface temperature In degrees Celius at La Punta, Peru. Data courtesy of Dr. D. Enfleld, Oregon State 
University. 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1950 19.8 20.4 19.6 18.3 163 15,1 15.6 15.4 16.3 17.2 17.2 17.91951 18.7 18.9 19.3 19.3 19.4 '19.2 18.9 18.5 17.7 18.7 19.21952 19.5 20.0 20.4 19.219.2 18.1 .16.7 16.0 15.7 15.9 16.8 16.9 17.91953 18.2 20.3 22.3 21.5 19.0 18.0 * * 18A 17.8 18.3 19.21954 19.6 16.3 16.4 16.2 15.5 15.2 14.7 14.5 14.4 14.2 14.1 15.21955 15.9 16.5 17.1 16.7 16.6 15.9 15.6 15.0 14.4 14.2 14.71956 15.4 17.2 18.2 17.8 15.116.7 16.5 16.0 15.8 15.3 14.9 15.2 15.51957 15.9 19.2 20.2 20.0 20.4 19.1 18.9. 17.5 16.5 16.6 16.1 18.31958 19.9 21.0 20.0 18.9 18.1 17.3 17.1 15.9 15.5 15.4 16.4 15.71959 15.8 18.4 18.8 18.1 17.7 16.5 16.0 15.5 15.2 15.2 15.7 15.61960 16.7 17.2 17.6 16.9 162 16.1 15.6 15.6 15.4 15.1 15.2 15.01961 16.2 17.6 17.9 17.1 17.2 15.9 15.6 15.7 15.5 15.4 15.1 15.31962 16.8 17.8 16.5 16.1 15.7 16,3 16.0 15.6 15.5 15.4 15.2 15.71963 15.6 16.3 18.1 17.3 17.1 17.3 16.9 16.5 16.2 15.6 15.9 15.81964 17.3 18.2 17.3 16.7 15.8 15.4 14.9 14.7 14.6 14.3 14.5 14.91965 15.4 16.5 19.9 19.6 18.9 18.6 17.8 18.0 16.4 15.9 16.61966 17.9 18.1 17.6 16.5 17.416.1 15.9 15.6 15.1 14.8 14.9 14.8 15.41967 15.6 15.5 17.0 17.0 17.0 15.5 15.3 14.6 14.3 14.0 14.1 14.61968 15.3 15.4 17.6 15.5 14.9 14.6 14.6 15.0 15.1 15.1 15.4 16.41969 17.4 18.6 19.5 19.6 19.2 19.1 16.7 15.8 15.9 15.6 17.8 17.81970 16.9 17.0 17.0 16.1 16.1 15.6 15.0 14.5 14.4 14.7 14.1 14.81971 15.5 16.3 15.1 16.0 16.3 15.8 15.6 15.5 15.3 14.8 14.8 15.31972 16.0 17.6 19.5 19.5 19.7 19.4 19.3 18.81973 21.1 20.5 19.0 17.4 16.2 15.1 15.2 17.9 17.4 18.2 19.014.4 14; 14.4 14.4 14.8

1974 15.3 15.8 16.8 16.8 1.7.3 16.9 16.3 15.5. 14.7 14.6 15.0 14.91975 15.3 15.6 17.2 17.6 16.6 15.1 15.3 14.7 14.2 13.9 14.8 14.91976 14.8 16.9 18.4 18.2 18.5 19.0 18.1 18.6 15.9 16.6 16.9 18.31977 17.1 17.4 17.3 17.7 17.2 16.6 14.6 15.5 15.0 14.6 15.3 15.61978 16.2 17.7 19.5 18.1 16.5 15.6 15.5 15.5 14.8 15.1 15.5 16.21979 17.0 17.8 19.4 17.9 17.6 16.2 16.2 16.2 15.8 15.5 15.7 17.21980 16.3 16.9 18.9 18.6 17.3 16.7 16.4 15.6 15.3 14.7 15.7 16.31981 15.5 16.6 16.5 16.8 17.6 16.7 15.7 15.4 14.9 14.9 15.3 15.51982 15.6 16.3 17.3 16A 16.6 16.2 16.2 16.2 16.0 16.5 19.0 21.71983 23.5 23.6 23.0 23.7 23.8 24.2 19.6 17.4 16.0 16.0 15.9 15.51984 15.8 16.1 16.7 17.9 16.4 15.6 15.8 15.5 14.81985 15.1 15.5 15.5 14.6 15.2 14.7.16.3 14.7 14.7 15.0 14.7 14.3 14.3 14.2 14.31986 14.7 16.6 15.9 15.3 15.2 * **** **** **** **** **** **** 

Data Acquisition and Processing 

DataSources 

The profiles of subsurface temperature for the Peru coastal region were acquired from theUS Navy Fleet Numerical Oceanography Center (FNOC) in Monterey, California. The profileswere obtained by merchant, naval and research vessels of many nations using a variety ofsampling instruments, including bottle casts, mechanical bathythermographs (MBT), expendablebathythermographs (XBT) and electronic conductivity/temperature/depth profiles (CTD). Thecapability and accuracy of these instruments vary widely: MBTs, with typical accuracies of 0.3to 1.OoC, were used until the development of XBTs in the 1960s. Generally, MBTs reacheddepths of only 100-200 m, whereas the newer XBTs are capable of depths to 450, 700, or even1,500 m. The accuracy of XBTs are typically 0.1 to 0.40C. Bottle casts and CTD casts fromresearch vessels are capable of any depth, with typical cast depths to 1,000 or 1,500 m andaccuracies of 0.001 to 0. 1oC. Profiles from all of these sources are normally mailed tooceanographic data centers and assembled into common data sets. The time lag betweenobservation and final assembly of the data by the data centers may be 5 to 10 years or longer. Toreduce this time lag, many of the profiles are manually digitized and transmitted by radio in near 
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Table 4. Monthly mean sea leve (cm) at Talara, Peru. Data courtesy of Dr. D. Enfield, Oregon State University. 

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

1950 
1951 
1952 

267 
344 
315 

287 
373 
302 

310 
366 
281 

301 
386 
291 

342 
460 
312 

318 
4;,J 
333 

310 
303 
303 

294 
301 
325 

275 
317 
295 

303 
307 
317 

272 
328 
285 

264 
307 
318' 

1953 316 442 431 383 425 412 363 358 334 327 326 323 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

333 
339 
293 
342 
463 
385 
354 
380 
371 
343 
322 
368 
395 
364 
328 
351 
334 
260 
412 
397 
254 

305 
363 
383 
455 
410 
442 
354 
365 
336 
442 
373 
486 
342 
367 
313 
343 
278 
333 
501 
386 
284 

301 
314 
402 
471 
355 
407 
312 
362 
319 
394 
356 
487 
310 
303 
317 
434 
328 
355 
461 
309 
376 

300 
346 
357 
519 
395 
382 
323 
366 
377 
376 
286 
432 
343 
318 
338 
478 
341 
347 
427 
285 
400 

310 
310 
356 
487 
381 
394 
317 
351 
369 
425 
299 
397 
336 
347 
344 
411 
281 
331 
436. 
281 
396 

342 
30d 
335 
471 
377 
393 
352 
370 
386 
417 
291 
407 
337 
350 
379 
351 
328 
364 
505 
341 
431 

313 
276 
323 
426 
354 
312 
351 
341 
355 
369 
309 
385 
345 
330 
421 
348 
292 
336 
463 
335 
427 

297 
274 
306 
357 
285 
358 
329 
330 
327 
369 
282 
379 
344 
282 
369 
330 
307 
289 
367 
330 
333 

307 
272 
295 
321 
311 
326 
309 
300 
352 
344 
297 
357 
310 
269 
320 
344 
299 
294 
374 
325 
318 

292 
249 
280 
343 
292 
349 
299 
305 
314 
293 
264 
340 
317 
274 
306 
337 
322 
392 
384 
306 
332 

329 
219 
263 
420 
298 
380 
333 
336 
295 
275 
279 
367 
291 
285 
374 
317 
273 
289, 
445 
330 
341 

294 
260 
247 
455 
311 
309 
316 
.339 
286 
351 
274 
379 
292 
312 
327 
331 
226 
327 
539 
321 
343 

Table S. Monthly mean sea level (cm)at La Punta, Peru. Data courtesy of Dr.D.Enfield, Oregon State University. 

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

1950 212 212 239 246 258 261 228 225 185 181 197 197 
1951 
1952 

232 
265 

279 
265 

285 
254 

305 
284 

378 
296 

388 
275 

289 
256 

269 
251 

247 
215 

251 
234 

236 
218 

247 
244 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 

245 
221 
234 
222 
240 
383 
309 
223 

343 
220 
232 
264 
325 
341 
317 
253 

308 
226 
263 
262 
355 
280 
317 
196 

325 
226 
254 
269 
400 
291 
286 
237 

328 
242 
235 
246 
393 
290 
249 
223 

232 
256 
241 
252 
371 
297 
270 
266 

286 
212 
223 
204 
319 
283 
240 
219 

283 
200 
174 
229 
267 
216 
240 
221 

249 
195 
177 
202 
233 
202 
171 
195 

239 
178, 
152 
178 
259 
207 
211 
219 

199 
239 
161 
190 
281 
229 
220 
219 

224 
202 
178 
175 
332 
245 
207 
223 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

272 
270 
228 
217 
214 
270 
231 
216 
262 

261 
241 
251 
234 
281 
227 
233 
207 
296 

285 
248 
260 
222 
373 
213 
236 
240 
337 

236 
290 
264 
208 
314 
239 
240 
240 
387 

2C0 
241 
285 
224 
273 
233 
287 
221 
306 

258 
273 
294 
221 
291 
264 
248 
267 
277 

245 
268 
269 
241 
329 
257 
240 
282 
274 

245 
244 
247 
196 
270 
212 
195 
237 
250 

193 
236 
218 
181 
282 
198 
166 
245 
285 

195 
193 
230 
178 
207 
214 
177 
254 
237 

181 
208 
245 
165 
300 
193 
182 
220 
300 

244 
188 
243 
182 
269 
207 
205 
222 
272 

1970 
1971 
1972 
1973 
1974 

312 
211 
237 
316 
230 

309 
270 
287 
276 
202 

283 
288 
350 
212 
268 

278 
302 
317 
201 
276 

331 
279 
381 
227 
29S 

328 
224 
402 
217 
301 

246 
224 
379 
229 
290 

236 
219 
318 
193 
275 

231 
220 
319 
198 
236 

226 
234 
287 
179 
322 

205 
212 
354 
186 
325 

218 
215 
421 
187 
319 
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real-time as BATHY messages for support of real-time ocean analyses. BATHY messages,
although more timely, require additional editing to correct digitizing and transmission errors.
With improved digital data acquisition and satellite data transmission systems, the time lags and 
transmission errors are being reduced. 

Subsurface temperature profiles from many available sources have been assembled by
FNOC in the Master Oceanographic Observations Data Set (MOODS). MOODS is in a compact
binary format and contains almost 5 million subsurface temperature profiles globally. The
MOODS file is by no means a complete file of all ocean temperature profiles that have even 
been made; rather, it is only that subset which have been made available to FNOC and merged
into the file. Probably many additional profiles exist and if obtainable, could be used to improve
analyses of historical conditions. At present, MOODS occupies 12 reels of magnetic tape and is
sorted in the sequence: month, Idegree square of latitude and longitude, year,day and hour. For 
compactness, many of the temperature profiles are stored at significant or inflection points so
that the original data can be recreated by linear interpolation between inflection points.

The distribution of the profiles in time and space is critical for maling consistent time series
of subsurface temperature. A total for all years of only 12,102 profiles were available in the
MOODS file for the five areas along the Peru coast (Fig. 3). Temperature profiles off Peru are
almost nonexistent in the MOODS file for the years prior to 1955 but are more abundant for the 
years from the late 1950s to the early 1970s. Lags in data assimilation have reduced the amount
of data in MOODS since the mid-to-late 1970s, with most of the recent data being acquired via
BATHY messages. Profiles taken prior to 1952 have been included in the analysis by
combination into the single composite year, labelled "1951" in the plots and tables. Inclusion of
early profiles in the analysis is useful to help establish the edition scheme and to improve the 
long-term means. 

In addition to an insufficient quantity of profiles over the 33-year analysis period, many of 
the available profiles are very "patchy" in their distribution. A cell in the data fields having 100 
or more observations is often surrounded by many cells with no observations. This 
inhomogeneity of the data fields reflects the fact that relatively large numbers of temperature
profiles are taken during short, localized research expeditions.

The subsurface temperature profiles in the MOODS file suffer from many types of errors.
Teague et al. (1985) have described some of the errors based on samples of the data for the
North Atlantic. Many of the profiles have erroneous spikes and tails which require editing,
whereby the profiles are truncated to retain the portion of the profile above the erroneous data.
About 1 to 5% of the profiles are from incorrect positions or times, as evidenced by reports from
land areas. No attempt was made in this analysis to correct for position a,-I time errors of the
profiles as this would have required resorting the profiles into original cruise sequences and 
tracking each ship individually.

Because of the errors in profiles and more importantly insufficient distribution of 
observations in time and space, a complicated scheme was necessar- to compute reasonable
monthly mean values. Thus, the MOODS profiles were edited, monthly means were computed,
and then the means were interpolated to fill gaps in coverage. 

EditingScheme for Subsurface Temperature Profiles 

The first stage of editing the profiles was a gross error check requiring all reported
temperatures to be in the range of -2.0 to +38.OOC and all depths to be nonnegative and increase
sequentially. No two temperatures were allowed from the same reported depth; in such cases 
(which are rare), the depth of the second reported temperature was increased by an arbitrary
value of 1 m. In order to eliminate gross error spikes, the size of allowable temperature changes
between successive reported depth levels was limited between +2.0 and -12.OOC. When data 
were rejected by these edits, the profile was truncated at the depth of failure and the remaining 
upper portion of the profile was retained. 

The second stage of profile editing checked for unusually strong positive and negative
vertical temperature gradients to further reduce unreal spikes and vertical gradients. In the
surface layer and thermocline, where the water temperatures were greater than 6.OOC, the 
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vertical temperature gradients were required to be in the range of -2.0 to +0.50C per meter of
depth. For reported temperatures less than 6.0oC, the allowable gradients were tightened to -0.5
to +0.1OC/m. As for the first stage editing, when gradients exceeding these limits were
encountered, the profiles were truncated and the remaining, upper portions of the profiles were 
retained. 

The third .tnge of editing was a check against the mean and standard deviations of a running
series of 10 values of a temperature editing parameter. For SST, depths of the 140C and SST20C isotherms and heat content, the computed parameter itself was used as the editing para
meter. For the vertical temperature series, the temporature at 100 m was interpolated from each
profile and used as the editing parameter. The running series was started with the first 10 profiles
for each month and 1 degree square of latitude and longitude. (Because the data were sorted in
the sequence: month, 1 degree square, year, day and hour, the first 10 profiles in a one degree
square were often from years earlier than 1952 and thus errors in the first 10 profiles did not 
cause serious contamination of the 1952-1984 time series). After acceptance of the first 10
profiles, the mean and standard deviation of the running series of 10 editing values were
computed and used to check the next profile. A new profile was accepted if the editing parameter
computed from it was within a specified tolerance of the mean of the previous 10 values, wheret- -.tolerance was arbitrarily defined to be 1.3 times the standard deviation of the previous 10
values. Each new accepted value was then added to the series and the oldest value in the series
deleted. Use of the running series of 10 values allowed the editing mean to move up or down
with warm and cold periods defined by the data themselves. Similarly, the scheme allowed the
editing tolerance range to widen as the data became more variable (in periods of climatic change
or in areas near oceanic boundaries) and to narrow as the data became less variable (during more
stable periods or in areas far from oceanic boundaries). 

Computation of Individual Monthly Mean Values 

After editing the temperature profiles as described above, values of the four parameters
(SST, depth of the 140C isotherm, depth of the SST-20C isotherm, and heat content down to the
SST-20C isotherm were computed for each profile. Individual monthly means of the four 
parameters were computed for each cell (5 areas x 408 months) for the ylais 1951 to 1984. The
resulting monthly mean fields were very sparse, having mean values in only about 37% of the 
2,040 total cells. 

Temperatures at 25 m depth intervals from the surface to 350 m were computed from each
profile to display vertical variations of temperature versus time in each of the five areas. The
data were processed as differences between the surface temperature and the temperature at each25 m depth interval because of the effect of varying maximum depths of the profiles. Direct 
computation of mean temperatures from profiles of varying maximum depth can cause
unrealistic subsurface temperature gradients (Robinson and Bauer 1976).

After computation of the 'ndivictual monthly mean values, the 12 long-term monthly means 
and 12 between-year standard deviations were computed for each area (or depth for the vertical
plots). Here, long-term mean is defined as the mean of all the individual monthly means, e.g.,
the January long-term mean is the mean of all individual January monthly means. The between
year standard deviation (bysd) is the standard deviation of the individual monthly means
computed by month to show the interannual variability. The monthly anomalies were then
computed as the differences between the individual monthly means and the appropriate long
term monthly mean, e.g., the January 1952 anomaly is the individual monthly mean for January
1952 minus the January long-term mean. 

In some cases, no profiles were available in a month during any year for an area (or depth).
In these cases, it was not possible to compute a long-term monthly mean. Such gaps in the long
term mean field were filled using a 5 x 5 matrix interpolation which used information from
surrounding long-term means. Empty cells were filled with averages of surrounding mean
values, weighing proportionately to the squ-e root of the number of years of data represented by
the mean and inversely to the square of the distance (in grid lengths) away from the cell. 



26 

The fields of individual monthly mean values were rather noisy, particularly those computed
from small numbers of profiles which are considered less reliable than those based on relatively
large numbers of profiles. To reduce the errors associated with limited numbers of profiles, the
individual monthly means were adjusted toward the long-term mean for each month, i.e., means 
based on only a single profile were set to the average of the mean and the long-term mean for 
that month, while means based on two or three profiles were weighed proportionately less 
toward the long-term mean. 

Monthly anomalies were computed as the difference of the adjusted individual and long
term monthly means. To partially fill the gaps in the anomaly field between data values, the 
same 5 x 5 matrix interpolation scheme was used as for the long-term means, weighing
proportionately with the square root of the number of profiles represented by the mean and 
inversely with the square of the distance away from the cell. In regions that were 3 or more cells 
away from mean values, no interpolation of the anomaly was made. Use of this interpolation
scheme increased coverage of the field from about 37% to about 91%. Use of a 5 x 5 matrix
interpolator was reasonable as autocorrelation functions (not shown) of the individual monthly 
means were computed and had magnitudes greater than 0.4 for lags of at least two months in 
time and at least three areas (9 degrees of latitude) along the coast in space. The correlations are 
in agreement with Enfield and Allen (1980) who showed similar strong coastwise coherence of 
sea level and SST along the coast of North and South America from Alaska to Chile. 

After adjustment and interpolation of the anomaly field, the fields of individual monthly 
means were recomputed. Gaps in the coverage were partially filled by the addition of the
interpolated anomaly field and the long-term mean field. Use of the anomaly fields to interpolate
the monthly mean fields for filling gaps in coverage is based on the assumption that the anomaly
fields are smoother in time and space than the monthly means. This assumption is justified
because of the large seasonal changes that are observed in the monthly means but relatively
smoother changes in the anomalies (see, e.g., Fig. 2, autocorrelation functions). 

SpatiallyAveragedMonthly Meansfor the 4 to 140S Region 

Monthly anomalies for the three central areas were further averaged to make time series of 
monthly mean anomalies for the entire region from 4 to 140S. The averaged monthly anomalies 
were then added to the appropriate averaged long-term means to obtain time series for the four 
computed parameters by month for the region 4-140S. Plots and tables of the time series values 
are presented along with the total combined number of observations for the three central areas. 
Values are only given if observed or interpolated mean values were available for all three areas. 
This requirement reduced the coverage of the time series to about 90% of the 408 possible
months. For cases where anomaly values were not available for each of the three areas for any
particular month, asterisks are printed in the tables and values are not plotted. 

Results and Discussion 

Each of the parameters (SOI, SST, sea level, depth of the 140C isotherm, depth of the SST
20C isotherm, vertical structure of subsurface temperature and heat content from the surface to 
the SST-20C isotherm) is presented separately. The data are displayed in a variety of formats to 
emphasize the seasonal and interannual scales of variability, both horizontally along the coast 
and vertically through the water column. For each of the parameters, tables and plots of 
spatially-averaged (for the region from 4-140S) monthly means are presented. Plots of the long
term annual cycle, between-year standard deviation, monthly anomaly in standard deviation 
units, and autocorrelation functions of the anomalies for each of the parameters are presented to 
describe seasonal and interannual variability. Also, time-latitude and time-depth contour plots of
profile data are presented to show horizontal and vertical variations of subsurface temperature. 
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Southern Oscillation Index 

Time series of the monthly mean Southern Oscillation Index (Fig. IA, Table 1)and anomaly
of SOI (Fig. 2A) show the buildups and subsequent declines of pressure differences associated 
with the onset of El Nifio, as described earlier. Major buildups and declines occurred in 1949
1952, 1954-1958, 1970-1972 and 1975-1977. The most recent decline in 1982-1983, associated 
with that strong El Nifio, followed a long period (1976-1981) of relatively weak negative 
pressure difference. There was also a sharp decline in 1979 associated with a weak coastal 
warming event in that year. Perhaps the 1979 event would have been more notable (more
comparable to other moderate or weak El Nifios) if it had not occurred during an already warm 
period.

The SOI has a relatively strong annual cycle (Figs. 1and 2) which varies from a peak
difference of about 13 mbs in February, indicating strongest trade winds in late austral summer 
to a low of about 7 mbs in May, indicating weakest trade winds in late austral fall. The 
interannual variability of SOI is relatively constant throughout the year as indicated by the 
similar values of between-year range and standard deviation. The SOI is moderately persistent in
time with an autocorrelation of anomaly of about 0.4 at one month lag. From 12 to 36 months
lag, the autocorrelation of the anomaly remains very close to zero, then becomes weakly positive
at lags of 36-48 months. This suggests that the period of important interannual changes in the 
SOI is greater than 3 years, in agreement with the frequently reported period for El Nifio of 3-7 
years. 

Sea Surface Temperature 

Time series of monthly mean SST (Figs. 1B and 1C, Tables 2 and 3) and anomaly of SST 
(Figs. 2B and 2C) at Talara and La Punta (Callao) and spatially-averaged SST for the region
from 4-140S (Table 6, Figs. 4A, 5A) show significant seasonal and interannual variability of
SST. Both the shore station and spatially-averaged SST data show the major El Nifio and anti-El 
Nifio events. Positive anomalies occurred in the years 1953, 1957-1958, 1965, 1972-1973, 1976
1977, 1979 and 1982-1983. Each of the figures also show longer period interannual variations: 
cool conditions in the early 1950s, warm conditions in the late 1950s, moderately cool conditions 
throughout the 1960s and early 1970s (except the 1965 and 1972-1973 El Nifios), and finally a
long-term warming during 1976-1983. Comparison between the two shore stations, Talara in the
north and La Punta in the south, shows the northerly station to have more low-amplitude, high
frequency variability than the southerly station. This difference is assumed to be caused by the 
more complicated equatorial ocean dynamics occurring in the northern region.

Along the coast, the El Nifio events of 1953, 1957-1958, 1965, 1969, 1972-1973, 1976-1977 
and 1982-1983 (Rasmusson 1984) are seen as tongues of warm SST, extending variable 
distances southward (Fig. 6). A moderate warming occurred in 1979-1980, in agreement with the
below normal SOI that year. The extreme magnitude (large region of SST > 280C), duration, and 
coastwise coherence of the 1982-1983 event distinguish it as the most significant warm feature 
of this series. The poorly documented 1953 El Nifio shows a surprisingly strong surface 
manifestation of warm water. The 1954-1956 cold event is only weakly evident, probably due to 
sparse data. With the exception of the 1982-1983 warm event, each of the warm surface events 
are shown to be preceded by a period of anomalously cool SST. 

The annual cycles of SST at the two shore stations (Figs. 2B and 2C) and for the spatially
averaged region (Fig. 7A) vary from highs during the austral fall to lows during the austral
spring. The amplitude of the annual variation of SST is greatest nearer to the equator and the 
complex dynamics associated with the interaction of equatorially-trapped waves with the eastern
boundary (Fig. 6). The spatially-averaged long-term means (Fig. 7A) show high SST (>23.50C)
from January through March or April, when warm water intrudes from the north, followed by a 
rapid transition to lower temperatures in April with the onset of upwelling along the central and
southern portions of the coast. SSTs of 17-190C occur during the upwelling regime from May to 
October along the coast, except for the northernmost area where upwelling is weak. 

Along the coast, the annual cycle is strong, varying between upwelling and nonupwelling
regimes for the central and southern areas and the weak seasonal variation for the northern area. 



Table 6. Monthly mean surface temperature (C) for the region 4-140 off Peru. These means are averages of the monthly means for the three Central areas, computed from subsurface temperature profiles. Thecorresponding number of profiles used in computing each mean is printed (in brackets) to the right of the mean. Means based on zero profiles are computed from interpolated values. Asterisks indicate monthsin which neither observed nor interpolated means were available in all three areas. 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
 
1951 23.0 (1) 
 24.3 (1) 24.5 (129) 23.5 (0) 19.5 (0) 18.2 (2) 18.5 (36) 17.6 (6)1952 22.8 (3S) 23.9 (0) 23.6 (0) .... (0) 17.5 

16.8 (0) 17.6 (0) 19.2 (0) 21.0 (0)(0) 17.3 (0) 17.4 (129) 16.2 (0) 15.4 (0) * (0) 00** (0)1953 24.4 (0) 25.2 * (0)(0) 25.1 (49) 23.1 (93) 19.8 (23) 19.8 (0) 19.7 (0) **** (0) **** (0) * (0)1954 * (0) * (0) * (0) * (0)* (0) ** (0) *' (0) " (0) 17.3 (0) 16.3 (2) 15.5 (0) "**1955 * (0) (0) ** (0) (0) * (0) * (0)** (0) * (0) * (0) **** (0) **** (0) 16.8 (0) 17.2 (0)1956 21.0 (5) 22.5 19.3 (51) 19.7 (95)(0) 22.8 (0) 22.0 (31) 18.5 (0) 18.4 (0) 19.5 (0) 18.5 (0) 17.81957 23.9 (0) 24.8 (1) 26.1 (33) 23.3 (25) 20.6 (0) 20.1 
(31) 18.3 (0) 19.9 (13) 21.5 (0)(0) **** (0) "*** (0) 17.0 (0)1958 23.1 (75) 24.5 (10) 24.1 (66) 22.8 (8) 19.6 (4) 

17.6 (0) 18.8 (15) 21.3 (6)19.0 (0) 18.6 (7) 17.2 (0) 16.4 (74) 17.1 (0)1959 22.7 (0) 23.9 (0) 23.8 (32) 22.6 (0) 18.6 (5) 21.0 (160)19.2 (0) *0** (0) **** (0) 18.01960 21.4 (0) 22.8 (0) 17.2 (0) 17.9 (4) 19.4 (0) 20.5 (0)(4) 21.6 (13) 22.3 (51) 18.5 (4) 19.0 (0) 18.7 (0) 17.3 (0)1961 21.5 (0) 22.7 (79) 21.5 (63) 20.2 (60) 17.0 (0) 17.9 (14) 17.7 (9) 
16.5 (14) 16.8 (97) 18.1 (41) 20.1 (0)

17.0 (156) 16.8 (29) 17.5 (8) 19.01962 21.4 (93) 21.2 (89) 21.4 (24) (1) 20.1 (0)20.8 (98) 18.3 (94) 18.1 (37) 17.7 (47) 16.9 (0) 16.1 (0) 16.9 (18)1963 17.8 (274) 20.121.6 (33) 22.9 (178) 22.2 (55) 20.7 (69) 17.8 (0) (61)
18.3 (0) 17.9 (55)1964 21.7 (0) 23.1 (10) 21.5 (38) 21.5 

18.2 (142) 17.6 (46) 16.6 (155) 18.8 (44) 19.9 (72)(0) 18.5 (42) 18.0 (65) 18.0 (3) 16.4 (47) 15.9 (49) 16.0 (8)1965 22.6 (0) 24.9 (10) 23.8 (1) 24.1 (43) 18.6 (175) 2n.6 (2)20.4 (0) 19.9 (0) 19.9 (31) 18.6 (66) 18.0 (49) 17.71966 22.2 (0) 23.0 (80) 22.5 (57) 22.0 (26) 19.4 (135) 21.5 (15)(17) 18.5 (50) 17.7 (9) 18.5 (0) 17.5 (5) 16.8 (148) 16.9 (2) 18.71967 21.8 (0) 22.7 (116) 23.8 (15) 21.4 (5) 18.5 (45) 18.6 (2) 
(28) 20.0 (49)

17.8 (2) 16.6 (95) 16.1 (69) 16.51968 21.3 (0) 22.9 (97) 22.2 (0) 20.8 (2) 16.1 (55) 16.0 (0) 18.1 
(0) 18.3 (28) 18.9 (48)

(0) 18.0 (0) 17.6 (86) 17.4 (38)1969 22.4 (46) 23.3 (20) 23.7 (8) 23.0 (2) 18.9 (0) 19.2 
18.1 (12) 20.3 (71)

(8) 18.7 (53) 17.8 (36) 17.2 (159) 17.5 (0) 18.91970 21.9 (0) 22.8 (0) 21.4 (0) 20.3 (0) 17.1 (62) 20.2 (19)(8) 17.0 (33) 17.5 (0) 16.8 (0) 16.1 (63) 16.7 (94)1971 20.6 (0) 21.8 (0) 22.2 (0) 20.3 17.0 (100) 18.3 (32)(5) 18.9 (23) 19.3 (19) 18.4 (0) 17.2 (151) 16.5 (43) 16.3 (11)1972 22.4 (1) 24.3 (19) 24.7 (68) 18.4 (109) 19.6 (62)23.3 (68) 20.8 (14) 20.5 (1) 20.7 (31) 19.5 (0) 18.2 (0) 18.21973 23.7 (u) 24.6 (16) 22.6 (89) 20.6 (6) 18.1 (2) 17.4 
(20) 20.6 (139) 22.1 (4)(0) 17.8 (6) 16.3 (33) 16.5 (25)1974 22.2 (2) 20.5 (28) 21.7 17.1 (1) 18.9 (0) 19.3 (0)(38) 21.2 (5) 19.0 (4) 19.4 (34) 18.9 (3) 17.7 (6) 16.7 (0) 17.41975 22.5 (6) 23.7 (2) (3) 18.6 (65) 20.5 (0)23.8 (53) 22.5 (29) 19.6 (37) 18.8 (1) 18.1 (0) 16.8 (133) 15.9 (0)1976 21.6 (0) 23.3 (0) 23.3 (4) 22.0 (21) 19.1 (0) 

16.3 (0) 17.6 (13) 20.0 (17)19.8 (0) 20.3 (25) 18.3 (26) 17.91977 23.6 (0) 25.0 (26) 24.7 (0) 23.5 (1) 19.5 (0) 
(0) 19.2 (16) 20.2 (0) 21.6 (27)19.0 (9) 18.9 (0) 17.6 (13) 17.31978 22.0 (0) 18.4 (11) 19.0 (11) 20.8 (0)(0) 22.9 (0) 22.6 (5) 22.1 (0) 19.7 (1) 18.7 (0) 18.3 (9) 17.41979 23.3 (0) **** (0) **.. (0) **.* (0) **** (0) 19.8 (0) 19.8 (0) 18.8 

(0) 17.2 (0) 18.3 (0) 19.9 (19) 21.5 (0)
(28) 18.1 (0)1980 23.4 (0) 24.9 (4) 24.7 (11) 23.7 18.5 (0) 19.5 (0) 21.1 (8)(0) 20.0 (0) 19.3 (0) 19.3 (0)1981 23.0 18.4 (12) 17.6 (0) 18.2 (0) ****(0) 24.1 (0) 23.6 (21) 2.8 (0) (0) ** (0)19.5 (0) **** (0) **** (0) **** (0) 17.1 (0)1982 22.4 (0) 22.8 (1) 21.5 (29) 17.8 (0) 19.2 (34) 21.4 (19)22.4 (21) 18.9 (0) 19.6 (0) 19.61983 (0) 18.6 (19) 18.5 (0) 20.5 (0)26.0 (0) 27.4 (17) 26.5 (1) 26.0 (31) 22.5 (0) 22.4 (30) 21.5 (18) 

22.6 (34) 23.4 (6)
19.0 (2) 18.3 (0) 19.1 (11) 20.41984 24.1 (0) 25.3 (12) 25.0 (0) (0) 22.2 (0)23.7 (0) 19.0 (0) 19.0 (0) 18.8 (11) 18.2 (12) 17.4 (0) 17.9 (0) 19.4 (7) **** (0) 
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The time-latitude between-year standard deviation plot (Fig. 7A, left-hand plot) shows the 
highest interannual variability to occur during the fall transition from the warm current regime to 
the upwelling regime, particularly in area 2 which is between the strong upwelling to the south 
and the weak upwelling to the north. The interannual variability of SST is lowest during peak 
upwelling.

The autocorrelation function of the anomaly of the spatially-averaged SST (Fig. 5A) is 
moderately persistent with a lag one value of about 0.6. After 18 months' lag, the autocorrelation 
function begins to rise, peaking again at a lag of about 44 months. Anomaly of SST at the two 
shore stations has autocorrelation functions with moderately strong persistence at lags one and 
two, negative correlation between lags of 12 and 36 months, and weakly positive correlation 
after a lag of about 40 months (see Figs. 2B, 2C). This pattern is similar to that described for SOI. 

Vertical Structure of Subsurface Temperature, 0-350 m 

The interannual variability of subsurface temperature for the central area (Area III) off Peru 
(Fig. 8) shows monthly variations of isotherm depths from the surface to 350 m for the period
1952 to 1984. A similar plot of the anomaly field was used for the analysis (but not shown 
because anomalies must be carefully analyzed to avoid misinterpretation of events caused by
slight phase shifts). Interestingly, the 12, 14 and 160C isotherms show a general long-term 
depression of the thermal structure for the period 1976-1984, in agreement with the changes in 
SO1 and SST discussed previously and with other reports of a large-scale coastal warming during
the period. 

Shorter duration depressions of the isotherms are observed for the 1957-1958, 1965-1966,
1969, 1972-1973, 1976-1977, 1979-1980 and 1982-1983 El Nifio warming events. The 
magnitude and vertical extent of these isotherm depressions varies noticeably between different 
events. Each of these El Nifio events is characterized by moderate to strong surface warming.
The anomaly field (not shown) has double peaks for most of these warming events, as has been 
reported by others for many El Nifio events (e.g., Cane 1983; Reinecker and Mooers 1986). The 
1957-1958 El Ni'io appears to be of shallower extent but of longer duration than most of the 
other events, lasting for about 3 years. The 1965-1966 El Nino had intense surface warming
(down to 150 m) which began in January 1965 and lasted until about July, followed by a second,
weaker warming which peaked in about December. There was also a weak isotherm depression
between 275 and 350 m. The 1969 El Nifio had a weak signal from the .crface down to about 
300 m. The 1972-1973 El Nifo was similar in vertical extent and duration to the 1965 event, 
except the second peak was less defined. The 1976-1977 event was moderately strong at all 
depths from the surface dowri to 350 m. The 1979-1980 event had a weak depression at all 
depths. During the 1982-1983 El Nifio, a strong depression of 50 to 80 m was observcd at all 
depths. For this event, it is interesting to note that the 12 and 140C isotherms were depressed 5-6 
months prior to the depressions of the surface layer isotherms. It is yet to be determined whether 
this relates to the idea of downward and poleward propagating coastally trapped waves 
(McCreary 1976).

The annual cycles of subsurface temperatures for the five areas along the coast are shown by
vertical contour plots of the long-term monthly means (Fig. 9). The areas are arranged from 
north to south from left to right across the page. The strongest vertical temperature gradients are 
in the upper 75 m, indicating a relatively shallow mean thermocline. The isotherms display a 
relatively linear slope upwards with increasing latitude (southward) along the coast, as would be 
expected. The 12 and 140C isotherms shoal from mean depths of about 285 m and 170 m for 
Area I, near the equator, to mean depths of 205 m and 90 m for Area V, in the south. Similarly,
the SST varies between 21 and 240C for the northern area and between 16 to 210C for the 
southern area. Each of these plots show a strong annual cycle having relatively warm 
temperatures during the austral summer, with annual highs occurring in February and March, 
and cooler temperature during the austral winter, with annual lows occurring in September. This 
pattern of the annual cycle becomes less apparent with increasing depth, where the 12, 14 and 
160C isotherms have an interesting double peak.

The interannual variability of subsurface temperature off Peru is shown by vertical contour 
plots of the between-year standard deviation (bysd, see Fig. 10) for the long-term monthly means 
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just discussed. The highest variability is found in the upper 50 m, as would be expected for the
thermocline. Seasonally, this upper layer variability appears to be highest (bysd = 2.7-3.OOC)
from March through July and lowest (bysd = 0.7-1.20C) in September. With a few exceptions,
the interannual variability is consistently low (bysd = 0.2-0.90C) below 100 m in each of the 5 
areas. 

Depth of the 140C Isotherm 

Unlike the previous section which described time variations of the thermal structure
vertically for a single area and the long-term annual cycle of the slope of the thermal structurefor the five areas along the coast, this section examines temporal and spatial variations of the
depth of the 140C isotherm in greater detail. The time series of monthly mean depth of the 140Cisotherm (Fig. 11, Table 7) shows considerable seasonal and interannual variability. The 140C
isotherm deepened during each of the warming events, with the most striking example occurring
during the 1982.-1983 El Nihio. The anomaly of the depth of the 140C isotherm (Fig. 5B) shows
persistent deep or shallow anomalies lasting several years. The 140C isotherm deepened in 1976
and remained anomalously deep throughout the rest of the record. 

The ani, a-. ycle of the depth of the 140C isotherm (Fig. 7B) differs from the annual cycles
of each of the other -parametersin that it displays a double peak. Seasonally, the depth of the
140C isotherm for the region from 4 to 140S has maximum depths in April and July and
minimum.depths in June and September. This double peak exists for each of the five areas
(Fig. 9), although the months of occurrence differ slightly.

The 140C isotherm is relatively deep in the north and shallow in the south (Figs. 9 and 11).The annual long-term mean depths of the 140C isotherm for Areas I through V are 152, 135, 109,90, and 78 m, respectively. The transition from depth to shallow depths is usually rapid, typically
occurring in 1-2 months. The interannual variability of the depth of the 140C isotherm is highestin December and January for the three northern areas (between-year standard deviations greater
than 50 m), associated with the intrusion of the warm water. The interannual variability is lowest
during peak upwelling in September.

Along the coast, the depth of the 140C isotherm (Fig. 11) provides an indication of thecoastwise interannual variability of the thermocline depth and the effect of coastal upwelling on
the thermal structure. The 140C isotherm q.epened moderately during the years 1957-1958,
1965, 1969, 1976-1977 and 1979-1980 and strongly during the 1972-1973 and 1982-1983 El
Nifios. This plot shows the 1982-1983 El Nihio to be the largest event of the record, both in
magnitude and duration. The 140C isotherm remained below 200 m for most of the period from
February 1982 through July 1983 for the northern two areas. Likewise, the 140C isotherm
remained significantly deeper than normal during this period for the southern three areas. Both
plots show the 1957-1958, 1965, 1969, 1972-1973 and 1976-1977 El Niuios were preceded by
cold period having shallow depths of the 140C isotherm. The 1979-1980 and 1982-1983 warm 
events, by contrast, occurred during the long-term coastal warming from 1976 to 1984.

The 1979-1980 warming, which was not included in Rasmusson's (1984) list of El Nifios,
had moderate signals for each of the three parameters thus far discussed. Norton et al. (1984)
described a strong surface warming in 1979-80 in the California current system which attenuated 
rapidly with depth, seemingly unrelated to tropical warming.

Wyrtki (1975) pointed out that El Nifio conditions off the coast of Peru were not caused by a
local weakening of the upwelling favorable winds, as had been previously hypothesized. He
showed that not orzly did the upwelling favorable winds not weaken but also appeared to have 
strengthened during El Nifio events. Using Bakun's (this vol.) time series of wind stress,
turbulent mixing index, and offshore Ekman velocity and transport, we now strengthen Wyrtki's
argument and show that each of the major El Ninio events of the past three decades occurred
during periods of anomalously strong southeast trades and offshore Ekman transport. One would
expect intense offshore transport to be associated with intense coastal upwelling and shallow
thermocline. However, comparison of the time series of offshore transport with depth of the
140C isotherm indicates the opposite. Periods of strongest offshore transport correspond toperiods of deepest depth of the 140C isotherm. The 1957-1958, 1965, 1972-1973 and 1982-1983 
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0Table 7. Monthly mean depth of the 14 C isotherm (i) for the region 4-14 0S offPeru. These means are averages of the monthly means for the three central areas, computed from submrface temiperature profle. The corresponding number of profiles used in computing each mean is printed (in brackets) to the right of the mean. Means based on zero profiles are computed from interpolated values. Asterisks indi
cate months in which neither observed nor interpolated means were available in all three area:. 

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

19f 1 96 (1) 112 (1) 108 (2) 116 (0) 121 (0) 110 (0) 149 (17) 126 (7) 96 (0) 96 (0) * (0) " (0)1952 **** (0) **** (0) **** (0) **** (0) 116 (0) 94 (0) 113 (144) 106 (0) 87 (0) * (0) ** (0) * (0)1953 101 (0) 115 (0) 127 (1) 123 (0) 123 (0) * (0) * (0) * (0) * (0) * (0) **' (0) **** (0)1954 *** (0) *** (0) =*** (0) **** (0) * (0) * (0) **" (0) * (0) * (0) * (0) * (0) * (0)1955 * (0) * (0) "*** (0) **** (0) **$S (0) ** (0) * (0) * (0) 81 (0) 73 (0) 73 (69) 85 (104)1956 75 (5) 97 (0) 108 (0) 102 (47) 110 (0) 100 (0) 131 (0) 121 (0) 99 (30) 108 (0) 126 (5) 119 (0)1957 98 (0) 90 (3) 118 (43) 135 (10) 127 (0) 108 (0) **** (0) **** (0) 94 (0) 98 (0) 102 (5) 105 (2)1958 129 (41) 128 (9) 121 (65) 127 (6) 136 (2) 113 (0) 129 (1) 118 (0) 94 (51) 96 (0) 89 (5) 112 (173)1959 101 (0) 120 (0) 148 (5) 129 (0) 125 (0) "*** (0) **** (0) *"** (0) **** (0) **** (0) **** (0) 113 (0)1960 103 (0) 118 (3) 140 (32) 137 (75) 128 (3) 111 (0) 130 (0) 116 (0) 81 (7) 102 (94) 105 (33) 117 (0)1961 109 (0) 126 (55) 134 (60) 131 (15) 127 (0) 105 (12) 121 (14) 104 (124) 96 (24) 82 (8) 91 (0) 98 (0)1962 85 (63) 96 (77) 97 (24) 88 (90) 86 (101) 96 (20) 118 (35) 110 (0) 75 (0) 68 (20) 67 (284) 95 (54)1963 66 (88) 113 (99) 115 (40) 93 (30) 104 (0) 90 (0) 96 (60) 143 (49) 101 (3) 86 (61) 110 (14) 132 (18)1964 109 (0) 112 (11) 113 (13) 101 (0) 81 (51) 89 (99) 113 (2) 86 (59) 73 (61) 54 (9) 60 (180) 79 (0)1965 80 (0) 114 (0) 125 (0) 119 (34) 132 (1) 109 (0) 136 (26) 130 (53) 103 (34) 123 (21) 124 (85) 145 (18)1966 121 (0) 145 (47) 103 (42) 122 (32) 130 (44) 106 (21) 125 (0) 89 (5) 94 (135) 87 (2) 100 (29) 123 (41)1967 99 (0) 109 (130) 120 (11) 107 (5) 142 (52) 114 (9) 126 (2) 95 (113) 90 (63) 88 (1) 79 (31) 81 (55)1968 70 (0) 75 (114) 96 (1) 119 (7) 102 (32) 96 (0) 134 (0) 134 (0) 128 (57) 107 (32) 88 (9) 148 (37)1969 130 (12) 109 (15) 148 (7) 130 (2) 134 (2) 123 (14) 125 (48) 97 (31) 101 (117) 102 (0) 113 (23) 148 (8)1970 117 (0) 121 (0) 122 (0) 119 (0) 120 (1) 87 (26) 118 (0) 101 (0) 74 (67) 62 (95) 76 (125) 63 (47)1971 71 (0) 100 (0) 114 (0) 109 (4) 101 (22) 79 (15) 111 (0) 98 (170) 90 (47) 60 (11) 69 (112) 74 (60)1972 31 (1) 102 (20) 113 (49) 138 (59) 130 (17) 128 (0) 157 (25) 147 (15) 124 (0) 139 (22) 130 (87) 150 (2)1973 121 (0) 141 (11) 134 (77) 124 (14) 121 (3) 90 (0) 100 (9) 86 (36) 95 (24) 94 (0) 99 (0) 101 (0)1974 80 (2) 64 (24) 75 (40) 107 (7) 115 (7) 115 (15) 129 (5) 112 (5) 94 (0) 105 (3) 93 (57) 109 (0)1975 95 (8) 105 (2) 121 (53) 102 (35) 116 (63) 92 (1) 118 (0) 99 (134) 81 (0) 80 (0) 59 (17) 76 (16)
115 (0) 133 (23) 120 (0) 123 (12) 

1976 81 (0) 104 (0) 104 (6) 111 (11) 121 (0) 113 (0) 151 (21) 132 (14)
1977 113 0) 139 (24) 133 (0) 128 (U) 127 (0) 123 (2) 135 (0) 120 (14) 101 (0) 114 (11) 122 (8) 121 (0)1978 102 (0) 113 (1) 116 (5) 119 (0) 119 (2) 105 (0) 128 (1) 117 (0) 99 (0) I1l (0) 128 (20) 124 (0)1979 106 (0) *** (0) *** (0) *** (0) *** (0) 110 (0) 139 (0) 138 (25) 105 (0) 108 (0) 110 (0) 139 (3)1980 113 (0) 129 (4) 125 (14) 125 (0) 124 (0) 108 (0) 135 (0) 128 (11) 99 (0) 101 (0) *** (0) *** (0)1981 102 (0) 119 (0) 133 (19) 126 (0) 124 (0) s** (0) *** (0) *** (0) 97 (0) 105 (0) 109 (33) 129 (17)1982 110 (0) 118 (5) 149 (29) 171 (19) 146 (0) 121 (0) 149 (0) 164 (14) 119 (0) 125 (0) 156 (12) 151 (1)1983 154 (10) 180 (16) 168 (6) 185 (85) 169 (7) 151 (73) 166 (68) 134 (9) 114 (0) 125 (13) 110 (0) 120 (0)1984 111 (0) 138 (18) 132 (0) 126 (0) 125 (0) 114 (0) 145 (14) 136 (10) 103 (0) 104 (0) 109 (7) * (0) 
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El Nino periods of anomalously deep thermocline occurred during the four highest peaks of 
offshore Ekman transport. Thus, the thermocline deepens sharply during periods when local 
wind forcing should produce anomalously shallow thermocline. 

Depth of the SST-20C Isotherm 

The depth of the SST-20C isotherm is an indicator of the thickness of the surface mixed
layer, i.e., the depth to the top of the thermocline. The time series of monthly mean depth of the 
SST-20C isotherm (Fig. 4C, Table 8) show that variations in the depth of this isotherm occur 
over both seasonal and interannual time scales. Although anomalies (Fig. 5C) occurred during
the major El Nihio events, the interannual variations of the depth of the SST-20C isotherm are
less closely correlated with El Nifio events than were the other parameters discussed. Rather, the 
dominant interannual variations appear to occur over longer time scales. The SST-20C isotherm 
was anomalously shallow throughout most of the 1960s, anomalously deep from 1970 to 1976, 
near the long-term mean annual cycle from 1976 until 1982 and deep during the !982-1983 El 
Nifio. 

The annual cycle of the depth of the SST-20C isotherm (Fig. 7C) is strong, varying from a 
minimum depth of 20-25 m from January through March (austral summer) to a maximum depth
of 60-70 m from July through September (austral winter). This annual cycle corresponds well 
with Bakun's (this vol.) seasonal wind mixing index and surface wind stress calculations, further 
establishing the depth of the SST-20C isotherm as a reasonable measure of the mixed layer
depth. Thus, the annual cycle of the depth of the SST-20C isotherm fluctuates with the upwelling
cycle, being deep during the upwelling season and shallow during the nonupwelling season. 
Upwelling elevates the thermal structure in response to offshore transport of the surface water. 
The elevated thermal structure combined with increased turbulent mixing during the upwelling 
season apparently force the observed deepening of the SST-20C isotherm. 

The between-year standard deviation and range between extrema vary between lows of 
about 5 and 20 m, respectively, in May and June to highs of about 20 and 40 m, respectively, in 
August and September (Fig. 7C). There is an inverse correlation between SST and depth of the 
SST-20C isotherm. The autocorrelation function of the depth of the SST-20C isotherm indicates 
weak persistence (Fig. 5C). This suggests that the mixed layer changes due to local rather than 
large-scale processes, which makes sense because it is primarily an indicator of the thickness of 
the wind forced mixed layer (or local upper layer stratification due to heat budget
considerations).

Along the coast, the depth of the SST-20C isotherm slopes from a shallow annual mean 
depth in the north (Area I) of 31 m to a relatively deep annual mean depth in the south (Area V)
of 50 m. The maximum coastwise between-year standard deviation occurs in August in Area II,
which is located between the weak upwelling area to the north and the strong upwelling areas to 
the south, reflecting interannual variations in the northerly extent of the upwelling. 

Heat Contentfrom the Surface to the SST-2OC Isotherm 

The heat content from the surface down to the SST-20C isotherm (Fig. 4D) is computed as 
the vertically averaged mean temperature down to the SST-20C isotherm multiplied by that 
depth. Since the magnitudes of depth variations (in meters) are significantly greater than for 
temperature variations (in degrees Celsius), the computed heat contents are dominated more by
depth than temperature. Thus, heat content is low (300 to 500oC x m) during nonupwelling
periods when the surface layer is warm but the SST-20C isotherm is very shallow. Conversely,
heat content is high(>l,OOOOC x m) during the upwelling regime when the surface layer is cool 
but the SST-20C isotherm is deep. Time series of monthly mean heat content (Fig. 4D, Table 9)
and anomaly of heat content (Fig. 5D) reveal interannual variations almost identical to those 
described for the depth to the SST-20C isotherm. 

The annual cycle of heat content has characteristics similar to the annual cycle described for 
depth to the SST-20C isotherm (Fig. 7D). The long-term mean values vary from about 500 mC 



Table 8. Monthly mean depth of the SST-20
 C isotherm (m)for the region 4-14°S off Peru. These means are averages of the monthly means for the three central areas, computed from subsurface temperature
profiles. The corresponding number of profiles used in computing each mean (inbrackets) is printed to the rightof the mean. Means based on zero profiles are computed from interpolated valuea. Asterlik$indicate months in which neither observed nor interpolated means were available in all three areas. 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
195) 24 (11 22 (1) 20 (195) 29 (0) 37 (0) 42 (0) 45 (34) 59 (6) 66 (0) 49 (0) 35 (0) 29 (0)1952 13 (37) 17 (0) 20 (0) * (0) 43 (0) 53 (0) 71 (143) 71 (0) 72 (0) ** (0) **1953 24 (0) 20 (0) 18 (62) 26 (145) 32 (24) 40 (0) 56 (0) * (0) ** (0) * (0) 

(0) * (0) 
1954 * (0) * (0) * (0) * (0) (0) 

** (0) * (0)
* (0) * (0) * (0) * (0) * (0) * (0)1955 " (0) * (0) * (0) * (0) * (0)

** (0) * (0) * (0) * (0) 66 (0) 45 (0) 321956 19 (5) 23 (0) (70) 31 (114)26 (0) 39 (47) 44 (0) 48 (0) 56 (0) 60 (0) 61 (31) s0 (0) 48 (15) 39 (0)1957 26 (0) 20 (3) 28 (50) 25 (33) 38 (0) 45 
1958 34 (78) 22 (16) 

(0) * (0) * (0) 69 (0) 53 (0) 42 (16) 48 (10)18 (90) 26 (8) 31 .(4) 44 (0) 58

1959 24 (0) 23 

(4) 65 (0) 70 (54) 50 (0) 34 (5) 33 (174)
(0) 23 (36) 34 (3) 43 "(1) 47 (0) 58 (0) 64
1960 23 (0) 21 (7) 18 (47) 25 (107) 36 (4) 43 (0) 56 (0) 63 
(0) 71 (0) 60 (4) 40 (0) 36 (0)
 

1961 19 (0) 64 (10) 59 (92) 45 (49) 36 (0)(0) 14 (113) 16 (97) 25 (55) 35 (0) 40 (14) 63 (10) 62 (137) 70 (27) 39 (6) 32 (1)1962 21 (102) 16 (130) 32 (0)15 (35) 29 (100) 31 (107) 46 (36) 60 (27) 63 (0) 62 (0) 33 (20) 31 (273) 27 (58)1963 16 (94) 19 (184) 19 (55) 22 (73) 34 (0) 42 (0) 54 (61) 62 (118) 54 (29) 67 (76) 36 (44) 36 (61)1964 23 (0) 28 (13) 22 (47) 32 (0) 41 (54) 52 (95) 61 (3) 85 (37) 74 (40)1965 20 (0) 25 (10) 21 55 (7) 26 (182) 28 (2)(1) 32 (87) 40 (1) 41 (0) 47 (35) 48 (69) 52 (43)1966 25 (0) 25 50 (24) 37 (139) 35 (29)(96) 22 (65) 30 (34) 42 (69) 50 (25)
1967 20 (0) 

57 (0) 53 (4) 65 (130) 47 (0) 31 (29) 31 (50)18 (147) 24 (16) 25 (11) 41 (65) 50 (9) 69 (2) 76 (103) 86 (54) 521968 20 (0) 16 (120) 18 (1) 22 (1) 42 (32) 37 (62)(7) 45 (41) 49 (0) 57 (0) 60
1969 (0) 61 (73) 52 (36) 35 (11) 37 (73)* (17) 20 (23) 29 (8) 31 (2) 41 (3) 48 (20) 53 (58) 42 (34) 51 (149) 37 (0)1970 22 (0) 23 (0) 22 (0) 32 (0) 25 (59) 32 (19)40 (3) 50 (25) 60 (0) 65 (0)1971 24 (0) 23 (0) 

74 (55) 41 (91) 47 (129) 31 (50)25 (0) 37 (12) 36 (28) 39 (23)
1972 21 (1) 22 

62 (0) 70 (172) 92 (46) 54 (8) 30 (118) 32 (58)(26) 25 (96) 36 (90) 40 (35) 45 (2) 54 (53) 53 (17) 70 (0) 48 (31) 53 (148) 53 (21)1973 34 (6) 26 (15) 26 (114) 34 (25) 35 (3) 53 (0) 70 (11) 86 (38) 1:0 (25) 57 (0) 39 (0)1974 21 (2) 18 (37) 21 (45) 40 (12) 34 (0)44 (7) 45 (31) 64 (5) 65 (5) 73 (0) 62 (3)1975 26 (8) 26 43 (68) 38 (0)(2) 29 (56) 32 (45) 44 (64) 49 (1) 70 (0) 83 (141) 82 (0) 56 (0)1976 22 (0) 23 (0) 34 (15) 29 (19)28 (6) 30 (17) 38 (0) 44 (0) 57 (42) 59 (27)1977 26 (0) 29 (27) 25 (0) 31 (0) 37 (0) 
67 (0) 42 (26) 38 (0) ** (17)

41 (11) 59 (0) 66 (14) 68 (0) 41 (13) 36 (9) 341978 25 (0) 29 (1) 26 (5) 32 (0) 38 (0)
(2) 43 (0) 54 (4) 61 (0) 661979 23 (0) ** (0) * (0) "* (0) ** 

(0) 46 (0) 31 (21) 33 (0)(0) 43 (0) 52 (0) 52 (29) 63 (0) 47 (0) 35 (0) 28 (8)1980 22 (0) 25 (4) 18 (17) 29 (0) 39 (0) 48 (0) 62 (0) 73 (13) 72 (0) 511981 22 (0) (0) ** (0) *" (0)19 (0) 13 (21) 27 (0) 38 (0) ** (0) ** (0) 0* (0) 67 (0)1982 24 (0) 24 (5) 46 (0) 30 (36) 37 (19)24 (36) 27 (24) 39 (0) 45 (0) 58
1983 37 (14) 39 

(0) 63 (23) 74 (0) 64 (0) 59 (81) 57 (21)(32) 36 (6) 39 (99) 46 (7) 44 (99) 60 (80) 55 (11)1984 23 (0) 20 (18) 21 (0) 30 (0) 38 (0) 41 
64 (0) 43 (13) 34 (0) 33 (0)

(0) 46 (15) 59 (14) 66 (0) 49 (0) 37 (7) * (0) 



Table 9. Monthly mean heat content from the surface down to the SST-20°C isotherm (*C x m) for the region 4-14°S off Peru. These means are averages of the monthly means for the three central areas, computed from subsurface temperature profiles. The corresponding number of profdes used in computing each mean (in brackets) is printed to the right of the mean. Means based on zero profile are computed
from interpolated values. Asterisks indicate months in which neither observed nor interpolated means were available in all three areas. 

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

1951 
1952 
1953 
1954 

491 
270 
458 

** 

(1) 
(37) 

(0)
(0) 

524 
401 
465 
*" 

(1) 
(0) 
(0)
(0) 

506 
440 
419 
** 

(188) 
(0) 

(59)
(0) 

609 (0) 
*** (0) 
558 (137)
"* (0) 

748 
789 
613 
.** 

(0) 
(0) 

(24)
(0) 

772 
895 
748 
** 

(0) 
(0) 
(0)
(0) 

801 
1,154 

984 
** 

(31) 
(122) 

(0)
(0) 

1,063 
1,069 

* 
* 

(3) 
(0) 
(0)
(0) 

984 
1,036 

*** 
... 

(0) 
(0) 
(0)
(0) 

837 
* 
* 
** 

(0) 
(0) 
(0)
(0) 

596 
* 
* 

** 

(0) 
(0) 
(0)
(0) 

553 
" 
* 

* 

(0) 
(0) 
(0)
(0) 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

* 
371 
514 
737 
510 
436 
341 
425 
314 
440 
409 
475 
400 
380 
458 
415 
421 
427 
605 
435 
504 
431 
570 
501 
470 
462 
438 
494 
663 
456 

(0) 
(5) 
(0) 

(64) 
(0) 
(0) 
(0) 

(102) 
(87) 

(0) 
(0) 
(0) 
(0) 
(0) 

(46) 
(0) 
(0) 
(1) 
(4) 
(2) 
(6) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(6) 
(0) 

* (0) 
495 (0) 
436 (3) 
515 (15) 
549 (0) 
472 (6) 
280 (109) 
326 (129) 
435 (183) 
578 (12) 
600 (9) 
535 (96) 
404 (142) 
340 (199) 
431 (21) 
498 (0) 
474 (0) 
504 (25) 
599 (13) 
317 (36) 
592 (2) 
514 (0) 
707 (26) 
658 (1) 
*00 (0) 
605 (4) 
430 (0) 
525 (5) 
849 (14) 
464 (16) 

** 
552 
683 
441 
548 
336 
318 
309 
413 
419 
509 
434 
558 
385 
588 
490 
459 
573 
539 
452 
684 
612 
579 
542 
*** 
447 
303 
488 
688 
476 

(0) 
(0) 

(45) 
(83) 
(35) 
(42) 
(94) 
(35) 
(55) 
(46) 

(1) 
(60) 
(15) 

(1) 
(6) 
(0) 
(0) 

(85) 
(109) 

(44) 
(55) 

(6) 
(0) 
(5) 
(0) 

(17) 
(21) 
(35) 
(1) 
(0) 

* 
728 
560 
527 
697 
496 
429 
507 
391 
542 
752 
599 
496 
463 
602 
604 
568 
780 
613 
582 
677 
596 
626 
627 
0** 
593 
519 
596 
883 
590 

(0) 
(44) 
(33) 

(8) 
(3) 

(101) 
(52) 

(100) 
(72) 

(0) 
(76) 
(33) 

(9) 
(4) 
(2) 
(0) 

(10) 
(76) 
(25) 
(10) 
(42) 
(17) 
(0) 
(0) 
(0) 
(0) 
(0) 

(24) 
(63) 

(0) 

... 
832 
771 
670 
876 
659 
632 
570 
650 
652 
822 
673 
774 
753 
824 
797 
672 
799 
762 
875 
806 
771 
734 
797 
*** 
759 
727 
768 
957 
735 

(0) 
(0) 
(0) 
(2) 
(1) 
(4) 
(0) 

(98) 
(0) 

(42) 
(0) 

(59) 
(65) 
(40) 

(3) 
(2) 

(25) 
(30) 
(1) 
(7) 

(55) 
(0) 
(0) 
(2) 
(0) 
(0) 
(0) 
(0) 
(3) 
(0) 

* 
865 
822 
813 
856 
780 
664 
797 
774 
861 
816 
828 
881 
827 
898 
834 
711 
880 
893 
856 
868 
872 
771 
799 
818 
849 
*** 
854 
988 
777 

(0) 
(0) 
(0) 
(0) 
(0) 
(0) 

(14) 
(32) 

(0) 
(81) 

(0) 
(24) 

(8) 
(0) 

(19) 
(23) 
(20) 

(2) 
(0) 

(23) 
(1) 
(0) 

(11) 
(0) 
(0) 
(0) 
(0) 
(0) 

(59) 
(0) 

* 
1,011 

.** 
967 

1,020 
984 
998 
985 
946 

1,034 
924 
953 

1,132 
1.023 

950 
992 

1.014 
1,130 
1,167 
1,100 
1.095 
1,127 
1,019 

949 
999 

1,051 
*** 

1,070 
1,067 

855 

(0) 
(0) 
(0) 
(2) 
(0) 
(0) 
(8) 

(24) 
(59) 

(3) 
(30) 

(0) 
(2) 
(0) 

(53) 
(0) 
(0) 

(45) 
(10) 

(5) 
(0) 

(38) 
(0) 
(4) 
(0) 
(0) 
(0) 
(0) 

(50) 
(11) 

* 
1,000 

*** 
1,003 
1,012 

975 
994 
963 
980 

1,015 
890 
857 

1,079 
1,040 

748 
974 

1,039 
921 

1,117 
1,024 
1,131 
1,083 
1,021 

960 
988 

1,040 
*** 

1,135 
1,017 
1,006 

(0) 
(0) 
(0) 
(0) 
(0) 
(0) 

(126) 
(0) 

(107) 
(26) 
(57) 

(3) 
(79) 

(0) 
(26) 

(0) 
(141) 

(17) 
(23) 

(5) 
(11," 

(25) 
(9) 
(0) 

(26) 
(11) 

(0) 
(23) 

(8) 
(12) 

974 
1,0)9 
1,012 
1,001 
1,031 

947 
1,101 

895 
857 
990 
827 
988 

1.197 
1,097 

851 
1,024 
1,053 
1,054 
1,045 
1,070 
1,102 
1,045 
1,037 

979 
1,009 
1,027 

993 
1,117 

982 
997 

(0) 
(30) 

(0) 
(40) 

(0) 
(9) 

(25) 
(0) 

(28) 
(33) 
(43) 

(114) 
(43) 
(67) 

(145) 
(38) 
(39) 

(0) 
(19) 

(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 

763 
886 
864 
834 
937 
850 
652 
558 
952 
734 
864 
794 
845 
897 
669 
665 
844 
842 
864 

1,049 
864 
786 
906 
809 
828 
838 
815 

1,022 
782 
848 

(0) 
(0) 
(0) 
(0) 
(3) 

(83) 
(6) 

(17) 
(71) 

(3) 
(24) 

(0) 
(1) 

(33) 
(0) 

(72) 
(8) 

(27) 
(0) 
(3) 
(0) 

(23) 
(11) 

(0) 
(0) 
(0) 
(0) 
(0) 

(13) 
(0) 

568 (59) 
809 (14) 
664 (14) 
610 (4) 
673 (0) 
698 (42) 
577 (1) 
555 (246) 
625 (42) 
452 (179) 
641 (121) 
560 (27) 
673 (31) 
611 (11) 
447 (58) 
693 (112) 
522 (116) 
922 (108) 
656 (0) 
711 (64) 
557 (15) 
688 (0) 
653 (9) 
592 (21) 
623 (0) 
*** (0) 
594 (35) 

1,056 (32) 
617 (0) 
680 (7) 

594 
730 
831 
689 
664 
632 
593 
541 
663 
541 
697 
602 
670 
678 
555 
557 
582 
930 
618 
698 
548 
760 
674 
648 
564 
*** 
776 
832 
641 
* 

(113) 
(0) 
(5) 

(171) 
(0) 
(0) 
(0) 

(58) 
(59) 
(2) 

(27) 
(50) 
(62) 
(65) 
(14) 
(49) 
(52)' 

(8) 
(0) 
(0) 

(18) 
(30) 

(0) 
(0) 
(8) 
(0) 

(19) 
(7) 
(0) 
(0) 
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from January through March to about 1,000 oCm from July through September. The between
year standard deviation varies from about 100 oCm in June to about 200 oCm in November and 
February. The range between extrema varies from 200 to 600 oCm. The autocorrelation function 
of heat content is 0.5 at lag one and decreases rapidly thereafter, indicating weak persistence
with time (Fig. 5D). Along the coast, the long-term monthly means of heat content generally
slope downward to the south. For instance, the long-term annual mean heat contents for Area I in 
the north and Area V in the south are 582 oCm and 843 oCm, respectively. This alongshore
variation is a consequence of t',e deepening of the mixed layer in response to upwelling, which is 
stronger in the south. The interannual variability of the heat content is highest in areas and 
months around the edges of the upwelling regime. 

Sea Level 

Sea level represents a vertical integr&' of the thermohaline structure over the entire water 
column. Integrating over the water column has the effect of combining many subsurface 
processes into a single parameter. Frequently, this combining of factors provides an invaluable 
indication of large-scale oceanic change. Monthly means and anomalies of sea level at Talara 
and La Punta (Figs. ID, lE and 2D, 2E, Tables 4 and 5) show seasonal and interannual 
variability similar to that described for SST. Sea level at both coastal stations was variable 
during the early 1950s, moderately low during the mid-1950s, moderately high for the 1957
1959 El Nihio episode, slightly below normal for most of the 1960s (except the 1965 and 1969 
warm events when it was above normal), very high during the 1972-1973 El Nifio, and variable 
until 1974. 

The annual cycle of sea level is characterized by relatively high levels from February
through June and low levels from August through December. The interannual variability is 
generally high from December through June and low from August through September. Bigg and 
Gill (1986) showed that the long period response of sea level off Peru separates into a remotely 
forced component mainly due to zonal winds along the equator to the west, and a locally driven 
component where sea level slopes to balance the alongshore wind. Their examination of the 
annual component of sea level indicates that the locally forced component dominates, whereas 
the remotely forced component plays a major role at semiannual and interannual periods. 

Summary and Implications 

All of the time series presented show considerable seasonal and interannual variability. Each 
series had a strong annual cycle, dominated by seasonal shifts from an intensified upwelling
regime from May to October to a relaxed upwelling regime in which warm water intrudes from 
the north from January through March. Contrary to this single peak pattern observed for SOI,
SST, sea level, depth to the SST-20C isotherm, and heat content, deep isotherms, represented by 
the depth of the 140C isotherm, had double peaks in their annual cycles. Along the Peru coast, 
the seasonal variability increased from north to south, with lowest variability associated with 
weaker upwelling in the north than in the south. 

Interannual variations of most of the series were sinilar, being dominated by remotely
forced El Nifio signals. Contrary to this pattern, however, interannual variatioas of the depth to 
the SST-20C isotherm and beat content down to this isotherm were only weakly correlated to El 
Nifio signals. Interannual variations of these two parameters appear to occur at longer periods.
Weaker persistence suggests that these two parameters may be dominated by local rather than 
large-scale processes, such as local wind or heating events. The parameters which were 
correlated to El Niio signals showed that coastal waters off Peru (4-140S) were generally cool in 
the early 1950s, moderately warm during 1957-1959, near normal during 1960-1965, warm in 
1965, near normal during 1966-1968, warn-i in 1969, cool in 1970 and 1971, very warm in 1972, 
cool during 1973-1975, warm during 1976-1981, extremely warm in 1982-1983 and variable in 
1984. La Punta SST was below normal in 1984-1985, but the 140C isotherm was still depressed. 
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The warm events described by the above interannual variations represent a general

deepening of the thermal structure along the coast as indicated by a depression of the 140C
 
isotherm. Such depressions cause a change in the slope of the thermal structure normal to the
 
coast and a tendency to increase transport of warm water and associated organisms poleward

along the coast. Furthermore, deepening the thermal structure would reduce the biological
productivity of the surface waters by reducing the ability or ,'pwelling favorable winds to upwell
nutrient-rich water. These depressions of the thermal structur: have been shown to occur even 
during periods of maximum offshore transport, which norma'Ay correspond to maximum 
upwelling and availability of nutrients. 

The effects of interannual variability of subsurface temperature on Peruvian anchoveta 
populations are difficult to access. If one assumed that some combination of factors associated 
with warming and depression of the thermal structure is detrimental to anchoveta recruitment 
and/or growth, a scenario of events based on the subsurface variability presented here may be as 
follows. Heavy fishing pressure in the late 1960s and early 1970s combined with the strong El 
NiF.o of 1972, which had a deeply depressed thermal structure, caused a collapse of the 
anchoveta population. The stock then recovered slightly in 1974-1976 (Avaria 1985) following
cool water conditions (upwelling) of 1973-1975 as described by the depression of the 140C 
isotherm. However, this slight recovery was subject to continued strong fishing pressure. rhe 
moderate 1976-1977 El Niio and the warm, depressed conditions thereafter, especially during 
the 1982-1983 El Nio, have prevented good recruitment, resulting in very low anchoveta 
populations. A reversal to cooler conditions since 1983 may be associated with a modest recent 
recovery of the population. Clearly, the actual ecosystem of the Peruvian anchoveta is much 
more complicated than this simple scenario suggests. This scenario does, however, illustrate the 
potential value of multiple environmental time series such as presented in this volume. 
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Abstract 
Monthly time series, generated from summaries of maritime reports from fhe region off Peru, are presented for the period 1953 to 1984.These include sea surface temperature, cloud cover, atmospheric pressure, "wind-cubed" index of rate of addition of turbulent mixing energy tothe ocean by the wind, wind stress components, solar radiation, long-wave back radiation, evaporative heat loss and net atmosphere-ocean heatexchange. All series are found to undergo interrelated nonseasonal variations at multiyear periods. El Nffo episodes ae characterized by intenseturbulent mixing of the ocean by the wind, intense offshore-directed Ekman transport and by low net heat gain to the ocean through the sea
surface. Effects of constant versus variable transfer coefficient formulations on the bulk aerodynamic flux estimates are discussed. Certain
comments on the utilization of these data in analysis of biological effects arc offered.
 

Introduction 

By international convention, weather observations are recorded routinely on a various typesof ships operating at sea. These maritime reports remain the primary source of information onlarge-scale variability in the marine environment. Even with the increasing development ofsatellite observation systems, analysis of time series of decadal length and longer must continue'to depend heavily on these maritime reports for some time to come. Observations of wind speedand direction, air and sea temperature, atmospheric pressure, humidity and cloud cover includedin these reports provide a basis for estimating a number of environmental variables pertinent tothe study of variations in ocean climate and of effects of these variations on the associatedcommunities of marine organisms. In this paper, the historical files of these C ;ervations aresummarized to yield monthly estimates of properties and processes at the sea surface within theextremely productive upwelling ecosystem off central and northern Peru. The 32-year periodtreated encompasses several dramatic El Nifio events and the spectacular rise, collapse, andindications of a recent rebound, of the largest exploited fish population that has ever existed, the
Peruvian anchoveta. 

Although remarkably rich both in biological productivity and in climatic scale oceanvariability, the area off Peru is rather poor in maritime data density. Thus the region presents aparticular challenge to the methodologies emnployed here. The area is very sparsely sampled incomparison to the con'esponding eastern ocean boundary ecosystems of the northern hemisphere,with most of the reports coming from a narrow coastal shipping lane lying within about 200 kmof the coast (Parrish et al. 1983). Maritime reports are subject to a variety of measurement andtransmission errors, of which improper positioning is perhaps the most troublesome, sometimesintroducing very large errors in all derived quantities (e.g., when a wrong hemisphere, etc., may 
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be indicated). And it is difficult to establish effective procedures for rejecting erroneous reports
without also suppressing indications of real variations, particularly in the area off Peru which is 
perhaps uniquely subject to drastic and abrupt natural environmental perturbations. For example, 
early indications of the 1982-1983 El Niio event went unnoticed by meteorological agencies in 
Europe and North America, because the reports which clearly indicated an event of 
unprecedented intensity were so far from the norm that they are rejected as erroneous by the 
automated data editing procedures (Siegel 1983). In addition, even when no actual errors are 
involved, irregular distribution of the reports in both time and space may introduce biases and 
nonhomogeneities into time series constructed from these data. 

Tests of the precision of the methodology on interyear time scales, involving subsamplings 
of the much richer data distributions off the Iberian Peninsula in the northeast Atlantic Ocean,
have indicated benefits to be gained by utilizing rather large areal samples, i.e., of the order of 10 
degrees of latitude and longitude in extent, with the increase in report frequency overriding
increases in sampling variance resulting from incorporation of additional spatial variability 
(Bakun, unpublished data). These same tests have indicated that the use of the ordinary 'standard 
error of the mean' provides a useful guide to the precision of monthly estimates, even though the 
underlying processes may be very highly variable on much smaller temporal and spatial scales 
than those used for data summarization. For the time series presented herein, reports available 
within an area extending some 10 degrees of latitude along the Peru coast and about 4 degrees of 
longitude offshore (Fig. 1), between Talara and a point just to the south of Pisco, were 
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composited together. These composite samples are assumed to characterize temporal variability,at least in the relative sense, in conditions affecting the neritic fish habitat along that stretch ofcoastline which appears to have some degree of natural unity both in terms of environmentalprocesses and biological community (Santander 1980; Parrish et al. 1983). The rather raggedoffshore edge of the summary region was chosen to facilitate initial extraction of the reportsfrom the data archive files. Consistent features of spatial variability tend to be much less intensein offshore areas of coastal upwelling regions than in coastal areas; thus no substantial effect ofthe irregularity of shape of the offshore boundary is expected. Also all the monthly summaries are treated identically in terms of areal selection and so time series homogeneity is preserved. Inany case, report density is extremely low at the outer edge of the summary area. 

Assembly of Data Series 

Impossible or highly improbable values occur occasionally in the maritime report files, dueto keypunch errors, etc. In the data record format, temperature values between -99.9 and 99.90C are possible. Initial efforts to construct the data series resulted in rather large standard errors forcertain of the monthly values due to incorporation of improbable data. For this reason, onlyvalues falling between the limits 11 to 31oC were accepted as valid observations of airtemperature, sea surface temperature, or 'wet bulb' air temperature, for this region. (Note that thelower bound on the wet bulb temperature caused only 16 reports, no more than a single report inany one month, to be rejected). Wind speeds of up to 199 knots (102 m/sec) are possible in therecord format. Erroneously high wind speeds have a particularly serious effect since wind speedis squared in the stress computation and cubed in the wind mixing index formulation. Reports ofwind greater than 45 knots (23 m/sec) occurred within the summary region less than ten times inthe entire 32-year record and were in no case corroborated by neighboring (in either space ortime) data. Thus wind reports exceeding this value were excluded in preparing these time series.The data record format limited wind direction to values between 0 and 360 degrees, cloud coverobservations to the range 0 to 100% of sky obscured, and barometric pressure to values between
890 and 1,070 millibars. 

In assembling the monthly data samples, if any one of the reported values of sea surface
temperature, barometric pressure, wind speed, or wind direction, were missing or unacceptable
the entire report was excluded from the summaries. These four observed properties are sufficientto produce time series of sea surface temperature (Table 2), atmospheric pressure (Table 4), windstress components (Tables 5 and 6), and wind mixing index (Table 7). The numbers of reportshaving acceptable observations of these four items are entered as the first of the three numbersshown for each month in Table 1. In addition, if a valid cloud cover observation was availablethe report was also incorporated in the cloud cover series (Table 3); numbers of reports includingacceptable observations of these five items are entered as the second number of each monthly setin Table 1.Finally, if acceptable values of both air (dry bulb) temperature and either wet bulb ordew point temperature were included, the report was also used for construction of time series of.tmosphere-ocean heat exchange components (Tables 8 to 11). Numbers of available reportscontaining acceptable observations of all seven properties required to construct all the time seriespresented in this paper are shown as the third number under each month in Table 1.Allcomputations of derived quantities were performed on each individual report prior to anysummarization process. A simple mean was taken as an estimate of the central tendency of eachmonthly sample. Computed standard errors of these mean values are displayed within theparentheses following each monthly value presented in the various data tables. An approximate95% confidence interval estimate can thus be generated by multiplying the indicated standarderror by the factor 1.96, and adding and subtracting the result from the monthly mean value
(point estimate) to yield the upper and lower limits of the interval.A small percentage of the reports contain wind observations in which the direction is notedas "variable"; i.e., no direction could be assigned. This properly occurs only when the windspeed is very low. In these cases the wind speed is used, as reported, in the calculations where itenters as a scalar quantity, i.e., in the calculations of wind mixing index, evaporative heat lossand conductive heat loss. In the computation of surface wind stress, wind enters as a vector 
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quantity and directionality is crucial. Accordingly, for the surface wind stress calculations,
variable winds are treated as calms. Because the wind speed enters the calculation as a "square",
low wind values act essential as zeros in their effect on the monthly means, and so treating these
weak variable wind observations as calms has no substantial effect. Also, the net effect of a 
stress from one direction is cancelled by an equal stress from the opposite direction, and so 
treating variable-directional stress as equivalent to calm conditions makes physical sense. 

Sea Surface Wind Stress 

Sea surface stress was estimated according to: 

(,ry)= pa CD ( lNto 1Uio, 1 101o V10) ... 1) 

where Tx and ryare components of stress directed onshore and alongshore, respectively; a
characte-istic onshore direction of 62 degrees and an alongshore direction of 332 degrees (from
true north) was assigned to the entire summary area. Pa is the density of air, considered constant 
at 1.22 kg/m3. CD is a dimensionless drag coefficient. 1W10 1 is the wind speed at 10 m height.
U10 is the onshore-directed component of wind velocity; V10 is the alongshore-directed
(positive equatorward) component. For the data series presented in the tables, CD was
considered to be a constant equal to 0.0013. The use of this constant drag coefficient has been a 
somewhat standard practice in climatological studies of upwelling regions (Bakun et al. 1974;
Nelson 1977; Parrish et al. 1983). However, it is recognized that the value of the drag coefficient 
is actually a variable which depends on the nature of atmospheric turbulence near the sea
surface. Thus a dependence on both atmospheric stability and wind magnitude near the sea
surface is indicated; the stability effect is particularly important in reducing air-sea transfers in
upwelling regions due to the stable atmospheric boundary layer formed over cool upwelled
surface water, No clear consensus as to 'he proper formulation of these dependencies is presently
available. However, a reasonable variable drag coefficient formulation has been chosen and has
been applied to these data for evaluation of possible differences from results based on the 
constant drag coefficient formulation. In this case we follow the method of Nelson (1977) for
incorporation of the atmospheric stability effect, which is based on a bulk Richardson number 
parameterization (Deardorff 1968). We incorporate a dependence on wind speed according to the
recommendations of Large and Pond (1981) who find a linear increase in the drag coefficient at
wind speeds greater than 11 Im/sec. 

Offshore Ekman Transport 

In their climatological study of seasonality and geography of anchovy and sardine
reproductive habitats within eastern ocean boundary upwelling systems, Parrish et al. (1983)
found a pattern of minimization of both wind-driven offshore surface flow (Ekman transport)
and of wind-induced turbulence in the spawning habits of these fishes. They therefore suggest
the likelihood of important effects of both processes on reproductive success. Offshore Ekman 
transport at a given latitude is proportional to the alongshore stress, being simply the product of
the alongshore stress and the reciprocal of the local Coriolis parameter. Ekman transport (Ekman
1905) provides an acceptable description of ocean surface transport directly driven by surface 
wind stress at periods which are long compared to the half-pendulum day; the half-pendulum day
is 2.9 actual days in length at 100 latitude but increases to infinity at the equator. Obviously, the
Ekman transport description cannot be applied directly at the equator. Here we assume the
Ekman transport description to be adequate for the effect of wind stress variations affecting the 
summary area as a whole on the monthly time scale; thus we simply divide the monthly
alongshore wind stress by a characteristic value of the Coriolis parameter (we choose the local
value at IOOS, i.e., 0.0000253/sec, to characterize offshore Ekman transport in response to large
scale, long period wind variations over the anchoveta reproductive habitat; this choice will affect 
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the average magnitude but not the time series properties of the resulting indicator series, which 
will be identical to those of the alongshore stress series). 

Wind Mixing Index 

The rate at which the wind imparts mechanical energy to the ocean to produce turbulent
mixing of the upper water column is roughly proportional to the third power, or "cube", of the
wind speed (Elsberry and Garwood 1978). A "wind mixing index", which is simply the mean of
the cube of the observed wind speeds in each monthly sample (Table 7) is presented as a guide tolonger period variability in this particular process. However, it is to be noted that these series may not reflect energetic shbrter-term variability which may b- more crucial to reproductive
success of anchovies (Husby and Nelson 1982). The hypothetical basis for interest in this process
in relation to anchoveta reproductive success is Lasker's (1978) suggestion that first-feeding
success of anchovy larvae may be dependent upon availability of fine scale food particle
concentrations which may be dispersed by wind-driven turbulent mixing events. These occur atatmospheric storm event scales which are much shorter than one month. Furthermore, it is not
the exact magnitude of mixing that is crucial according to this hypothesis, but rather the
existence of time-space "survival windows" within which the rate of addition of turbulence bythe wind does not reach a level that homogenizes the food particle distributions (Bakun andParrish 1980). The wind speed level at which this occurs and the minimum required duration of
the window for substantial survival to result are unclear and undoubtedly are variable functions
of other factors such as water column stability, the particular food particle organism's growthrate, behavior, motility, etc. In any case, the maritime reports occur irregularly in time and space
and so are no amenable to indicating durations of periods characterized by specific conditions,
even if we were able to specify the required nature of the conditions. This would require
utilization of a time-and-space continuous meteorological analysis procedure (Bakun 1986)
which might be ineffective due to the low maritime report density in the region and particularly
seaward of the region. The use cf shore station data, despite interference from local topographicinfluences, etc., might be the best available option for indicating short time scale wind ",ariability
over the ocean habitat off Peru (see Mendo et al., this vol.). 

Solar Radiation 

Net incomin&solar radiation, QS, absorbed by the ocean was estimated according to the
 
formula:
 

QS= ( - a) Qo (I - 0.62C + 0.0019h) ... 2) 

where ot is the fraction of incoming radiation reflected from the sea surface, Q0 is the sum of thedirect and diffuse radiation reaching the ground under a cloudless sky, C is the observed total
cloud amount in tenths of sky covered and h is the noon solar altitude. For each maritime report,
the total daily direct solar radiation reaching the ground under cloudless conditions was extracted
from the Smithsonian Meteorological Tables (List 1949) as a function of the date and latitude ofthe report, using a 4 x 4 element curvilinear interpolation on the table entries via Bessel's central
difference formida and assuming the atmospheric transmission coefficient of 0.7 rezommended
by Seckel and Beaudry (1973). The diffuse solar radiation was estimated according to List'srecommendations as follows. The solar radiation reaching the top of the atmosphere was 
extracted from the appropriate table. This value was decreased by 9% to allow for water vapor
absorption and 2% for ozone absorption. The result is subtracted from the value previously
determined for the direct radiation reaching the ground to yield the energy scattered out of thesolar beam. This is reduced by 50% (to reflect the fact that half is diffused upward and therefore
only half is diffused downward) to yield the total diffuse solar radiation reaching the ground. The
total daily direct and diffuse radiation values corresponding to each report are then summed to 
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yield QS. The remainder of the computation follows the procedures adopted by Nelson and
Husby (1983). The linear cloud correction in Equation (2) is as suggested by Reed (1977), and
Reed's recommendation that no correction be made for cloud amounts less than 0.25 of total sky 
was followed. Sea surface albedo was extracted from Payne's (1972) tables, following Nelson
and Husby's (1983) algorithm which consists of entering the tables with the 0.7 atmospheric
transmission coefficient rcduced by a factor equal to the linear cloud correction applied in
Equation (2) and the mean daily solar altitude. The possible error in the net radiation estimate
introduced by using the mean daily solar altitude to indicate albedo, rather than an integration 
over the entire day of entries at short time intervals with instantaneous solar altitudes, is 
estimated to be of the order of 1%. 

Radiative Heat Loss 

Effective back radiation is the difference between the outgoing long-wave radiation from the 
sea surface, which depends on the 4th power of the absolute temperature of the sea surface, and
the incoming long-wave radiation from the sky, which depends on the water vapor content of the
atmosphere and on the nature of the cloud cover. Here we follow exactly the computational
scheme of Nelson and Husby (1983) who used the modified Brunt equation (Brunt 1932) with
the empirical constants of Budyko (1956) and the linear cloud correction formula of Reed (1976)
to compute the effective back radiation (radiative heat loss), QB: 

-QB = 5.50 x 10 1 (Ts + 273.16) 4 (0.39- 0.05ea2)(1 - 0.9C) ... 3) 

The vapor pressure of the air, ea, was computed according to the formula provided in the 
Smithsonian Meteorological Tables (List 1949) using the observed barometric pressure, and "dry
bulb" and "wet bulb" air temperatures. For reports that were without an acceptable wet bulb 
temperature but included an acceptable dew point temperature, the vapor pressure was computed 
as the saturation vapor pressure at the dew point temperature using an integrated form of the 
Clausius-Clapeyron equation (Murray 1967). 

Evaporative and Conductive Heat Losses 

In estimating evaporative heat loss (latent heat transfer) and conductive heat loss (sensible
heat transfer), the procedures of Nelson and Husby (1983) are again followed closely, except for 
a modification of the wind speed dependence in their variable transfer coefficient formulations 
as indicated below. The bulk aerodynamic formula for turbulent fluxes of latent and sensible
heat across the air-sea interface in a neutrally stable atmospheric boundary layer (Kraus 1972) 
can be expressed as 

QE = Pa LC E(qo - q 1o) 1W10 I ... 4) 

Q =PaCPCH (T3 - Ta) W I ... 5) 

where .and I1 are as in Equation (1), with Paassigned the same constant value (1.22 kg/m3) as
in 'the stress computation. L is the latent heat of vaporization, assigned a constant value of 2.45 x
106 J)kg (585.3 cal/gm). cp is the specific heat of air, assigned a constant value of 1,000 J/kg/OC
(0.239 cal/g/oc). The empirical exchange coefficients, CE and CH, were assigned constant
values of 0.0013 in the construction of the time series presented in Tables 10 and 11. !n addition,
time series based on variable transfer coefficient formulations incorporating dependencies on 
atmospheric stability and on wind speed were also assembled for comparison. These 
formulations are again those chosen by Nelson and Husby (1983) which incorporate the 
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atmospheric stability effect according to a bulk Richardson number parameterization (Deardorff1968); however, Nelson and Husby's wind speed dependencies were in this case modifiedaccording to the recommendations of Large and Pond (1982) who suggest an increase in CE andCH which is proportional to the square root of the wind speed. The specific humidities of the airin contact with the sea surface, qO, and at 10 m or deck level, qi0, were computed according to 
e 

q E-e...6)
P 

where E is the known ratio (a constant equal to 0.622) of the molecular weight of water vapor tothe net molecular weight of dry air, e is the vapor pressure and P is the barometic pressure. Forthis calculation the variation in P is negligible and so a constant value of 101,325 pascals(1,013.25 mb) was assigned. The calculation of eat 10 m, or deck level, is as indicated for theradiative heat loss calculation (Equation 3). To calculate e at the sea surface, the saturation vaporpressure over pure water was computed from a formula given by Murray (1967), and reduced by2% to account for the effect of salinity (Miyake 1952). 
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The Seasonal Cycles 

The idea of regular seasonal cycles for the coupled ocean-atmosphere system off Peru is to 
some degree illusory in view of the predominint influence of interyear variability in the region.
However, the seasonal variation is the most cyclic and predictable of the large components of 
variability. It is therefore the conponent of variation which is most likely to be reflected in 
biological adaptations. Accordiz ,gly, a summary of the long-term mean monthly values of the 
various series (Figs. 2 and 3) sen es as a useful starting point for discussion. 

Being situated within the tropical band, the region experiences two passages of the sun each 
year; the sun is directly overhead in October and again in February-March. Also, since the 
earth's meteorological equator is displaced to the north of the geographical equator, the region is 
dominated by southern hemisphere atmospheric dynamics; thus austral winter dominates the 
seasonality of transfers of momentum and mechanical energy from atmosphere to ocean. 

The 32-year mean monthly sea surface temperature (Fig. 2A) is at a maximum in March, 
coinciding with the second period of vertical sun which marks the culmination of the extended 
austral summer period of relatively high sun. The temperature falls to a minimum in August. The 
atmospheric pressure (Fig. 2B) tends to be directly out of phase, being at a minimum in the 
austral summer and at a maximum in the winter season. Cloudiness (Fig. 2C) lags the 
atmospheric pressure variation by about one month. On average less than 50% of the sky is 
obscured by clouds in April; this increases to greater than 85% in September.

The strength of the wind exhibits a typical southern hemisphere seasonality, being strongest
in austral winter and weakest in summer. Thus the 32-year mean monthly values of the index of 
rate of addition of turbulent mixing energy to the water column (Fig. 2D) reach a maximum in 
August-September and a minimum in January. The fact that the seasonal spawning peak of 
anchoveta is centered within this August-September turbulent mixing maximum would indicate 
non-adaptation of reproductive strategy for minimization of turbulent mixing effects. This is not 
in accordance with the general pattern suggested by Parrish et al. (1983) as generally
characterizing seasonality and geography of spawning of eastern ocean boundary anchovy
populations. Although no claim is made for conclusiveness, the inference would seem to be that 
Lasker's (1978) hypothesis is not, at least in most years, the major factor affecting anchoveta 
reproductive success off Peru. Note that the level of turbulent mixing index intensity off Peru is 
low compared to other anchovy reproductive habitats, even at its seasonal maximum. 

The alongshore component of wind stress on the sea surface is consistently equatorward; in 
no case in the 32-year series (Table 5) did any monthly wind mean stress value deviate from this 
predominently alongshore and equatorward tendency in the transfer of momentum from 
atmosphere to ocean. The long-term mean values of alongshore stress (Fig. 2E) follow the same 
seasonal pattern as the turbulent mixing index, reaching a maximum in September and a 
minimum in January. The 32-year mean monthly values of the onshore component of stress are 
small compared to those of the alongshore component, but are positive (onshore-directed) at all 
seasons.
 

Surface Ekman transport, being proportional to the alongshore stress but directed 
perpendicularly to the left of the stress, is thus directed offshore, with a seasonal maximum again
corresponding to the seasonal spawning peak of anchoveta. This "anomaly" to the pattern of 
apparent minimization of offshore transport in spawning strategies of engraulids puzzled Bakun 
and Parrish (1982). However, Parrish et al. (1983) showed that the seasonal variation in mixed 
layer depth off Peru proceeds in phase with that of transport, in response to the seasonalities in 
turbulent mixing (Fig. 2C) and surface cooling (Fig. 2A), but has greater relative amplitude. The 
result is that drifting organisms which are distributed through the upper mixed layer would 
experience a faster net offshore drift in the thinner surface mixed layer of austral summer than in 
the deeper mixed layer of winter, even though the winter transport (by volume) is much larger.
This is illustrated in Fig. 2F, which shows calculations of mean monthly offshore Ekman 
velocity of the mixed layer performed in two different ways (based on the 32-year mean monthly
values of the data presented in Table 5). Firstly, the monthly estimates of offshore Ekman 
transport are divided by the composite mean (20 m) of the mixed layer depth values given for 2
month segments of the seasonal cycle by Parrish et al. (1983). Secondly, the same monthly
estimates of offshore Ekman transport are divided by monthly mixed layer depth estimates 
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produced by curvilinear interpolation of the 2-month seasonal 	segments. The effect of variable 
mixed layer depth on the net offshore velocity is apparent, and suggestive of adaptation of 
spawning seasonality for avoidance of offshore loss of larvae (for additional discussion of this 
aspect, see Bakun 1985). The effect of the choice of a constant or variable drag coefficient 
formulation in the stress computation (Equation 1)on the seasonal signal is indicated in Fig. 3A.
The 32-year mean monthly Ekman transport values based on the variable coefficient formulation 
follow a seasonal progression which is very similar to those based on the constant coefficient 
formulation (i.e., presented in Table 5); however they are slightly smaller in magnitude,
reflecting the effect of stability in the atmospheric boundary layer which is stabilized as the
onshore-directed airflow is cooled from below while traversing the coastal upwelling zone. 

Solar radiation entering the ocean (Qs) is at a maximum during the February overhead 
passage of the sun (Fig. 3B). This is due to substantially reduced cloud cover relative to the 
November solar passage. Solar radiation is at a minimum in July, when solar altitude has just
passed its June minimum, and cloudiness is approaching its winter maximum. 
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Heat loss from the sea surface via long-wave radiation (QB) is only a small fraction of theshort-wave radiation absorbed reflecting the area's location within the tropical band (Fig. 3C).
Radiative heat loss is at a seasonal maximum during April, corresponding to the minimum in
cloudiness, and at a minimum in September, corresponding to the cloudiness maximum.

Heat loss from the ocean via evaporation at the sea surface (QE) is at a maximum during
austral winter and at a minimum during summer (Fig. 3D). The choice of constant or variable
transfer coefficient has only a slight effect, with the results of the variable coefficient
formulation appearing to increase very slightly in magnitude relative to those of the constant 
coefficient formulation toward the summer and fall seasons.

Heat loss via conduction (Qc) is very small compared to the other heat exchange
components (Fig. 3"). This is fortunate because the choice of transfer coefficient formulation
completely changes the seasonal pattern. With the constant coefficient formulation, conductive
heat loss is mostly negative, indicating heating of the ocean surface by contact with the
atmosphere. This reflects the common situation of cool upwelling-affected surface waters being
in contact with a generally warmer atmosphere. However, the strong stability of the atmosphere
boundary layer inherent in this situation inhibits conductive heat transfer according to the
variable transfer coefficient formulation. Thus the less common situation where the air is cooler

than the water dominates the sensible heat transfer according to the variable coefficent

formulation, with the result that conductive heat loss is indicated as being positive in all the 32
year composite monthly means except the summer months of January and February.

The 32-year monthly means of the time series of atmosphere-ocean heat exchange (QN),which represent the resultant differences between the amount of solar radiation absorbed by the 
ocean and the sum of the heat losses due to long-wave radiation, evaporation and conduction,
indicate substantial heat gain by the ocean throughout the year (Fig. 3F). As expected, the
 
average heatgain is greatest in austral summer, reaching values of the order of 200 watts/m2

(413 cal cm-2 day-1) in January, and least in winter, falling to about 70 watts/m 2 (144 cal cm-2
 
day-i) in July. The constant coefficient formulations yield slightly greater numerical values of
net heat exchange than do the variable coefficient formulations, mainly due to the differences in

the respective indications of the conductive heat loss component discussed in the previous

paragraph; however the respective seasonal progressions are very similar.
 

Interyear Variations 

If cyclical seasonal effects are those most likely to be adapted for and incorporated in life
cycle strategies of organisms, major nonseasonal variations are those most likely to cause
disruptions in life cycle processes and therefore to be reflected in population variations. Very
short-scale nonseasonal variations are not well resolved in these monthly composites of
irregularly distributed maritime reports. However, when shorter period variability is smoothed
and the cyclic seasonal effects are suppressed, nonseasonal variations of longer than annual
period, which -represent substantial perturbations of the environmental "normalcy" to which
reproductive strategies or other life cycle strategies should have become tuned, are clearly
manifested. For the purposes of this discussion, a simple 12-month running mean filter is chosen 
to suppress sea sonalities and smooth the higher frequencies.

Problems (negative side lobes, wavelength-dependent phase shifts, etc.) with such equally
weighted moving average filters are well known (Anon. 1966). However, in this case the
alternatives also present problems. We particularly wish to suppress the seasonal cycle, and soweighting the filter elements to suppress side lobes at other frequencies while increasing leakage
of the seasonal frequency, is not desirable. Smoothed monthly series of anomalies from long
term monthly means (e.g., Quinn et al. 1978; McLain et al. 1985) have the property that thefiltering is "nonlocal", i.e., that any value is dependent on other values in the same calendar
month in temporally "distant" parts of the time series. Thus, for example, an intense warming
(e.g., El Niiio) occurring within a generally cool climatic period appears as a much less intense
anomaly than a warming of similar magnitude within a warm period; also, the degree of
indicated intensity changes whenever the length of the series used for determination of the long
term mean changes. More importantly, if the amplitude (or shape, phase, etc.) of the seasonal 
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variation is undergoing nonseasonal variation, taking anomalies introduces spurious seasonal
scale variations into the filtered series. A "local" seasonal filter that avoids some of these 
problems can be based on 12th-differences, e.g., the result of subtracting from each monthly
value the value for the same calendar month in the previous year, but the result is thereby
transformed to annual rates of change of a property rather than the property itself, which 
complicates a descriptive discussion. However, the use of 12th-difference transforms is worth 
considering for empirical modelling efforts. For the purposes of this discussion, the simple 12
month running mean provides a "local" seasonal filter/smoother which will be familiar to many
readers and adequate for a descriptive treatment. 

The filtered sea surface temperature series (Fig. 4A) illustrates well the major El Niio warm 
events of the period: 1957-1958, 1965, 1969, 1972-1973, 1976 and 1982-1983. Generally
elevated temperatures in the period between the 1976 and 1983 events are also apparent. Also 
apparent is the extended cold period of the mid- 1950s; the indication of rise in temperature from 
this cold period to the peak of the 1957-1983 El Niiio is comparable in total magnitude to that of 
the rise of the 1982-83 El Ni-io from the much warmer climatic base temperature level of the late 
1970s.

Major features in the filtered cloud cover series (Fig. 4B) are visibly related to those in the 
temperature series, but not in any simple, consistent manner. Cloud cover minima often appear
to coincide with the relaxation of El Nifio events. An extraordinarily low degree of cloudings 
appears to have coincided with the return to normal sea temperatures in 1984. Another sharp
cloud cover minimum coincided with the leveling off of the temperature decline following the 
1957-1958 event. Likewise cloud cover maxima often appear to coincide with rapid drops of 
temperature into cool periods. Atmospheric pressure variations (Fig. 4C) are obviously highly
inversely correlated, at these low frequencies, with those of sea surface temperature.

It is not surprising, in view of the dynamic linkage of wind to horizontal gradient of 
atmospheric pressure, that wind variations would be related to those of atmospheric pressure.
The relation of the "wind-cubed" index of rate of addition of turbulent mixing energy to the 
ocean by the wind (Fig. 4D) to El Nifio periods is striking. El Niffo events are evidently strong
wind-mixing events which, according to Lasker's (1978) scenario, would correspond to periods
of high probability of starvation for first-feeding anchoveta larvae. The period during and 
immediately following the 1972 El Nifio appears to have been characterized by an extended 
period of highly turbulent upper water column conditions. The period during and following the 
1982-1983 event appears to have been similarly turbulent, except for a 2-month "window" of 
relaxed turbulent mixing index during December 1983 and January 1984 (somewhat masked by
the smoothing in Fig. 4C, but evident in the unsmoothed monthly values in Table 7).

The magnitude of alongshore (equatorward) wind stress also increases during El Nifio 
events (Fig. 4E), in agreement with Wyrtki's (1975) conclusions which were based on a 
summary area displaced somewhat southward along the coast (10-200S, 70-80oW) from the one
used here (Fig. 1). Thus in addition to potential increases in larval starvation due to increased 
destruction of food particle strata by turbulent mixing, an increase in potential offshore loss of 
larvae from the favorable coastal habitat is also indicated. The onshore component of surface 
wind stress is relatively small and consistently positive (onshore-directed) in the filtered series. 

In the previous section, the effect of seasonally-varying mixed layer depth on the offshore 
Ekman velocity of particles which are continually mixed through the upper mixed layer was 
discussed (i.e., in reference to Fig. 2F). To investigate the effect on interyear time scales, filtered 
time series of offshore Ekman velocity were calculated as in that section, i.e., (i) assuming a 
constant MLD of 20 m and (ii) assuming a seasonally varying MLD derived from the values 
given by Parrish et al. (1983). The result indicates that, at least for the MLD values chosen, the 
effect of seasonally-varying mixed layer depth is such as to substantially increase on average the 
rate of offshore movement of passive particles in the mixed layer. If the effective mixed layer
depth is increased during El Nifio, as would be expected both from the effect of the propagating
baroclinic wave in deepening the surface layer and also from the enhanced wind induced 
turbulent mixing, the effect would be to counteract the increased rate of offshore movement 
indicated from the Ekman transport calculations. 

The effect of the choice of constant or variable drag coefficient formulation in the stress 
computation (Equation 1)is illustrated in Fig. 4G, where the alongshore stress variation is 
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plotted in terms of its directly proportional transform, offshore Ekman transport. The variable 
coefficient formulation produces generally lower estimates of stress due to the influence of the 
stability of the lower atmospheric boundary layer over upwelling-affected surface waters. 
However the differences essentially disappear during the period of relaxation of the intense El 
Niios of 1957-1958 and 1982-1983. A possible explanation is the tendency for a less stable 
atmosphere in contact with the ocean surface due to residual warmth which would linger longer
in the ocean than in the atmosphere due to the much greater heat storage capacity of water 
compared to that of air. 

The filtered series of estimates of absorption of solar radiation by the ocean (QS) exhibits 
some interesting patterns (Fig. 4H). Since the variables that control the solar radiation estimate 
(Equation 2) derived from a maritime report at any given latitude are calendar date and cloud 
cover, it is not surprising that maxima in Fig. 4H often correspond to minima in Fig. 4B, and 
vice versa. However there are discernible differences between the two series that result from the 
interaction of the cloud cover variations with the seasonal changes in solar height in the solar 
radiation time series. An impressive feature in the solar radiation series is the early large
amplitude alternation consisting of deep minimum of solar radiation entering the ocean 
corresponding to the early part of the intense 1954-1955 cold period, followed by a sharp, highly
erratic rise to a high peak in early 1960. In addition, the entire period of the 1960s and the first 
half of the 1970s appears to have been characterized by low absorption of solar radiation relative 
to the more recent period since 1976. 

The long-wave radiative heat loss (QB) tends to be an order of magnitude smaller than the 
short-wave absorption, but varies very similarly (Fig. 41). This similarity is perhaps explainable
in the similar dependence of both types of estimate on cloud cover, with the sea surface 
temperature dependence in the long-wave radiation estimate (Equation 3) being related 
seasonally to the solar height dependence in the solar radiation estimate (Equation 2). There may
also be some actual causal effect of the long period variations in solar radiation on the sea 
temperature dependence in the long-wave radiation estimate. 

The filtered series of evaporative heat loss (QE) delineates the various El Niffo episodes and 
the 1954-1955 cold period, in a very similar fashion to the sea surface temperature series (Fig.
4J). The long-term variation in vapor pressure difference between the sea surface and the 
overlying atmosphere (Equation 4) is apparently very closely linked to that of sea surface 
temperature. As discussed above, the wind speed dependence is also a strong function of these 
climate scale events. The effect of choice of constant or variable transfer coefficient apparently
makes very little difference, except during the mid-1950s cold period, where increased stability 
of the air over the cold ocean apparently inhibited the turbulent exchange of latent heat 
according to the variable coefficient formulation. 

The net ocean-atmosphere heat exchange series (QN) indicates long-term variations in net 
ocean heat gain such that minima are associated with El Nifio episodes and maxima with cold 
periods. The variations appear to be controlled to a substantial extent by the evaporative heat loss 
(Fig. 4J). This is so because the variations in heat gain by absorption of short-wave solar 
radiation (Fig.4H) are partially offset by the highly correlated variations in long-wave radiative 
heat loss (Fig. 41). The net effect of the choice of variable or constant transfer coefficient 
formulations in the evaporative and conductive components is a slight general lowering of the 
magnitude oi net heat gain in the variable coefficient case. This difference is due primarily to the 
stability effect on the conductive heat loss term, as discussed in the previous section in reference 
to Fig. 2E, where the average change in the mean net value of this component, approximately 5 
watts/m2 , corresponds in general to the approximate difference between the curves in Fig. 4K, 
except in the mid-1950s where stability effects on the evaporative heat loss term are appreciable.

In order to check for long-period variations in the distribution of observations within the 
summary area (Fig. 1), filtered series of the monthly averages of the respective latitudinal and 
longitudinal locations of reports were prepared (Fig. 4L). Since the coastline is oriented 
somewhat northwest to southeast, variations in the two curves which tend tc parallel each other 
in the figure, will tend to yield a resultant displacement in the alongshore direction. More serious 
with respect to the long-term homogeneity of the monthly series herein presented are variations 
in Fig. 4L where the curves are changing in the opposite sense, i.e., where the net displacement 
of the mean position of reports is in the onshore-offshore direction; these situations are 
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Table 1. Numbers of observations in monthly samples used to construct time

series. For each 
month the first number refers to observations used in
 
constructing the values in Tables 2,4,5,6 & 7 (sea temperature, atmospheric

pressure, wind stress components, and "wind cubed" index; the 2nd number
 
refers to observations used in constructing the values in Table 4 (cloud

cover); the 3rd number refers to observations used for values in Tables
 
8,9,10 & 11 (heat exchange components).
 

Jan Feb Mar Apr May Jun
1953 21 19 191 29 29 291 22 22 191 23 23 101 33 33 331 16 16 6

1954 
 61 57 40! 19 19 171 21 21 211 59 59 531 42 39 391 36 34 24
 
1955 24 22 201 35 35 291 16 15 121 9 9 51 24 24 13 35 35 30
1956 - 41 38 151 17 15 151 16 16 31 39 39 211 22 22 161 20 20 7

1957 32 32 321 25 24 151 98 98 471 38 38 291 25 25 211 53 52 33
 
1958 153 153 1061 74 73 441 69 69 341 84 84 281 67 66 441110 107 52

1959 128 125 511162 162 491143 138 371115 112 371 97 96 211 67 67 43 
1960 98 95 421148 146 1101166 166 1051151 146 1011171 164 1351 85 82 59
1961 148 147 1271124 124 901115 111 941183 180 1501 89 86 661130 128 104
1962 185 183 1271149 148 1341163 162 1421157 155 1221114 111 1051177 177 147 
1963 78 76 711103 102 1021182 181 1671180 177 1701157 156 1491185 185 185
1964 129 12S 981138 137 1351 82 81 811 76 76 761 45 45 451 52 52 52
1965 59 59 581 75 71 701137 137 1371 99 99 961139 136 1361139 139 138
1966 107 107 1071 82 82 
 821113 112 1111106 106 1061117 113 1101137 137 137
 
1967 111 109 1021 60 52 521 80 80 781147 144 1441 75 74 741 66 66 66

1968 
 76 76 761128 127 1271108 108 1081139 137 1371 91 87 871111 109 108

1969 67 67 67! 87 84 841134 131 1311 91 91 911 56 56 561102 102 102
 
1970 90 87 821 
57 57 531103 100 901 51 51 481 99 98 921208 206 200
 
1971 103 101 931 81 77 751 89 89 891 53 53 521 44 44 441 22 22 21

1972 109 108 1041 54 52 511 49 49 471 85 85 851 81 81 811 56 56 56

1973 55 54 401 44 44 391 89 89 891 50 50 481 58 58 561 57 54 47

1974 84 78 781 63 63 581113 109 1001 57 54 541119 118 1171 73 72 72

1975 59 57 561 73 72 691140 140 1401 99 92 901140 138 1361116 115 114
 
1976 70 69 681 20 19 191 76 73 711 59 59 551 71 71 701 49 44 40

1977 51 51 511109 106 1051 79 79 731101 99 941 93 88 871 70 70 
 69
 
1978 57 56 561 65 65 621 71 69 671 92 92 881 71 71 711 41 40 
 35
 
1979 97 96 89! 58 57 511105 104 981 85 85 771 83 80 741 48 45 34

1980 96 93 801106 105 931125 123 1021 75 70 541151 146 1191246 201 98
 
1981 116 113 851 90 89 821139 137 1241108 103 951115 108 791128 124 108

1982 91 89 821 90 90 801152 146 1391100 98 881103 98 801 54 54 41
 
1983 68 64 541126 126 1161 94 91 861 76 72 611 
93 92 831 61 61 55

1984 90 75 261 99 
 80 391 90 59 141 75 41 161 58 39 61 56 49 29
 

Jul Aug Sep Oct Nov Dec 
1953 10 10 91 39 35 261 29 28 251 18 18 11 24 24 181 19 18 11

1954 40 39 381 14 14 101 27 
 26 221 . 43 371 30 30 61 18 18 9
 
1955 17 17 121 37 36 211 
35 35 61 45 44 341 27 27 201 13 13 5

1956 45 45 361 21 21 211 29 29 211 41 40 291 63 61 201 24 24 6

1957 27 27 111 24 24 211 64 64 381112 110 651100 99 531115 115 86
 
1958 51 51 271159 159 831 96 93 441113 108 471115 110 631 58 43 26
 
1959 100 100 571103 101 391 85 81 421 74 74 211110 110 551114 114 85
 
1960 169 168 1471114 111 671142 142 941 75 
 75 461 63 63 231 82 81 59

1961 108 107 821155 155 1421153 151 1411128 127 
 801197 197 1921135 133 118
 
1962 213 212 1931168 168 1591 81 81 751129 125 1251173 172 1521 
91 88 79

1963 120 120 1201 70 70 701110 110 l011 70 70 701 61 61 581 56 56 53
 
1964 90 88 871 71 
 65 641 94 94 881129 127 1211 62 61 581105 104 102

1965 92 92 921119 117 1151 99 
 99 981 67 67 671177 176 1761111 Ill 106

1966 116 112 1121122 118 1181185 182 1821131 125 1251 
89 89 881123 123 123
 
1967 89 87 871 67 67 671 84 84 841 
76 71 711 73 73 731 99 97 97

1968 58 58 581 82 81 811 59 59 
 561111 109 1081118 118 1181 66 65 65
 
1969 70 70 701 86 84 841108 97 921102 102 971137 137 1271101 101 96
 
1970 75 74 741 66 65 651 91 90 901 50 
 50 501127 125 1241 68 68 67

1971 43 43 421 58 58 541 28 28 231 51 51 471 78 
 78 781 34 31 30
 
1972 
 35 32 301 60 58 541 32 32 291 81 74 741 31 28 261 51 51 48
 
1973 81 75 741105 92 881 89 84 821 55 54 501100 98 
 981 71 71 70

1974 102 101 1011 90 89 891 67 66 661 53 52 501 78 78 771 44 
 44 44

1975 67 66 651 53 48 471 70 68 681 70 65 601 68 68 671 88 88 88
 
1976 74 74 721 21 21 
 181 88 87 861 76 76 731 46 44 441 58 57 57
 
1977 55 54 531 55 51 511 73 70 681106 104 1041183 166 1631 67 59 ,3

1978 37 33 301 5T, S1 501 73 72 
671 53 49 491 99 79 761 87 87 85

1979 80 75 631137 108 q01116 109 821 84 
 77 531 77 75 591 39 35 26
 
1980 281 233 53j2tj7 182 9CI148 131 941129 118 891 80 74 611 70 66 47
1981 169 161 781174 159 631122 111 921127 115 971174 155 1421154 147 127 
1982 78 74 681 78 70 661 71 62 551106 102 811132 124 1131 93 89 51
1983 124 121 841145 116 4F1 70 48 191156 150 901 73 73 241 96 90 32
1984 104 90 411113 87 81 75 --.54.. 14195 .51 69 25.1 62 40 77 61 35
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Table 2. Sea surface temperature in degrees Celsius, The standard error of
 
the mean appears within parentheses to the right of the mean temperature

value.
 

Jan Feb Mar Ap May Jun 
1953 21.14(.50) 23.08(.64) 24.63(.51) 24.78(.49) 22.79(.37) 20.52(.46)
 
1954 18.55(.33) 22.86(.46) 22.01(.42) 16.36(.29) 17.86(.23) 16.95(.25)
 
1955 21.72(.39) 
 18.50(.52) 21.01(.85) 19.01(.37) 17.89(.85) 16.67(.30)
 
1956 19.90(.44) 17.64(.82) 21.66(.46) 20.71(.29) 19.90(.41) 19.22(.29)
 
1957 19.47(.47) 24.83(.48) 25.26(.21) 24.53(.37) 24.76(.48) 23.15(.27)
 
1958 23.15(.11) 
25.00(.19) 24.52(.25) 22.83(.30) 21.63(.35) 20.42(.18)
 
1959 20.45(.21) 23.08(.18) 24.49(.15) 21.54(.25) 20.90(.18) 19.26(.25)
 
1960 21.97(.18) 22.74(.18) 22.70(.19) 20.58(.18) 19.09(.14) 18.22(.18) 
1961 22.30(.15) 23.24(.20) 21.61(.21) 19.94(.15) 20.24(.21) 18.67(.15)
 
1962 21.29(.14) 22.12(.18) 20.37(.18) 19.41(.18) 18.68(.18) 18.92(.12)
 
1963 20.72(.24) 22.67(.17) 22.15(.16) 20.21(.17) 21.01(.13) 18.98(.10)
 
1964 21.44(.12) 22.41(.14) 20.91(.22) 20.66(.37) 18.38(.26) 17.35(.24)
 
1965 21.75(.26) 23.09(.27) 23.96(.15) 24.54(.21) 24.08(.20) 22.11(.14)
 
1966 22.09(.20) 23.62(.20) 21.96(.25) 20.85(.24) 19.88(.24) 18.67(.16)
 1967 20.02(.22) 22.12(.22) 21.86(.23) 20.61(.19) 19.11(.24) 18.13(.30)
 

1968 19.67(.21) 22.21(.21) 21.78(.22) 18.60(.20) 18.49(.30) 17.31(.20)
 
1969 22.28(.23) 
 22.36(.23) 24.25(.18) 23.51(.23) 22.94(.25) 20.92(.22)
 
1970 21.71(.26) 21.94(.43) 22.51(.26) 20.40(.33) 18.73(.21) 16.85(.14)
 
1971 19.70(.19) 20.34(.29) 19.70(.25) 21.63(.36) 19.80(.32) 18.46(.46)
 
1972 20.94(.25) 24.38(.41) 25.17(.37) 22.97(.24) 23.U5(.22) 21.68(.24)
 
1973 24.22(.25) 24.40(.39) 22.52(.20) 19.54(.31) 19.16(.37) 17.36(.35)
 
1974 20.72(.30) 22.00(.36) 22.10(.31) 21.35(.36) 21.36(.24) 19.51(.19)
 
1975 21.25(.28) 
22.41(.24) 23.41(.19) 22.21(.27) 20.81(.21) 18.67(.18)
 
1976 21.16(.30) 23.38(.64) 22.96(.33) 22.45(.35) 21.64(.28) 21.23(.30)
 
1977 23.69(.22) 
 23.46(.19) 22.44(.32) 20.44(.28) 19.77(.24) 19.66(.27)
 
1978 21.06(.24) 23.46(.25) 22.57(.25) 22.69(.32) 20.07(.34) 19.95(.49)
 
1979 22.42(.19) 23.11(.28) 23.62(.22) 22.71(.26) 20.37(.31) 20.61(.45)
 
1980 21.69(.25) 
 23.22(.21) 24.21(.21) 22.48(.29) 21.81(.17) 20.84(.13)
 
1981 20.90(.26) 22.80(.22) 22.10(.24) 20.99(.28) 20.73(.20) 19.44(.16)
 
1982 21.33(.22) 22.62(.30) 21.65(.23) 21.20(.24) 21.01(.22) 21.15(.41)
 
1983 26.42(.19) 27.38(.19) 27.99(.14) 27.93(.20) 27.72(.15) 25.93(.30)
 1984 22.13(.221 22.78(.291 21,92(.261 20.95(.33) 19.17(.31) 19.49f,281 

Jul Aug Sep Oct Nov Dec 
1953 19.78(.27) 19.06(.21) 18.20(.34) 18.24(.35) 18.72(.40) 18.81(.41)
 
1954 14.60(.35) 15.57(.41) 14.91(.31) 14.22(.29) 17.11(.26) 19.24(.54)
 1955 17.68(.53) 15.54(.45) 15.71(.28) 14.69(.37) 17.09(.24) 18.12(.37)
 
1956 16.94(.24) 17.65(.37) 17.48(.29) 16.75(.19) 18.38(.29) 19.23(.40)
 
1957 22.43(.34) 19.28(.34) 18.94(.19) 19.23(.17) 19.07(.16) 20.75(.16)
 
1958 19.63(.26) 17.37(.10) 17.80(.15) 17.90(.13) 18.98(.18) 20.25(.31)
 
1959 17.55(.15) 16.80(.12) 16.64(.18) 17.77(.20) 19.04(.20) 19.35(.15)
 
1960 17.65(.10) 17.42(.12) 17.17(.11) 17.53(.18) 18.78(.24) 20.59(.17)
 
1961 10.04(.22) 
17.62(.11) 16.87(.11) 17.36(.16) 18.54(.14) 19.39(.17)
 
1962 17.30(.09) 17.27(.10) 16.77(.10) 16.89(.10) 18.08(.12) 19.49(.21)
 
1963 18.70(.13) 18.24(.17) 18.00(.11) 17.55(.16) 18.54(.28) 19.72(.17)
 
1964 17.10(.18) 16.11(.20) 16.11(.14) 16.40(.15) 18.31(.32) 19.76(.19)
 
1965 20.59(.20) 20.00(.20) 17.79(.16) 18.26(.23) 18.76(.13) 21.49(.15)
 
1966 18.00(.12) 16.75(.13) 16.81(.10) 17.37(.12) 18.13(.17) 19.77(.20)
 
1967 17.40(.16) 16.46(.17) 1S.76(.13) 16.09(.21) 16.90(.18) 18.22(.21)
 
1968 17.64(.23) 17.05(.17) 18.26(.38) 17.65(.17) 17.67(.16) 20.82(.24)
 
1969 18.44(.20) 18.01(.17) 17.36(.19) 18.24(.16) 18.39(.13) 19.49(.15)
 
1970 15.72(.12) 16.19(.13) 16.33(.28) 16.36(.25) 17.94(.16) 18.29(.21)
 
1971 28.00(.28) 17.27(.23) 16.32(.26) 17.05(.27) 18.34(.15) 19.81(.35)
 
1972 21.18(.36) 21.77(.23) 19.29(.36) 19.17(.35) 20.61(.32) 21.73(.31)
 
1973 16.88(.32) 16.04(.16) 15.80(.22) 16.11(.31) 17.27(.24) 19.01(.30)
 
1974 18.12(.15) 17.48(.15) 16.70(.31) 16.91(.32) 18.96(.23) 19.83(.35)
 
1975 18.46(.25) 17.68(.36) 15.71(.24) 15.59(.20) 16.24(.15) 18.74(.24)
 
1976 21.18(.20) 19.51(.55) 19.00(.23) 19.19(.25) 20.04(.23) 21.46(.15)
 
1977 18.54(.25) 17.23(.22) 17.21(.28) 18.49(.28) 18.95(.16) 19.45(.24) 
1978 18.49(.35) 16.91(.33) 17.27(.25) 18.11(.25) 19.40(.30) 20.49(.24) 
1979 18.73(.25) 18.30(.26) 19.01(.28) 18.53(.23) 19.25(.27) 21.04(.38) 
1980 20.04(.11) 18.35(.13) 17.77(.15) 18.39(.23) 18.95(.27) 20.21(.21) 
1961 18.08(.17) 18.24(.11) 17.67(.24) 17.86(.23) 18.98(.15) 20.29(.15) 
1982 19.65(.18) 18.34(.23) 19.00(.36) 20.61(.22) 23.03(.17) 25.19(.21) 
1983 23.24(.23) 21.26(.21) 19.57(.25) 19.89(.14) 20.25(.22) 21.54(.27) 
1984 19.52(.231 18.37(.131 18.44(.18) 18.27(.281 19.70(.311 20.20(.311 
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Table 3. 
Total cloud amount. Valvas indicate mean fraction of sky obscured.
The 
standard error of the mean appaars in parentheses to the right of each
 
mean value.
 

Jan Feb Mar ApM May

1953 .66(.06) .s8(.06) .43(.06) .43(.08) .54(.06) 

Jun
 
.76(.10)
1954 .59(.05) .75(.05) .69(.07) .35(.04) .85(.05) .74(.07)1955 .55(.07) .61(.06) .60(.09) .06(.04) .69(.08) .90(.04)1956 .66(.05) .46(.l0) .40(.06) .33(.06) .65(.08) .89(.06)

1957 .48(.07) .o(.05) .56(.03) .57(.05) .5(.06) .76(.04)1958 .60(.03) .68(.03) .63(.03) .32(.04) .54(.04) .83(.03)
1959 .40(.03) .58(.C2) .66(.02) .60(.03) .83(.03) .78(.04)

1960 .so(.03) .30(.03) .38(.02) .44(.03) .52(.03) 
 .63(.05)
1961 .65(.03) .44(.03) .65(.03) 
 .50(.03) .49(.04) .79(.03)

1962 .55(.02) .54(.03) .48(.03) 
 .56(.03) .53(.04) .79(.03)
1963 .50(.04) .52(.03) .61(.02) 
 .52(.03) .66(.03) .81(.02)
1964 .64(.03) .66(.03) .57(.04) .51(.04) 
 .72(.06) .63(.06)

1965 .54(.04) .49(.04) .61(.02) .60(.03) 
 .63(.03) .64(.03)
1966 .56(.03) .44(.03) .57(.03) .45(.03) .62(.03) 
 .76(.03)
1967 .72(.03) .51(.05) .56(.03) .51(.03) .46(.04) .82(.04)

1968 .52(.04) .52(.03) .45(.03) .38(.03) .65(.04) 
 .75(.03)

1969 .57(.04) .55(.04) .58(.03) .57(.04) .70(.05) .81(.03)
1970 .59(.04) .43(.04) .37(.03) .43(.05) .62(.04) .81(.02)1971 .51(.03) .3s(.04) .48(.03) .52(.05) .68(.06) .8s(.06)1972 .53(.04) .49(.04) .64(.03) .53(.04) .69(.04) .78(.04)1973 .67(.03) .61(.05) .60(.04) .49(.04) .40(.05) .70(.05)1974 .59(.03) .52(.04) .53(.03) .53(.05) .77(.03) .8.(.02)1975 .69(.04) .50(.04) .60(.02) .54(.03) .72(.03) .86(.03)1976 .61(.04) .59(.08) .63(.03) .55(.05) .62(.04) .87(.04)

1977 .54(.05) .68(.03) .55(.04) .34(.03) 
 .53(.04) .71(.04)

1978 .53(.04) .65(.04) .45(.04) .57(.04) 
 .54(.05) .68(.07)
1979 .s0(.03) .53(.04) .56(.03) .44(.03) .67(.04) 
 .79(.05)

1980 .57(.03) .53(.03) .58(.03) .48(.04) .57(.03) .80(.02)1981 .66(.03) .63(.03) .51(.03) .57(.03) .66(.03)

1982 .80(.03)


.60(.03) .58(.03) .55(.03) 
 .52(.03) .58(.04) .84(.04)
1983 .52(.04) .47(.02) .63(.03) .70(.03) 
 .75(.03) .74(.04)

1984 .42(.041 .43(.031 .45(.03) .40(.04) .34(.051 .74(.041


Jul Aug SeD Oct NOV Dec1953 .65(.14) .91(.04) .74(.07) .74(.07) .81(.06) 
 .67(.07)

1954 .79(.05) .86(.07) .92(.05) .89(.04) .72(.05) .75(.08)
1955 .97(.02) .90(.04) .90(.04) 
 .80(.05) .61(.08) .44(.10)
1956 .85(.05) .82(.08) .64(.05) .62(.05) .73(.05) .49(.08)1957 .79(.06) .72(.08) .85(.04) .72(.03) .72(.03) .64(.03)
1958 .79(.05) .80(.03) .90(.02) .81(.03) .52(.04) 
 .45(.06)

1959 .78(.03) .78(.03) .79(.04) .79(.03) .63(.04) 
 .51(.03)

1960 .72(.03) .81(.03) .90(.02) .89(.03) .63(.05) 
 .67(.04)
1961 .94(.01) .83(.02) .90(.02) 
 .78(.03) .61(.02) .60(.03)

1962 .90(.02) .93(.02) .86(.03) .88(.02) .77(.02) .46(.04)

1963 .80(.03) .80(.04) .88(.02) 
 .82(.04) .77(.04) .68(.05)

1964 .87(.03) .87(.03) .86(.03) .88(.02) .77(.04) .51(.03)
1965 .88(.03) .90(.02) .92(.02) .86(.03) .75(.02) 
 .61(.03)

1966 .77(.03) .83(.03) .85(.02) .89(.02) 
 .83(.03) .61(.03)
1967 .88(.03) .91(.03) .84(.03) .85(.04) .86(.03) 
 .47(.04)
1968 .80(.05) .93(.02) .88(.03) .83(.03) .76(.03)
1969 .86(.04) .831.03) .91(.02) .82(.03) .68(.03) .50(.04)


.56(.04)
 
1970 .87(.04) .91(.03) .85(.03) 
 .95(.02) .59(.03) .64(.04)
1971 .94(.02) 
 .88(.03) .92(.03) .853(.05) .65(.04) .65(.06)
1972 .83(.05) .80(.04) .87(.04) .78(.04) .86(.05) .67(.05)

1973 .82(.03) .91(.02) .87(.03) .80(.04) 
 .81(.03) .72(.04)

1974 .91(.02) .89(.03) .88(.03) .75(.05) .72(.04) 
 .57(.05)
1975 .86(.03) .89(.03) .89(.03) .77(.04) .78(.04) .64(.04)

1976 .80(.04) .93(.03) .77(.03) .81(.03) .78(.04) 
 .53(.04)
1977 .89(.03) .86(.04) .83(.04) .81(.03) .72(.02) .41(.05)
1978 .9s(.0l) .84(.04) .80(104) .8l(.04) .68(.04) .50(.03)
1979 .865(.03) .8l(.03) .83(.03) .8(.03) .8o(.03) .49(.06)1980 .90(.01) .90(.02) .81(.02) .82(.02) .69(.04) .48(.04)
1981 .87(.02) .83(.02) .92(.02) .67(.03) .63(.03) .51(.03)

1982 .80(.04) .88(.03) .82(.03) .76(.03) 
 .75(.03) .58(.03)

1983 .72(.03) .68(.03) .66(.06) .80(.02) .58(.04) 
 .49(.04)
1984 .81(.031 .75(.031 .86(.031 .91(.03 .70o.051 .52(041 
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Table 4. Atmospheric pressure at sea level. Add 1000.0 to the mean values
in the table to yield pressure in millibars. The standard error of the 
mean
 appears in parentheses to the right 
of each mean value; the standard errors
 
are given (directly) in millibars.
 

Jan Feb Mar A r May Jun1951J 11.2( .3) 10.4( .1) 11.1( .3) 13.2( .5) 12.5( .2) 14.5( .5)1954 12.3( .2) 12.2( .4) 10.2( .4) 21.3( .3) 13.5( .3) 14.7( .3)1955 12.5( .3) 10.9( .2) 10.4( .4) 11.9( .5) 13.6( .2) 15.2( .2)1956 11.5( .2) 10.7( .4) 11.1( .3) 10.9( .3) 12.0( .2) l0.O( .6)
1957 12.8( .2) 8.6( .3) 10.9( .3) 9.9( .3) 
 12.3( .2) 12.3( .2)
1958 21.9( .2) 11.5( .2) 7.2( .4) 9.8( .3) 11.5( .2) 13.2( .1)

1959 12.0( .2) 10.9( .1) 11.5( .2) 11.2( .1) 13.3( .2) 
 14.2( .2)

1960 11.6( .2) 21.5( .2) 11.3( .2) 11.5( .1) 12.7( .1) 
 13.7( .2)
1961 10.6( .4) 10.6( .2) 10.6( .2) 11.2( .4) 12.9( .1) 13.6( .2)

1962 13.0( .1) 11.8( .2) 12.0( .1) 12.8( .2) 14.0( .2) 15.3( .1)1963 
 12.9( .2) 13.6( .2) 11.2( .1) 13.5( .4) 13.2( .1) 14.2( .1)
1964 2.3( .1) 10.5( .1) 11.2( .2) 12.2( .2) 12.7( .4) 14.2( .2)
1965 11.7( .1) 10.2( .2) 11.0( .2) 11.5( .1) 11.3( .2) 
 12.9( .2)
1966 10.6( .2) 10.2( .2) 20.2( .1) 11.8( .2) 13.2( .1) 14.6( .1)
1967 11.5( .2) 12.3( .2) 12.0( .2) 11.3( .2) 13.1( .2) 14.3( .2)

1968 11.3( .2) 11.7( .1) 12.6( .2) 12.9( .1) 14.3( .2) 15.6( .1)
1969 11.2( .3) 9.6( .1) 11.4( .2) 11.3( .1) 11.5( .2) 13.s( .2)
1970 12.8( .2) 11.0( .2) 11.8( .1) 11.7( .2) 14.5( .2) 14.4( .1)1971 11.9( .2) 10.8( .2) 10.8( .2) 12.3( .2) 13.8( .3) 15.3( o4)
1972 10.9( .2) 21.0( .3) 10.3( .2) 11.5( .2) 11.8( .2) 12.1( .2)1973 10.5( .4) 11.8( .2) 10.7( .2) 11.5( .3) 13.0( .3) 14.5( .2)

1974 11.9( .5) 11.8( .2) 12.5( .2) 12.6( .3) 13.7( .3) 14.2( .2)1975 11.5( .3) 11.9( .2) 11.4( .1) 11.9( .2) 13.5( .1) 14.0( .1)
1976 12.1( .3) 11.6( .7) 10.6( .1) 11.9( .2) 12.5( .2) 12.0( .2)1977 20.4( .3) 21.2( .1) 10.0( .2) 12.0( .4) 12.6( .2) 13.7( .2)

1978 13.9( .3) 10.1( .7) 12.0( .2) 12.3( .2) 12.8( .2) 15.0( .3)
1979 12.2( .1) 11.9( .3) 11.4( .2) 11.0( .3) 13.3( .3) 15.5( .5)
1980 12.9( .2) 12.3( .2) 9.3( .2) 10.5( .2) 12.9( .2) 14.5( .3)
1981 13.9( .3) 10.8( .2) 11.4( .2) 12.1( .2) 14.3( .2) 1'.8( .4)

1982 12.6( .5) 11.4( .2) 10.4( .2) 12.1( .2) 12.6( .2) 12.9( .3)
1983 9.1( .3) 9.7( .2) 9.1( .2) 9.5( .2) 9.6( .3) 11.6( .2)
1984 12.5(.21 10,7( .3) 10,7( 51 13.1f .3 13,7( .7) 13,9( .21 
1953 13.7( .5) 13.4( .2) 13.0( .2) 15.0( .5) 14.0( .3) 13.2( .4)1954 13.8( .3) 14.3( .4) 13.8( .3) 14.8( .2) 14.5( .2) 
 13.0( .3)

1955 15.7( .3) 15.1( .3) 15.4( .3) 16.1( .3) 
 14.0( .2) 13.1( .5)
1956 14.9( .3) 13.7( .4) 14.4( .3) 14.1( .2) 14.2( .5) 
 9.4( .6)

1957 13.0( .3) 14.0( .3) 12.5( .3) 13.4( .2) 12.8( .2) 
 12.2( .2)
1958 14.1( .3) 13.9( .2) 14.0( .3) 
 12.7( .2) 12.8( .2) 10.6(l.7)

2959 13.6( .1) 14.1( .2) 13.1( .2) 13.7( .2) 13.3( .2) 12.2( .3)

1960 14.5( .1) 14.5( .2) 14.1( .1) 14.0( .2) 11.1( .2% 13.5( .3)
1961 14.4( .2) 14.4( .1) 14.7( .1) 13.b( .1) 14.7( .2) 13.2( .1)
1962 14.4( .1) 15.2( .2) 13.9( .3) 15.3( .2) 10.6(1.4) 13.8( .2)

1963 14.3( .2) 13.6( .3) 13.8( .4) 14.4( .1) 
 15.4( .4) 12.4( .2)
1964 14.8( .1) 14.8( .2) 14.2( .2) 14.3( .2) 13.1( .2) 13.2( .1)
1965 12.6( .2) 14.0( .2) 14.1( .2) 13.9( .2) 12.1( .2) 
 11.6( .1)
1966 14.0( .1) 14.9( .1) 14.8( .1) 14.1( .2) 13.6( .2) 12.3( .1)
1967 14.2( .2) 14.5( .2) 15.2( .2) 14.0( .2) 13.4( .2) 13.0( .2)
1968 14.8( .2) 15.2( .1) 14.0( .3) 13.5( .2) 14.1( .1) 12.6( .2)
1969 14.3( .2) 14.9( .2) 13.0( .1) 13.8( .1) 
 13.2( .2) 12.2( .1)

2970 15.5( .1) 14.4( .2) 13.8( .2) 13.9( .3) 13.9( .1) 11.0( .2)2971 13.7( .3) 14.3( .7) 14.5( .4) 15.3( .2) 14.0( .1) 12.3( .3).1972 12.5( .6) 12.8( .3) 12.9( .3) 13.1( .2) 12.2( .3) 21.8( .6)1973 14.7( .4) 14.8( .2) 15.2( .3) 15.1( .2) 14.3( .2) 14.8( .2)

1974 13.8( .4) 14.7( .2) 14.9( .2) 14.0( .2) 13.7( .1) 12.6( .2)
1975 15.2( .2) 15.1( .3) 15.5( .2) 15.3( .2) 15.1( .2) 13.5( .2)

1976 13.3( .2) 14.6( .6) 13.3( .4) 13.7( .3) 13.9( .2) 10.4( .2)
1977 13.5( .3) 14.3( .2) 14.7( .2) 14.2( .2) 13.7( .2) 12.4( .2)
1978 13.9( .4) 14.1( .2) 14.5( .2) 13.8( .2) 12.3( .2) 12.3( .2)

1979 14.9( .2) 14.2( .3) 14.7( .3) 14.8( .2) 14.1( .3) 12.5( .9)

1980 15.1( .2) 15.2( .2) 14.1( .4) 13.8( .3) 
 13.8( .2) 13.7( .5)
1981 15.0( .3) 16.0( .2) 14.8( .2) 13.9( .2) 13.4( .2) 11.9( .1)
1982 12.0( .2) 12.9( .2) 14.1( .3) 12.9( .2) 10.6( .2) 10.0( .2)1983 11.8( .2) 14.2( .4) 15.0( .5) 13.6( .2) 13.3( .7) 14.2( .4)1984 12.6( ,4 15,3( .31 14.8( .51 14.5( .31 14.2( .11 11.8( .31 

http:12.5(.21
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Table 5. Alongshore component (positive equatorward) of wind stress on the
 
sea surface. Units are dynes per square centimeter. The standard error of the
 
mean appears in parentheses to the right of the mean alongshore stress value.
Values in this table multiplied by the factor 3.95 (see text) yield offshore

Bkma transport in cubic meters per second across each meter width.
 

Jan FeP Mar. A P May Jun
 
1953 .36(.06) .32(.05) .44(.07) .99(.20) .83(.09) .37(.10)

1954 .24(.03) .41(.14) .10(.02) .46(.05) .56(.08) .46(.08)
 
1955 
 .40(.09) .16(.03) .53(.18) .18(.08) .63(.11) .45(.09)

1956 .16(.02) .25(.07) .67(.10) .83(.09) .85(.13) .50(.05)
29S" .31(.06) .53(.21) .76(.05) .86(.10) .57(.06) .76(.07)
 
1958 .40(.05) .42(.05) .45(.05) .61(.06) .57(.07) .46(.04)

1959 .34(.03) .28(.02) .40(.03) .42(.04) .30(.03) .59(.07)

1960 .23(.03) .27(.02) .41(.03) .49(.04) .53(.09) .45(.04)

1962 .20(.02) .27(.03) .39(.04) .48(.03) .70(.06) .48(.05)

1962 .42(.02) .34(.03) .47(.03) .52(.04) .51(.04) .60(.04)

1963 .32(.04) .39(.03) .61(.03) .47(.03) .59(.04) .33(.03)

1964 .49(.04) .44(.03) .51(.05) .71(.07) .63(.07) .58(.12)

1965 .29(.04) .40(.05) .40(.03) .53(.06) .97(.07) .58(.04)

1966 .60(.04) .61(.06) .46(.04) .75(.06) .59(.05) .62(.04)

2967 .40(.04) .36(.04) .29(.03) .30(.03) .37(.04) .71(.10)

1968 .15(.02) .40(.05) .36(.03) .36(.03) .34(.05) .65(.05)

1969 .29(.04) .26(.04) .47(.04) .56(.04) .45(.07) .89(.08)

1970 .33(.04) .16(.05) .40(.05) .56(.06) .55(.05) .52(.04)

2971 .17(.04) .36(.04) .34(.03) .59(.08) .43(.07) .73(.23)

1972 .29(.03) .34(.04) .56(.11) .55(.04) .42(.04) .67(.08)

1973 .57(.06) .38(.05) .73(.05) .60(.08) .67(.11) .51(.07)

1974 .32(.04) 
 .42(.05) .48(.04) .68(.07) .71(.05) .66(.07)

1975 .40(.04) 
 .35(.04) .72(.05) .63(.05) .74(.04) .63(.06)

1976 .21(.04) .17(.04) .l(.05) .77(.07) .72(.07) .56(.08)

1977 .32(.06) .56(.06) .38(.04) .57(.05) .47(.05) .67(.05)

1978 .37(.05) .47(.06) .62(.07) .71(.08) .59(.07) .72(.12)

2979 .49(.05) .54(.09) .54(.04) .68(.05) .69(.07) .92(.14)

1980 .44(.04) .47(.05) .49(.04) .49(.05) .89(.07) .58(.03)

2981 .52(.04) .30(.03) .46(.04) .54(.04) .53(.05) .84(.08)
1982 .35(.04) .47(.04) .63(.04) .55(.04) .65(.06) .91(.12)
1983 .69(.06) .66(.04) .46(.05) .74(.08) .75(.06) 1.07(.09)
 1984 .26(.041 .53(.111 .80(.131 .31(.11) .83(.181 .07(.131
 

Jul Aug See Oct No Dec
 
1953 .70(.22) .36(.05) .46(.06) .53(.08) .62(.08) .27(.05)

1954 .52(.07) .89(.21) .83(.09) .24(.02) .30(.04) .20(.04)

1955 .46(.09) .88(.14) .66(.10) .65(.12) .60(.08) .l1(.04)
1956 .69(.09) .52(.13) .64(.05) .50(.C8) .45(.04) .45(.08)
 
2957 1.01(.11) .54(.08) .75(.07) .56(.06) .44(.04) .56(.04)

2958 .51(.05) .71(.06) .49(.04) .43(.04) .26(.03) .39(.05)

1959 .38(.04) .53(.04) .48(.07) .44(.05) .31(.03) .23(.03)

1960 .59(.05) .55(.04) .51(.04) .48(.06) .34(.03) .36(.04)

1961 .67(.06) .50(.04) .50(.04) .40(.03) .38(.02) .31(.03)

1962 .60(.04) .49(.04) .60(.06) .49(.04) .51(.04) .23(.02)

1963 .54(.05) .48(.06) .72(.05) .72(.11) .53(.06) .36(.04)

1964 .62(.05) .71(.09) .73(.08) .57(.04) .36(.05) .42(.04)

1965 .63(.05) 
 .84(.07) .87(.07) .60(.07) .49(.03) .49(.04)

1966 .76(.04) .74(.06) .59(.03) .52(.04) .26(.03) .26(.02)

1967 .54(.05) .72(.07) .74(.09) .73(.09) .46(.05) .35(.06)

1968 .90(.10) .72(.08) .64(.08) .59(.03) .51(.03) .62(.08)

1969 .53(.06) .71(.08) .59(.05) .42(.04) .28(.03) .37(.04)

1970 

1971 

.47(.06) .52(.05) .45(.04) .50(.07) .41(.03) .27(.05)
.40(.08) .77(112) .64(.12) .71(.08) .43(.05) .49(.09)
 
1972 .90(.11) .81(.10) 1.32(.19) .49(.05) .35(.04) .72(.15)

1973 .70(.11) 1.16(.12) 1.01(.11) .71(.09) .58(.05) .37(.06)

2974 .73(.05) .64(.08) .72(.07) .67(.07) .68(.05) .45(.06)

1975 .64(.07) .91(.10) .73(.05) .51(.05) .36(.04) .35(.05)

1976 .59(.05) .69(.16) .80(.06) .67(.06) .64(.06) .52(.06)
1977 .94(.11) .83(.10) .47(.06) .46(.04) 157(.04) .55(o06)
 
1978 .87(.14) .69(.08) .73(.09) .54(.06) .51(.06) .47(.05)

1979 .65(.07) .66(.09) .72(.07) .65(.05) .54(.05) .46(.07)

1980 1.01(.04) .74(.04) .75(.06) .65(.05) .47(.04) .49(.06)

1981 .77(.07) 
 .64(.04) .85(.09) .41(.04) .57(.04) .42(.03)

1982 .89(.08) .63(.06) .96(.12) .84(.06) .73(.04) .66(.05)
2983 .86(.06) .69(.06) .77(.07) .60(.05) .38(.10) .23(.05)
1984 .61(.061 .76(.061 .64(.071 .60(.041 .86f.061 .58(.05)
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Table 6. Onshore component of wind stress on the sea surface. Units are dyres
 
per square centimeter. The standard error of the mean appears in parentheses
 
to the right of each mean onsho7.e stress value.
 

1953 
1954 
1955 

Jan 
.10(.03) 
.04(.0)

-.04(.03) 

Fab 
.02(.03) 
.07(.05)
.02(.01) 

Mar 
.00(.05) 
.00(.01)
.19(.07) 

APr" 
-.12(.04) 
.10(.02)
.09(.08) 

May 
.02(.04) 

-.04(.03)
-.01(.03) 

Jun 
-.06(.05) 
.04(.02)

-.01(.03) 

1956 
1957 
1958 
1959 
1960 
1961 
1962 

.06(.03) 

.05(.02) 

.07(.01) 

.05(.01) 

.07(.01) 

.03(.01) 

.08(.01) 

.48(.03) 
-.06(.05) 
.08(.02) 
.07(.01) 
.04(.01) 
.01(.01) 
.01(.02) 

.o8(.08) 
-.06(.02) 
.09(.02) 
.01(.02) 
.05(.ol) 
.06(.02) 
.04(.01) 

.01(.04) 
-.04(.03) 
.01(.02) 
.06(.01) 
.04(.02) 
.05(.01) 
.02(.02) 

.0(.05) 

.00(.04) 

.02(.02) 

.04(.02) 

.03(.01) 

.03(.02) 

.02(.02) 

.10(.04) 

.06(.03) 

.08(.02) 

.17(.03) 

.02(.02) 

.04(;02) 
-.03(.01) 

1963 
1964 
1965 

.06(.01) 

.05(.02) 

.06(.02) 

.02(.02) 

.03(.01) 

.05(.02) 

.08(.01) 

.04(.02) 

.01(.01) 

.01(.01) 
-.07(.03) 
.06(.02) 

.0%(.02) 

.CL(.04) 
-.08(.03) 

.01(.01) 

.06(.03) 

.03(.02) 
1966 
1967 
1968 

.05(.02) 

.02(.02) 

.03(.01) 

.06(.02) 

.08(.02) 

.02(.02) 

.09(.03) 

.02(.02) 

.04(.01) 

-.06(.02) 
.03(.01) 
.02(.01) 

.03(.02) 

.09(.02) 

.01(.03) 

.06(.02) 

.08(.05) 

.01(.02) 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

.04(.01) 

.04(.02) 

.05(.02) 

.04(.01) 

.13(.03) 

.04(.02) 

.02(.02) 

.03(.01) 

.07(.02) 

.04(.03) 

.03(.02) 

.08(.02) 

.04(.02) 
-.08(.05) 
.04(.02) 

-.06(.05) 
.07(.02) 
.02(.02) 
.07(.02) 
.01(.04) 

-.03(.03) 
.09(.03) 

-.08(.04) 
.06(.02) 

.00(.01) 

.05(.02) 

.00(.02) 
-.06(.07) 
-.02(.02) 
-.04(.02) 
-.05(.02) 
.01(.02) 
.06(.02) 
.05(.03) 
.08(.03) 
.02(.02) 

.03(.02) 

.10(.03) 

.03(.04) 

.03(.02) 

.13(.04) 

.02(.04) 
-.04(.02) 
-.06(.04) 
.07(.03) 

-.03(.02) 
.03(.02) 
.03(.03) 

.05(.03) 

.08(.02) 
-.03(.02) 
.00(.02) 

-.02(.04) 
-.01(.02) 
.00(.02) 
.01(.02) 
.02(.02) 
.03(.02) 

-.03(.03) 
-.05(.03) 

-.03(.03) 
.03(.01) 

-.08(.07) 
.06(.04) 
.15(.05) 
.03(.03) 

-.01(.02) 
.03(.04) 

-.01(.03) 
-.07(.05) 
-.04(.04) 
-.08(.02) 

1981 
1982 
1983 
1984 

.02(.02) 

.06(.02) 

.15(.03) 

.06(.02) 
Jul 

.00(.02) 

.1O(.03) 

.00(.02) 
-.04(.021 

Aug 

.05(.02) 

.00(.02) 
-.03(.03) 
-.08(.061 

Sep 

-.01(.02) 
-.O1(.02) 
-.01(.07) 
-.10(.061 

Oct 

.01(.02) 

.06(.03) 

.07(.03) 

.08(.07) 
NOv 

.01(.03) 
-.09(.06) 
.05(.04) 
.14(.051 

Dec 
1953 
1954 

.15(.04) 

.06(.03) 
.06(.02) 

-.02(.ll) 
.12(.03) 
.19(.08) 

.07(.07) 

.04(.01) 
.08(.03) 
.21(.05) 

.04(.02) 

.08(.02) 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 

.o8(.04) 

.02(.06) 
-.05(.09) 
.12(.03) 
.04(.02) 
.06(.02) 
.04(.02) 
.05(.01) 

.04(.06) 

.31(.08) 

.18(.05) 

.23(.05) 

.12(.02) 

.07(.02) 

.03(.01) 

.12(.02) 

.09(.04) 

.13(.04) 

.05(.03) 

.12(.02) 

.17(.06) 

.06(.02) 

.08(.02) 

.10(.02) 

.09(.02) 

.14(.03) 

.07(.02) 

.20(.03) 

.05(.01) 

.67(.02) 

.15(.03) 

.08(.02) 

.12(.05) 

.06(.03) 

.10(.02) 

.05(.01) 

.05(.01) 

.02(.01) 

.03(.01) 

.08(.01) 

.o5(.ol) 

.06(.02) 

.11(.02) 

.06(.02) 

.04(.01) 

.06(.02) 

.04(.01) 

.09(.02) 
1963 .03(.02) .01(.02) .09(.02) .05(.03) .03(.04) .07(.02) 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 

.04(.02) 

.01(.03) 

.05(.02) 

.tB(.02) 

.3(.04) 

.02(.02) 

.07(.02) 

.01(.03) 

.05(.05) 
-.02(.02) 
.15(.03) 
.06(.04) 
.09(.03) 

-.02(.02) 
.08(.02) 
.14(.04) 

.10(.03) 

.10(.03) 

.08(.02) 
-.01(.03) 
.12(.05) 
.08(.02) 
.10(.02) 

-.01(.03) 

.11(.02) 

.17(.04) 

.15(.02) 

.09(.03) 

.11(.02) 

.04(.01) 

.18(.04) 

.00(.03) 

.05(.02) 

.13(.03) 

.06(.01) 

.03(.02) 

.08(.01) 

.07(.01) 

.12(.03) 

.06(.02) 

.04(.02) 

.08(.02) 

.02(.01) 

.12(.03) 
-.06(.04) 
.09(.02) 
.09(.03) 

-.02(.04) 
1972 
1973 

.04(.04) 
-.03(.04) 

.07(.03) 

.01(.05) 
.12(.08) 
.01(.06) 

.10(.03) 

.01(.05) 
.19(.04) 
.01(.02) 

.14(.03) 

.06(.03) 
1974 
1975 

.02(.02) 

.06(.03) 
.04(.03) 
.03(.05) 

.13(.03) 

.06(.03) 
.12(.03) 
.11(.03) 

.03(.03) 

.os(.03) 
.13(.03) 
.04(.02) 

1976 
1977 
1978 
1979 

.03(.04) 

.05(.07) 
-.11(.05) 
-.01(.03) 

-.01(.06) 
-.10(.04) 
.04(.04) 
.10(.03) 

.09(.03) 

.10(.03) 

.07(.03) 
-.02(.04) 

.15(.03) 

.08(.02) 

.08(.03) 

.07(,02) 

.02(.04) 

.07(.01) 

.07(.02) 

.oo(.03) 

.13(.04) 

.02(.03) 

.05(.02) 

.06(.06) 
1980 
1981 
1982 
19831984 

-.12(.02) 
-.04(.03) 
.05(.04) 
-.03(.02).07(.051 

-.02(.03) 
-.05(.01) 
.04(.02) 

-.o(.03) -.22.051 

.04(.03) 

.01(.03) 

.01(.06) 
-.10(.03).03(.04) 

.05(.02) 

.07(.02) 

.15(.04) 

.02(.03).02(.041 

.06(.02) 

.05(.02) 

.09(.02) 

.04(.03)-.09(.031 

-.01(.02) 
-.04(.01) 
.08(.02) 
.04(.03)-.01(.031 
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Table 7. 
 "Wind cubed" index of rate of addition to the water column, by
wind, of turbulent mixing energy. 
the
 

The standard errors 
of the mean appear in
parentheses to the right of each mean index value. 
 3 "3.
 Nominal units are m sec
 

Jan Feb Mar Aot may Jun

1953 130( 34) 
 107( 19) 162( 35) 473(140) 354( 44) 130( 47)
1954 
 75( 16) 205( 85) 19( 4) 186( 32) 210( 46) 
 174( 41)
1955 132( 40) 
 37( 9) 316(101) 93( 22) 238( 67) 
 177( 50)
1956 58( 15) 91( 30) 287( 46) 355( 51) 377( 68) 182( 25)
1957 201( 22) 220( 44) 310( 23) 375( 64) 
 201( 27) 337( 42)
2958 184( 48) 171( 32) 
 181( 25) 260( 37) 244( 46) 192( 21)
1959 116( 13) 94( 8) 143( 14) 154( 18) 104( 16) 300( 47)
1960 84( 11) 86( 10) 
 151( 15) 207( 18) 307( 95) 
 161( 19)
1961 71( 9) 
 83( 11) 173( 24) 17C( 13) 301( 37) 204( 26)
2962 156( 12) 127( 16) 171( 14) 
 220( 24) 197( 20) 226( 19)
1963 113( 19) 141( 19) 252( 17) 
 176( ,a) 230( 20) 113( 13)
1964 188( 20) 156( 14) 
 198( 27) 295( 36) 
 248( 41) 315(117)
1965 100( 17 155( 33) 
 144( 16) 238( 51) 467( 45) 232( 20)
1966 247( 26) 263( 30) 213( 25) 312( 35) 252( 34) 
 263( 24)
1967 147( 16) 143( 25) 94( 13) 102( 11) 140( 20) 
 387( 80)
1968 47( 10) 172( 3G) 126( 15) 120( 11) 
 142( 25) 272( 25)
1969 97( 16) 113( 19) 174( 18) 206( 23) 193( 34) 432( 68)
1970 121( 17) 148( 36) 
 166( 3R) 232( 35) 227( 25) 218( 20)
1971 92( 16) 128( 25) 
 120( 15) 266( 42)
1972 102( 14) 146( 33) 346( 70) 

135( 30) 404(162)

214( 25) 146( 18) 315( 51)
2973 247( 29) 136( 21) 292( 26) 
 333( 49) 314( 75) 279( 52)
1974 121( 17) 155( 24) 181( 20) 
 308( 62) 300( 29) 295( 39)
1975 135( 18) 140( 22) 
 308( 24) 251( 21) 304( 24) 272( 33)
1976 76( 22) 68( 19) 
 196( 27) 326( 39) 308( 36) 248( 53)
1977 134( 44) 251( 40) 158( 21) 265( 27) 191( 27) 263( 30)
1978 150( 22) 214( 33) 280( 44) 
 316( 54) 246( 35) 327( 91)1979 202( 33) 250( 54) 241( 23) 282( 29) 331( 38) 
 459(122)
1980 179( 19) 212( 32) 203( 21) 194( 23) 441( 47) 
 241( 18)
1981 205( 22) 104( 13) 
 195( 19) 212( 21) 226( 27) 431( 73)
1982 134( 21) 199( 20) 259( 19) 201( 20) 
 300( 29) 491( 97)
1983 319( 31)
1984 110( 211 262( 18) 203( 21) 420(117) 373( 35) 539( 61)
307(120) 534M17 288f110) 636(1591 
 5%22(1161
 

Jul Aug San Oct Nov 
 Dec
1953 332(129) 125( 26) 179( 34) 
 217( 43) 243( 50) 74( 16)1954 207( 37) 445(135) 439( 73) 64( 8) 161( 33) 59( 13)
1955 179( 41) 460(100) 308( 76) 322( 79) 266( 42) 
 30( 13)
1956 324( 56) 346( 65) 
 261( 29) 237( 56) 184( 23) 158( 35)
1957 484( 66) 253( 52) 
 331( 45) 261( 38) 189( 24) 238( 22)
1958 214( 25) 474( 56) 214( 26) 228( 30) 
 92( 16) 152( 26)
2959 138( 16) 233( 23) 303( 76) 
 164( 23) 108( 15) 82( 13)
1960 260( 32) 222( 25) 201( 19) 
 198( 35) 99( 12) 144( 24)
2961 290( 39) 191( 17) 211( 20) 199( 24) 136( 12) 100( 12)
1962 265( 22) 236( 23) 267( 32) 199( 20) 212( 19) 
 96( 15)
1963 220( 26) 176( 25) 320( 31) 376( 72) 222( 33) 131( 19)
1964 250( 25) 385( 89) 372( 58) 242( 22) 
 132( 20) 164( 21)
1965 263( 29) 392( 45) 442( 52) 319( 44) 
 240( 21) 193( 20)
1966 317( 29) 388( 39) 
 245( 18) 243( 28) 
 95( 12) 83( 10)
1967 222( 28) 336( 41) 357( 59) 
 369( 57) 180( 30) 280( 45)
2968 442( 61) 352( 56) 
 326( 62) 243( 19) 192( 16) 283( 42)
1969 237( 33) 312( 52) 
 272( 29) 154( 26) 104( 13) 
 151( 23)
1970 248( 34) 212( 28) 186( 22) 
 251( 50) 194( 24) 139( 22)
1971 190( 49) 425( 71) 258( 66) 302( 49) 
 169( 23) 199( 57)
1972 423( 63) 
 400( 67) 805(139) 
 220( 27) 156( 25) 407(157)
1973 S69( 81) 784( 81) 
 675( 74) 348( 66) 237( 28) 179( 37)
197v 299( 28) 317( 57) 352( 45) 295( 42) 
 274( 28Y 195( 31)
1975 284( 35) 461( 58) 
 316( 31) 235( 35) 143( 24) 147( 23)
1976 264( 36) 377( 87) 
 370( 33) 328( 37) 270( 49) 235( 43)
2977 529( 95) 392( 59) 229( 37) 189( 21) 241( 17) 
 220( 34)
1978 434( 85) 310( 54) 350( 82) 226- 29) 237( 49) 
 203( 28)
1979 290( 51) 433( 73) 350( 51) 274( 33) 233( 28) 
 226( 50)
1980 458( 27) 354( 31) 382( 35) 271( 28) 181( 22) 
 188( 30)
1981 420( 49) 244( 21) 457( 60) 166( 10) 
 249( 22) 146( 13)
1982 438( 52) 270( 40) 549( 82) 454( 57) 316( 22) 275( 30)
1983 379( 34) 330( 39) 
 318( 43) 277( 33) 227(111) 122( 32)
1984 334i 58) 415( 881 328( 461 
 242( 30) 350( 27) 229( 221
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Table 8. 
Daily total (both direct and diffuse) solar radiation absorbed by
the ocean, Qs. 
 The standard error of the mean appears in parentheses to the

right 
of each sean yalue. Units are watts/M 2. (Values may be converted to

units of cal c" ay' by multiplying by the factor 2.064.)
 

Jan Feb Mar Aor May

239(12) 253( 9) 262(11) 258(15) 

Jun
1953 193( 9) 182(22)

1954 240( 9) 214(10) 227(12) 241( 6) 141( 7) 158(11)
1955 250(12) 254(12) 236(17) 282( 8) 182(17) 125( 5)
1956 255(16) 269(16) 257(31) 230(12) 181(14) 121( 3)1957 264(12) 203(11) 243( 7) 221( 8) 190(10) 153( 7)
1958 244( 5) 236( 8) 243( 9) 248( 9) 202( 8) 148( 6)
1959 287( 7) 247( 8) 241( 9) 
 208(10) 169(12) 144( 6)
1960 268( 9) 269( 4) 283( 3) 236( 4) 
 204( 4) 167( 7)
1961 242( 5) 276( 5) 228( 5) 221( 4) 205( 6) 
 140( 4)
1962 258( 5) 257( 4) 260( 4) 214( 4) 192( 6) 
 143( 3)

1963 263( 6) 265( 5) 240( 4) 217( 0) 176( 4) 
 139( 3)
1964 243( 6) 236( 4) 242( 6) 223( 6) 162( 8) 161( 7)

1965 257( 8) 268( 7) 236( 4) 
 218( 4) 183( 4) 165( 4)
1966 252( 5) 279( 5) 246( 5) 236( 4) 182( 5) 148( 4)
1967 218( 5) 264( 8) 244( 5) 230( 4) 207( 6) 138( 5)
2968 250( 7) 263( 5) 265( 5) 244( 4) 174( 6) 149( 4)
1969 248( 7) 257( 6) 238( 4) 216( 5) 168( 7) 140( 4)
1970 245( 7) 274( 7) 280( 4) 236( 7) 178( 5) 140( 2)
1971 264( 6) 255( 6) 261( 5) 
 230( 7) 169( 8) 130( 6)
1972 256( 6) 271( 7) 237( 6) 221( 5) 
 170( 6) 145( 6)
2973 236( 7) 247( 9) 237( 5) 229( 7) 
 216( 7) 151( 7)

1974 250( 6) 268( 7) 257( 5) 219( 8) 
 156( 4) 131( 3)
1975 234( 7) 268( 6) 240( 4) 224( 5) 163( 4) 
 131( 3)

1976 245( 7) 248(13) 234( 5) 218( 8) 178( 6) 130( 5)
1977 259( 8) 235( 4) 244( 6) 253( 4) 187( 5) 154( 5)
1978 258( 8) 240( 7) 265( 6) 217( 6) 190( 6) 153( 9)
1979 
 270( 5) 264( 7) 246( 5) 238( 5) 171( 5) 142( 7)
1980 
 248( 6) 261( 5) 244( 5) 231( 7) 187( 4) 156( 5)1981 233( 5) 241( 5) 249( 5) 218( 5) 183( 6) 142( 3)
1982 246( 6) 257( 5) 246( 4) 230( 5) 187( 5) 139( 6)1983 260( 8) 273( 4) 236( 5) 201( 5) 163( 4) 149( 5)
2984 263( 91 268( 7) 260(101 223(10) 204(29) 142( 61Jul AUg SeD Oct Nov 
 Dec

1953 170(20) 142( 3) 204(12) 227(16) 211(13) 266(15)

1954 149( 8) 144( 5) 158( 5) 
 192( 7) 225(19) 184(11)

1955 123( 2) 154( 7) 159( 2) 
 217(10) 241(15) 263(26)
1956 134( 7) 157(11) 184( 9) 198(10) 195( 9) 261(31)
2957 143(11) 170(12) 186( 8) 211( 6) 216( 8) 235( 6)
1958 154(11) 165( 5) 173( 7) 218( 9) 254( 8) 
 278(13)

1959 154( 6) 169( 8) 
 190( 8) 218(13) 226( 7) 256( 6)
1960 163( 4) 171( 6) 
 171( 4) 185( 5) 219(11) 235( 7)
2961 126( 2) 159( 3) 170( 2) 210( 6) 243( 4) 240( 5)
1962 133( 2) 148( 2) 173( 5) 193( 4) 211( 4) 258( 6)

1963 145( 4) 167( 6) 177( 4) 
 204( 6) 212( 6) 229( 9)
1964 138( 4) 154( 5) 183( 5) 191( 3) 210( 7) 257( 6)
2965 135( 4) 148( 3) 169( 3) 197( 5) 219( 4) 241( 5)
1966 151( 4) 162( 4) IPA( 3) 191( 3) 202( 4) 241( 5)2967 137( 4) 148( 3) 184( 5) 195( 5) 11v6( 5) 258( 6)
1968 145( 5) 145( 3) 180( 5) 201( 4) 21,( 5) 
 256( 7)1969 137( 5) 158( 4) 165( 3) 205( 5) 226( 5) 246( 6)
2970 134( 4) 152( 4) 181( 4) 180( 3) 244( 5) 235( 7)1971 127( 2) 151( 4) 171( 7) 193( 7) 236( 6) 233(10)

1972 138( 7) 161( 6) 183( 8) 
 209( 6) 195( 7) 229( 9)1973 142( 4) 149( 3) 174( 5) 205( 7) 
 208( 5) 221( 6)1974 127( 2) 154( 4) 175( 4) 27L8( 8) 222( 6) 250( 8)
1975 134( 4) 156( 5) 173( 4) 212( 7) 211( 7) 234( 6)1976 147( 5) 143( 6) 194( 6) 206( 6) 
 212( 8) 257( 8)
1977 134( 4) 155( 5) 187( 6) 204( 5) 
 223( 4) 270( 8)1978 126( 2) 160( 5) 187( 6) 
 205( 7) 231( 7) 264( 6)
1979 138( 4) 167( 5) 179( 5) 217( 8) 210( 6) 252(12)

1980 139( 5) 158( 4) 196( 5) 
 208( 5) 231( 8) 266( 9)
.1981 139( 4) 168( 6) 169( 2) 
 215( 6) 241( 4) 255( 4)1982 150( 6) 151( 4) 185( 6) 215( 5) 218( 5) 253( 6)
1983 
 156( 5) 161( 7) 184(12) 198( 4) 258(12) 246(10)1984 157( 71 165( 61 175(161 185( 61 246(16) 242( 91 
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Table 9. Radiative heat lose, Qs. The standard error of the mean appears in
parentheses to the right of each meap value. 
Units are vatts/m2 . (Values may

be converted to units or cal cmi day' by multiplying by the factor 2.064.)
 

Jan Feb Mar. Apr May Jun

1953 23( 2) 28( 2) 32( 3) 41( 5) 33( 3) 33(10)

1954 26( 2) 16( 2) 22( 3) 43( 2) 16( 3) 30( 5)

1955 30( 3) 27( 3) 29( 5) 60( 5) 29( 7) 1o( 2)1956 33( 5) 34( 5) 38(13) 41( 5) 28( 5) 7( 1)
1957 33( 3) 13( 2) 26( 2) 29( 2) 28( 3) 21( 2)1958 24( 1) 22( 2) 27( 2) 39( 3) 36( 2) 20( 2)

1959 43( 2) 24( 2) 28( 2) 29( 3) 22( 4) 28( 2)
2960 32( 2) 33( 1) 44( 1) 37( 1) 38( 1) 31( 3)
1961 26( 1) 34( 1) 25( 1) 34( 1) 39( 2) 19( 1)
1962 31( 1) 31( 1) 36( 1) 30( 1) 35( 2) 21( 1)
1963 33( 1) 31( 1) 27( 1) 34( 0) 
 27( 1) 18( 1)1964 27( 1) 23( 1) 30( 1) 34( 2) 23( 3) 
 30( 3)
1965 33( 2) 34( 2) 27( 1) 27( 1) 27( 1) 
 28( 1)

2966 30( 1) 37( 1) 29( 1) 38( 1) 29( 1) 21( 1)
1967 20( 1) 33( 2) 30( 1) 34( 1) 38( 2) 19( 2)
1968 33( 2) 33( 1) 36( 1) 44( 1) 28( 2) 23( 2).1969 29( 2) 30( 1) 28( 1) 29( 1) 23( 2) Is( 1)
1970 29( 2) 35( 2) 42( 1) 37( 2) 
 29( 2) 19( 1)
1972 34( 1) 30( 1) 35( 1) 34( 2) 26( 3) 15( 2)
1972 32( 1) 32( 2) 24( 1) 31( 2) 24( 2) 18( 2)
1973 22( 1) 24( 2) 27( 1) 36( 2) 43( 2) 25( 3)
1974 30( 1) 33(.2) 33( 1) 34( 2) 20( 1) 14( 1)1975 23( 1) 32(1) 27( 1) 32( 1) 23( 1) 15( 1)
1976 27( 1) 30( 5) 25( 1) 31( 2) 29( 2) 14( 2)
1977 30( 2) 22( 1) 29( 1) 43( 1) 33( 2) 25( 2)
1978 31( 2) 24( 2) 34( 1) 31( 2) 33( 2) 25( 4)
1979 33( 1) 30( 1) 27( 1) 36( 1) 25( 2) 20( 3)
1980 30( 1) 29( 1) 28( 1) 34( 2) 31( 1) 25(
2981 24( 1) 24( 1) 31( 1) 31( 1) 28( 2) l8( 

2) 
1)

1982 29( 1) 28( 1) 0( 1) 35( 1) 32( 2) 16( 2)
1983 28( 2) 31( 1) 22( 1) 20( 1) Is( 1) 19( 2)
.1984 29(2 31( 21 32( 3) 29( 3) 
 37(10) 17(21


Jul Aug Sep Oct Noy Doc
 
1953 30( 9) 9( 1) 22( 4) 26( 5) 20( 4) 34( 3)
2954 20( 3) 11( 3) 10( 2) 14( 2) 23( 5) 12( 3)1955 8( 0) 24( 3) 8( 1) 22( 3) 31( 5) 39(10)
1956 16( 3) 28( 5) 15( 3) 19( 4) 25( 3) 35( 9)2957 17( 5) 19( 4) 18( 2) 21( 2) 22( 2) 25( 1)
1958 22( 4) 20( 2) 14( 2) 25( 3) 35( 2) 43( 4)1959 22( 2) 19( 3) 21( 3) 24( 5) 25( 2) 34( 1)1960 27( 1) 23( 2) 15( 1) It( 1) 23( 3) 27( 2)
1961 10( 0) 17( 1) 13( 0) 20( 2) 31( 1) 29( 1)
1962 14( 0) 13( 0) 15( 1) 25( 1) 20( 1) 37( 2)
1963 19( 1) 19( 2) 14( 1) 18( 2) 21( 2) 26( 2)
1964 15( 1) 15( 2) 16( 1) 15( 1) 20( 2) 35( 1)1965 14( 1) 13( 1) 12( 0) 15( 1) 22( 1) 29( 1)
1966 22( 1) Is( 1) 16( 1) 14( 1) 17( 1) 29( 1)
1967 15( 1) 13( 1) 17( 2) 16( 2) 15( 1) 39( 2)1968 20(3) 11( 1) 14(1) 17(1) 22(1) 34(2)
1969 15( 2) 17( 1) 12( 1) Is( 1) 26( 1) 31( 1)
1970 15( 2) 13( 1) 16( 1) 10( 1) 32( 1) 29( 2)
1971 ll( 1) 13( 1) 12( 2) 17( 3) 28( 2) 26( 3)
1972 25( 2) 19( 2) 1s( 2) 20( 2) 15( 2) 25( 2)1973 17( 1) 12( 1) 15( 1) 20( 2) Is( 1) 23( 1)1974 13( 1) 14( 1) 15( 1) 23( 2) 23( 2) 
 32( 2)
2975 15( 1) 14( 2) 14( 1) 23( 2) 20( 2) 28( 2)

1976 19( 2) 11( 1) 20( 1) e(O1) 49( 2) 33( 2)
2977 14( 1) 16( 2) 17( 2) 19( 1) 23( 1) 41( 2)
1978 9( 0) 17( 2) 19( 2) 19( 2) 25( 2) 34( 1)1979 16( 2) 19( 2) 15( 1) 22( 2) 19( 2) 32( 4)
1980 13( 1) 15( 1) 
 20( 1) 19( 1) 27( 2) 38( 2)
1981 15( 1) 19( 2) 11( 0) 29( 2) 30( 1) 35( 1)
1982 19( 2) 13( 1) 17( 2) 21( 1) 20( 1) 30( 1)1983 24( 2) 27( 2) 15( 3) 25( 1) 33( 3) 28( 3)
1984 21( 21 12( 21 Is(81 11e 11 29( 51 29( 31 



Table 10. Evaporative heat loss, Qc. The standard error of the mean appears

in parentheses to the right of each mean value. Units are watts/ma. (Values
 
may be converted to units of cal cmf*day'by multiplying by the factor 2.064.)
 

Jan FEb Mar Apr May Jun 
1953 3( 6) 34(10) 39( 8) 62(16) 97(11) 8( 9) 
1954 -23( 5) 15( 4) 8( 3) -24( 4) 27( 5) 33( 4) 
1955 22( 7) -26( 5) 39(16) 14(10) -14(12) 6( 5) 
1956 17( 6) -27(13) -1(25) 39(11) 23( 9) 33( 6) 
1957 -11( 3) 43( 9) 46(10) 68(13) 59( 8) 64(11) 
1958 22('4) 65( 7) 31( 8) 37( 6) 49(11) 40( 5) 
1959 15( 3) 15( 4) 59( 9) 42( 7) 21(10) 35( 6) 
1960 11( 2) 18( 2) 32( 4) 22( 3) 15( 1) 24( 4) 
1961 9( 2) 22( 2) 15( 4) 18( 2) 34( 4) 36( 4) 
1962 22( 2) 33( 3) 16( 3) 16( 4) 26( 3) 50( 3) 
1963 16( 3) 24( 2) 35( 3) 31( 0) 46( 3) 31( 2) 
1964 25( 3) 25( 2) 19( 3) 34( 7) 28( 5) 30( 6) 
1965 34( 6) 46( 5) 45( 3) 57( 5) 109( 7) 62( 3) 
1966 36( 4) 63( 6) 30( 4) 51( 6) 44( 4) 40( 3) 
1967 17( 2) 33( 4) 22( 3) 14( 2) 15( 3) 52( 8) 
1968 6( 1) 36( 4) 24( 3) 12( 2) 26( 4) 38( 4) 
1969 28( 4) 19( 3) 44( 3) 51( 5) 57( 6) 69( 5) 
1970 29( 4) 31(11) 34( 4) 22( 6) 22( 4) 24( 2) 
1971 14( 2) 11( 4) 6( 4) 40( 6) 39( 6) 46(10) 
1972 20( 3) 48( 8) 62( 9) 48( 4) 62( 6) 31( 6) 
1973 47(12) 28( 7) 39( 4) 30( 6) 28( 8) 32( 9) 
1974 26( 3) 26( 5) 40( 4) 58( 9) 70( 5) 42( 4) 
1975 26( 5) 21( 3) 55( 4) 54( 6) 70( 4) 44( 4) 
1976 10( 2) 48(22) 32( 6) 62( 9) 64( 6) 57( 6) 
1977 25( 4) 43( 5) 15( 4) 13( 5) 21( 4) 39( 6) 
1978 21( 3) 38( 4) 34( 6) 54( 6) 23( 3) 62(11) 
1979 27( 4) 35( 6) 30( 4) 38( 6) 45( 5) 40( 6) 
1980 28( 6) 24( 5) 37( 4) 15( 3) 57( 5) 31( 4) 
1981 12( 5) 19( 3) 14( 3) 29( 5) 42( 5) 51( 4) 
1982 18( 2) 21( 5) 39( 5) 28( 3) 46( 5) 87(23) 
1983 71( 5) 97( 5) 87( 4) 110(10) 124( 5) 125(14) 
1984 4(101

Jul 
31(71
AqqSe 

49(151 41(151
Oct 

-11(15)
Noy 

32( 8)
Dec 

1953 41(13) 53( 4) 29( 6) 33( 8) 32( 7) 8( 8) 
1954 6( 6) 38(10) 17( 6) -8( 4) 15( 8) 25(12) 
1955 46(10) 2(11) 8( 5) -9( 8) 9( 4) 2( 5) 
1956 
1957 

69(11) 
111(19) 

35(10) 
39(11) 

49( 7) 
54( 7) 

21( 4) 
42( 3) 

69( 8) 
35( 4) 

-9( 3) 
1( 6) 

1958 56( 6) 35( 3) 31( 4) 40( 5) 21( 4) 27( 5) 
1959 26( 2) 12( 3) 30( 7) 24(11) 13( 1) 2( 1) 
1960 38( 3) 28( 3) 28( 2) 23( 4) 27( 5) 20( 5) 
1961 34( 5) 37( 2) 28( 2) 18( 2) 27( 2) 14( 2) 
1962 33( 2) 27( 2) 26( 3) 24( 2) 28( 2) 15( 2) 
1963 40( 3) 38( 4) 43( 3) 37( 4) 36( 4) 24( 3) 
1964 
1965 

40( 4) 
60( 4) 

37( 4) 
64( 5) 

31( 3) 
36( 3) 

30( 3) 
29( 4) 

17( 3) 
36( 2) 

27( 3) 
33( 3) 

1966 53( 3) 29( 2) 32( 2) 26( 2) 19( 2) 13( 1) 
1967 36( 2) 34( 4) 22( 2) 19( 4) 24( 3) 26( 3) 
1968 63( 6) 29( 3) 34( 3) 29( 2) 22( 2) 33( 6) 
1969 41( 4) 43( 4) 31( 4) 16( 3) lo( 1) 15( 3) 
1970 19( 3) 23( 3) 21( 3) 15( 3) 19( 2) 15( 3) 
1971 39( 4) 44( 6) 31( 7) 34( 5) 19( 3) 31( 5) 
1972 66(10) 105(10) 70(12) 40( 4) 37( 5) 42( 8) 
1973 42( 7) 27( 6) 29( 4) 31( 5) 15( 5) 15( 4) 
1974 61( 3) 32( 3) 25( 5) 28( 5) 37( 4) 33( 7) 
1975 54( 6) 54( 6) 23( 5) 18( 3) 4( 2) 16( 3) 
1976 74( 5) 30(17) 50( 4) 45( 7) 38( 6) 34( 3) 
1977 48( 6) 32( 4) 19( 3) 48( 7) 23( 2) 18( 2) 
1978 36(12) 30( 9) 32( 3) 31( 5) 25( 6) 24( 4) 
1979 39( 4) 26( 3) 37( 3) 27( 4) 37( 7) 20( 5) 
1980 28( 4) 29( 4) 28( 3) 34( 6) 20( 4) 15( 4) 
1981 41( 6) 29( 3) 27( 4) 21( 3) 21( 3) 19( 2) 
.1982 71( 9) 30( 6) 34(10) 59( 4) 66( 5) 68(10) 
1983 
1984 

91( 8) 
4 8) 

18(15) 
37( 5) 

46(17) 
s4(201 

40( 4) 
19C 8) 

42( 7) 
13(17) 

15(10) 
26( 81 
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Table 11. Net atmosphere - ocean heat exchange, QN. The standard error of
the mean appears in parentheses to the 
right of each mean value. Units are
watts/M2 . (Values may be converted to units of cal cii2 day ' by multiplying

by the factor 2.064.)
 

Jan Feb MaM Ar May Jun1953 220(13) 193(13) 196(13) 
 152(24) 51(16) 142(10)
1954 261(11) 187(10) 200( 9) 247( 9) 101( 8) 89(10)
1955 194(13) 273(11) 164(22) 211(16) 192(20) 115( 8)
1956 208(12) 286(25) 232(22) 150(15) 137(18) 
 79( 9)
1957 258(11) 143(16) 176(16) 125(17) 
 103(11) 63(16)1958 203( 7) 146( 9) 189(15) 171(10) 110(16) 81( 8)1959 236( 7) 215( 9) 
 155(13) 139(13) 125(18) 
 92( 9)1960 228( 8) 220( 4) 209( 6) 
 182( 5) 153( 4) 113( 7)1961 211( 5) 221( 4) 
 193( 7) 175( 4) 133( 7) 
 83( 6)1962 210( 5) 195( 5) 216( 6) 
 177( 6) 135( 6) 69( 4)1963 219( 7) 213( 5) 185( 5) 156( 0) 
 100( 6) 88( 3)1964 196( 6) 192( 4) 
 199( 6) 156(10) 111(11) 104(10)
1965 190( 8) 187( 8) 164( 4) 135( 7) 
 35( 9) 69( 6)1966 188( 7) 179( 7) 
 187( 6) 145( 9) 108( 6) 86( 5)15,L7 183( 5) 202( 6) 196( 4) 
 187( 4) 157( 5) 62( 9)1968 214( 5) 196( 5) 207( 4) 196( 4) 118( 6) 86( 5)1969 195( 6) 209( 6) 164( 5) 134( 7) 82(10) 41( 8)1970 185( 8) 212(13) 203( 7) 184(10) 
 130( 7) 101( 3)1971 220( 5) 219( 8) 
 230( 7) 155( 9) 
 99( 9) 67(13)
1972 205( 5) 188(12) 150(11) 142( 7) 77(10) 99(10)
1973 173(16) 203(11) 172( 7) 
 171(11) 153(11) 95(13)
1974 197( 6) 211( 8) 187( 6) 128(13) 63( 7) 75( 5)1975 187( 8) 217( 6) 157( 7) 138( 9) 
 62( 7) 66( 6)
1976 215( 6) 166(22) 179( 9) 124(14) 
 78( 9) 58( 8)1977 209( 9) 174( 6) 
 210( 9) 218( 9) 142( 7) 92( 9)1978 209( 8) 185( 7) 200( 9) 130(10) 139( 7) 64(15)
1979 213( 8) 204( 9) 192( 7) 
 166(10) 101( 8) 82( 9)
1980 198( 9) 217( 8) 184( 6) 
 190( 8) 99( 8) 103( 6)
1981 211( 8) 202( 6) 214( 5) 166( 9) 114( 7) 75( 5)
1982 207( 5) 220( 9) 182( 6) 172( 5) 
 111( 7) 26(31)
1983 161( 8) 139( 7) 
 121( 7) 66(14) 8( 6) -8(17)
1984 240(14) 213(111 180(17) 
 158(19) 197(24) 101(14)

Jul Aua SOec Oct- Nov1953 Dec
91(26) 74( 6) 151(11) 171(16) 257(14) 227(19)
1954 135(14) 93(15) 138( 9) 
 201( 8) 183(19) 143(16)
1955 58(14) 152(18) 140( 9) 222(15) 
 215(13) 226(17)
1956 34(15) 97(15) 109( 8) 166( 9) 
 98(13) 245(22)
1957 12(23) 110(18) 108(12) 144( 6)


1958 158( 7) 200( 9)69(12) 112( 6) 127( 8) 149( 9) 198( 8) 
 204(11)
1959 
 104( 5) 139( 6) 140(11) 174(18) 189( 5) 
 224( 5)
1960 95( 5) 120( 6) 129( 4) 
 252( 7) 172(12) 193( 7)
1961 80(7) 103(4) 130(3) 173(5) 189(4) 203(5)1962 89( 3) 111( 3) 140( 6) 157( 4) 167( 4) 211( 5)1963 83( 5) 106( 7) 120( 6) 155( 7) 155( 7) 183( 81
1964 78( 6) 102( 7) 
 138( 5) 145( 4) 173( 6) 198( 5)1965 58( 7) 66( 7) 121( 5) 154( 6) 161( 4) 180( 5)
1966 70( 5) 114( 4) 131( 3) 151( 3) 166( 4)1967 200( 4)
85( 4) 97( 5) 144( 5) 169( 7) 156( 5) 196( 6)1968 55( 9) 108( 4) 135( 5) 
 157( 5) 174( 4) 192( 7)1969 75( 6) 
 93( 6) 121( 6) 170( 5) 192( 4) 203( 5)1970 102( 4) 117( 5) 146( 5) 165( 5) 
 195( 5) 198( 7)1971 71( 6) 
 92(10) 128(11) 142( 8) 194( 6) 176( 9)
1972 51(15) 23(13) 98(17) 145( 7) 
 147( 8) 171(10)
1973 77(11) 120(10) 144( 7) 157( 9) 187( 9) 
 191( 7)1974 
 46( 5) 106( 6) 141( 7) 175( 9) 166( 8) 
 183(12)
1975 
 63( 8) 79(10) 144( 8) 178( 5) 197( 5) 195( 6)1976 
 52( 8) 116(25) 122( 8) 148( 9) 162( 9) 
 195( 7)
1977 72( 9) 
 111( 6) 156( 7) 131(10) 181( 4) 222( 7)
1978 89(16) 118(14) 138( 6) 
 158( 8) 191(10) 208( 7)
1979 86( 7) 133( 6) 131( 6) 171( 7) 
 158(10) 207(10)
1980 10S( 8) 117( 7) 154( 6) 156(10) 192( 9) 220( 9)
1981 83( 8) 119( 6) 139( 5) 191( 6) 196( 5) 207( 4)1982 59(12) 114( 8) 144(14) 132( 6) 129( 7) 155(13)
1983 34(10) 139(19) 136(25) 145( 7) 184(15) 216(15)
1984 78(12) 108(101 121(36) 166(141 228(25) 190(11)
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uncommon in the figure with the notable exception of the early 1970s and again in the early
1980s. The main point is that features in Fig. 4L seem unrelated to any -majorfeatures apparent
in the other series plotted in Fig. 4. Thus, the major effect of uneven distribution of reports
appears to be in increasing sampling variance rather than in introducing long-term
nonhomogeneity in the various time series. 

Discussion 

Since the 12-month running mean filter used to highlight the long-term variations in Fig. 4incorporates no data more than 6 months previous or following, the indicated multiyear features 
are certainly real, and in no way represent artifacts of filtering and smoothing procedures.
Moreover, the interyear variations of annual mean values tend to be of similar magnitude to the
cyclic seasonal components (Figs. 2 and 3), making the separation of these scales in analysis of
effects (e.g., on the biota) a difficult problem. For example, the impact of long-term variability
will generally depend on phase relationships with the seasonal variation. Additional 
complications involve the adaptations of the biota, not only the long-term evolutionary
adaptations of life cycle processes to regular cyclic effects, but also lagged responses of
community composition, etc., to events of the recent past (see Mendelsohn and Mendo, this vol.).

This area of the world's ocean may be uniquely troublesome in these respects. Because the
Pacific Ocean is so large, it is much less subject to continental effects which amplify
seasonalities due to the low heat storage capacities of continents relative to oceans. The apparent
consequence is much less forcing of Pacific Ocean processes to follow a regular seasonal cycle
than may be the case, for example, in the Atlantic; the result is the dominance of interyear
variation in the Pacific (Picaut 1985). The location so near to the eastern terminus of the

equatorial wave guide results in a focusing of variability initiated in various portions of the great

Pacific ocean-atmosphere coupled system to particularly impact the ocean habitat off Peru. 
Indeed, this may constitute part of the explanation for the enormous biomasses of pelagic fishes
that have inhabited the region; i.e., because of the intense irregular environmental variability, a
single, rather unspecialized fish species with very rapid population responses may be able to
dominate the system relatively free from predation and competition from more specialized, less
responsive species that would be more subject to the inefficiencies of multiple food-chain steps.

We have noted that the interyear variations tend to involve groups of years. In fact single
features, e.g., the 1982-1983 El Nigo, the 1954-1955 cold period, etc., so dominate the series that
the entire series length becomes a dominant scale of variability. The result is that any sort of
assumption of stationarity must be somewhat unrealistic; the real degrees of freedom useful for
empirical analysis nearly vanish with respect to such features. It is also apparent from even
casual inspection of Fig. 4 that the index series presented in this paper are all highly interrelated 
in terms of major interyear features, further exacerbating the problems of empirically sorting the
various effects. Any available mechanistic constraints, provided by established physical or
biological principles, that can be imposed on empirical analysis, would of course be very helpful
in this situation. 

Variable vs. Constant Transfer CoefficientFormulations 

Some differences in the results of variable and constant transfer coefficient formulations in
the wind stress estimates (Equation 1) and in the estimates of certain of the heat exchange
components (Equations 4, 5 and 6) have been noted in the discussions of both seasonal and
interyear variability. The differences have mainly been in magnitude of the particular index, with
temporal aspects of the variability appearing to be relatively unaffected. An exception was the
conductive component of heat exchange, QC,where the effect of stability in the atmospheric
boundary layer introduced major discrepancies between the alternate formulations (Fig. 3E).
Fortunately, QC is by far the smallest heat exchange component. Some summary information
concerning gross effects of the differences in the various series with respect to time series 
properties is indicated in Fig. 5. 
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- Raw series 

S12 th - differences 

- 12-month running means 

coefficient of determination 	 slope of regression 

1.0 	 1.0 
0.9 	 0.9 
0.8 -	 n0.8 
0.7 -	 0.7 / 
0.6 -	 0.6 
0.5 	 0.5 
0.4 -	 0.4 , 

0.3 -	 0.3 , 
0.2 -	 0.2 
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Fig. 5.Graphs of r2 (= coefficient of determination, i.e., proportion of variation in one series 'explained' by other 
series) and slope of the regression of the variable transfer coefficient formulation versus the constant transfer co
efficient formulation of alongshore stress (7,x), onshore stress (7ry), evaporative heat loss (QE), conductive heat loss 
(Q C) and net atmosphere-ocean heat exchange (QN)" 

In the case of alongshore component of wind stress, the raw monthly series computed 
according to the two types of drag coefficient formulation are well correlated, each accounting 
for more than 95% of the variance in the other. When l2th-differencing was employed to remove 
the cyclic seasonal variations, the correlation dropped only slightly; this lower than expected 
drop in r2 must be due to a strong seasonality in the differences resulting from the two 
formulations. Note that both the raw and l2th-differenced series pairs were much more highly 
correlated than the pair of 12-month running mean filtered series (which can be viewed in terms 
of directly proportional offshore Ekman transport in Fig. 4G). The slope of the regression of the 
variable coefficient alongshore stress series on the constant coefficient series is nearly one to one 
in the raw series; it drops to below 0.9 in the 12-differenced series, but is above 0.95 in the 
filtered series. 

Slightly lower degrees of relationship are seen for the onshore component which tends to be 
much the smaller of the two stress components. The respective formulations of evaporative heat 
loss (QE) were very highly correlated in raw and l2th-differenced series. The degree of 
relationship fell only slightly after the 12-month running mean was applied. In the case of the 
conductive heat loss term (QC), the two formulations gave substantially greater differences, 
particularly after l2th-differencing or filtering. In the case of net heat exchange (QN) the 
differences between the results of the two formulations appear not to be appreciable. Note that in 
all cases the raw and 12-differenced series were more highly correlated between the constant and 
variable coefficient formulations than were the corresponding 12-month running mean filtered 
versions of the respective series; thus the degree of relationship is even higher in the case of the 
unsmoothed series, even after the seasonality is removed, than can be seen in the comparative 
examples of filtered series in Fig. 4. 

In view of the time series similarities, the constant transfer coefficient versions of the 
respective index series are the only ones presented herein in tabular form (Tables 5, 6, 10 and 
11). In view of the larger relative effect of the uncertainties as to proper formulation of the 
transfer coefficient for conductive heat loss, and because its very small magnitude makes it 
relatively unimportant in any case, no tabular series of QC is included. Of course, it would be 
possible to assemble the constant coefficient version of the QC series from the values in Tables 8 
to 11. 
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Offshore Ekman Velocity of the Mixed Layer 

In discussing the inference of Parrish et al. (1983) that the offshore Ekman transport should 
ideally be divided by the effective mixed layer depth, to yield the net rate of offshore transport of 
drifting larvae which are passively mixed through the layer, Bakun (1985) stressed the
importance of the qualification "ideally". Ekman transport is estimated from relatively abundant 
surface wind reports, which reflect the fairly large spatial scales of atmospheric variation. Mixed 
layer depth may vary on much shorter oceanic length scales'and must be determined from 
generally much less abundant subsurface observations. In cases where the estimate of effective
mixed layer depth may be very imprecise, the derived estimate of offshore Ekman velocity of the 
mixed layer could constitute a less reliable indicator of variability in this process than the Ekman 
transport alone. 

On long time scales, mixed layer depth and wind stress observations are likely to be 
substantially correlated. However, within any given month it is probably not too bad an 
assumption to regard observations used to estimate these quantities (surface wind and subsurface 
temperature structure) as largely independent samples of the respective monthly distibutions,
particularly since there will normally be many more surface than subsurface reports. In this case,
combining the standard errors according to the rules for a quotient of independently observed 
quantities (e.g., Beers 1953) should provide a reasonable gauge of precision. Thus the ratio of 
the standard error to the monthly mean derived net offshore Ekman velocity of the mixed layer
might be reasonably estimated as being equivalent to the square root of the sum of the squares of 
the respective ratio. of the standard errors to the monthly mean values of the Ekman transport 
and mixed layer depth components of the calculation. 
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Abstract 
Mean monthly turbulence and Ekman transport (upwding) indexes have been computed based on subdaily wind records from Tmjillo andCall airports, Peru, for the period 1953 to 1985. 
The seawal and intenumual variability of these indexes are discused, with special references to differences between inshore and offshorewinds, the differences between Trujillo and Callao and their relevance to the spawning of pelagic fishes off Peru. 

Introduction 

An important feature of the upwelling region off the Peruvian coast is the variability of both
its physical characteristics and its living resources. This region supports large fish populations,
such as the anchoveta (Engraulisringens),upon which one of the largest fishery resources intheworld was based (Zuta and Guillen 1970; Guillen and Calienes 1981; Cushing 1982).

The causes of coastal upwelling can be several, some of which are: transport caused bywind, currents, internal waves, mixing, etc. Of these, wind-caused transport is, off Peru, the mostimportant factor, due to its persistence and direction both of which are favorable for upwelling
(Smith 1968; Schaffer 1982). 

*ROCOPA Contribution No, 47 
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The physical processes that regulate coastal circulation, important for the upwelling, vary
both in time and space (Calienes et al. 1985) and can greatly affect the fishery resources. This 
applies especially to reproductive processes, transport and survivorship of larvae and, thus, to
recruitment of such resources (Bakun 1973, 1975, 1985; Lasker 1978, 1981; Bakun et al. 1982).

Currently, recruitment is that aspect of fish population dynamics that is most difficult to
model and predict. Nevertheless, powerful hypotheses exist that try to explain the mechanisms 
that regulate recruitment. One of them, proposed by Hjort (1914), suggests that the strength of a 
cohort of fish is established by mortality during the larval phase, as regulated by the food 
available when the larvae begin feeding. Another hypothesis, proposed by Hunter (1976),
suggests that predation of larvae by vertebrates and invertebrates regulates recruitment. Lasker 
and Smith (1977), however, concluded that larvae survivorship is related more to the 
coincidence than to the abundance of food and predators. Lasker (1978, 1981), finally, suggested
that larval mortality is caused mainly by wind-generated turbulence, which leads to dispersion of 
particles necessary for first feeding of the larvae.

Several contributions have been published pinpointing some biological-environmental
relationships in anchovies, such as the ones presented by Parrish and MacCall (1978), Bakun and
Parrish (1980), Csirke (1980), Bailey (1981), Collins and MacCall (1977) and others, most of 
them referring to the current systems off California. However, the possibility exists that the 
environmental processes which regulate recruitment and population fluctuations of a group of
species, are similar in all four Eastern Boundary Currents regions, i.e., California, Peru, Canaries 
and Benguela (Bakun and Parrish 1980; Parrish et al. 1981; Bakun 1985).

The present study presents the monthly avc:-ages of the upwelling and turbulence indices 
calculated on tht basis of wind data recorded at the Trujillo (08006'S) and Callao (12000'S)
airports (Fig. I), ,-?a contribution the identification of possible relationships between the 
environment and re'ruitment of fish stock in the Peruvian Current. 

Material and Methods 

Calculationof Upwellingand Turbulence Indexes 

An upwelling index is essentially a quantitative expression of water mass transport with
reference to the coastline. The transport generated by superficial wind is based on Ekman's 
theory (Ekman 1905). Under the assumption of a stable uniform movement and an infinite
homogeneous ocean, the transport of masses by area unit of ocean surface is directed 900 to the 
left (in the southern hemisphere) of the direction towards which the wind is blowing. Hence,
wind blowing parallel to the coastline will generate a net water transport perpendicular to it and,
thus, the upw-lling index will be greater than that of a wind blowing with equal intensity but not 
parallel to the coistline. 

Ekman's transport is calculated according to Bakun (1973) using the wind-created stress (r) 
on the surface and the Coriolis parameter (f)of the area: 

E= r/f 1) 

The wind stress is given by: 

7 = Pa CD (V) 2 

where "P."is the air density (= 1.2 kg m-3)
CD is the empirical drag coefficient (= 0.0013) and 
V is the wind velocity. 

The direction of the stress is the direction from which the wind is blowing. The Coriolis 
parameter is dependent of the latitude of the area and is calculated by: 

f = 2 ntlsin 0 ,..3) 
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where n is the earth's rotation angular velocity (=7.2921 x 10-5 rad sec-i) and 0 is the latitude
in degrees (see Bakun, this vol.)

The upwelling index is calculated by: 

IA = E cos .4 
where a is the angle representing the difference between the coastline angle and the direction ofthe wind. The coastline angles used were 1500 for Trujillo and 1450 for Callao station.The turbulence index in the upper water colamn, following Elsberry and Garwood (1978), ishere defined as equal to the third power of the wind velocity ("wind cubed"). 

SourceandAnalysisofData 

A statistical analysis of the monthly average upwelling indices calculated on the basis of24,12, 8, 6, 3 and 1 (prevailing average) observations per day, taken during one year (1970) atTrujillo and Callao stations was performed and the results are shown on Tablr, 1.All but one of the chi-squared values were lower than the critical value, the only exceptionbeing 1 observation per day (i.e., "daily prevaiiing wind") at Trujillo. Moreover, as we can see inFig. 2, the trends of the daily means based on different numbers of observations per day aresimilar to those obtained using 24 observations per day. We performed the analysis of our databy computing the indices with 6 to 8 observations per day as suggested by A.Bakun (pers.comm.). The data were entered into an HP-100 computer and processed using a routine based on
the program of Navaluna et al. (1984). 

Table I. Chlsquare teit for the monthly upwellng indices (IA) computed using 24, 12, 8,6, 3 and 1 (prevailIng wind, PV) obervations per day as recorded byCORPAC at Trujillo and Callao during 1970. The chi-squared values for 12, 8, 6,3 observatIons and for PV were computed with reference to the IAvalues for24 observatIons per day. The critical value of the chi-squaxedstatistics for P-0.05 and 0.01andII d.f. are 19.68 and 24.7, respectlvely. 

Trujillo Callao
Number of observations 

24 
IA 

12 
IA CHI-2 

8 
IA CHI-2 IA 

6 
CHI-2 

3 
IA Cil-2 

1 
IA CHI-2 

24 
IA 

12 
IA CHI-2 

Number of observations 
8 6 3 

IA CHI-2 IA CHI-2 IA CHI-2 
1 

IA CHI-2 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

241 242 
248 252 
290 294 
331 334 
294 296 
275 271 
264 265 
251 248 
285 289 
286 285 
228 234 
271 271 

0.00 
0.06 
0.06 
0.03 
0.01 
0.06 
0.00 
0.04 
0.06 
0.00 
0.16 
0.00 

234 
246 
295 
330 
290 
274 
261 
248 
279 
283 
231 
261 

0.20 
0.02 
0.09 
0.00 
0.01 
0.00 
003 
0.04 
0.13 
0.03 
0.04 
0.37 

240 
254 
290 
333 
296 
267 
261 
258 
296 
278 
227 
270 

0.00 
0.15 
0.00 
0.01 
0.01 
0.23 
0.03 
0.20 
0.42 
0.22 
0.00 
0.00 

246 
268 
305 
341 
298 
260 
252 
246 
293 
283 
241 
256 

0.10 
1.60 
0.78 
0.30 
0.05 
0.82 
0.55 
0.10 
0.22 
0.03 
0.74 
0.83 

230 
227 
263 
266 
258 
251 
254 
259 
266 
260 
212 
230 

0.50 
1.78 
2.51 

12.76 
4.41 
2.09 
0.38 
0.26 
1.27 
0.90 
1.12 
6.20 

75 
76 
73 
58 
32 
21 
34 
39 
59 
70 
47 
55 

72 
78 
74 
53 
33 
21 
36 
38 
61 
72 
48 
58 

0.12 
0.05 
0.01 
0.43 
0.03 
0.00 
0.12 
0.03 
0.07 
0.06 
0.02 
0.16 

71 
75 
69 
54 
32 
23 
35 
40 
57 
68 
48 
55 

0.21 
0.01 
0.22 
0.28 
0.00 
0.19 
0.03 
0.03 
0.07 
0.06 
0.02 
0.00 

71 
76 
75 
51 
32 
16 
35 
38 
58 
72 
47 
56 

0.21 
0.00 
0.06 
0.85 
0.00 
1.19 
0.03 
0.03 
0.02 
0.06 
0.00 
0.02 

72 
78 
85 
51 
30 
12 
30 
37 
59 
74 
52 
60 

0.12 
0.05 
1.97 
0.85 
0.13 
3.86 
0.47 
0.10 
0.00 
0.23 
0.53 
0.46 

62 
69 
65 
45 
27 
20 
22 
33 
52 
59 
43 
51 

2.25 
0.64 
0.87 
2.91 
0.78 
0.05 
4.24 
0.92 
0.83 
1.73 
0.34 
0.30 

Chi-qauare (1) 0.49 0.99 1.28 6.13 34.18 1.1 1.112 2.45 8.76 15.86 

The calculation of the daily upwelling and turbulence indices was obtained by computingthese indices for each observation (i.e., for each period of 3-4 hours) with subsequent averaging.The monthly averages were obtaine I by taking the mean of the daily indices. This sameprocedure was used by Bakun (1973, 1975) to calculate daily, weekly, and monthly upwelling
indices for the North American western coast.

Positive values indicate upwelling and negative values indicate downwelling. A data volume was prepared (Mendo et al. 1987) which presents, on a daily basis, the data used here. 
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Results and Discussion 

Inshore-Offshore Differences 

The difference bctween the winds recorded at the airports and those from off the coast is one
of the key points in this study. Enfield (198 1a, 198 1b) suggests that the differences between the
seasonality of the easterlies, with a maximum in winter-spring and a minimum in summer (see
Wyrtki and Meyers 1976; Barnett 1977), and the wind record at the Chimbote, Callao and Tacna
airports (see Fig. 1)are due to land-sea thermal variations. Nevertheless, the Talara and San Juan
winds, he points out, do have seasonal trends similar to those of the easterlies.

Brink et al. (1980) also found a reasonable match between winds measured at the airports
and those measured over the shelf near 15oS.Based on these results, Schaffer (1982) used wind
data recorded at the Trujillo, Chimbote and Callao airports to calculate mean stress vectors and 
to correlate these with the currents 50 km off Chimbote. 

During a cruise to the north and central part of the Peruvian coast in April and May 1986,
wind data (direction and veloci'y) were recorded every half hour until approximately 113 km off
the coast. Fig. 1 shows the vectors of the wind records. As may be seen, there is a ccnsiderable
uniformity in the winds off Trujillo, Chimbote and Callao, at least up to 48 km off the coast.

Likewise, the afiport records for the abovementioned localities resemble this neighboring sea
based wind vectors. This suggests that the winds recorded ai the airports, up to a not yet

determined distance from the coast (possibly 32 to 48 km), tend to be similar.

Considering that the coastal strip within 50 km is the area where upwelling occurs (Zuta and
Guillen 1970; Guillen and Calienes 1981) and where the most important activities (e.g.,
spawning) "' the different resources species take place, it appears that wind records fiom the two
selected airports can be used for the calculation of upwelling and coastal turbulence indexes. 

Monthly Variationof the Up, elling and TurbulenceIndexes 

Tables 2, 3, 4 and 5 and Fig. 3 and 4 show that the monthly variations of the upwelling and
turbulence indexes have similar tendencies at each of the two stations considered here . In

Trujilo, minimum values occur more frequently in winter (July-August) and summer (January
February-March) months. Maximum values tend to occur, on the other hand, at the end of winter

(September) and in spring (October-November-December). In Trujillo, minimum and maximum

monthly values tend to vary from one year to the other.
 

In Callao, the minimum and maximum values of upwelling and turbulence indices have a
 
more regular seasonality than in Trujillo. The minimum values occur with a 70% incidence in 
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Fig. 3. Monthly variation of the upweUing index, Ti ujillo and Callao, 1953 to 1985. 
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the fall (May-June) months, and the maximum values in the spring (November-December) and 
summer (January-February) months. 

The monthly patterns obtained by averaging the monthly values of every year analyzed
differ between both stations (Fig. 5). In Trujilo low values occur in summer and winter while in
Callao, low values are observed in fall. A greater seasonality in the indices can be observed for 
Callao than for Trujillo. 
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Fig. 4. Monthly variation ofthe turbulence Index, Trujillo and Callao, 1953 to 1985. 

Table 2. Monthly upwdl/l Indice for Tnuido (M3/0c/100 m aostlle). 

TnaJO1o(09 06'S 79003'W) 

year Jan Feb Mar Apr May Jun Jul Au Sep Oct Nov DOc Mean 

1953 164 155 208 243 270 163 138 122 166 221 213 241 1921954 237 152 117 197 265 229 250 266 330 293 267 229 236
1955 204 235 223 246 301 229 237 260 300 310 265 256 25619S6 219 225 241 332 269 268 197 270 302 295 2.1 257 2611957 228 240 271 304 274 291 267 207 301 280 373 291 277
 
1958 290 299 292 257 280 215 180 238 212 215 184 202 2391959 216 189 203 244 251 231 200 255 248 292 231 237 233
1960 219 214 184 212 217 207 222 
 249 242 264 231 183 220
 
1961 190 162 171 
 213 275 236 196 192 257 241 265 232 219

1962 227 219 221 220 
 238 184 177 212 217 241 256 195 217

1963 236 159 226 
 232 247 167 164 196 217 245 201 244 212
 
1964 242 240 218 231 222 202 197 219 202 2,2 
 220 179 217
 
1965 164 181 287 229 224 
 202 203 200 241 225 207 209 214

1966 225 259 273 263 263 257 231 
 270 264 253 231 213 250

1967 192 2108 226 214 258 246 
 236 307 309 291 269 224 248

1968 256 263 237 267 333 301 294 
 295 280 291 274 239 278

1969 255 309 262 261 250 244 173 212 216 258 237 267 245
 
1970 237 244 284 324 287 271 264 282 285 227
250 261 268
1971 236 193 176 213 
 226 294 196 260 345 251 208 196 233
 
1972 186 177 215 263 243 207 23S 256 310 308 296 348 254

1973 319 276 247 267 264 201 215 272 306 208 256 
 175 258
 
1974 124 106 117 162 203 177 167 185 
 235 203 227 220 177

1975 167 155 184 210 300 298 145 317 
 371 307 323 234 251

1976 204 156 220 336 290 252 240 275 
 270 254 207 220 250
 
1977 213 244 265 242 199 
 174 191 209 215 240 195 199 216

1978 218 252 240 239 186 
 .I. 159 165 200 174 179 220 202
 
1979 314 247 177 209 180 1-4 149 188 244 202 220 215 207

1980 241 211 182 201 172 152 90 161 200 202 199 
 164 181
 
1981 137 123 125 141 129 118 142 125 
 153 156 161 117 136

1982 105 118 113 124 102 68 57 
 42 62 81 91 197 97

1983 251 231 129 157 200 318 
 239 232 291 222 224 174 222

1984 154 168 159 178 158 182 
 121 154 17$ 195 153 160 163

1985 117 155 130 124 110 150
98 157 178 167 156 154 146
 

Man 213 205 
 207 229 233 213 192 219 247 242 230 217 220
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Tali 3.Monthly upwetl imides for Calao (m
3IaacIlOO mcoamifne). 

Caflao(1200'S 77007'W) 

Tar Ja Fob Mar Apt May Jun Jul Aug Sep Oct Nov Dec Mean 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

3S 
41 
41 
22 
22 
112 
58 
60 
53 
34 
56 
48 
50 
83 
38 
83 
56 
76 
87 
82 
I18 
82 
130 
75 
154 
77 
77 
96 

27 
52 
23 
9 
26 
92 
70 
15 
28 
8 

38 
44 
21 
75 
61 
81 
70 
77 
54 
64 
103 
61 
76 
51 
102 
84 
67 
68 

24 
37 
34 
12 
76 
47 
63 
11 
24 
34 
12 
42 
44 
66 
is 
23 
75 
74 
54 
44 
79 
26 
58 
38 
92 
58 
79 
35 

27 
8 

32 
17 
81 
38 
71 
17 
19 
37 
11 
17 
24 
36 
35 
47 
72 
54 
49 
49 
60 
43 
76 
63 
59 
63 
72 
39 

25 
17 
16 
11 
73 
9 
34 
12 
29 
17 
14 
7 

26 
28 
21 
30 
77 
32 
22 
82 
34 
4. 
40 
61 
53 
45 
19 
36 

25 
16 
18 
33 
67 
16 
35 
11 
24 
9 
7 
1 
35 
27 
20 
33 
80 
21 
35 
71 
30 
41 
46 
76 
47 
19,. 
35 
27 

25 
25 
41 
37 
71 
42 
24 
30 
11 
17 
32 
17 
33 
35 
35 
38 
49 
35 
43: 
91 
28 
39 
41 
65 
66 
28 
37 
33 

27 
22 
34 
42 
52 
31 
30 
32 
24 
26 
34 
25 
42 
39 
42 
56 
49 
39 
50 
70 
37 
47 
45 
74 
67 
34 
58 
36 

39 
24 
37 
35 
60 
43 
25 
24 
12 
25 
31 
28 
45 
37 
38 
70 
63 
60 
54 
79 
51 
66 
58 
56 
63 
34 
44 
46 

34 
29 
38 
49 
69 
52 
5 
43 
12 
16 
25 
29 
24 
46 
59 
68 
78 
71 
54 
63 
43 
64 
72 
72 
76 
57 
41 
47 

39 
36 
28 
49 
60 
$1 
38 
40 
49 
28 
20 
40 
50 
48 
53 
64 
79 
48 
79 
111 
65 
77 
49 
105 
76 
77 
74 
73 

45 
33 
33 
14 
81 
41 
56 
68 
82 
34 
48 
42 
54 
49 
71 
78 
105 
55 
71 
109 
75 
87 
80 
123 
50 
69 
110 
91 

31 
.28 
31 
28 
62 
48 
47 
30 
31 
24 
27 
28 
37 
47 
41 
56 
71 
54 
54 
76 
60 
57 
64 
72 
76 
54 
59 
52 

1981 
1982 
1983 

88 
103 
157 

56 
86 
149 

64 
65 
134 

31 
76 
160 

20 
71 
145 

17 
56 
133 

35 
41 
90 

44 
44 
100 

62 
76 
88 

56 
79 
102 

S4 
104 
120 

87 
142 
119 

51 
79 
125 

1984 
1985 

114 
103 

72 
77 

59 
78 

11 
41 

49 
51 

68 
46 

65 
52 

84 
46 

90 
61 

91 
74 

91 
77 

141 
90 

78 
66 

Mean 76 60 51 47 38 37 41 45 49 54 62 74 53 

Table 4. Monthly turbulence Indices for Tnjdlo (m3
/oec3), 

TnJ'1o (08006'S 79003') 

year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean 

1933 
1954 
1955 
1956 
1937 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
19.6 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

145 
231 
186 
209 
236 
303 
190 
209 
162 
202 
218 
212 
128 
189 
147 
246 
238 
211 
209 
158 
315 
94 
139 
182 

133 
128 
220 
214 
257 
309 
157 
189 
133 
184 
124 
210 
144 
229 
167 
254 
309 
220 
161 
146 
267 
75 
125 
125 

204 
93 

204 
231 
281 
293 
169 
ISO 
139 
195 
194 
185 
274 
261 
187 
213 
247 
283 
146 
194 
226 
86 
162 
198 

244 
378 
236 
371 
342 
251 
237 
193 
186 
192 
210 
203 
200 
245 
174 
270 
239 
341 
174 
247 
244 
135 
197 
370 

284 
261 
334 
267 
290 
282 
237 
205 
271 
234 
255 
193 
194 
238 
243 
365 
225 
283 
192 
.' 
2h3 
186 
311 
290 

136 
.06 
22S 
251 
302 
186 
204 
187 
205 
148 
134 
167 
167 
230 
210 
313 
219 
252 
294 
184 
174 
144 
311 . 
236 

114 
728 
2.;! 
17 
?59 
74J 
167 
196 
164 
137 
131 
160 
134 
195 
192 
306 
140 
225 
161 
213 
193 
132 
235 
228 

96 
264 
254 
264 
193 
211 
235 
228 
35 
181 
158 
185 
162 
243 
296 
289 
15 
216 
229 
244 
255 
148 
312 
259 

139 
357 
308 
306 
305 
171 
228 
216 
232 
184 
189 
164 
209 
236 
294 
260 
183 
261 
344 
308 
300 
207 
382 
252 

208 
299 
328 
302 
288 
173 
283 
243 
219 
205 
213 
201 
385 
221 
270 
281 
245 
263 
219 
305 
290 
170 
300 
232 

204 
267 
264 
27 
433 
149 
212 
214 
263 
233 
166 
192 
168 
192 
250 
259 
709 
198 
178 
284 
233 
200 
325 
285 

240 
221 
253 
261 
301 
177 
220 
159 
211 
167 
223 
149 
179 
177 
191 
224 
262 
244 
163 
361 
151 
203 
226 
197 

179 
229, 
251 
259 
291 
221 
212 
199 
195 
188 
185 
185 
180 
221 
218 
273 
225 
250 
206 
239 
243 
148 
252 
238 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

184 
180 
307 
218 
150 
96 
237 
134 
147 

228 
226 
229 
200 
118 
109 
210 
143 
139 

259 
203 
147 
185 
125 
100 
103 
136 
113 

231 
203 
189 
236 
158 
124 
134 
153 
92. 

181 
146 
144 
207 
136 
90 
173. 
130 
77:, 

151 162 
150 113 
110 113 
158 355 

:115 136 
42 33 

311, 217 
158 94 
72 ,, 122 

170 
118 
152 
180 
114 
19 

210 
140 
124 

175 
152 
214 
214 
150 
32 
284 
131 
154 

205 
129 
158 
241 
165 
45 
196 
168 
145 

161 
141 
186 
228 
172 
52 
208 
129 
134 -

169 
200 
191 
192 
113 
172 
353 
137 
128 

190 
163 
178 
201 
138 
76 
203 
139 
121 

Mean IS. 184 188 210 .224 192 170 197 229 224 2314 200 203 
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Table S. Monthly tubulence indi for Callao (m3/ac 3). 

Callao (o20OO'S77007%V) 

Year Jan Feb Mar Apt May Jun Jul Auv -Sep Oct Nov Dec un 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
r1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

33 
41 
42 
26 
36 

167 
102 

93 
65 
68 
96 
83 
99 

101 
48 

113 
93 

119 
128 
101 
138 
93 

177 
90 

235 
124 
116 
130 
119 
189 
202 
146 
132 

25 
56 
24 
13 
42 

143 
104 
28 
38 
37 
71 
80 
52 
87 
78 

124 
100 
118 
79 
80 

128 
79 
97 
64 

141 
124 
103 
96 
72 

141 
200 

86 
96 

24 ' 
40 
45 
13 
111 

69 
100 
20 
30 
59 
39 
78 
88 
81 
24 
48 

113 
111 
73 
51 
96 
40 
74 
47 

128 
99 

107 
69 
98 

128 
171 

72 
97 

23 
13 
41 
32 
122 

55 
117 

23 
28 
67 
33 
45 
51 
52 
47 
65 
99 
77 
80 
56 
77 
58 
98 
72 
82 
88 

110 
59 
61 

140 
208 

36 
54 

23 
22 
18 
14 
98 
25 
51 
34 
35 
42 
35 
31 
40 
37 
31 
54 
95 
44 
38 
95 
52 
52 
41 
66 
73 
64 
43 
60 
49 
131 
183 

80 
65 

21 
19 
24 
37 
93 
19 
42 
19 
25 
30. 
23 
25 
50 
29 
29 
46 
95 
42 
40 
79 
43 
40 
59 
85 
68 
36 
50 
41 
29 
87 

164 
106 
57 

22 
29 
44 
41 
92 

'54 
32 
38 
30 
32 
47 
29 
49 
35 
39 
5S 
64 
48 
43 

'110 
40 
40 
43 
74 
76 
44 
50 
47 
52 
60 

103 
90 
66. 

23 
21 
36 

',48" 
62 
42 
,40 

36 
64 
42 
50 
42 
48 
45 
52 
66 
59 
50 
53 
75 
46 
45 
48 
86 
89 
44 
79 
46 
66 
55 
129 
126 
60 

35 
26 
37 
44 
77 
65 
34 
29 
69 
S3 
50 
67 
50 
41 
47 
82 
80 
81 
65 
92 
62 
78 
66 
53 
91 
57 
66 
63 

131 
89 

104 
135 
77 

38 
34 
4S 
68 
101 
90 
89 
54 
85 
60 
56 
62 
37 
53 
78 
90 

105 
99 
66 
71 
62 
76 
81 
83 

115 
75 
63 
70 
98 

104 
126 
150 

94 

37 
40 
34 
72 
89 
88 
53 
46 
94 
83 
59 
88 
56 
53 
79 
89 

100 
67 
97 

139 
78 

100 
62 

131 
110 
108 
212 
104 
102 
119 
149 
158 
96 

43 
37 
38 
30 

118 
65 
82 
93 
147 

73 
79 
92 
61 
62 
96 

113 
144 
84 
91 

129 
89 

119 
95 

163 
81 
96 

164 
129 
145 
181 
143 
205 
11 

29 
31 
36 
36 
87 
73 
70 
43 
59 
54 
53 
60 
$7 
56 
54 
79 
96 
78 
71 
90 
76 
68 
78 
84 

107 
80 
89 
76 
85 

119 
157 
116 
84 

Men 107 85 74 69 55 50 52 57 67 78 88 103 74 

The marked irregularity of seasonal patterns, for the period covered by this study, suggests
that the average monthly values and seasonal cycles presented here for both Trujillo and Callao 
should be viewed with caution. Likewise, the large differences found between both stations
make it difficult to define a monthly pattern, say, for all of the northern zone of Peru. 

On the other hand, a preliminary calculation of the upwelling indices for Chimbote (90S)
based on daily mean prevailing winds gave a monthly pattern similar to that of Trujillo, with the
exception of a slightly more pronounced seasonality (Fig. 6). This allows us to assume that the
wind-generated transport and turbulence could remain similar over coastal stretches of 20 and 
more. The extent of such coherence would depend, obviously, on interferences caused by c.aastal 
topography. 

Annual Variationsof the UpwellingandTurbulenceIndexes 

Tables 2, 3, 4 and 5 and Fig. 7 present the interannual transport and turbulence variations for
the 1953-1985 period. Trujillo has higher values for both indices than does Callao, due mainly to 
a greater intensity of the winds. The interannual trends of both stations are almost opposite:
while Trujillo experiences a rather regular decrease, Callao shows an increase in the values of
both indices through the 33 years analyzed. Trujillo has its higher values during 1957, 1968 and
1983, and the lowest in 1953, 1974, 1981 and 1982. On the other hand, in Callao, an increase can 
be observed for the years 1957, 1966, 1969, 1972, 1976-1977 and 1983, all characterized by El 
Ni-no events. 

This increase, in El Niino years in Callao, is a product of the wind intensification recorded
by several authors such as Wyrtki (1975), Enfield (1981a and 1981b), Br:xk et al. (1983) and
Smith (1983)> among others. In Trujillo, this anomaly is not clearly observed (Fig. 5). However,
the relaxation observed in 1982 matches the description of Wooster (1960) who noted a 
weakening of the ',asterlies during El Nifio years. 
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Fig. 7. Interyear variations of upweUing and turbulence Indices Fig. 8. Monthly upwelling anomalies, at Trujillo and Callao stations, 
for Trujilio and Callao, 1953 to 1984. Peru, 1953 to 1985. 

UpwelUngIndex andthe El Nifio Phenomenon 

The years characterized by the occurrence of El Niio events show positive and negative
anomalies in Trujillo (Fig. 8) i.e., positive anomalies in 1955-1977, 1967, 1969 and 1976, and 
negative anomalies in 1981-1985. 

On the other hand, in Callao only the years with positive anomalies correspond to El Niio 
events (e.g., 1957, 1969, 1972-1973, 1976-1977 and 1982-1983). In addition, a positive anomaly 
occurred during 1984-1985. 

Ekman TransportandTurbulenceIndexes Related to Spawning Seasons 
in Eastern Boundary CurrentSystems 

Parrish et al. (1983), after comparing the four eastern boundary systems, concluded that 
spawning rarely occurs in areas of strong turbulent mixing of the upper water column. Indeed, 
spawning grounds are characterized by weak to moderate values of the turbulent index. 

Fig. 9 (adapted from Parrish eI al. 1983) shows the upwelling and turbulence indices for 
spawning areas in the Peru Current System, with our new values for including the values for 
Trujillo and Callao (33 years monthly means) added for comparison. The graph shows that 
Trujillo as well as Callao are characterized by relative low turbulence and strong transport. The 
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Fig. 9.Seasonal cycles of turbulence and upwelling at various locations in the Peru Current. Each numbered symbol re
presents a 2-month climatological simple, with the number corresponding to the first of the pair of months. Seasons 
and/or area with low turbulence and offshore transport may be assumed to be appropriate for survival of fry (redrawn 
from Parrish et al. 1983, with data for Callao and Trujillo added). 

spawning peak of the Peruvian anchovy occurs during the austral winter when offshore Eknan
transport is strong. Likewise, we know that the offshore transport off Chimbote is stronger than
in the California Current System (Bakun 1985).

This fact suggests !hat spawning success of the Peruvian anchoveta off Chimbote and
Trujillo should be influenced more by transport than turbulence. 
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Abstract 

This paper presents an uninterrupted time series ofmonthly catch data on Peruvian anchoveta (Engraulisringens)covering the 
northern/central stock (4-140S) and the period from Januaiy 1953 to December 1982. Also presented is a monthly, largely unintermpted time 
series, also covering 1953 to 1982, of %length-frequency data representing the catch composition by I cm class of the fishery and the anchoveta 
consumed by major predators such as the guano birds. This paper presents, finally, a time series of monthly "condition factors", i.e., of the 
multiplicative factor (cf.) in length-weight relationships of the form W = (cf/100) - L3. These c.f. values can be used to turnthe data presented
here into monthly catch-at-length data, Le., absolute numbers of fish caught by length and month, from 1953 to 1982. The methods used to obtain 
and standardize these data are briefly presented, along with potential source oferrors. 

Introduction 

The anchoveta (Engraulisringens)which, from the mid-1960s to the early 1970s formed the 
basis of the largest single-species fishery in the world, has been the focus of numerous studies 
both on its biology and population dynamics and on the environmental factors that affect these 
(Clark 1954; Jordan 1959; Boerema et al. 1965; Schaefer 1967; see also contributions in 
UNESCO 1980; Glanz and Thompson 1981 and references in Pauly and Tsukayama, this vol.).
The fishery has a well documented history dating back to the start of the fish meal and oil 
industries,which use anchovel a as raw material,in the 1950s (Freyre 1967).resulting in increased 
demand for anchoveta and a corresponding increase in the number of commercial vessels 
(Doucet and Eillarsson 1967 and Aguero, this vol.). The rapid growth of the fishery led to 
various government interventions, notably the creation of fishery research institutions, i.e., the 
Consejo de Investigaciones Hidrobiologicas in 1954, the Instituto de Investigacion de los 
Recursos Mainos in 1960 and the Instituto del Mar del Peru (IMARPE) in 1964, whose aim was 
to study the fishery and to propose development and management schemes for the fishery 
(Schaefer 1967 and see Castillo and Mendo, this vol.). 

* ICLARM Contribution No. 380. 
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In the early 1970s, IMARPE, based on a large volume of catch, length-frequency,
environmental, economic and ancillary data, organized a series of meetings that were aimed atassessing the status of the anchoveta stock (IMARPE 1970, 1973, 1974a, 1974b). In 1974,following the 1972 collapse of the fishery, a research scheme was proposed at an international
workshop for the study of the effects of fishing on the anchoveta stock and the contributing
effects of environmental factors, such as the "El Nifio" phenomenon and predation pressure (see
Ar.on.1975 and contributions in UNESCO 1980).

Pauly and Tsukayama (1983) presented a preliminary analysis of a time series of catch-atlength data covering, on a monthly basis, the years 1961 to i982 for the northern anchoveta
stock. Their analysis brought to the fore the importance of a long time series to identify andquantify the factors which affect growth, mortality, recruitment, and thus, biomass and catches.Continuous and consistent series of catch and catch composition data are also needed to
demonstrate monthly variability of stock sizes indicative of seasonal fluctuations in the physical
environment and changes in biological processess.

This paper presents a numb:: of time series needed for these purposes. These have beenderived in a two-phase process also used in some other contributions included in this volume:
a) collection and initial data standardization at IMARPE, and 
b) final data standardization and filling of gaps at ICLARM. 

Material and Methods 

The Catch Data 

Three data sources were used to construct the time series of monthly catch covering the 
years 1953 to 1982:

i) for the years 1953 to 1958, we used annual catches in Table 2 of Murphy (1972), put on amonthly basis using monthly weighting factors based on the monthly catch data in Fig. 1 ofDoucet and Einarsson (1967), which cover the years 1959 to 1964 (1963 and 1984 were not used 
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Fjg. 1. Monthly nominal catch of Peruvlan anchoveta (Engroulls rins) (northerni/central'stock, 
4-14"S) from January 1953 to December 1982. 
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due to the occurrence of a strike in January 1963 and to noncoverage of later months in 1964, 
respectively). 

ii) for the period from January 1959 to February 1961 we used the catch data in Fig. 1of 
Doucet and Einarsson (1967), which pertains to the whole of the Peruvian coast. These data were 
therefore adjusted to the narrower stretch from 4 to 140S using a factor of 96%, computed from 
the data in Fig. 2 in Doucet and Einarsson (1967); this factor was also applied to the data in (i). 

iii) the catch data covering the period from March 1961 to December 1982 were collected 
by staff of the Instituto del Mar del Peru and its predecessor, the instituto del Investigaciones de 
Recursos Marinos. 

The time series of catch presented here is uninterrupted in the sense that a catch figure is 
given for every month during which fishing activities occurred. Months with zero, or near zero 
catches refer either to a strike (huelga) or a closure of the fishery (veda), a measure which 
became increasingly necessary during the 1970s (the very low catch values during veda periods 
refer mainly to the small catches made by the survey ships themselves). 

It must be realized that the catch figures presented here (see Tables 1 to 30) represent 
nominalcatches, i.e., figures which may considerably underestimate the actual catches (see 
Castillo and Mendo, this vol.). 

The Length-Frequency Data 

The length-frequency data presented in 1 cm classes in Tables 1 to 30 stem from four 
different sources: 

i) from the archives of the Instituto del Investigaciones de Recursos Marinos, and 
referring to standard length (SL) samples collected at Callao, Casma, Chimbote, Don Martin, 
Huacho and Samanco. These samples, representing individual fish measured to the nearest mm, 
were converted to total length (TL) using a regression established by Clark (1954), i.e., 

TL = 2.5 + 1.154 SL ...1) 

where L is expressed in mm. These data refer to the period ranging from October 1953 to 
February 1961 (see Tables 1-9). 

ii) Jordan (1959, Figs. 5a-5d) presented detailed size-frequency data representing fishery 
catches from the Huacho area and anchoveta consumed by cormorants (the most important 
guano bird of Peru, see Tovar et al., this vol.), as reconstructed from regurgitated otoliths 
collected on Don Martin Island (see Tovar et al., this vol. for location). Jordan (1959) also 
showed that the size distribution of these two groups of samples largely overlap (see also Muck 
and Pauly, this vol.). These samples, originally presented as standard length in graphic forms, 
were read off, coverted to total length and regrouped in 1cm classes as was done in (i). They 
cover the period from June 1954 to June 1958; whenever they were taken in the same month as a 
sample from (i), an average sample was constructed for the month in question (see Tables 2 to 6). 

iii) the bulk of the length-frequency data presented here for the period from March 1961 to 
December 1982 have been collected by IMARPE staff generally following the sampling 
procedure described in Saetersdal and Valdivia (1964). These authors also presented data 
suggesting that for the stretch of coastline covering the northern and central part.of Peru, within 
port variability of length-frequency samples was less than variability due to different sampling 
periods. Monthly samples representative of the stock as a whole were thus obtained by pooling, 
within each month, daily samples representing about 30% of the landing and most of the fishing 
areas covered by the fleet. 

Generally, one single sample was taken from each vessel sampled. The sample consisted of 
the content of a two-liter container, of which all anchoveta were measured and weighted. The 
data were originally in 0.5 cm classes, defined such that, upon regrouping into 1cm classes, 
class medians (or "midlengths") of 4.25, 5.25,...20.25 cm emerged. This is the reason why the 
data in (i) and (ii) were also regrouped within the somehow unconventional class limits that the 
above midlengths imply. 

http:5.25,...20
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iv) to complement the data in (iii) obtained from fishery catches, length-frequency data were,obtained, from 1972 onward during scientific surveys such as the EUREKA surveys, conductedduring closures of the fishery (Villanueva 1975 and Tables 20.27).The length-frequency data obtained from (i) to (iv) were then expressed as percentages ofthe total monthly frequencies. These percent frequencies as presented in Tables 1-30 may, insome case, not add up exactly to 100% because of rounding off errors and cases whaaere theoriginal sample included fish smaller than 4.25 cm, excluded from the tables ?rewented here. Itshould also be noted that on all these tables, dashes represent zero frequenci,,,s and "0.000"represents frequencies less than 0.0005%.
Overall, the length-frequency data presented here cover 270 of 360 possible months, i.e., thetime series is 75% complete. ,F.Rndardizationto 1cm length classes and a shagle definition oflength (here total length (TL), i to cenain features such as the consistency of the time ofrecruitment of young fish, the shift of modes reflective of growth phenomena and a trend towardlarger sizes, from 1953 to 1982 to become immediately visible (see Tables 1 to 30). Thesethemes are investigated in greater detail in Palomares et al. (this vol.). 

The Condition Factors 

"Condition factors" (c.f.) are here defined as the multiplicative term in a length-weight
relationship of the form 

W = (c.f./100) •L3 ..2) 

where weight (NV) is expressed in g live weight and length (L) as total length in cm. The
exponent of 3 implies isometry which is assumed here for the sake of having all temporal
changes in the length-weight relationship of anchoveta "concentrated", as it were, in theirmonthly c.f. values (see Pauly 1984).

In earlier analyses of the length-frequency data from March 1961 to December 1982
presented in Tables 9-30, the weights of samples of fish that had been measured by IMARPE
field staff had also been used to raise these samples to the total catch. Because these sample
weights were not available to directly estimate c.f. values at the time this contribution was
written, we have proceeded "backward", i.e., used the catch-at-length estimates to obtain
approximations of the underlying condition factors. This was done on the basis of a lengthweight relationship of the form
 

aL 3W = ...3)
 

with (a. 100) arbitrarily set equal to 1 (one). The "pseudo-weight" of the fish of a given class (j) 
was then estimated as 

PWj = Uj13 + Lj2 3)/2 _4) 

where Lj2 is the upper limit of length class (j)and L*l its lower limit (e.g., for say a midlength of10.25, lj1 = 9.75 and 1.2 = 10.75 cm). The values ol PW were then multiplied, for each monthseparateiy, by the available catch-at-length data. This resulted in pseudo total weight of themonthly catch. Finally, the ratio of the real catch to the pseudo monthly catch was computed,corresponding to the ratio between real c.f. values and the values of a •100.The c.f. values so estimated are given in Tables 9-30. They were also plotted by Palomareset al. (this vol.) against the mean sea surface temperature (Ti, see Table 2 in Pauly andTsukayama, this vol.) of the corresponding month (i) This resulted in 

c.f.i = 0.851 - 0.000974Ti ...5)
 

which was used for all years (i.e., 1953 to 1960, see Tables 1-8) and months for which "real" c.f.could not be estimated from catch-at-length data using the method described above. 
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Results and Discussion 

Tables 1-30 present the monthly catch of Peruvian anchoveta (Engraulisringens),
northern/central stock (4-140S), from January 1953 to December 1982.
 

As might be seen from Fig. 1, this catch fluctuated enormously from month to month, this

phenomenon being strengthened since 1972 by seasonal closures of the fishery.


Palomares et al. (this vol.) present an analysis of the time series of catch composition data

and cr-dition factors compiled in Tables 1-30, while Castillo and Mendo (this vol.) discuss 
possibi., sources of bias in the nominal catch presented here. We leave it thus to the reader to 
consult these authors for a detailed discussion of the data in Tables 1-30. 
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Table 1. Monthly catch and percent catch composition ofPeruvian anchovetaU(. ringens, norther/central stock, 4-140S), 1953. 

Midlength
(TL,cm) Jar Feb Mar *Apt May Jun Jul Aug Oct aSep Nova Doca 

4.25 
5.25 
6.25 
7.25
8.25 

0.614 0.255 0.8459.25 
5.522 0.610 15.08010.25 
8.589 5.688 25.32011.25 

14.720 26.520 16.14012.25 
41.720 36.800 20.58013.25 
26.380 19.380 16.79014.25 

1.840 9.321 4.68015.25 
0.614 1.276 0.19416.25 

0.255 0.194
17.25 
18.25 
19.25 
20.25 

Catchb 6.330 5.270 4.990 4.940 4.800c 4.7A0 3.270 2.780 3.370 5.470 8.900 9.140
c (0.662) (0.645) (0.630) (0.641) (r 60) 
 (0.676) (0.678) (0.686) (0.684) (0.688) (0.686) (0.680) 
a% frequencies based on data collected at Caao, Casna, Chimbote, Don Martin, Huacho, Pisco and Samanco by ttuff of the Instituto do investtacion 

do tecursos Marinos. 
Monthly catch In r,000 t adapted from annual catch data In Murphy (1972) and mean seasonality of catch adapted from Fgs. 1 and 2 in Doucet

and Elnarsnon (1967).
c(ondltion factors In brackets estimated from the linear relationship between temperature and condition factors In Palomares et aL (this voL). 

Table 2. Monthly catch and percent catch composition ofPeruvian anchoveta (. rf.ne, northern/central stock,"414*S), 1954.:. 

Mldlengh
(TL, cm) Jan Feb Mar Air! Mae Jun Jul Au b S-b Oct. Na. De. 

4.25 
5.25 
6.25
7.25 
8.25 70.532 0.506 3.0009.25 2.660 -5.823 1.954 2.000 1.581 

10.25 4.787 13.860 8.388 0.333 0.333 , 0.500 0.19511.25 25.000 43.880 31.050 3.872 1.943 5.380 0.250 1.25312.25 32.980 23.740 28.680 11.410 12.800 29.070 3.866 5.76413.25 22.870 11.430 22.750 21.560 33.790 24.740 24.660 1.46014.25 10.640 0.506 5.665 40.130 39.150 33.55015.860 49.52015.25 0.532 0.253 0.505 19.800 11.450 19.630 25.140 9.28816.25 0.505 .2.660 0.536 4.753 6.820 0.94217.25 0.505 0.236 0.571 0.216 
18.25 
19.25 
20.25 

c
Cath 8.60 7.17 6.79 6.72 6.44 4.446.52 3.78 4.58 7.43 12.10 12.40c.f. (0.671) (0.666) (0.672) (0.685) (0.693) (0.702) (0.697) (0.710) (0.706) (0.705) (0.698) (0.674) 
2%frequencies per lenqth classbased on data collected at Callao, Casm, Chimbote, Don Martin, Huacho, Pisco and Samanco by staff of the Instituto 

de Jvestgacionde Recursos Marinos. 
Mean of%frequencies from (a) and from Jordan (1959).ChMonthly catch in 1,000 t adapted from annual catch data inMurphy (1972) and mean seasonality of catch adapted from FS. I and 2n Doucat and 

Einarason (1967).
Condition factors in brackets estimated froin the linear relationship between temperature an condition factor in Palomareat al.(thiavoL). 
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Table 3. Monthly catch and percent catch composition of Peruvian anchoveta (E. rosens, northen/central stock, 4-14"S), 1955. 

Mldlength
(FL, cm) Janb Febb Mub Aprb Mayb junb Julb Augb, Seps Oct a Novb Deob 

4.25 
5.25 
6.25 0.447 0.617 2.510
7.25 10.220 1.457 2.576 9.259 5.688
8.25 0.084 13.040 4.399 6.040 12.120 2.664 '3.0729.25 0.689 5.168 1.321 3.642 7.411 6.782 33.010 0.938

10.25 1.983 5.689 6.717 2.433 5.704 6.687 22A40 0.502 0.84411.25 13.090 11.630 17.580 9.830 19.640 20.410 11.730 0.543 10.000 20.710 5.165 14.91012.25 21.230 11.600 21.330 27.710 21.600 35.290 18A00 4.417 29.000 31.820 12.600 30.20013.25 20.610 14.440 22.090 20.200 13.780 22.850 9.395 20.450 40.340 30.300 24.410 28.000
14.25 31.660 20A20 21.830 22.230 8.454 4.982 4.000 66.800 19.330 16.160 32.430 19.310
15.25 10.460 6.999 3.194 5.168 1.247 0.333 1.023 7.792 1.333 1.010 11.100 6.31716.25 0.175 0.345 0.082 0.167 0.166 1.186 0.422 
17.25 
18.25 
19.25 
20.25 

Catjh c 10.50 8.73 8.27 8.18 7.84 7.95 5.42 4.60 5.59 9.05 14.70 15.20c.f. (0.648) (0.660) (0.678) (0.672) (0.686) (0.688) (0.690) (0.69 , (0.693) (0.700) (0.695) (0.688) 

'% frequencies based on data collected at Callao, Casma, Chimbote, Don Martin, Huacho, Plsco and Samanco by staffof the Instituto do Investigacion
do t ecursos Marinos. 

Mean of% frequencies from (a)and from Jordan (1959).
cMonthly catch in 1,000 t adapted from annu.l catch data in Murphy (1972) and mean seasonality of catch adapted from Figs. I and 2 in Doucet and 

Einrsaon (1967).
Condition factors in brackets estimated from the linear relationship between temperature and condition factor in Palomares at al. (this voL). 

Table 4. Monthly catch and percent catch composition of Peruvian anchoveta (E.r/tens, northern/central stock, 4-14S). 1956. 

M ldlength L • 
(TL, cm) Janb Febc Marb Apr1 

DecbMay' iulb Aug sOp Octa Novc 

4.25 
5.25 
6.25 1.334
7.25 1.000 0.453 8.107 
8.25 40.000 2.493 18.880 0.333
9.25 0.507 0.751 8.500 0.250 1.662 14.030 1.667 3.000 2.000 0.48710.25 1.907 1.015 2.336 1.754 5.000 6.568 8.007 5.471 8.500 9.667 4.362 1.46811.25 11.630 17.290 4.703 2.881 9.250 16.250 6.450 10.710 5.500 10.000 12.820 19.80012.25 17.080 25.220 13.970 5.515 23.750 36A80 16.730 23.830 21.000 20.000 12.420 39.790

13.25 25.740 23.120 34.640 20.420 39.000 29.560 17.360 20.020 34.000 28.000 26.920 26.960
14.25 30.300 22.200 34.410 17.420 20.260 6.280 7.508 12.300 25.000 19.000 31.260 9.50015.25 11.030 9.131 8.582 2.506 2.500 0.251 0.817 16.670 2.500 2.000 10.480 1.750
16.25 2.244 1.522 0.607 0.334 4.000 0.000 3.000 1.742 0.25017.25 0.067 0A45 5.000 0.500 6.333 
18.25 
19.25 
20.25 

Catchd 16.10 13.40 12.70 12.60 12.10 12.20 8.33 7.07 8.59 13.90 22.60 23.30 
c. 0 (0.672) (0.658) (0.654) (0.668) (0.674) (0.678) (0.680) (0.686) (0.690) (0.694) (0.692) (0.694) 

a%frequencies based on data collected at Callao, Casma, Chimbote, Don Martin, Huacho, Plsco and Samanco by staffof the Instltuto do Investigicion 
do oecurss Marinos.

Frequencies per length class adapted from Jordan (1959), referring either to fish eaten by birds or fishery catch. 
cMeans of (a) and (b).
dMonthly catch In 1,000 t adapted from annual catch data In Murphy (1972) and mean seasonality of catch adapted from Figs. 1 and 2 In Doucet 

and E£uirsson (1967).
eCondition factors in brackets estimated from the linear relationship between temperature and condition factor In Palomres et al (this voL). 
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Table 5. Monthly catch and percent catch composition of Peruvian anchoveta (F. rfent, northern/central stock, 4-14*S), 1957. 

Mllcgth
(TL, cm) Janb Febb Math Aptb Mayb Junb Julb AuO8 Sepb Octb Novb Dob 

4.25 15.5805.25 0.244 0.996 1,1546.25 0.244 2.986 1.377 2.51 0.483 0.0007.25 0.244 9.790 7.606 9.356 14.980 4.488 0.9398.25 0.489 0.236 3.982 6.372 9.054 14.980 16.150 5.8869.25 1.244 0.486 1.202 0.000 1.995 6.036 7.740 13.190 7.050 3.146 3.14610.25 5.718 3.246 1.800 9.240 3.570 0.776 6.640 16.040 12.020 19.520 9.585 6.08511.25 11.860 11.600 20.380 27.300 15.780 5.293 11.070 13.870 20.240 19.180 24.315 18.81512.25 28.400 36.240 44.380 31.20036.870 21.230 19.620 15.890 27.360 15.600 31.650 37.40013.25 25.320 32.440 24.610 18.635 22.960 37.650 26.150 10.540 6.167 10.380 23.670 23.67014.25 21.010 12.980 6.635 8.2324.500 16.590 9.557 0.365 2.4660.386 7.389 10.88915.25 4.228 3.495 0.972 0.750 0.500 1.115 - 0.947 0.25016.25  0.250 0.365 17.25 1.000 0.500 1.250 4.745 1.300 
18.25 
19.25 
20.25 

Catchc 33.70 28.10 26.60 26.30 25.6025.20 17.40 14.80 18.00 47.4029.10 48.80c.f. (0.678) (0.633) (0.635) (0.638) (0.634) (0.644) (0.653) (0.669) (0.679) (0.677) (0.677) (0.650) 
a frequencies from Jordan (1959), referring either to fish eaten by birds or fishery catch.
bMeans of (a)and ofdata collected by staff of the Instituto do Investigacion de los Recursos Mauinos. 
cMonthly catch In 1,000 t adapted from annual catch data In Murphy (1972) and mean seasonallty of catch adapted from FIs. I and 2 in Doucet and 

Einy.son (1967).
Condition factors In brackets estimated from the linear relationship between temperature and condition factor In Palomares et al. (this vol.). 

Table 6. Monthly catch and percent catch composition of Peruvian anchoveta (R.r/ngens, northern/cotnl stock, 4-140S), 1958. 

Mldlength
(TL, cm) ApraJanb Febb Matb Mayb Junb Jula Au?' Sep8 Oct Nova Dce 

4.25 
5.25 

1.9746.25 
24.0107.25 8.330 0.973 6.9088.25 7.520 9.730 3.732 3.333 8.889 0.3299.25 10.330 6.130 11.230 8.717 7.000 23.330 - 3.64610.25 18.800 4.347 18.240 18.000 12.260 15.250 33.000 25.550 2.960 7.08511.25 23.310 24.560 38.660 56.000 24.060 23.020 4.000 42.000 16.670 38.490 10.82012.25 17.800 48.280 16.600 26.000 17.510 36.540 50.000 14.000 16.670 22.700 24.90013.25 6.690 17.890 5.148 25.190 9.883 38.000 4.000 8.889 2.303 40.66014.25 2.220 4.591 2.772 6.022 3.254 8.000 - 12.890

15.25 - 0.334 
16.25 - 
17.25 5.000 1.750 0.329 
18.25 
19.25 
20.25 

catK!h 66.3 55.2 52.3 51.7 50.249.6 34.2 29.1 35.3 93.157.2 95.8C.f. (0.638) (0.634) (0.636) (0.655) (0.668) (0.674) (0.676) (0.686) (0.686) (0.685) (0.681) (0.686) 
a% frequencies based on data collected at Callao, Casma, Chimbote, Don Martin, Huacho, Pisco and Samanco by staff of the Instituto de Investlpcion 

de is Recuraos Marinos. 
Mean of %frequencies from (a) and from Jordan (1959).

cMonthly catch In 1,000 t adapted from annual catch data In Murphy (1972) and mean seasonallty of catch adapted from Fgs. I and 2 in Doucet and 
Einarsson (1967).

Condition factors in brackets estimated from the linear relationship between temperature and condition factor In Palonirea et al. (this voL). 
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Table 7.Monthly catcha and percent catch composltionb ofPeruvian anchoveta (S. ringen,, northern/central stock, 4-14*S),1959. 

Mldlength
(TL, cm) Jan Feb Mar Apt May Jun Jul Aug Sep Oct Nov Deo
 

4.25 1.282 
5.25 5.128 5.7696.25 0.641 1.923 42.300 0.784 0.4857.25 13.460 1.639 20.510 10.000 35.580 9.412 1.4298.25 34.620 15.410 30.760 21.920 11.540 

0.971
29.800 11.540 2.857 9.25 0.560 0.279 1.92327.400 32.460 16.030 16.540 1.923 30.200 26.92010.25 12.020 25.570 16.030 24.620 1.923 

3.571 - 0.840 12.810 0.962
20.339 34.620 5.71411.25 8.654 11.480 7.051 10,770 - 5.098 15.380 

- 17.070 48.470 25.960 
12.25 3.365 9.180 2.143 5.825 41.470 28.970 32.6901.923 8.846 - 3.922 7.692 28.570 39.320 30.540 19.23013.25 0.481 4.262 0.641 8.0784.231 0.962 0.392 3.846 42.860 44.180 9.24414.25 1.393 17.3101.154 11.430 9.223 0.280 1.92315.25 

1.479
 
16.25 
17.25 
18.25 
19.25 
20.25
 

Catch 164 108 
 132 157 137 104 96 88 102 171 304 286
c.f.c (0.666) (0.644) (0.650) (0.660) (0.669) (0.678) (0.687) (0.690) (0.688) (0.684) (0.680) (0.670)

aMonthly catch In 1,000 t adapted from annual catch data In Murphy (1972) and mean seasonality of catch adapted from Flat, Iend 2 In Doucet and 
Eiffrtson (1967).% frequencies based on data collected at Callao, Casma, Chimbote, Don Martin, Huacho, Pisco and Samanco by staff of the Inatituto de los Recurms
Marinos.


CCondttion factors in brackets estimated from the linear relationship between temperature and condition factor 
 n Palomares etal. (this voL). 

Table 8.Monthly catcha and percent catch composition b of Peruvian anchoveta (E.rineens, northern/central stock, 4-14S), 1960. 

Mldlength
(TL. cm) Jans Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

4.25
5.25 
6.25 0.481 

0.481 7.25 1.282 0.769 0.3868.25 0.641 1.923 6.667 1.905 - 0A48112.500 13.900 1.923 0.9629.25 3.846 6.154 25.560 - 20.190 23.940 0.48910.25 51.280 53.070 21.110 6.667 42.310 0.154
17.760

11.25 7.283 3.904 0.22235.900 27.300 23.330 27.620 20.190 14.290
12.2 5.969 6.923 12.790 15.440 1.22220.000 36.190 3.846 18.15013.25 8.940 28.360 16.3301.282 3.846 3.333 23.810 0.962 10.42014.253.01.8 24.290 35.950 40.010 
15.2515.25 3.810 1.158 25.470 13.350 37.44016.25 IS-550 0.769 3.880 

2.740 0.154 0.88917.25 
0.048

18.25 
19.25 
20.25 

Catch 303 292 279 182 137 258 138 117 158 223 348 397C.f.c (0.666) (0.661) (0.664) (0.676) (0.684) (0.685) (0.690) (0.688) (0.689) (0.690) (0.690) (0.680) 
aMonthly catch In1,000 tadapted from annual catch data inMurphy (1972)and mean 
seasonality
of catch adapted from FIgs. Iand 2 In Doucet andEnlruon (1967).%frequencies based on data collected at Callao, Casna, Chimbote,Don Martin,Huacho,Piscoand Samanco by staff
of the Instltuto Recrios
de los


Marinos. 
cCondition factors
Inbrackets estimated from the linear
relationship
between temperature and condition factor
InPalomares etal.(this
voL).
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Table 9. Monthly catch a and percent catch compositionb of Peruvian anchoveta (E,rhigens,northern/central stock, 4-14"S), 1961. 

Midlength 
(TL, cm) Jan Feb Mar Apt May Jun Jul Aug Sep Oct Nov Dec 

4.25 
5.25 
6.25 0.017 0.009 0.007 
7.25 0.124 1.342 0.230 0.0902 0.036 
8.25 0.125 0.402 2.910 2.341 0.945 0.084 0.227 0.049 
9.25 0.091 0.375 2.161 2.670 5.374 3.670 2.650 1.437 0.010 0.017 0.227 

10.25 0.911 1.000 7.954 3.243 7.695 7.262 8.936 4.074 0.455 0,142 0.022 0.542 
11.25 0.820 2.000 14.570 12.770 13.470 14.480 12.050 9.046 1.851 .510 0.486 1.296 
12.25 10.660 10.750 14.350 18,140 20.290 20.260 13.090 13.810 6.682 9.227 4.634 6.282 
13.25 40.530 38.380 17.880 17.700 21.330 21.100 22.200 17.860 22.610 17.810 17.980 21.120 
14.25 43.260 34.120 26.990 25.420 20.280 20.690 27.270 31.020 41.340 4.580 42.380 46.330 
15.25 3.734 2.875 13.890 13.940 7.948 10.140 12.290 19.840 24.190 30.140 30.320 22.000 
16.25 4.500 1.652 1.839 1.005 1.332 1.426 2.666 2.801 5.479 4.082 2.095 
17.25 5.125 0.011 0.018 0.036 0.034 0.006 0.019 0.059 0.096 0.096 0.026 
18.25 0.750 
19.25 
20.25 

Catch 447 379 283 364 439 343 233 183 208 375 571 591 
c.f.c (0.666) (0.650) 0.682 0.696 0.688 0.667 0.644 0.672 0.718 0.724 0.700 0.672 

aMonthly catch in 1.000 t for January and February adapted from annual catch data In Murphy (1972) and meart seasonality of catch adapted from 
Ftt I aind 2 In Doucet and Elnarason (1967); catch for March-December are based on samples collected by IMARPE stiff. 

% frequencies for January and February are based on data collected at Callao, Casma, Chimbote, Don Martin, Huacho, Pisco and Samano by staff 
of the Instituto de Investigacon de los Recuras Marinos while that for March.December are based on samples collected by IMARPE staff. 

CCondition factors in brackets estimated from the linear relationship between temperature and condition factor in Pslomares et al. (this voL). 

Table 10. Monthly catch and percent catch composition of Peruvian anchoveta (E rfngen, northern/central stock, 4-14'S) based on data collected by
IMARPE staff In 1962. 

Midlength 
(TL, cm) Jan Feb Mar Apt May Jun Jul Aug Sep Oct Nov Dec 

4.25 
5.25 0.042 
6.25 0.324 0.190 0.008 
7.25 0.587 1.178 0.192 0.002 0.021 0.065 
8.25 0.874 2.840 2.232 0.367 0.811 0.882 0.256 0.028 0.898 
9.25 0.957 3.829 4.744 3.791 5.307 10.670 5.586 0.032 0.012 0.047 1.108 

10.25 1.280 3.964 6.139 7.543 10.580 17.250 12.020 1.726 1.292 0.004 0.028 0.301 
11.25 1.900 4.444 6.708 8.173 15.140 17.010 15.700 8.202 8.087 1.420 0.304 0.103 
12.25 4.821 5.702 6.944 6.579 12.860 12.220 13.530 15.880 15.430 15.490 5.639 1.884 
13.25 14.910 19.180 12.100 11.030 14.380 11.520 13.920 20.600 17.060 20.720 21.570 15.280 
14.25 42.110 39.010 34.080 34.850 24.120 18.050 23.520 29.150 24.780 20.960 36.900 34.600 
15.25 28.540 18.070 23.940 24.410 14.680 11.030 13.640 21.300 27.720 30.070 27.580 35.600 
16.25 3.526 1.557 2.841 3.234 2.058 1.330 1.802 2.946 5.563 10.940 7.652 9.750 
17.25 0.134 0.034 0.068 0.016 0.039 0.041 0.028 0.117 0.060 0.395 0.249 0.406 
18.25 0.005 
19.25 
20.25 

Catch 432 404 450 549 647 432 351 275 324 498 800 832 
c.f. 0.690 0.664 0.696 0.684 0.663 0.636 0.642 0.673 0.709 0.722 0.736 0.720 
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rb0e,

Table 11. Monthly catch and percent catch composition of Peruvian anchoveta ,E. northern/central stock, 4.140S) based on data collected by
IMARPE staff In 1963. 

Mkdlength
(TL, cm) Jan Feb Mar Apt may Jun Jul Aug Sep Oct Nov Dec 

4.25
5.25 

6.2 0.090.230
6.25 0.009 0.0150.006 0.320 
7.25 0.431 0.596 0.043 0.255 0.056 0.298 03909 2.292 
8.25 1.964 6,143 0.861 1.136 1.154 0.366 0.036 0,067 0.448 2.500 7.5619.25 3.086 0.009 8.364 7.331 3.336 5.569 1,643 1.036 0.614 0.163 3.672 13.12010.25 5.010 0.773 6.970 15.440 6.388 13.030 6.699 S.325 2.18411.25 2.569 2.114 6.498 0.601 3.257 10.98011.800 12,220 19.470 12.230 11.020 6.018 3.87812.25 6.867 2.365 8.277 1.371 5.7125.990 8.780 15.520 18.680 16.490 15,740 18.990 7.03913.25 22.460 16.360 22.540 15.700 2.49112.000 12.290 18.360 20.110 22.720 36.500 27.540 13.41014.25 30.930 34.800 25.730 28.450 35.180 19.680 23.660 27.300 33.460 30.030 38.190 29.98015.25 21.630 32.160 12.480 12.120 18.580 11.080 16.040 15.540 16.540 8.158 13.650 12.63016.25 4.924 10.900 2.322 2.185 2.065 2.050 2.298 3.008 2591 0.844 1.621 1.44617.25 0.116 0.522 0.077 0.087 0.060 0.099 0.026 0.136 0.067 0.093 0.012 0.054

18.25 
19.25 
20.25 

Catch 780 229 629 701 652 346 191 178 232 388 624 733c.f. 0.681 0.660 0.657 0.704 0.708 0,481 0.680 0.653 0.656 0.730 0.732 0.731 

Table 12. Monthly catch and percent catch composition of Peruvian anchoveta (E.,iens,,northern/centr stock, 4-140S) based on daticollected byIMARPE staff in 1964. 

MkIlength
(TL, cm) Jan Feb Mar iApri 'May Jun Jul Aug Sep Oct. Nov :D/c 

4.25
5.25 0.038 

0.0016.25 0.881 0.297 0.007 0.004 0.013 0.010
7.25 3.342 3.017 0.348 0.030 0.100 0.2570.270 0.659 0.175 0.009 0.089 1.110 1.7958.25 6.573 11.670 3.149 0.487 0.250 3.483 1.377 0.303 0.158 1.206 3.7909.25 10.310 20.800 14.180 4.108 0.654 3.589 5.254 1.645 0.030 0.80110.25 9.197 5.38118.580 24.800 16.290 6.831 5.099 7.478 3.230 0.116 0.000 0.337 6.99311.25 10.710 13.200 20.890 25.960 22.680 15.540 11.490 6.745 0.293 0.098 0.06112.25 15.140 9.954 15.190 23.620 6.87930.220 24.770 21.220 8.780 2.203 2.058 0.999 3.33713.25 22.640 11.750 10.650 17.590 22.870 26.660 25.850 18.420 20.110 16.300 11.770 9.55514.25 16.410 8.518 8.098 8.852 12.190 15.880 21.370 37.910 48.240 43.760 44.530 32.11015.25 4.400 2.094 2.520 2.916 3.735 4.026 5.171 20.190 26.050 32.940 34.440 26.16016.25 0.266 0.120 0.159 0.226 0.288 0.281 0.506 2.719 2.949 4.438 4.575 3.67717.25 0.003 0.003 0.004 0.003 0.0433 0.036 0.128 0.068 0.048

18.25 
19.25 
20.25 

Catch 1026 691 996 865 657 437 417 226 237 662 895c.. 9680.643 0.640 0.668 0.690 0.729 0.714 0.716, 0.731 0.709 0.710 0.747 0.721 
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Table 13. Monthly catch and percent catch composition of Peruvian nchovets (E. ,*seng, northern/central stock, 4-14S) based on data collected by 
IMARPE staff in 1965. 

Mdlength 
(TL, cm) Jan Feb Mar Apt May Jun Jul Aua Sep Oct Nov Dec 

4.25 0.007 
5.25 0.102 0.048 
6.25 0.217 0.107 0.079 0.080 0.093 0.010 0.033 0.384 0.769 
7.25 2.868 0.574 0.302 0.662 0.286 0.195 0.517 0.214 1.880 4.964 
8.25 11.700 3.300 1.397 2.009 2.278 1.251 3.516 0.429 2.327 10.090 
9.25 17.300 9.241 5.616 7.016 4.812 6.656 11.480 3.313 0.016 2.215 8.414 

10.25 13.400 14.000 8.995 11.330 9.875 14.080 15.410 22.500 0.447 3.009 9.013 
11.25 8.039 13.170 12.00 14.960 18.060 17.940 22.750 31.610 8.884 4.137 6.458 
12.25 3.166 8.240 9.468 11.360 19.410 20.910 21.100 23.650 34.120 24.730 10.240 
13.25 6.498 8.169 8.675 9.079 13.910 16.330 * 12.000 11.340 33.220 36.350 24.510 
14.25 16.950 21.160 25.090 20.990 15.610 12.380 5.688 4.046 17.060 18.090 20.160 
15.25 16.720 18.950 24.580 19.530 12.950 8.539 6.101 1.731 5.407 5.840 4.823 
16.25 3.041 3.013 3.682 2.949 2.085 1.682 1.448 0.313 0.817 0.906 0.487 
17.25 0.100 0.077 0.058 0.031 0.033 0.023 0.016 0.024 0.025 0.012 
18.25 0.007 
19.25 
20.25 

CAtth 1,037 634 1,019 760 650 486 11.4 0.00 65.1 199 629 1,146 
c.f. 0.690 0.618 0.642 0,643 0.635 0.632 0.683 (0.672) 0.652 0.704 0.710 0.712 

aMonth with closure of fishery (fed). 
bCondition factor in brackets estinated from the linear relationship between temperature and condition factor in Palomares et aL. (this vol.). 

Table 14. Monthly catch and percent catch composition of Peruvian anchoveta (R. rHnen, northern/central stock, 4-14S)'based on data collected by 
IMARPE staff in 1966. 

MldlenWth 
(TL, cn) Jan Feb Mar Apr May Juna Jula Auta Sep Oct Novb Dec 

4.25 0.004 
5.25 0.010 0.006 
6.25 0.566 0.250 0.017 0.013 0.015 0.040 
7.25 7.840 4.840 1.128 0.920 0.220 0.008 0.466 
8.25 22.780 19.670 5.912 5.232 2.209 0.027 1.421 
9.25 26.400 30.880 15.440 10.470 7.939 0.053 0.051 1.386 

10.25 14.680 20.210 21.360 16.080 13.720 0.099 0.076 1.116 
11.25 5.958 8.057 24.140 24.780 16.540 0.209 0.244 0.159 
12.25 3.418 2.445 17.650 24.120 23.760 0.396 2.412 0.048 
13.25 9.855 6.017 6.844 14.520 21.720 9.468 13.780 0.936 
14.25 7.047 6.093 5.747 3.484 12.160 48.800 41.400 14.950 
15.25 1.290 1.306 1.576 0.339 1.644 36.630 36.140 55.610 
16.25 0.144 0.214 0.184 0.035 0.035 4.264 5.777 22.980 
17.25 0.005 0.006 0.005 0.038 0.125 0.884 
18.25 
19.25 
20.25 

Catch 1,310 972 1,092 960 899 0.00 0.00 0.00 561 865 6.52 958 
c.fc 0.656 0.686 (0.664) 0.724 0.758 (0.688) (0.692) (0.694) 0.680 0.707 (0.691) 0.639 

NMonths with closure of fishery (Yeda).
bMonth with astrike (huelg).
 
CCondltion factors in brackets estimated from the linear relationship between temperature and condition factor in Plomtareset al. (this voL).
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Table 15. Monthly catch and percent catch composition of Peruvian anchoveta (E. rrI0s, northern/cental stock, 4-140S) based on data collected by
IMARPE staff in 1967. 

Midlen.th 
(TL, cm) Jan Feb Mar Apr May Jun iuia Au? Sep Oct Nov De 

4.25 
5.25 
6.25 0.140 0.015 0.017 0.005 
7.25 1.418 3.475 2.081 1.352 0.617 
8.25 6.827 21.870 10.290 7.091 8.578 0.571 
9.25 15.190 25.780 19.360 12.000 17.700 9.706

10.25 19.830 21.030 21.660 18.240 25.100 27.600 0.00711.25 10.060 10.810 14.060 22.890 20.280 23.290 0.163 0.044 0.020 0.02112.25 ".437 2.536 7.919 17.600 14.520 17.260 17.360 5.762 2.190 0.79213.25 1.340 0.905 3.114 7.434 7.781 13.390 35,810 38.320 29.990 9.37714.25 8.971 3.040 2.142 2.332 2.428 6.223 29.100 31.970 38.380 34.36015.25 24.020 6.515 12.010 5.450 0.986 1.123 15.260 19.430 24.900 45.23016.25 10.440 3.889 7.004 5.290 1.734 0.657 1.789 3.688 4.115 9.66117.25 0.329 0.130 0.334 0.315 0.275 0.171 0.506 0.753 0.384 0.55218.25 0.003 0.006 0.001 0.007 0.024 0.010 0.009 
19.25 
20.25 

Catch 1,506 570 876 1,210 1,082 126 0.00 0.00 232 1,109 1,238 1,365c.f. 0.691 0.614 0.662 0.656 0.665 0.747 0.695 0.702 0.680 0.720 0.706 - 0.717 
aMonths with closure cf ahey(vee). 

Table 16. Monthly catch and percent catch composition of Peruvian anchoveta (S. rrigens, northern/central stock, 4-14Si) bad ondata 'ollocted by
IMARPE staffiL. 1968. 

Mkllngth
(TL, cm) Jan Feb Mar Apt May Juna Jula AU i Sep Oct Nov De 

4.25 0.017 0.0095.25 0.024 0.003 0.0376.25 0.015 0.389 0.098 0.075 0.164 0.5367.25 1.918 2.976 0.010 0.436 0.888 0.442 3.1788.25 17.970 6.052 3.596 1.252 3.894 0.281 7.7629.25 22.770 24.110 17.900 4.016 7.384 0.172 0.003 0.023 10.06010.25 10.020 26.200 7.63524.180 17.430 1.045 0.12 - 4.96111.25 2.809 8.030 24.580 20.740 15.900 1.249 0.513 0.094 0.87812.25 0.658 2.259 9.528 27.800 14.800 3.582 1.901 2.595 0.17413.25 2.376 1.146 1.722 14.700 18.690 15.320 10.480 11.010 2.37014.25 18.880 11.860 5.681 5.473 8.894 36.770 34.820 23.800 20.42015.25 18.920 14.280 10.020 10.810 6.330 28.620 36,760 35.660 37.55016.25 3.481 2.6552.565 6.554 5.171 11.100 12.840 20.800 10.69017.25 0.176 0.120 0.127 0.423 0.538 2.084 2.506 4.956 1.36618.25 0.001 0.002 0.006 0.006 0.006 0.049 0.056 0.177 0.01119.25 0.005 
20.25 

c tgh 1,469 900 744 1,079 952 0.00 0.00 0.00 1,246 1,242 939 880c.f. 0.681 0.665 0.674 0.728 0.692 (0.701) (0.698) (0.696) 0.652 0,654 0.712 0.709 
aMonths with closure of fishery (vea).


Condition factors in brackets estimated from the linear relationship between temperature and condition factor in Palomares et al. (this voL).
 

http:Midlen.th
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Table 17. Monthly catch and percent catch composition of Peruvian anchoveta (F. ten, northern/central stock, 4-14*S) based on data collected by
IMARPE staff In 1969. 

Midlength

CFL, cm) Jan Feb a 
 Mar Apt May Jun" Jula AUa Sep Oct Nov Dec 

4.25
5.25 0.012 0.0036.25 3.839 0.003 0.141 0.017 0.802 0.1667.25 16.100 0.498 0.284 2.393 7.060 4.4308.25 20.640 9.998 0.961 9.012 0.011 21.140 22.7109.25 22.150 26.950 3.251 13.730 0.199 0.019 23.540 30.67010.25 16.800 22.940 8.341 14.960 1.606 0.160 8.856 23.54011.25 7.544 18.230 17.380 1.778 7.415 0.759 3.882 9.55312.25 1.113 12.930 25.880 27.640 18.790 9.859 0.742 3.39213.25 0.261 5.532 27.340 19.000 29.420 35.160 3.946 1.10914.25 2.221 1.013 10.700 8.395 26.220 34.240 12.740 1.36415.25 5.741 0.959 2.299 1.513 13.310 17.610 14.660 2.33616.25 3.151 0.863 2,599 1.049 2.093 1.848 2.445 0.70017.25 0.401 0.075 0.761 0.450 0.878 0.342 0.165 0.03218.25 0.022 0.001 0.061 0.065 0.057 0.011 0.012 

19.25 
20.25 

Catch 1,226 0.00 1,762 1,242 79G 0.00 0.00 0.00 482 470 373 1,802c.f. 0.659 (0.666) 0.633 0.686 0.797 (0.661) (0.682) (0.683) 0.677 0.639 0.675 0.652 
5Months with closure of fishery (veda).bCondition factors in brackets estimated from the linear relationship between temperature and condition factor In Palomares et al. (this vol.). 

Table 18. Monthly catch and percent catch composition of Peruvian anchoveta CE.rfgvns, northern/central stock, 4-14 S) based on data collected by
IMARPE staff in 1970. 

Mldlength, -
 ...
 
CrL,cm) Jan Feb Mar Apt May Jun :Jut Auea Sep Oct Nov Dec 

4.25 
5.25 
6.25 0.003 0.006 0.013 0.3947.25 0.157 0.050 0.126 0.820 0.121 0.044 2.1308.25 4.637 1.372 0.773 6.756 0.223 0.067 11.6009.25 24.270 10.530 1.653 13.340 2.936 0.013 0.V0 0.067 15.83010.25 36.790 25.190 17.360 16.030 12.780 0.047 0.177 0.010 0.047 9.24411.25 20.640 30.520 23.510 18.000 20.580 3.198 0.765 0.122 0.023 2.18212.25 7.415 15.720 25.270 19.100 19.790 17.830 2.580 0.401 0.584 0.51713.25 2.857 7.362 19.490 15.230 23.480 38.900 7.557 4.483 8.390 6.42014.25 1.224 3.167 7.809 7.344 15.620 28.930 20.140 23.400 27.510 19.76015.25 1.469 3.827 2.929 2.542 3.747 9.784 37.830 43.140 35.910 17.99016.25 0.510 2.169 0.975 0.780 0.80 1.223 26.930 25.140 23.050 11.46017.25 0.020 0.098 0.105 0.046 0.080 0.094 4.280 3.220 4.116 2.36018.25 0.003 0.168 0.074 0.189 0.108 

19.25 
20.25 

Catch 1,998 986 995 1,900 830 40.8 9.81 0.00 1,178 1,267 995 731of. 0.627 0.671 0.717 0.675 0.693 (0.678) (0.688) (0.687) 0.708 0.732 0.738 0.755 

'Months with closure of fishery (veda); catch for July mainly from surveys.Condftion factors n brackets estimated from the linear relationthip between temperature and condition factor In Palomares et al. (this voL). 
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Taible vy. Monuuy catcn and percent catch composfton of Peruvian anchoveta (. rhzpar norther/cenm ock, 4-4") baed on data coected by 

IMARPE staff in 1971. 

Midlength
(TL.cm) Jan Feb a Mar 'AA'D u'Jn, ac S Nov 

4.25 
5.25 

6..25 0.009. 
7.25 0.089 0.138 
8.25 
9.25 

10.25 
11.25 
12.25 
13.25 
14.25 
15.25 
16.25 
17.25 
18.25 

19.25 

1.954 
5.931 

13.150 
24.000 
24.100 
18.780 
5.609 
1.711 
2.902 
1.683 
0.078 

1.024 
.418 

14.630 
27.020 
28.250 
16.460 

4.916 
0.852 
0.538 
0.662 
0.087 

0.008 
1.799 
6.110 

27.130 
33.770 
16.760 
6.593 
2.444 
1.599 
1.661 
0.128 

0.015 
0.392 
2.249 

17.190 
37.590 
22.240 
11.760 

4.831 
2.437 
1.219 
0.073 

-0. 

0.018 
1.094 
6.769 

21.050 
32.410 
26.780 

9.543 
1.543 
0.696 
0.097 

0.018 
0.408 
4.800 

16.360 
38.710 
31.070 
6.582 
1.787 
0.263 

0.108 
2.586 

27.360 
49.200 
18.880 

1.644 
0.228 

0.046 
5.133 

23.070 
47.320 
21.750 
2.440 
0.247 

20.25 

CatCh 
c.f. 

0.00 
(0.674) 

0.00 2,366 
(0.665) 0.646 

1,453 
0.609 

636 
0.626 

92.0 
'0.615 

0.00 
(0.676) 

0.00 
(0.676) 

1,118 
0.669 

1,229 1,066 
0.713 0.761 

1,224 . 
0.726 

aMonths with closure offishery ("eda).

bCondition factors In brackets estimated from the linear relationship between temperature and condition factor In Palomares et al. (this voL).'
 

Table 20. Monthly catch and percent catch composition of Peruvian anchoveta(i. P*W, northern/central stock, 4 14S) based on data colletted by
IMARPE staff In 1972. 

Mldlength
(TL, cm) jara Psh' Mar Apr, May Jun Julb AubC Sepb~ Oc Noyb Dec 

4.25 
5.25
6.25 
7.25 
8.25 
9.25 

10.25 
11.25 
12.25 
13.25 
14.25 
15.25 
16.25 
17.25 
18.25 
19.25 

0.107 
'0.100 

0.175 
'0.119 
2.936 
6.444 
2.276 
1.337 
7.869 

35.520 
35.710 
7.023 
0.381 

0.136 
0.888 
1.632 
1.289 
2.030 
2A27 
2.704 
6.497 

36.140 
39.480 

6.576 
0.193 
0.011 

0.017 
0.729 
5.316 

12.610 
12.850 
16.280 
17.370 

9.736 
14.520 
9.084 
1.429 
0.069 

0.368 
7.042 

27.690 
30.080 
17.430 
7.115 
4.899 
4.440 
0.837 
0.101 

0.468 
4.062 

41.880 
42.220 

6.417 
2.131 
1.645 
0.940 
0.232 

0.010 
4.156 

19.330 
19.390 
17.720 

5.824 
25.580 
7.988 

0.440 
0.396 
0.106 

-
-

0.387 
1.945 
3.547 
2.200 

15.390 
16.790 
43.400 
15.400 

0.168 
1.344 
4.370 
7.395 
6.723 
3.193 
5.714 

13.280 
42.020 
14.620 

1.176 

20.25 

Catch 
c.f. 

7.53 
(0.670) 

0.789 1,653 
(0.650) 0.662 

1,359 
0.582 

342 
0.626 

145 
0.647 

0.00 
(0.645) 

0.00 
(0.656) 

0.00 
(0.667) 

0.00 
(0.666) 

0.00 
(0.663) 

13.8 
(0.777) 

bMonths without samples (sin muestreo; catches refer to Caliao only; the fishery was closed further north (yeda).onthswith closure of fishery (reda).
c% catch-composltlon data obtained from EUREKA surveys.
dCndition factors in brackets estimated from the linear relationship between temperature and condition factor in Palomares et aL (this voL).
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Table 21. Monthly catcl aM percent catch composition of Peruvian anchoveta (E. ringent, northencentral stock, 4-14'S) baud on data collected by
IMARPE staft in 1973. 

Midlength 
Jana , b  (TL, cm) Febb Mar Apt Mayb Junaeb Ju Auga , - sep t I Octb Nova,b eb 

4.25 54250 0.035 
5.25 43.780! 0.467 1.133 
6.25 0.001 1.758 . 0.939 1.626 
7.25 2.652 0.017, 0.028 0.011 0.962 3.301 
0.25 24.770 0.470 0.119 0.021 5.965 0.095 3.854 
9.25 36.280 3.515 0.154 0.012 70.860 0.318 2.138 

10.25 27.860 7.735 1.063 0.003 14.220 2.229 0.381 1.136 
11.25 7.956 14.760 3.197 - 3,022 20.240 2.796 0.424
12.25 - 23.350 10.020 0.003 0.472 37.420 16.310 0.045
13.25 -. ' 29.890 27.100 0.009 150 34.570 36.280 0.136 
14.25 - . 13A30 43.030 0.116 1.224 4.349 36.060 2.928
15.25 - 4.902 12.540 0.065 0.502 0.532 7.254 36.560 
16.25 0069 1.794 2.182 0,199 0.015 0.873 43.130 
17.25 0.138 , 0.134 0.546 0.017 0.232 0.038 3.503 
18.25 0.276. 0.003 0.021 0.055 
19.25 
20.25 

Catch 0.00 0.00 1.193 357 0.00 0.00 0.00 3.33 20.2 12.6 36.2 0.00
c.f.c (0.624) (0.626) 0.751 0 .722d (0.682) (0.690) (0.696) (0.701) (0.699) (0.694) (0.685) (0.692) 

aPercent catch.composition data obtained from EUREKA surveys (January, September and November), "Prospecclon Poaquera: (June and July) and 
"Expionrcon y Prospeccion Pesquera" (August).

bMonths with closure of fishery (veda); catches mainly from surveys (August, September and October).
dCondition factors in brackets estimated from the linear relationehip between temperature and condition factor In Palomares et al. (this voL).
d".Reel" value was 0.927, which is far too high to be correct and was therefore replaced with an Interpolated value representing the mean of itelf,the 

preceeding and following values, and the values for April 1972 and April 1974. 

Table 22. Monthly catch and percent catch composition of Peruvian anchoveta (. rbigem, northern/central stock, 4-14*S) based on data collected by
IMARPE staff in 1974. 
Mldlength 

(TI. cm) Janb Feba, b Mar ' Apr May - Jun Ji. b S NOv" sepa Oct' Db 

4.25 26.810 
5.25 0.043 37.640 
6.25 0.823 19.620 
7.25 .. 0.027 0.028 5.438 8.442 
8.25 0304 0.421 0.154 4.029 3.092 0.066
9.25 0.918 2.607 0.858 1.906 3.508 0.144 

10.25 . 3.177 8.929 2.696 0.433 0.892 0.126 
11.25 5.088 7.082 12.410 4.663 0.178 0.011 0.036
12.25 27.680 14.910 9.663 5.156 0.022 0.006 0.006 
13.25 20.260 20.940 11.950 13.140 0.780 0.536 0.042 
14.25 9.053 12.040 14.750 19.450 0.802 9.811 3.225 
15.25 1.651 7.677 8.721 13.430 6.282 25.400 35.470 
16.25 12.520 12.390 8.071 10,480 8.860 23.930 37.350 
17.25 20.650 18.170 18.640 23.840 36,610 20.400 13.230 
18.25 3.092 2.341 3.792 6.091 32.320 18.750 9.123 
19.25 0.009 0.010 0.077 1.473 1.141 1.165 
20.25 0.012 

Catch 0.00 0.104 497 869 481 0.00 0.00 0.00 33.5 623 534 0.00 
c.f.c (0.686) (0.674) 0.718 (0.667) (0.670) (0.665) (0.680) (0.688) (0.695) 0.740 0.748 (0.693) 

Percent catch.compositijn data obtained during EUREKA (August end September) and CATEO (February) surveys.

bMonths with closure qf fishery (veda); catches mainly from surveys (February and September).

condtion factors in brackets estimated from the linear relationship between temperature and condition factor in Palomaresetal (this voL.).
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Table 23. Monthly catch and percent catch composition of Peruvian anchoveta (E.ringens, ndrthern/6entral stock, 4-14'S) based on data collected by
IMARPE staff in 1975. 

Mldlength
(1t, cm) Jan Feb Mar - Apr May Juna jula Aug " o ob Nova De0 

4.25 
5.25 
6.25 0.036 
7.25 0.026 0.127 0.022 0.005 5.5568.25 0.642 0.555 0.069 0.036 0.024 5.56
9.25 3.604 1.074 0.259 0.209 0.267 

10.25 11.320 6.438 0.735 0.554 1.300 
11.25 19.360 27.110 7.358 2.300 1.820 
12.25 23.190 31.950 21.580 13.140 4.556
13.25 8.976 19.820 28.930 30.470 20.640 0.483
14.25 1.704 6.999 21.840 32.090 37.980 5.79715.25 9.081 2.214 7.539 11.200 20.890 28.980 5.55616.25 13.020 2.232 7.008 5.912 6.599 46.380 50.00017.25 6.827 1.170 3.715 3.236 4.348 15.460 33.33218.25 2.202 0.272 0.922 0.824 1.499 2.415
19.25 0.039 0.028 0.030 0.068 0.483 
20.25 

Cat~h 174 305 823 799 536 12.0 0.00 0.00 0.00 7.62 0.00 9.47c.f. 0.742 0.740 0.696 0.705 0.697 (0.687) (0.689) (0.695) (0.696) 0.735 (0,700) (0.692)" 

aMonths with closure of fishery (Peafa; catches mainly from surveys (June).bCatch and %frequencies refer to northern region only (veda In central region). 
c%frequencies refer to northern region only.dCondition factors in brackets estimated from the linear relationship between temperature and condition factor in Palomares et al. (this voL). 

Table 24. Monthly catch and percent catch composition of Peruvian anchoveta (. /ne ',northern/central stock, 4-14,S) based on data ijected by
IMARPE staff in 1976. -


Mkilength
(TL, cm) Jan Feb Mar Apt ,May Jun Jul Augnpb Sopb Oct Nov,' Dec 

4.25 
5.25 
6.25 

0.0177.25 0.025 0.027 0.004 0.002 0.025 0.2278.25 0.311 0.116 1.385 1.343 0.269 0.822 0.431 0.001 	 0.7969.25 2.612 2.214 15.080 17.450 7.676 14.470 7.705 1.886 0.537 0.41410.25 9.523 15.030 29.680 34.210 22.980 31.900 29.350 8.050 6.759 2.69711.25 23.590 18.450 24.130 25.530 24.620 22.370 30.200 26.670 13.040 0.541 8.41712.25 25.640 10.170 17.150 12.550 17.110 10.340 14.270 34.600 16.360 8.033 9.544
13.25 11.820 3.534 6.995 4.556 11.330 8.599 17.9108.684 	 23.820 15.850 15.39014.25 2.252 0.971 1.371 1.030 7.062 6.292 5.229 6.256 22.980 32.370 22.53015.25 1.032 1.942 0.297 0.292 2.121 1.925 1.915 1.196 12.540 33.530 28.08016.25 6.127 16.500 0.499 0.401 1.436 0.751 0.616 0.006 2.207 7.481 9.72617.25 13.180 25.160 2.085 1.589 3.509 1.684 1.102 0.562 1.093 1.706 1.65218.25 3.695 5.825 1.210 0.979 1.770 0.790 0.462 2.856 0.616 0.470 0.47519.25 0.187 0.078 0.091 0.061 0.116 0.056 0.012 0.007 0.040 0.011 0.033 
20.25 	 0.086 0.001 

Catch 263 50.9 348 573 318 515 144 0.00 0.00 77.9 390 353c.f. 	 0.656 0.622 (0.643) 0.548 0.57t'6 0.542 0.48 (0.665) '.680) 0.-38 0.688 0.677 
'Percent catch-composition data obtained from EUREKA surveys. 
bMonths with closure of fishery (veda). 
¢ondltion factors in brackets estimated from the linear relationship between temperature and condition factor in P,lomareset al. (this voL).T 
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Table 25. Monthly catch and percent catch composition of Petuvian anchoveta (E. ringen, northern/central stock, 4-14*S) based on data collected by
IMARPE stgaff in 1977. 

Midlength
(TL, cm) Jan Febb Mart b Apr May Junb Julb Auub /epb octb Nov, b: Decb 

4.25 6.134 
5.25 
6.25 
7.25 
8.25 
9.25 

10.25 
11.25 
12.25 
13.25 
14.25 
15.25 
16.25 
17.25 
18.25 
19.25 

0.013 
1.564 
8.791 

13.050 
14.510 
15.340 
7.424 
8.643 

11.600 
13.110 
4.895 
0.897 
0.154 

0.011 
0.127 
0.325 
0.005 
0.032 
1.488 

22.880 
49.860 
20.120 

3.848 
1.053 
0.140 
0.000 
0.012 
0.103 

0.007 
0.042 
0.430 
2.206 
6.487 

15.060 
24.570 
31.620 
15.530 
3.673 
0.301 
0.059 
0.014 

0.012 
0.021 
0.280 
1.936 
5.132 

11.570 
19.190 
40.170 
17.420 

3.608 
0.593 
0.060 
0.012 

22.590 
56.980 
19.340 

1.093 

44.800 
23.110 
16.680 
5.925 
1.753 
0.560 
0.136 
0.001 
0.001 
0.117 
0.222 
0.276 
0,257 
0.015 

20.25 

Catch 
c.c 

184 
0.531 

0.00 
(0.651) 

0.80 
(0.650) 

265 
0.650 

130 
0.668 

0.00 
(0.674) 

0.00 
(0.680) 

0.00 
(0.686) 

0.00 
(0.690) 

0.00 
(0.690) 

0.00 
(0.684) 

0.00 
(0.678) 

'Percent catch-composition data obtained from EUREKA (October), CRUCERO 7703 (March) and CRUCERO SNP-I-ICANE (November).
bMonths with closure of fishery (veda); catch for March mainly from surveys.

Ccondltion factors in brackets estimated from the linear relationship between temperature and condition factor in Palomares et al. (this voL).
 

Table 26. Monthly catch and percent catch composition of PeaviLnanchoveta (E.sten, northern/central stock, 4-14*S) based on data collected by

IMARPE staff in 1978.
 

Midlength

(TL, cm) Jana Feb Mar" Apr, May Jun Jul Auga sep . octb Nov Dec,
 

4.25 
5.25 
6.25 0.002 
7.25 - u.uu4 
8.25 0.058 0.008 0.144 
9.25 0.529 1.039 1.475 0.010 

10.25 8.119 10.330 5.303 1.110 0.33U 2.621
11.25 32.820 27.050 18.740 7.845 17.810 27.08012.25 41.540 34A40 33.390 31.380 44.180 36.000 5.767 0.06913.25 15.440 20.550 26.350 44.180 28.010 16.280 23.100 4.972 2.86914.25 0.383 5.654 10.790 13.560 8,021 14.520 49.430 29.590 33.07015.25 0.134 0.509 1.6932.380 1.322 2.474 19.130 42.240 45.79016.25 0.523 1.048 0.3330.274 0.206 0.906 2.576 20.040 15.96017.25 0.454 0.143 0.0110.313 0.122 2.926 2.13218.25 0.000 0.008 0.002 0.150 0.185 
19.25 
20.25 

Catch 0.00 49.7 0.00 81.0 84.4 91.4 45.7 0.00 052 0.26 20.2 207C. (0.676) 0.521 (0.657) 0.588 0.574 0.503 0.569 (0.697) 0.633 0.630 0.643 0.656 
gtonths with closure of fisherl, (vak). 

Catch and % frequengles refer only to central region; fishery was closed further north (tea).
cCondition factors in brackets etimated from the linear relationship between temperature and condition' factor In Palomares et aL (this voL). 
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Table 27. Monthly catch and percent catch composition of Peruvian anchoveta (E. ftens, northern/central stock. 4-14"S) baed on data collected by
IMARPE staff In 1979. 

Midlength
(TL, cm) janb Febb Mar Apr Mayb Junb julb A8gb Seps, b 0ct Nov Dec b 

4.255.25• : ,. , . 
6.25 
7.25 
8.25 

0.006 
0.067 
1.537, 0.069 

0.017 
0.866 

9.25 
10.25 
11.25 
12.25 
13.25 
14.25 
15.25 
16.25 
17.25 
18.25 
19.25 

2.128 
3.878 
S.430 
5.394 

10.150 
29.500 
30.180 
10.000 
1.635 
0.094 

2.252 
9.997 

16.870 
16.360 
11.250 
17.700 
17.120 
6.688 
1.614 
0.083 

4.62 
21.850 
26.300 
14.590 
26.920 

4.104 
1.614 
0.000 

0.356 
6.088 

20.720 
11.460 
15.850 
26.190 
15.590 
2.557 
0.237 

0.580 
1.534 
8.375 

38.560 
44.910 

S.489 
0.544 

20.25 

Catch 
c.f.C 

0.00 
(0.671) 

0.00 
(0.671) 

258 
0.620 

603 
0.583 

0.00 
(0.673) 

0.00 
(0.683) 

0.00 
(0.682) 

0.00 
(0.682) 

0.00 
(0.686) 

66.1 
0.581 

26.8 
0.595 

, 0.00 
0.673 

aPeent c€tch-composition data obtained from EUREKA surveys for northern region only (vela in central region).
bMonths with closure of fishery ted). 

CCondition factors in brackets estimated from the linear relationship between temperature and condition factor in Palomarus et al. (this voL). 

Table 28. Monthly catch and percent catch composition of Peruvian'anchoveta (E. ringen, noithern/central stock, 4-140S)ibase on data collected by
IMARPE staff in 1980. 

Midlengtha bNo,
(TL, cm) Jana Feb5 Mar5 Apr," May Jun Jula, AUa Sepa Octa ov De 

4.25
5.25 
6.25 0.0077.25 

0.2198.25 
1.5479.25 
2.66410.25 0.173 2.73711.25 1.247 4.596 0.438 2.51112.25 3.582 22.530 12.084 2.10213.25 15.870 28.580 26.370 3.41014.25 25.300 17.330 24.320 11.59015.25 19.970 14.500 18.520 31.07016.25 28.490 11.320 17.010 30.61017.25 5.544 0.950 1.035 10.51018.25 0.020 0.224 1.01019.25 
0.007 

20.25 

Catch 0.00 0.00 0.00 0.33€ 123 26.6 0.00 0.00 0.00 0.00 0.00 45.0€. (0.670) (0.668) (0.662) 0.463 0.610 0.561 (0.681) (0.688): (0.690) (0.690) (0.687) 0.766 
5 Months with closure of fishery (,eda).bCatch and %frequency refer to central region only; fishery was closed further north (edo).

CCondltion factors In 6rackets estimated from the linear relationship between temperature and condition factor in Palomares at al. (this voL).
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Table 29. Monthly catch and percent catch composition of Peruvian anchoveta (6. rineni.northern/central stock, 4-14*S) based on data collected by
IMARPE staff In 1981. 

Midlength
(TL, cm) lana Feb a Mara Aug3Apr May Jun Jula Sepa Oct3 DNovc 

4.25 
5.25 
6.25 
7.25 0.006
8.25 

0.0249.25 0.326 0.023 0.02210.25 0.268 0.025 0.017,11.25 0.400 0.068 0.034 0.00612.25 10.400 4.034 1.683 0.00413.25 35.530 20.240 17.440 0.01114.25 24.510 25.090 27.280 1.036 0.23115.25 9.191 12.990 17.230 19.690 6.98016.25 11.300 22.900 22.580 51.800 51.33017.25 7.551 14.020 13.240 25.550 38.15018.25 0.528 0.612 0.522 1.917 3.17319.25 0.001 0.048 
20.25 

Cath 0.00 0.00 0.00 27.6 53.2 51.2 0.00 0.00 0.00 24.8 9.15 118c.f. (0.682) (0.668) (0.671) 0.649 0.656 0.613 (0.688) (0.688) (0.694) (0.686) (0.687) 0.763 

'Months with closure of fishery (veda); catch In October mainly from surveys.bCndition factors in brackets estimated from the linear relationship between temperature and condition factor in Palomares et al. (this voL). 

Table 30. Monthly catch and percent catch composition of Peruvian anchoveta W v. nnorthern/cen6 stock,414S) based on data collected by
IMARPE staff In1982. 

M~dtength
(TL. cm) Jana Feb Mar . Apr- Ma Jun Jul Aug3 sepb Oct Nov b 

4.2 
5.25 
6.25 
7.25 (0468
8.25 3.4909.25 '4.33510.25 0.58211.25 0.195" 0.118

12.25 0.069 0.070 0.046 0.735 0.534
13.25 0.023 0.758 0.039 0.791 5.164 0.952 . 0.075 14.25 0.401 3.166 0.772 3.473 7.313 4.931 2.146 1.22315.25 5.922 4.422 4.651 9.208 9.181 38.380 3.604 5.29816.25 35.690 29.900 21.790 18.160 16.260 42.260 11.570 19.72017.25 50.510 52.940 59.090 62.730 46.910 11.000 51.130 43.240
18.25 7.354 8.656 13.520 5.462 14.140 1.897 29.990 20.990
19.25 0.102 0.091 0.136 0.136 0.300 0.054 1.483 036 
20.25 

Catch 0.00 48.8 146 185 208 196 279 000 2.62 16.4 54.0 72.0c.f. (0.680) 0.675 0.738 0.720 0.810 0.673 0.846 (0.680) (0.681) (0.663) (0.637) (0.619) 
aMonths with closure of fishery (aeda). 
bMonths without samples (sin mtuestreo); catches mainly from surveys. 
c frequencies refer to northern region only (sin muestreo for central region).

Condition factors in brackets estimated from the linear relationship between temperature and condition factor In Palomares et al. (this voL).
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Abstract 

The causes of underreporting in the Peruvian fishery for anchoveta (Engraulis ringens) are discussed. Estimates of this undereportingwere obtained for each step in the catch-landing-processing chain from standardized interviews of 40 informants with professional experience inthat fishery ranging from deckhand to fleet manager, and from worker in processing plant to plant manager. The interviews led to an aggregatefigure of over 20% of th caught in excess ofofficial catch statistics, much more than previously assessed. This figure is confirmed by ananalysis of production figures from processing plants which contrasts reported, low reduction coefficients (i.e., fish meal/fish processed) with 
their actual, high values. 

Introduction 

The Peruvian coast is characterized by a high primary production and by high fishery
catches and indeed, during the 1960s and early 1970s, the Peruvian upwelling system supported
the largest fishery in the world. At the peak of the fishery landings, anchoveta (Engraulis
ringens)contributed one-sixth of all fish caught in the world and in 1970 Peru became, as far as
bulk catches are concerned, the leading fishing nation in the world.

Before, durng and after these peak landings, numerous irregularities occurred which 
contributed to the catches and landings being underestimated (Fig. 1).

IMARPE (1970) reported on this as follows:
 
"There are [...]
several ways in which those reported statistics may be misleading.
The reported landings are less than the true catches for several reasons, e.g.: 
a) losses at sea, including dumping of excess catch 
b) losses at unloading 
c) underreporting of actual quantities landed (especially during the peladila season when 

meal yield is low). 
Information presented suggested that occasionally these losses could be large, perhaps 40% 

of the reported landings. There are no data on how this proportion has changed during the history
of the fishery, although [there are indications] that it has probably been rather constant, at least in 

*PROCOPA Contribution No. 36. 109 
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Fig. 1. Schematic representation of major causes of anchoveta catch underreporting in the PeruVian reduction fishery, With emphasis 

on the peca negra (arrows not to scale; see text for quantitative information)., 

recent years. Type (a) losses may likely have decreased, but types (b) and (c) most probably have 
increased as more peladilla are now being taken. 

If the ratio of actual to reported catch has remained constant the analysis of sustainable yield, 
etc., will be little affected, except that all figures of catch, etc. are underestimated by a constant 
factor. The estimates of maximum sustained yield and permissible quota, etc., will then be correct 
guides for management provided that the future catches are also underestimated by the same 
amount. However, it is most desirable that records could be made of the true removals from the 
stocks by the fishery."

Vasquez and Lam (1977) attempted to estimate the percentage of anchoveta caught that was 
not reported in official catch statistics and obtained a value of 12%. They also mentioned that"some people" believed a figure of 20-30% to be more realistic. 

The objective of this work is to provide a reassessment of these figures, and thus to 
contribute to the estimation of actual catches of anchoveta, for the period 1953-1982. 
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Brief Historical Review of
 
Anchoveta Fishery Management
 

Although the anchoveta fishery began in the early 1950s, the anchoveta "boom" began in themid-1960s. In 1968, the number of boats reached a total of 1,500, with an estimated fishingcapacity of 26 million tonnes per annum (see Aguero, this vol.). These metal boats were moreeffective than their smaller wooden predecessor because of the use of new, superior purse seines,hydraulic and/or mechanized winches, power blocks, etc.The rapid growth of the fishery led, in the 1960s to the first management interventions bythe Ministry of Agriculture and Fisheries (later Ministry of Fisheries), based onrecommendations from IMARPE. Chronologically, these interventions may be summarized as 
follows: 

- 1950s: totally uncontrolled fishery, start of research,
- 1960s: intensification of research, first recommendations by IMARPE regarding the need 

to control effort, 
- 1965: prohibition to land catches if 50% or more of the catch consists of fish of 12 cm orless. Also, boats are prohibited to utilize more than 70% of their hull capacity. Introduction of afishing week of 5 days (Monday to Friday), with the intention of reducing catches by 8%,- 1966: introduction of closed seasons (see Tsukayama and Palomares, this vol.),
- 1971: imposition of production guidelines for processing plants,- 1973: creation of the state-owned firm PESCAPERU through nationalization of assets

previously held privately.
The creation of PESCAPERU followed the collapse of the fishery in 1972 (Tsukayama 1982and see other contributions in this vol.) and a major decline of the world market for fish meal(see Aguero, this vol.). Also, large quantities of sardines (Sardinopssagax), mackerels (Scomberjaponicus)and horse mackerels (Trachurusmurphyi) appeared off Peru, partly replacing the

anchoveta.
At this time, a piece of legislation was passed which separated the fishing industry into twosubsectors: the industrial fishery, based exclusively on the anchoveta, which was to continueproducing fish meal, and the fishery for human consumption, based on sardine, mackerel andhorse mackerel. The latter fishery, which was to produce fish for the canning industry, was to beconducted with assets (boats, nets, etc) originally used for catching anchoveta.
What happened, however, is that the reduction plants processed large quantidies of sardinesinto fish meal. Some reduction plants, on the other hand labelled themselves "canning plants",and continued to process anchoveta into fish meal. 

Material and Methods 

The structured interviews which form the basis of the present contribution were conductedbetween March and April 1985. The persons interviewed were former crew members and captainof the purse seiners fleet, administrative personnel and employees of reduction plants (see Table1). Overall, 40 persons were interviewed, all in the area between Puerto Chicama (70S) andCallao (120S). All interviewees had a good educational level and a long experience in theanchoveta fishery. The interviewees were assured they would remain anonymous. The firstauthor, who conducted the interviews, has himself a long professional experience in the fishery,and hence felt he could elicit truthful answers even to "difficult" questions.
The questions asked pertained to the following items: 
1)Week-end fishing and respect of seasonal bans,
2) Excess fishing with regard to (actual and/or legal) boat capacity,
3) Weight loss of anchoveta as blood (sanguaza),4) Anchoveta weighed without control in the containers of the factory; use of clandestine

pipelines and/or illegal weights and measures,
5) Deals between boat owners and plant managers,
6) Irregular sales of anchoveta.
The mean figures obtained from the interviews were used to correct nominal catches. These 
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Table 1. Basic information on age and career development of40 informants on the Peruvian anchoveta fishery, 1953 to 1982 

INFORMANT A B C D B F G H I J K L M 

1 0 O P 52 33 27 
2 0 0 o P 51 38 25 
3 0 0 P 50 32 20 
4 0 0 P 44 27 24 
5 
6. 

0
0,0 P 

P 55
48 

32
36, 

8
25 

7 0 P 46 35 25 
8 0 . P 47 24 22 

'9 P 0 40 21 21 
10 P 50 19. 10 
1 0 0 0 P 51 34 14: 

12, 
13 
14 

0 
0 

P 
0 
0 

0 
0 
p 

P, 47. 
49 
34 

28 
25 
22 

25: 
:6" 

6 
15 0 0 P 44 27 20 
16 0 0 P 43 -'25 12: 
7 0 0 64 26 20 

18 p 50 21 9 
.19, P 0 0 41': 23 15 
20 0 0 0O ;' P, .43 25 14 
21. P 0 .61, 38 20 
22 0 0 P 40 25 15
23 

:24 
0 
0 

0 
O P 

0 51 
53 

34' 
29 

.20 
15 

25 
26 
27 

p 
O 
p 

0 
R 
0 

0 .51 
":69 

55 

.34 
40 
29 

27 
25 
23 

28 p 42 25 16 
29 
30 

0 
0 

p 
0 0 

P 
P 

48 
44 

24 
31 

17 
25 

31 0 0 P 49 24 18 
32 
33 

0 
p 

0 R 42 
50 

22 
25 

15 
23 

34 p 45 20 18 
35 0 P. 57 30 20 
36 P 44 25 19 
37 0 P 53 30 22 
38 P P 0. 0 , 48 22 15 
39 0 0 'P 51 24 16 
40 P 48 24 17 

Legend: 

0 -former occupation (cargos desempenados) 
P present occupation (ocupaciom actual)
R -Occupation just prior to retirement Liuviado) 

Column 

A -crew member on purse seiner (delegado y/o tripulante) 
B - assistant of captain (segundo patron) 
C - captain of purse seiner (patron) 
D - mechanic in purse seiner (motorista) 
E -assistant of fleet manager, or fleet manager (asistente ylojefe deflota)I 
F owner of purse seiner (fleet) (armador)
G - middleman (comercializador) 
H - worker in processing plant (obrero de planta) 
I clerk in processing plant (empleado de planta) 
J- processing plant manager (jefe de planta) 
K  age of informant (edad del encuestado) 
L years in the fishing sector (tiempo de actividad en alsotorpsqeiro) 
M -years in the anchoveta fishery (tiempo de actiNidad en lapesca d anwtta) 
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corrected catches were used to re-estimate reduction coefficients (landed catch/fish meal 
produced) and conversion efficiency (fish meal produced/total catch) for the anchoveta fishery as 
a whole. 

Results 

Table 1 summarizes basic information on the 40 interviewees. As might be seen, their ages
ranged between 34 to 69 years, with a professional experience in he fishery sector of 19 to 40 
years, of which 6 to 27 years were in the anchoveta fishery. A high percentage of the informants 
were crewmen, assistant of captains, or captain of purse seiners. The following summarizes the 
available information, by item as in the text above and in Table 2. 

1)Twenty-three (58%) informants stated that they had respected the ban on weekend fishing
enforced since 1965. All informants appeared to have more or less respected seasonal fishing
bans (vedas), whether long or short (this item is not included in Table 2).

2) Estimates of discard of fish at sea that had been caught in excess of hold capacity ranged
from 5 to 15% with an average of 9.13%. Several boats sank because they were overloaded. 

3) The estimates of loss of fish as liquid (blood, liquified muscle protein, etc) during 
transport fromrnshing to processing plant ranged from 4 to 10% with a mean of 4.91%. 

4) Underestimadon through misreporting after weighing in processing plants, the use of 
fraudulent wei )Ns and measures and related irregularities were assessed as ranging from 5 to 
20%, with a inemtiw of 16.13%. We believe that our respondents overestimated this effect, which 
Vasque7 and Lain (1977), on the other hand, considered to result in an underreporting of 5%. In 
this contribution, an intermediate value of 10% will be assumed for this step in the processing 
chain. 

5) Deals between boat owner and plant manager refer especially to the illegal landing of 
peladilla(i.e., fish under 12 cm) and/or catches in excess of 70% boat capacity (see above). Such 
deals also refer, however, to discounting of landed weight of fish because of their bad quality.
The estimates of the effect of such deals on catch estimation ranged between 1 and 10% with a 
mear -f 4.38%. 

<.) ir,'egular sale of anchoveta refer according to Vasquez and Lam (1977) to sales made by
the crew of a boat, without the boat owner being aware of the transaction. We consider here,
however, the far more important aspect of irregular sale, called pescanegra, i.e., the reporting of 
anchoveta catches under another species name (i.e., as sardincs, mackcrel or horse mackerel).
Irregular sale as defined here is reported to have involved 2-10% of the catch, with a mean of 
4.11% before and 6.23% since 1975. A mean of 5% is used for the period 1951 to 1982. 

The percentages presented above were then used to estimate actual from nominal catches, as 
shown on Table 3 (columns A and D). 

Discussion 

The first question to be discussed here relates obviously to the trustworthiness of our 
informants and to the precision of their estimates. All we can suggest here is that these 
ijiformants as a group appears to be broadly representative of the fishery, and that we have no 
reason to assume they would have lied to us. However, not being trained in interviewing
techniques, we cannot exclude the possibility of having posed some "leading" questions, or 
unwittingly nudged our respondent toward values within a range we considered reasonable. 
More important however might be the possibility of personal biases affecting our respondents'
recollections, as was probably the case with regard to item #4. 

Moreover, it is important to realize that the mear percentages presented here cannot really
be generalized for all the years, seasons or months because they varied depending on factors only 
some of which were considered here (e.g., fishing regulations, see above) while some are not 
explicitly considered (e.g., the absolute and relative abundance of sardines and anchoveta).

Throughout the period 1951 to 1982, however, all irregularities discussed and quantified
here did occur (as they presently do in the sardine fishery) although not all at the same time. 
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Table 2. Estimate by our informants of "losses" in the Peruvian ancdoveza reduction fishery, by soue of "loss". The corresponding 

estimates presented by Vasquez and Lam (1977) are given for conparison. 

INFORMANT 
# 

(1) (2) (3) (4) (5) 
BEFORE 

(6) 
SINCE 

1975 1975 

1 
2 
3 
4 
5 
6 
71 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

no 
yes 
yes 
yes 
no 
no 
no 
yes 
yes 
yes 
no 
yes 
no 
yes 
yes 
no 
no 
yes 
no 
no 
yes 
yes 
no 
yes 
no 
yes 
yes 
no 
yes 
yes 
ye 
yes 
no 
no 
no 
yes 
yes 
ye 
yes 
yes 

10 
10 
5 
5 
5' 

10 
10 
10 
10 
10-15 
10 
5 

15 
10 
10 
5-10 

10-15 
5 

10 
15 
10-15 
10 
10 
10-15 
10 
5 
5 
7 
5 
5-10 

10 
10 
10-15 
10 
5 

4 
4 
4 
4 
6 
5-6 
5-6 
7 
5 
3 
5 
5 
4 
5 
4 
5 
4 
4 
3 
4 
3 
8 
6 
5 
4 
4 
8 
4 
4 
5-10 
5 
5 
5-6 
6 
6 

15-20 
20 
15-20 
20 
20 
15 
10-15 
15-20 
15-20 
10-15 
20 
15-20 
20 
15-20 
15 
15-20 
15-20 
15-20 
15 
15-20 
20 
10-15 
20 
10-15 
10 
20-25 
20 
10-15 
10-15 
0 

10-15 
20 
5-6 

10 
10-15 
15 
15 
15-20 
15 
10-15 

5 
5 
5-10 

5 
5 
5 
3 
4 
5-10 
4 
5-10 
2 
5 
5 
3 
5 

3 
5 
5 
3 
1-2 
3 
3 
S 
5 
5 
3 
5. 
5 

3 
3 
5 
4: 
3 
6 
2-3 
5-6 

5. 

.5-10 
6' 

3 
3 

2 

2 

5 
5 
2-5 

2-3 
2 

3 

8 

5-10 
2 

.3 

5.10 
5-10 

10 
15 

3 

3 

5 

5 

Mean 
95% confidence 

interval 
Estimates of 

Vasquez and Lam (1977) 

9.13 
8.1-

10.1 
5 

4.91 
4.5-
5.5 
4-5 

16.13 
15.0-
17.2 
5 

4.38 
3.9-
4.9 
0.5 

4.1 
3.5-
4.7 
0.5 

6.23 
3.9
8.5 
0.5 

1) Answers to question "did you respect the regulation stating that you should not fish on Saturdays and Fridays? (since 1965).
2) %catch in excess of storage room capacity (released dead or dying after capture by purse seine).

3) %loss of catch due to losses of"blood" (incl. liquefaction of entire fish) during storage and transport.
4) % "losses" due to misreporting after weighting inprocessing plants to illegal pipelines tapping the plant fish transport

system and to use of frandulent weights and measures. 
5) %"losses" due to illegal deals between plant managers and fleet owners. 
6) % "losses" duc to illegal and unregistered sales of fish (in partto clandestine processing plants). 

Thus, excessive fishing - in relation to storage capacity - occurred in the 1950s because theboats did not have echo sounders, hence the likely catch from a given purse seine set could not
be estimated ahead of time.

On the other hand, the abundance of anchoveta and the fact that the boats could land theircatch without having to wait at the harbor allowed fishing to proceed systematically, withoutundue haste. We believe therefore that in the early 1950s, excessive fishing (item #2 in our list)may have been less prevalent than in the period from 1961 to 1973, because when the number ofvessels increased, port waiting time also increased, leading to a reduced willingness to spend 
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Table 3. Basic statistics on the Peruvian reduction fishery for anchoveta 1953-1982. Based on nominal landings and fish meal production figures in
Tilic (1963a) in MIPE (1977-1979) and unpublished data held at IMARPE. Corrected fish landings and estimated catch were computed using the 
raising factors givcn in the text Also see text for discussion of reduction coefficients (columns F and G) and of gross conversion efficiency
(column H). Column A to E are tx 103/year. 

Year Estimated 
catch 

Corrected 
landings 
(= landings 

Corrected 
fish 

landings 

Nominal 
landing 

Fish meal 
production 

Reduction 
(D/E) 

Coefficients 
(C/H) 

Conversion 
efficiency 

(F/A) 
+ "blood" 

A 
losses)

B C D Ba Fa G H 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

51 
59 
80 

163 
446 

1,009 
2,659 
4,532 
6,860 
9,161 
8,794 

12,134 
9,915 

11,207 
13,450 
14,076 
12,267 
16,807 
14,076 

6,088 
2,071 
4,906 
4,215 
5,289 
1,084 
1,618 
1,858 

982 
1,670 
2,352 

46 
54 
74 

149 
408 
923 

2,433 
4,146 
6,276 
8,381 
8,045 

11,111 
9,070 

10,683 
12305 
12,877 
11222 
15,376 
12,877 
5,570 
1,895 
4,488 
3,856 
4,838 

992 
1,483 
1,703 

900 
1,531 
2,156 

44 
51 
70 

.142 
389 
880 

2,319 
3,952 
5,982 
7,988 
7,668 

10,581 
8,646 

10,183 
11,729 
12,274 
10,697 
14,656 
12,274 
5,309 
1,806 
4,278 
3,675 
4,612 

946 
1,413 
1,622 

857 
1,458 
2,054 

37 
43 
59 

119 
326 
737 

1,942 
3,310 
5.011 
6,692 
6,423 
8,863 
7,242 
8,530 
9,825 

10,282 
8,960 

12,277 
10,282 
4,447 
1,513 
3,583 
3,079 
3,863 

792 
1,187 
1,363 

720 
1,225 
1,726 

6.8, 
8.6 

11.2 
23.0 
59.2 

121.0 
326.2 
551.7 
835.2 

1,100.0 
1,158.4 
1,547.7 
1,279.4 
1,466.4 
1,804.7 
1,913.2 
1,605.0 
2246.5 
1,926.8 

885.3 
361.8 
835.6 
682.1 
836.7 
181.5 
203.0 
344.5 

(164.0) 
(279.0) 
(393.9) 

5.46 
5.02 
5.23 
5.16 
5.50 
6.09 
5.95 
5.74 
5.27 
5.70 
5.54 
5.72 
5.66 
5.82 
5.44 
5.36 
5.58 
5.46 
5.33 
5.02 
4.18 
4.28 
4.51 
4.62 
4.37 
5.85 
3.96 

(4.39) 
(4.39) 
(4.39) 

6.47 
5.93 
6.25 
6.16 
6.57 
7.27 
7.11 
7.16 
7.16 
7.26 
6.62 
6.84 
6.76 
6.94 
6.50 
6.42 
6.66 
6.52 
6.37 
6.00 
4.99 
5.12 
5.39 
5.51 
5.21 
6.96 
4.71 
5.23 
5.23 
5.21 

0.13 
0.15 
0.14 
0.14 
0.13 
0.12 
0.12 
0.12 
0.12 
0.12 
0.13 
0.13 
0.13 
0.13 
0.13 
0.14 
0.13 
0.13 
0.14 
0.15 
0.17 
0.17 
0.16 
0.16 
0.17 
0.13 
0.19 
0.17 
0.17 
0.17 

X 
95% confidence interval : 

5.17 
5.0-5.4 

6.25 
5.9-6.6 

0.143 
0.137-0.149 

avalues inbrackets based on mean value of reduction coefficient (D/E) for the years 1973 to 1977. 

time transporting to other boats fish caught in excess of hold capacity.
Similarly, when the decree to prevent the landing (and presumably the catch) of small fish 

came in force, vessels that caught such fish discarded them at sea (dead, obviously) in older to
avoid payment of a fine. Later, when enforcement became lax, fishermen bega. again to land 
small fish, which however, remained unregistered.

In the period 1974 to 1982, finally, restrictions of fishing areas, fishing time and catch 
quotas led to increased duration of fishing trips, and excess catch increased again, along with 
other irregularities in recording landings. These historical facts lead to consider the 5%reported
by Vasquez and Lam (1977) as an estimate of item (#2) as too low. On the other hand, our 
estimate of the losses of anchoveta in the form of blood and other liquids is similar to those 
obtained by Vasquez and Lam (1977) and Sanchez and Icochea (1968).

With reference to deals between vessel owners and plant managers (item #5 in our list 
above), it must be noted that Vasquez and Lam (1977) included here only illegal sales of
(illegally caught) small fish. For these, the plant managers would pay only 40-50% of the price
of legally caught anchoveta. However, there were additional deals involving the sale of fish 
caught in excess of 70% boat storage capacity. Such fish were "given" to the factory, in return 
for preferential treatment upon landing regularly caught fish. This type of deal occurred from
1965 to 1975, when the pertinent decree was being enforced. Therefore, we believe that our 
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estimate of losses in connection with item #5 (i.e., 4.38%) is more realistic - for 1965-1975 atleast - than the estimate of 0.5% in Vasquez and Lam (1977).
Our value of 5% for item #6, i.e., the irregular sale of anchoveta also appears more realisticthan the 0.5% value of Vasquez and Lam (1977), who, here also, considered only a small aspect

of the overall problem.
This brings us, finally, to the question as to how realistic the combined effect of our various

estimates are, when compared with independent, albeit indirect evidence. Such evidence is
provided by "reduction coefficients" i.e., the quantity of raw material (anchoveta, wet weight)

needed to produce one unit weight of fish meal. This coefficient was estimated on the basis of
on-the-spot analyses by Tilic (1963a, 1963b) in 1960-1961 for factories from Chimbote to

Callao, and by Arnesen and Sanchez (1963) for 23 different factories along the Peru coast, as
5.1-6.5 and 5.85, respectively. Data pertaining to the fishery as a whole, for 1968-1977 lead to anoverall mean reduction factor of 6.0 (MIPE 1979), a relatively high value which we consider
realistic, and which is close to the values cited above. 

On the other hand, if we compute the reduction factor using columns D and E of Table 3, weobtain rather low values, ranging between 4.18 and 5.82, with a marked decrease in the 1970s,
notwithstanding the increased use of low yielding small fish in that period.


If, however, we assume, as indeed empirical investigations demonstrate, that the industry
never operated with reduction coefficients below 5, and that a value of 6 is nearer to the mark,

then we obtain corrected fish landings markedly higher than nominal catch: by 8.7% in the
 1950s, 7.5% in the 1960s and 22% in the 1970s. Thus using realistic reduction factors, and
reported fish meal production (which, incidentally, may also be underestimated) leads to catch
corrections roughly similar to those derived previously, especially as'far as the 1970s are
concerned, i.e., the important period during which peak landings were achieved, and the fishery
subsequently collapsed. 
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Abstract 

Growth parameters wete estimated, using the ELEFAN I method of D. Pauly and N. David, from length-frequency data covering the years
,1953 to 1982 and pertaining to the northern/central stock (4 to 140S) of the Peruvian anchoveta (Enraulisringena) and, for larvae and young
juveniles, from daily otolith rings. Growth was foind to oscillate seasonally with an annual minimum in August whcm temperatures am usually
loWeSL The dynamics of "condition " and fat content are discussed with emphasis to their relation to water temperature. A marked increase in the 
30-year period covered of anchoveta maximum length and growth performance isdocumented along with a simulation model used to identify 
some density-dependent factors capable of explaining the changes in growth that have occurred. 

Introduction 

Growth studies of the anchoveta (EngraulisringensJenyns) inclusive of growth parameter 
estimates such as needed for population modelling have been few, especially in view ofthie fat 
that this species once supported the largest fishery of the world. 

•ICLARM Contribution No. 377;PROCOPA Contribution No. 52. 
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We shall first review, in this contribution, what is known of the growth of the Peruvian
anchoveta, then proceed to present new information, based on daily rings, on the growth of
larvae and growth parameter estimates for each year during the period 1954 to 1982, based ondetailed analysis of length-frequency data. These growth parameters describe curves thatoscillate seasonally, and we shall thus discuss seasonal oscillations as a feature of the biology of
anchoveta. 

We shall also demonstrate that the overall growth performance of anchoveta increased fromthe early 1950s to the early 1980s and recent evidence of this being due to density-related effects will be presented. Also, we shall present a model developed to simulate the growth ofanchoveta and use its results to identify and quantify some of these density-related effects.
Overall, our goals shall be both to consolidate the present knowledge of the growth of thePeruvian anchoveta and to provide a basis for other investigations, notably population studiesinvolving length-based Virtual Population Analyses (see, e.g., Pauly, Palomares and Gayanilo,this vol.). For the latter we shall use the seasonally oscillating growth equation of Pauly and


Gaschiitz (1979)
 

Lt = L*. (1 - exp (-K (t-to) + CK/2nf sin 2fv (t - ts))) 1)...


where Lt is the length at age t, L.* the asymptotic length, K a growth coefficient with dimensiont-l, to the (hypothetical) age at which length would be zero if the adult and subadult growthcurve could be extrapolated back to the origin, ts the age at onset (with reference to t = 0) of agrowth oscillation of period 1year and C is a dimensionless constant expressing the amplitude ofa growth oscillation, with dl/dt reaching zero once a year when C = 1.Equation (1)reverts, whenC = 0, to the standard von Bertalanffy growth function (VBGF), i.e., 

Lt = L.*(1 - exp (-K (t - to))) ...
2)
 

(Bertalanffy 1938; Beverton and Holt 1957; Pauly 1984a). 

Growth of Larvae andEarly Juveniles 

Anchoveta growth, as reviewed here, relates only to posthatch growth (see Santander andCastillo 1973 for an account of embryonic growth). Little work has been done on the growth ofanchoveta larvae, and even less was formally published. We have thus complemented this part ofour review with some original data (see Table 1,Figs. 1 and 2) both to assess the validity of
previous results and to expand on these.
 

Table 1 summarizes some of the available information on growth and age of larvae
anchoveta; these data suggest that anchoveta reach a length of about 1.5 cm at the end of their
first month of life, and then continue growing at a rate of about 1.4 cm per month (see Fig. 2).
This inference confirms earlier results of Pastor and Malaga (1966), based on tetracycline
marking of fish of 2.58 cm mean length, which reached 3.90 and 4.30 cm after 23 and 49 days,
respectively, and also leading to a mean monthly growth rate of 1.4 cm.

"Recruits" in the contributions included in the present volume are defined as fish of total
length of 4.25 cm, corresponding to the median of the smallest length class frequently
represented in catch samples (see Tsukayama and Palomares, this vol.). Estimates of the age of

such recruits can be obtained using two independent approaches:

i) forward projection of larval growth rate, or

ii) backward projection of growth curves describing the growth of subadults and adults
The first of these approaches, using 1.4 cm/month and a length at hatching of 2 mm
(Einarsson and Mendiola 1963) yields an age of 2.89 month for 4.25 cm fish.The second approach assumes that growth is described by the VBGF (without seasonalgrowth oscillations). Using the values of L** and K in Table 2 to estimateet for fish of 1.5 to

4.25 cm from the equation 
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Table I.Age in days in anchoveta larvae of different lengths, based on different 
authors. 

Total 
length (mm)a 

Kramer and 
Zweifel ( 19 70 )b 

Mendiola and 
Gomez (19 81 )c 

Herrera 
at al. (1985) 

This 
studyd 

12.5 22 25 15.9 18.4 
13.6 24 26 13.7 20.8 
14.8 28 32 21.9 23.5 
15.6 31 35 24.2 25.20 

a Mean length of fish in study of Mendiola and Gomez (1981), with n = 8,7, 10 
and 10, respectively.b Using age-length relationship (Gompertz curve) forE.mordax and assumings ml
lar golwth for E. ringens (from Mendiola and Gomez 1981).

c Assuming that absolute age in days is equal to number of daily rings counted + 3 
(note that addition of 3 days may not have been appropriate).

d From linear regression in Fig. 2. 
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FIS. L Relationship between the total length and the otolith radius of anchoveta 
(Engrulls rtngens) larvae and early juveniles. The drawings of anchoveta larvae and 
early juveniles are adapted from Einarsson and Mendola (1963). 

t= (1/K) loge ((L. - 1.5)/(L,. - 4.25)) ...3
 

leads to .t - values ranging from 1.24 to 2.81 month, with a mean of 1.84 to which one month
must be added to account for the time needed to grow to 1.5 cm. Thus, fish of 4.25 cm would
have an age of 2.84 months, extremely close to the value obtained using the first approach, and
in fact matching quite precisely the age at recruitment estimated on the basis of the original data 
in Fig. 2. 

Growth ofSubadultandAdult Anchovies 

The studies on the growth of subadult and adult anchoveta conducted to date can be 
subdivided into two, very unequal groups:

(i) growth inferences based on the study of hard parts, i.e., scales (Barreda 1953; Simpson
and Buzeta 1967) and otoliths (see Table 2), and 
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Fig. 2. Relationship between the total length and the estimated age in days of anchoveta 
(Engraullsringen:) larvae and early juveniles. Note that "recruits", as defined in this 
volume (i.e., fish of 37.5-47.-5 mm) have an estimated age of slightly less than 3 months. 

(ii) detailed analysis of length-frequency data using either Modal Progression Analysis

(MPA, see Table 2) or the ELEFAN I program of Pauly and David (1981 and see below).


Overall, the results obtained by these two groups of methods tend to agree, although some of
the "annuli" reported earlier (e.g. Barreda 1953) now quite clearly appear to have been artefacts. 

Thus, while studies of hard parts (especially otoliths) usually provide the crucial evidence in
controversies about the growth of fish, it is apparent that the studies of hard parts of anchoveta 
have not (to date) progressed far enough to help settle controversies involving E. ringens.
Therefore, all following considerations will have to be based on the results of length-frequency
analyses and consequently on the problems occurring when performing such analyses.

Three of the sets of growth parameters in Table 2 were estimated using MPA, while one set 
was obtained using the computer-based ELEFAN I method of Pauly and David (1981). A
number of problems occur when performing MPA "by eye" (George and Banerji 1964). The 
most important are: 

(i) the linking of modes thought to belong to the same cohort is entirely subjective (Pauly et 
al. 1984),

(ii) seasonal growd oscillations can usually not be identified, let alone taken explicitly into 
account, and 

(iii) incomplete selection to the gear and incomplete recruitment cannot be accounted for 
and hence modes pertaining to small fish, being shifted toward larger sizes, tend to lead to 
underestimation of the parameter K of the VBGF. (Pauly 1986b).

The first study providing estimates of growth parameters in E. ringensappears to be that of 
Saetersdal and Valdivia (1964). Although their estimate of L, is much lower and their value of
K consequently higher than those of their successor (see Table 2), the value of the growth
performance index 

0' = logloK + 2oglOL.. ...4) 

(Pauly and Munro 1984; Moreau et al. 1986) is roughly similar to the other, later values,-with
differences being explainable through density-related changes (see below). 
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Table 2. Growth parameters of subadult and a'eult anchoveta Engrauls ringens off Peru and Chile, as reported from various authors. 

Sampling area (and period) M,'thod L,.(TL cm) K (y-1) ota Source
 
Chimbote-Callao (1961-63) 
 MPAb 15.0 1.70 2.58 Saetersdal and Valdivia (1964)Chimbote, Callao, lo (1961-64) MPA 16.0 2.04 2.72 Robles (MS)Arica, Iquique (1970-72) Otoliths 16.9 1.60 2.60 Simpson and Buzeta (1967)Arica, Iquique (1970-72) Otoliths 19.0 1.11 2.60 Simpson and Buzeta (1967)Chimbote, Callao (1962-66) Otoliths .16.8 1.08 2.48 Vildoso and Chuman (MSS),0v L16.0 1.40 2.55.J Chuman (MSS)
Peruvian Coast MPA 18.5 1.10 2,58 Tsukayama and Zuzunaga (MS)Arica, Iquique (1970-72) Otol i ths 19.0 0.73 2.42 Aguayo (1976)Northern Peru (1961-1979) ELEFAN I 20.6_ 1.26 2.70 Pauly and Tsukayama (19 83)C 

ao, = log 10 K + 2 logl 0 TLOO.
 
b =Modal Progression Analysis, see text.
 
Parameters presented here are means of 19 values in original paper, each of which pertained to 
a different year, from 1961 to

1979 (see text).
Changes inAnchoveta Growth Rates 

Three types of growth rate changes have been discussed by previous authors in relation to

the Peruvian anchoveta:
 

(i) changes of growth rates related to the influence of El Niflo,(ii) density-dependent changes in anchoveta growth, due to the decline of stock biomass in
the last decades, and
 
(iii) seasonal growth oscillations.

With regard to the first of these three items, the only information available is by Tsukayama
and Alvarez (1981), who stated (without presenting evidence) that the growth rate of anchoveta
declined in 1976, an El Nino year. However, it is doubtful, given the low overall reliability of
length-frequency analyses "by-eye" that such effect could be convincingly demonstrated. Rather,
indirect evidence should be sought, e.g., the reduction of the "condition" of the anchoveta during
El Nifio, a phenomenon pointed out previously by various authors (e.g., Valdivia 1978, Fig. 7)
and which will be elcborated upon further below.

At least three papers relate, albeit indirectly, to density-dependent changes of anchoveta


growth:

i) Jordan (1980) points out that "recent information for the Peruvian coast [...] indicated an
evident shift of Lmax up to 20.5 cm [... which] may be the result of a changing growth rate",
ii) Cushing (1981) assumeddensity-dependent growth (no evidence is given, however), andiii) Pauly and Tsukayama (1983, Table 1)presented a series of growth parameter estimates(L. and K) which lead to estimates of 0' (see equation 4) that show a weak, positive correlationwith time (r = 0.396, df = 17), a fact which they missed and which tends to contradict theirstatement that "the growth parameters describing the growth in length of the northern stock ofthe Peruvian anchoveta have been more or less constant for the period 1961 to 1979".As will be shown below, we have now found strong evidence for dansity-dependent growthin the Peruvian anchoveta, confirming Jordan's observations.
Seasonal growth oscillations have been previously discussed by Cushing (1981) whosuggested, with regard to newly recruited, small anchoveta that "the first group arises from thespawning in August, September, and October and the second from that in January; the lattergrows somewhat more slowly because its initial growth occurs outside the period of majorupwelling". Evidence for this statement - which implies that (cold!) upwelled water accelerates

growth - was not presented, however.Pauly and Tsukayama (1983), on the other hand, estimated for the period of 1961 to 1979 amean value of 0.3 for the parameter C of equation (1). This implies that growth rite diminishes " by 30% below normal during that part of the year when growth is most strongly reduced. Theyalso showed that this 30% reduction occurs in September, i.e., in (southern) winter, when meanmonthly water temperatures off Peru are lowest (Zuta and Urquizo 1972; Bakun, this vol.;
Brainard and McLain, this vol.)

With this, we conclude this brief review of anchoveta growth, since enough of a stage hasbeen set for the new results which follow. 
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Reassessing the Growth of Anchoveta 

Material 

The length-frequency data used for this analysis and pertaining to the northern/central stock 
are given in Tsukayama and Palomares (this vol.). The following important points should be 
noted: 

i) interpolations of the length-frequency data, such as used in Pauly, Palomares and 
Gayanilo (this vol.) for the Virtual Population Analyses were not used for the growth analysis,

ii) the available data were grouped in files covering the entire "life" of cohorts, from their 
entry into the fishery to their disappearance therefrom, or at least to the time when their modes 
merged with those of other cohorts. 

The second point implies that the procedure used by Pauly and Tsukayama (1983) for 
estimating growth parameters from data set covering at most the 12 months of a calendar year 
was avoided, and that the "year" used here to label a given cohort does not refer to the time when 
the data were collected, but to the time when the cohort in question had its peak biomass, 

Methods 

The ELEFAN I method, used here to perform all growth analyses, essentially consists of 
three main routines: 

i) a routine to transform the available length-frequency data such that peaks on the data are 
expressed as positive points, and troughs as negative points,

ii) a routine to "trace" growth curves through the transformed data, to score the positive and 
negative points "hit" by the curve ("Explained Sum of Peak", or ESP, analogous to explained
variance in parametric statistics) and to relate this ESP to the sum of positive peaks ("Available 
Sum of Peaks" or ASP, analogous to total variance) in the data set,

iii) a routine that changes, in small steps, seeded values of the parameters of equation (1) 
until a curve is found which maximizes the ratio ESP/ASP.

This algorithm assumes that the single, consistent growth curve which passes through most 
peaks, while avoiding troughs as far as possible, is the mean population growth curve. 

An extensive literature now exists on the ELEFAN I program, its assuription and sources of 
bias (see Pauly 1985a, 1985b, 1986a, 1986b, 1986c).

For the actual fitting, we have used the graphics-oriented version of ELEFAN I developed
by Saeger and Gayanilo (1986); this version incorporates several improvements suggested by
early users of ELEFAN programs (see Pauly 1985a). Moreover, we have estimated growth 
parameters in a cohort-specific basis (as was not done in earlier applications of the programs)
and largely compensated for the bias due to incomplete recruitment and gear selection (Pauly
1986b), as follows: 

i) preliminary estimate of growth parameters (L.o and K) were obtained using the original
length-frequency data; these parameters were then averaged over the period 1953 to 1984,

ii) a file was created from the original data set in (i) which included the month(s) from each 
year (for the period 1953 to 1982) that contained the smallest fish,

iii) using the values of Lo and K obtained in (i) and the file derived in (ii), a length
converted catch curve (Pauly 1984c) was derived; from this, the number of fish that would have 
been caught, had it not been for incomplete selection and recruitment, was estimated using the 
method described in Pauly 1984a, Table 5.6),

iv) the number of fish actually caught for each length class was divided by the number 
estimated in (iii) thus providing estimates of the probabilities of capture, and finally

v) the probabilities of capture estimated in (iv) were used to correct all available length
frequency data files, and the corrected files were then used to re-estimate growth parameters (see
Fig. 3). 
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Fig. 3. Steps used to correct ELEFAN Iestimates of growth parameters in Peruvian anchoveta, using the method of Pauly (1986b).
A) Estimation of a preliminary set of growth parameters for each cohort from 1954 to 1982 and averaging of the same; B)Derivation 
of a length-converted catch curve based on growth parameters estimated in (A) and an accumulated length-frequency file composed
of data from the two months of each year containing the smallest fish (such as to obtain a correction for gear selection covering a size 
range as wide as possible); backward projection of catch curve to estimate number of fish that would have been caught, had it not been 
for gear selection and/or incomplete recruitment; C) Estimation ofprobabilities of capture from the ratio of fish caught to virtual fish,
by length, and division of all original length-frequency data by the appropriate probabilities of capture, and D) Re-estimation of 
growth parameters (solid line). The correction leads to much improved estimates of the von Bertaanffy parameter K (see text). 

Growth Parameter Estimation ofAnchoveta Cohorts, 1954 to 1982 

Table 3 gives the growth parameter estimates obtained using the ELEFAN I program. These 
estimates are, on the average, similar to those obtained, for the northern substock, for the years
1961 to 1982 by Pauly and Tsukayama (1983).

Fig. 4 gives a graphic representation of the growth of several cohorts, and of the transformed 
length-frequency data from which the gowth curves were estimated. Faint seasonal growth
oscillations will be noted: they V'z,,,id probably not have been picked up by anyone performing
the same analysis by tracing g.'owth curves "by eye" only. The mean value of C is 0.27, which is 
very near the 0.3 value estimatk d earlier by Pauly and Tsukayama (1983); the greatest reduction 
of growth rate occurred, on the average, in mid-August, i.e., the mean winter point value is 0.62,
against 0.7 cm estimated earlier (see Table 3).

-Note, finally, that the shaded histograms corresponding to very small fish tend to be to the 
right of the estimated growth curve: this is due to the fact that the correction for gear selection
and/or incomplete recruitment did not suffice for entirely de-biasing the original length
frequency data. Still, we see that the growth curves so obtained start at the appropriate time after
the spawning seasons and follow the cohorts throughout most of their passage through the 
fishery, up to their complete disappearance therefrom. 

EvidenceforDensity-DependentGrowth, 1953 to 1982 

The available evidences for density-dependent growth in anchoveta are: 
i) the strong positive correlation between time and the maximum length in catch samples,

from 1953 to 1982 (Table 3, Fig. 5); 
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Table 3. Growth parameters of anchoveta 1954 to 1982, as estimated using ELEFAN 1; WP and C relate to seasonal oscillations (see
text). 

Year Lmaxa 

(TL; cm) 
Lo 

(TL; cm) ' 
K 

(i/yr) 
Oeb 

(logl 0 cm2/yr) 
pc 
_ 

Cc 

1953
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

16.25 
17.25 
16.25 
17.25 
17.25 
17.25 
15.25 
17.25 
18.25 
18.25 
17.25 
17.25 
18.25 
17.25 
18.25 
19.25 
18.25 
18.25 
18.25 
19.25 
18.25 
20.25 
20.25 
20.25 
19.25 
18.25 
19.25 
19.25 
19.25 
19.25 

_ 
21.50 
20.00 
18.50 
19.00 
19.80 
18.25 
22.50 
20.00 
19.50 
20.50 
19.75 
19.25 
20.60 
20.50 
21.00 
21.00 
20.50 
22.50 
20.50 
21.30 
20.70 
20.50 
21.30 
21.00 
20.70 
21.50 
21.50 
20.25 
20.25 

0.76 
0.63 
0.87 
0.62 
0.90 
0.75 
0.60 
0.79 
0.85 
0.95 
0.71 
0.75 
0.79 
0.82 
0.90 
0.85 
0.86 
0.90 
1.00 
0.80 
0.84 
1.28 
0.82 
105S 
1.11 
1.20 
1.20 
0.95 
0.95 

2.54 
2.40 
2.47 
2.35 
2.55 
2.40 
2.48 
2.50 
2.51 
2.60 
2.44 
2.44 

2.52 
2.54 
2.60 
2.57 
2.56 
2.66 
2.62 
2.56 
2.56 
2.73 
2.57 
2.66 
2.68 
2.74 
2.74 
2.59 
2.60 

0.60-
0.53 
0.67 
'0.60 
0.67 
0.70 
0.60 
0.56 
0.67 
0.52 
0.70 
0.60 
0.61 
0.57 
0.60 
0.60 
0.62 
0.60 
0.61 
0.54 
0.66, 
0.60 
0.50 
0.5S 
0.67 
0.7 
0.74' 
0.71 
0.58 1, 

0.24 
0.36 
0.28 
0.30 
0.32 
0.30 
0.35 
0.30 
0.30 
0.20 
0.31 
0.17 

.0.20 
0.20 
0.20 
0.20 
0.36 
0.20 
0.25 
0.23 
0.30 
0.30 
0.28 
0.20 
0.27 
0.0 
0.30 
0.30 
0.25 

a Extracted from Tables 1 to 30 InTsukayama and Palomares (this vol.). 
= ogl0K + 21 log TLoo(y' and cm, resp., see text). 

C Mean WP and C values are 0.62 and 0.27, respectively. 

ii) the extremely tight positive correlation between time and the values of the growthperformance index 0' fromr 1954 to 1982 (see Table 3, Fig. 5) and;iii) the significant (P = 0.05) negative correlation between 0' and anchoveta biomass for
1954 to 1982 (Fig. 6).These three lines of evidence, both separately and considered together, strongly confirm theearlier suggestions of a change in the growth patterns of anchoveta summarized in Fig. 7.A possible explanation for density-dependent growth in the Peruvian anchoveta might beprovided by the fact that the surface area of fish gills (G) and hence fish metabolism increase inproportion to a power d <1 of body weight (W), i.e., 

G = a.Wd ...5) 
Thus, relative gill areas and metabolism must decrease with increasing body weight, downto a metabolic level (at W.o, the asymptotic weight) at which average oxygen supply meetsaverage oxygen rcquiremerits (Fig. 8). Therefore, an increase in asymptotic size as demonstratedabove implies - given no change in gill structure - a decrease of average oxygen requirements.The magnitude of this decrease can be estimated, from predicted values of W.. for 1950 and1980 of 40 and 80 g, respectively (see Fig. 8) because in small fish such as anchoveta, the valueof d (in equation 5)usually ranges between 0.7 and 0.8 (Winberg 1960; Pauly 1981). Thus, usingthe midrange of the two latter values we have 
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(80/40)-(1-0.25) = 0.84 	 6)...


which express the average oxygen consumption of anchoveta in 1980 as a fraction of their 
consumption in 1950. Or put differently the model in Fig. 8 and equation (6) suggest that the"cost of living" of an anchoveta may have dropped, for 1950 to 1980 by approximately 16%. We 
shall present further below a simulation model developed to test this estimate and explore some 
possible scenarios for density dependence in the Peruvian anchoveta. 

Before we turn to this model, however, three morc aspects of anchoveta growth, not 
considered in this model, should be discussed. 

23 
22-	 A 

20 ru0.806 

15 5 

2.8-'6 0.86 O " 0r0 m 000 :: 

2.5 .	 -

Fig. 5. A: time series of maximum recorded 2.4 S 
length in Peruvian anchoveta catch samples " 2.3 
(from Table 3). B: time series of the growth 02 
performance index ' suggesting that anchoveta 1 1 1 1 1 1 1 IM 
presently grow faster, toward a larger asymp- 1950 1955 1960 1965 1970 1975 1980 1905 
totic size than in the 1950s (see text). Year 

2.82B--	 o.5660 1957Excluding 

80 --- Including 1957 
ra0.433%-5' 72.7 

6o8O71
 

S2.64 	 578!761 6 

S 

2.F. 	 6. Relationship between the growth per

formance index 0' of anchoveta (1954 to 1982) 
and the mean annual blomass of E. ringen, off 

n n • Peru (4.140 S). The €*values are from Table 3; 
00.5: 	 1.0 1.5 the blomass were obtained using Virtual Popula

tion Analysis (see Pauly, Palomares and Gayanllo,LOglo mean annual blomoss (million tons) thisavol.). 
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Fig. 7. Change in growth parameters of Peruvian anchoveta, 1950 to 1985
(based on Fig. 5 and data in Table 3). W(_) and L(. refer to predicted ultimatesizes, as opposed to,estimated values 67 asymptotic weight (W,.) and length(L.).
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LatitudinalDifferences in the Growth ofAnchoveta 

Fish stocks belonging to the same species, but occurring along a latitudinal gradient usually 
display trends in their growth parameters, with higher asymptotic sizes (and consequently lower 
K values) at the "cold" poleward ends of their distributions (see Pauly 1984a; Longhurst and 
Pauly 1987). The anchoveta is no exception to this rule as documented by Brandhorst (1966) 
who, based on a survey conducted in 1961, wrote that "while [the anchoveta] has a maximal size 
of about 17 cm in the Arica-Iquique area [190S], fish of 18 cm were measured in Valparaiso
[330S] and of up to 21 cm in Talcahuano [370S]" (our translation from German). Note that in 
1961, the anchoveta off northern/central Peru reached a length of about 17 cm, similar to the one 
in northern Chile, but markedly less that off southern Chile. 

Temperature and the "Condition Factor"and FatContent of Anchoveta 

The condition factor (c.f.) of fish is defined by 

W = (c.f./100) L3 

in which c.f. is divided by 100, when length (L) is expressed in cm and weight (W) in g to have 
c.f. values near unity in fish with "normal" shapes. Changes in the length-weight relationship of 
fish can be directly related by comparing their c.f. values because the exponent of the length
weight relationship (equation 7) is here fixed at a value of 3,corresponding to isometric growth. 
Tables 1to 30 of Tsukayama and Palomares (this vol.) include actual values of c.f., computed 
from anchoveta samples that had been weighed, measured and counted, as well as values (in 
brackets) that have been estimated using the plot of actual c.f. values on the mean monthly sea 
surface tempe- ures in Fig. 9. As might be seen, Fig. 9 suggests a rather strong negative 
correlation between c.f. and temperature, confirming previous reports of anchoveta looking 
emaciated at the high temperature occurring during El Niflo conditions. 

A plot of water temperature against the coefficient of variation of c.f. values (see Fig. 10) is. 
presented here to show that c.f. values become more variable at high water temperatures. 

Fig. I 1 shows plots of the monthly means of actual c.f. values (i.e., excluding the bracketed 
values in Tables 1to 30 of Tsukayama and Palomares, this vol.) against month and sea surface 
temperature against month, showing in different form the strong inverse relationship between c.f. 
and sea surface temperature.

Fig. 11 also shows the seasonal changes in growth rate (in length, i.e. dl/dt) of anchoveta, as 
implied by a value of C = 0.3 and a "winter point" of 0.7 (WP = peiod of the year when growth 
is slowest; a parameter estimated by ELEFAN I, see Table 3). 

As might be seen, dl/dt in anchoveta varies inversely with condition (and hence relative 
weight). This relationship can be understood, however, only when simultaneously considering 
the seasonal dynamics of anchoveta fat content, as briefly sketched below. 

In anchovies from temperate waters, as in most other fish from higher latitudes, the fat 
content fluctuates seasonally, being highest at the end of the "growth season" (summer/autumn)
and lowest just after spawning. This cycle is here illustrated by Fig. 12A, which pertains to 
Engraulisencrasicholusand is adapted from Shul'man (1974). 

In Engraulisringens from northern Chile where strong seasonal temperature oscillations 
occur, the fat content also varies seasonally in sinusoidal fashion. This is illustrated here by Fig. 
12B based on Brandhorst (1966).

Further toward the equator, however, the dynamics of fat content become more complex, 
with the available data suggesting that fat content peaks twice a year, i.e., before the August-
October and January-February spawning seasons. This is illustrated here by Fig. 12C and 12D 
based on Einarsson et al. (1966).

In this context, it was also observed that anchoveta, during positive temperature anomalies 
(i.e., El Nifio events), have a higher than average fat content. Thus, IMARPE (1972) wrote: 



0.9 
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Fig. 9. Relationshi~p between condition factor and sea surface temperature in anchoveta Engrauli 041 ImesofPr) Based o1n orina1 C. data in Tsukayama and Palomares (thisvol.) and temperature data in Pauly and Tsukcayama (this vol.). See text for discussion. 
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Fig. 10. Relationship between the variability of anchoveta condition factor (c.f.) esti
mates and mean monthly sea surface temperature (based on data in Tables 1-30 in Tsuka. 
yama and Palomares, this vol.). At low temperatures, anchoveta iave high c.f. values that 
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Fig. 12. Time series of fat content inBlack Sea anchovy (A)and Peruvian ancho

veta (Ia.D): note tendency for fat content to peak before spawning eason(s). 

An indirect indication of a low level of spawning is given by the fat content of the fish,
which is fairly high before spawning and normally decreases during the spawning period from a 
level which is on the average around 12 or 13% in June to one of about 5% in September for fish
of over 14 cm. In 1971 the fat content in March-June was ingeneral somewhat below the average
for these months, but in September-October the values were some 2% higher than average, and
increased to very high levels in December (18.8% in Chimbote, 14.1% in Callao and 11% in 1o). 

This behavior may be an adaptive response which enables anchoveta to store energy in a
form which does not increase oxygen requirements (as an energy storage in the form of proteinwould (see Pauly 1981). 

The time-series data in the various contributions in this volume, the fat content data in Lai
(1968) and other unpublished fat content data presently on file at IMARPE will allow a test of 
this hypothesis. 

In the meantime, it suffices to recall here that:
i) anchoveta show seasonal oscillations of their growth rate (inlength), which correlate withtemperature, and 
ii) fat content and condition tend to be inversely related, with fat content usually being 

higher during periods when oxygen requirements are high. 
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A Simulation Model of Anchoveta Growth 

Basic Concepts andAssumptions 

The remarkable increase of growth performance in the anchoveta, for the early 1950s (here
"1950" for simplicity's sake) to the early 1980s (here "1980") could be the result of changes in
availability and/or composition of anchoveta food resources as a consequence of the decline of
the anchoveta's own biomass during the last decades. 

This hypothesis, suggesting that anchoveta growth is density-dependent., cannot be tested
using empirical data as the detailed time series data on file at IMARPE on anchoveta stomach 
contents are presently being processed, and will not be available early enough for consideration
in the present volume. Therefore we have tested the hypothesis of density-dependent growth in
anchoveta using a relatively simple deterministic simulation model based on the results of
experiments and simulation conducted and reported upon earlier by Villavicencio (1981), and
Villavicencio and Muck (1983a, 1983b). This model does not consider the seasonaly oscillating
factors discussed in the preceding section, but does include a term for spawning (see Table 4).
The model is based on the terms 

Growth = [food ingested]-[food used for purposes other than growth] 8...


or put differently 

G = (RA)-(Mr +MLa) ...9)
 

where G = growth rate, R = ration, A = assimilation, MLr= losses associated with resting
metabolism and MLa = losses associated with active (feeding) metabolism. 

Three different types of changes are here considered explicitly with regard to their potential
impact on growth rate: 

i) competitionforfood within the anchovetastock: reduced biomasses of anchoveta imply,
given constant production of anchoveta food, an increased availability of food per surviving
anchoveta. Thus, if R'A in equation (9) remains constant, G should increase because MLa 
(expressing the metabolic losses assoiated with feeding) should decline.

ii)foodquality: here, it is assumed that the decline of anc-:,oveta biomasg has reduced the
grazing pressure on phyto- and zooplankton, resulting in (a) reduced competition for filter
feeding zooplankters and (b) reduced zooplankton mortality through anchoveta predation. Bothitems (a) and (b) should result in a relative increase of zooplankton vis t vis phytoplankton and
hence in an increase of zooplankton in the diet of the anchoveta, an opportunistic feeder. Such 
shift in diet composition would entail (a) an increase of caloric content per unit weight of
anchoveta stomach content and/or (b) an increased assimilation of the ingested food.

iii)feedingmode: a shift from feeding predominantly on phytoplankton to feeding
predominantly on zooplankton would not only entail a shift in food quality, however. Rather,
this would result in a shift of feeding mode, from filter to particulate feeding, and hence from a
less to a more efficient (in terms of net energy gain) mode of feeding. This would result in G 
increasing because MLa would decrease. 

Fig. 13 summarizes the assumption listed above and the overall structure of the model 
presented here.
 

Implementation of the Model 

Table 4 lists the equations used to implement the model in Fig. 13 along with their sources.
Anchoveta growth was integrated in steps of one day, starting from an assumed length of 10 

cm and a weight of 9 g at age 1 year up to an age of 4 years for all simulations.
"1950" was simulated by calibrating the model such that 16 cm was reached at 4 years. 

Then, the sensitivity of the model was tested by changing one at a time the value of four 
parameters, related to the three factors discussed above. 
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Fig. 13. Basic elements of a model for indentifying possible causes for a change in the growth performance
of anchoveta. The "Problem" level shows the question to be answered, while the "Model" level shows some 
of the mechanisms hypothesized to affect growth rate (see text). 

Finally, "1980" (when 20 cm is reached at an age of 4 years) was simulated, by assuming
alternatively:

(a) only one of the four parameters changed, and 
(b) all four parameters changed simultaneously.
The four parameters subjected to change were: 

- assimilation coefficient (A); 
- caloric food content; 
- costs per unit time feeding; and 
-. duration of feeding period (ha) 

(see also Table 4).
The duration of the feeding period'(O<ha<24h) was made to change by varying food density

(in g/liter). When food density is high, the time needed to reach R, the maximum ration is short;
conversely, when food density is low, anchoveta may feed for up to 24 hours. [Daily ration (R) is
used here as an upper limit which anchoveta try to reach either by increasing their feeding time 
or by changing their feeding mode.]

Metabolic costs per unit feeding time were changed by multiplying the energy expenditure
during filter feeding (MLa) with a factor (f) and total metabolic losses (ML) computed from 

ML = (MLa" ha* f) + (MLr 'hr) ...10) 

where ha and hr are as defined in Table 4, and where f was set = 1 when the fish are filter 
feeding and 0.3 when the fish had shifted toward particulate feeding. Table 4 shows the ranges
within which each parameter were varied. 

Thus for each (daily) step, somatic growth in weight, length and gonad growth were 
computed as follows: 

i) filtering rate (liter/hour) is computed from the length-specific swimming speed, area of 
the open mouth and the frequency by which the mouth is opened;

ii) filtering rate was multiplied by particle density (g/liter) to give ingestion rate (g/hour),
iii) the computed ingestion rate is related to the upper limit of the ration, and the time is 

computed that is needed to reach this upper limit; 
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Table 4. Formulas and constants usod in anchoveta growth simulation model 

Relationship Equation(s) Sources and/or remarks 

Length vs. weight 
Wet weight vs. caloric content 

Swimming speed during feeding vs. 
anchoveta length 

W - 0.0215L2 '60 4 (g,cm) 
1g anchoveta = 1,150 cal 
1g anchoveta food = 1,000-1,450 cal 
V - Vi0.05 T (V in body length/s;T °C) 
V1 =0.S822L0 -5 2 62 (for L < 12 cm) 
V2 = (0.5822L 0'5 26 2) + (6.522-2.645 logeL) 

Villavicencio and Muck (1983a) 
Villavicencio and Muck (1983a) 

adapted from Villavicenco and 
Muck (1983a, 1983b, 1985) 

Metabolic rate vs. size of an individual 
fish 

Filtering rate vs. length 

(for L >,2 12 cm)
MLa = 0.0887 e0'0 959T + 0.036V LW0,9 
(Mla =active metabolish; cal/h) 
MLr =0.3MLa 
(MLr = resting metabolism) 
FR =A.0.78.V.L.3.6 

Villavicencio and Muck (1983a) 
T was set at 180 C throughout 
0.3 value from data in Winberg
(1960) 
Villavicenco and Muck (1985) 

(FR = filtering rate, in liter/hr;
S= frontal area (surface) of open mouth, in cm2 , 

Frontal area of open mouth 
Filter feeding rate 

0.78 =mouth openings per second, 3.6 = factor 
for converting cm2 &body length/s to liter/hr)
S = 15/(1 +e6" 0.44L) 
R =FR.D.0.8 

Villavicencio and Muck (1985) 

Upper limit of daily ration 

(R =g/h; D = food density, ing/liter and 
0.8 isan empirical retention factor)
R = 7.57 T.L "1.4 Villavicenclo iand Muck (1985) 

Daily total production per fish 
(R =%of individual body weight per day)
Ptot = (R'ha'A)- ((MLaha) + (MLr'hr)) this contribution ':,(see, text) 
(Ptot = cal/day; ha =hours of activity, 

Assimilation coefficient 
i.e., feeding; hr =hours resting)
A= fraction of ingested food available after fecal 
and excretory losses, as well as Specific Dynamic 

Duration of feedig and resting 
periods 

Ratio ofgonad production to 
total production 

Spawning 
.Batch fecundity 

Action (Jobling 1983) are accounted for. 
ha S R/I 
(for ha > 24, ha =24; 1= food ingestion rate 
expressed as% of body weight, per day; 
hr= 24 - ha). 
Go = 1/(1.1 +e6"0.SL) 

when Go =0.1 of gonad-free body weight
Eggs = 1,104 +614 W 
(W=ovary free female wet weight, in g) 
Batch =Eggs 0.0301 5.8/1,000 (gwet weight)
0.0301 =egg dry weight (mg); 5.8 = dry to 

asdefined in text 

assumed value (see text) 

assumed value (see text) 
Hunter et al. (1986); 

and Leong (1981) 
Hunter 

wet weight conversion 

iv) the filtering time required to obtain the daily ration is subtracted from 24 hours to obtain 
the resting time;

v) daily metabolic losses are computed as the sum of losses during feeding and losses during
resting time;

vi) estimated daily ration is converted into calories, and the fraction of these calories 
available for growth is computed by multiplication of the (caloric) ration by the assimilation 
coefficient;

vii) daily total production is computed as the difference between the fraction of the food 
available and the sum of the metabolic losses;

viii) daily production (i.e., the growth increment) is added to the previous size estimate, i.e., 
to length, body weight and gonad weight;

ix) the body weight is decreased by the weight of the gonad when gonad weight reaches 
10% of body weight;

x) return to (i) until an age of 4 years is reached. 
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MainResults ofthe Simulation 

Fig. 14 shows anchoveta growth curves obtained for "1950" and "1980"conditions. Table 5
summarizes the results for two runs, while Table 6 shows the main results of the sensitivity
analyses of the model. As might be seen, assimilation coefficient and caloric food content, both
related to the food quality factor, have the strongest effects on model output. Table 6 also shows
that these parameters, considered alone must be changed by 45% for anchoveta to change from
its "1950"pattern to the "1980"pattern. On the other hand, if all parameters in Table 6 are
changed simultaneously,a change of only 15% is needed for the "1950" to "1980' transition (see
also Fig. 14). 

"1980 conditions"20 

16 F 
14 	 start of 

simulation 1950 conditions" 

.j i 0 

8 /
 
s2 
 / 

4 4/ 

2 
I 	 I I"I
 

0 	 I 2 4 

Age (years) 

Fig. 14. Growth of Peruvian anchoveta as simulated using model described in text. Note that most of the differ
ence between the "1950" and ((980" growth curves isdue to growth rate differences of fish between 1 and 
1.5 years. 

Table S. Summary of two runs of the anchoveta growth simulation model, for high ("1950") and low ("1980") 
anchoveta biomass. 

1950 conditions 	 1980 conditionsb 
Parameter (units) mean range mean range 

Weight increment 0.27 0.17-0.41 0.65 0.32-1.49 
(%BWD) a 

Length increment 0.056 0.002-0.1 0.09 0.03-0.4 
(mm .d"1 )


Metabolic losses 1.5 
 1.27-2.02 1.16 1.07-1.69 
(%BWD)


Ration 3.5 2.84.6 2.60 
 2.14.6 
(%BWD)
 

Growth efficiency 9.3 5.0-12.2 
 23.76 10.7-22.4 
(%)

Duration of feeding 15.3 11.3-24.0 12 10.7-22.4 
(h.d 1 ) 

a % BWD percent ofbody weight pet day.
 
b with allfactors affecting growth changed by 15% (see text).
 

http:1.07-1.69
http:1.27-2.02
http:0.32-1.49
http:0.17-0.41
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Table 6. Sensitivity analysis of anchoveta growth simulation model 

Parameter 

Duration of feeding 
period 

Metabolic cost per unit 
time feeding 

Assimilation 
coefficient 

Energy content of 
I g of food (cal) 

Small change (25%) 
applied to "1950" 

conditions 

from to 

15.3 h 11.4 h 

100% 75% 

0.60 0.75 

1,000 1,250 

Resulting 

length a at 


4 yr 

(in cm) 


17.2 

17.8 

18.7 

18.7 

a As compared with a length of 16 cm for thz i,itlal ("1950") conditions. 

Discussion 

Overall, our growth estimates match those obtained previously by other authors (Table 7,
Fig. 15). However, the key .f'mdingpresented here is obviously the strong evidence for density
dependent growth in the Peruvian anchoveta, a phenomenon for which only anecdotal evidence
existed previously. Our abili.y to extract evidence for changes in the growth performance of 
anchoveta depended on two main factors not found elsewhere:

i) the availability of an extremely long time series of length-frequency data, and
ii) the availability of powerful software for the analysis of these time series. 

Table 7.Review of some growth-related statistics in adults ofEngraulls spp. 

Parameter Mean 

Daily ration 4.5 
(%body weight) 2.6 

2.4 
3.5" ' 


2.6b 


Growth efficicncy 12.8 
a
M 9.3


23.9b 


Daily length 0.020c 

increment (mm) 0 .0 5 3ad 
0.0 5 6b, d 

Daily weight 0 .74e 
increment (%BWD) 0.28 

0.65 b 


Spawning events 15.1 
per year 20.0 

[9.61 

6.0 

1 7.3 e 
24.2 

B"1950" condition.
 
b,,19 80 "condition, combined ef,.cts.
 

Changes needed to 
move from "1950" to 

"1980" conditions 
% change I.e., to 

-76 3.6 h 

-70 30'v 

+45 0.87 

+45 1,450 

Range Species 

4-6 E. mordax 
1.5-3.7 E. encrasicholus 
1.4-3.4 E. encrascholus 
2.8.4.5 E. ringens 
2.1.4.6 E. ringens) 

- E. mordax 

6-12.2 E. ringens 
15-32 E. ringentJ 

0.015-0.025 E. mordax 
0.020-0.106 E. ringens 
0.020-0.016 E. ringens j 

- E. ringens 

0.17-0.41 E. ringens 

0.32-1.50 F.rlngensJ 

5.3-23.5 E. mordax 

- E. mordax 

- E. ringena 


4.0-9.5 E. ringens-

14.0-22.0 E. rlngensJ 


- E. ringens 


Source 

Hunter and Leong (1981)
 
Sirotenko and Danilevsky (1977)
 
Mikhman and Terg'novlch (1977)
 
this
 
study
 

Hunter and Leong (1981)
 
this
 
study
 

Parrish et a.(1985)
 
this
 
study
 

Walsh (1975)
 
this
 
study
 

Parrish et al. (1986)
 
Hunter and Leong (1981)
 
Alhelt (1986)
 
this
 
study
 
Pauly and Soriano (this vol)
 

CComputed from Table 2 of Parrish et al (1985) and referring to the Central (California) stock.
 
dRefers to anchoveta of 1.5 yr and more to allow comparison with data in [c].

eMost favorable upwelling conditions.
 
fRefers only to the main spawning months (August & September), and hence, cannot be directly compared to other values.
 

http:0.32-1.50
http:0.17-0.41
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10. 	 A Engrouls spp. 
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Growth performance index (0') 

Fig. 1S. A. Frequency distribution of growth performance indices In

Engraulis spp. (exci. E. ringens), showing a wide range covered by the
 
genus. Based on data in Pauly (1978), Radovich and MacCall (1979),
Volovik and Kozlitina (1983), Melo (1984) and Gallardo-Cabello (1985).
B. Frequency distribution of growth performance indices in E. ringens
showing that the species grows, as a whole, better than other Engraulis 
spp.; the arrows refer to values of 0' for 1950 and 1980 on Fig. 5 and express the density-related change of anchoveta growth identified in the 
present study (see text). 

Density dependence, as demonstrated here, is not confined to anchoveta and indeednumerous authors have shown that growth rates are density-dependent in a large number offishes, especially as far as juveniles are concerned (Cushing 1973; Mathisen et al. 1978). This isconfirmed by our simulation model, which generated mean growth rates of about 0.05 mm/dayfor both "1950" and "1980"conditions in fish of more than about 1.5 years (see Fig. 14 andTables 6 and 7), suggesting that density-dependent growth affects mainly juveniles and young
adults. 

The existence of marked seasonal growth oscillations (not considered in the simulationmodel) in anchoveta also show this fish to behave, with regard to temperature, just as other fishdo (see Fig. 16), i.e., length growth rate is reduced when temperature is low even if the coldperiod coiresponds to a major upwelling and hence to increased food availability.The main problem thus remaining is the identification of the cause(s) for the density
dependent growth changes presented here.

Clearly, the "holistic" model presented here as Fig. 8 and equation (5)cannot be used todistinguish potential causes - all the model can do is roughly quantify their combined effect. A"reductionistic" model such as the one presented in Fig. 13 and in the preceding section, on the 
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other hand, can be used to identify such factors and their effects, both singly and in the 
aggregate.

However, translating the assumptions and results of a given model into those of another 
model is not straightforward, and is indeed rather akin to translating puns from one language to 
the other. Thus, to take the analogy one step further, one could provide a "translation" of the 
model in Fig. 8 in terms of the model in Fig. 13. This would read as follows: 

Fish stop growing when the metabolic costs of all their activities invoke an oxygen demand
which matches the average oxygen supply through their gills. Hence, factors such e.g. as reduced
food competition, improved food quality or ashift from filter to particulate feeding, by reducing
their overall metabolism, increases the body weight at which oxygen supply per unit weight
becomes limiting. 

Thus, one should expect the two models to give similar results only in terms of 
combined effects - and here indeed the agreement is remarkable, as the holistic and 
reductionistic models give results (i.e., aggregate percent changes of growth-enhancing factors 
needed for the transition from "1950" to "1980" conditions of 16 and 15%, respectively.

Previous investigations by Tsukayama (1965, 1966) and Mendiola (1979) have shown that 
the fish of the southern stock of anchoveta which feed on zooplankton more than the mainly
planktivorous fish of the northern/central stock, also have coarser gill rakers and shorter guts.

If a major shift by anchovetas of the northern/central stock toward particulate feeding of 
zooplankton occurred, this should be reflected, therefore, in their now having coarser gill rakers 
and shorter guts than was previously estimated by the authors cited above, i.e., the fish should 
have become "southemized", as is also expressed by the increase of their maximum size. It is 
suggested here that the analysis of the large database presently being standardized at IMARPE 
on anchoveta stomach contents, covering the years 1954 to the present, be complemented by a 
comparison of gill raker counts and gut length analysis of fish taken at the sites previously
sampled by the two authors cited above. Such comparison would indeed provide a clear-cut test 
of the postulated "southemization" of the northern/central stock of Peruvian anchoveta. 
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Abstract 

A recently developed version of length-stnctured Virtual Population Analysis, implemented in the form of a graphic-orientedmicrocomputer program (EI.EFAN I) was used to estimate, on a monthly basis, the population in number and -,"Sht by I cm length class of the
Peruvian anchoveta (Engraulisringens, northem/central stock). The analyses were performed with predation (by three species of guano birds, bybonito and two species of seah) accounted explicitly, and with estimates of (residual) natural mortality obtained by back calibration with
independent acoustic estimates of biomass. The estimated biomasses rather faithfully reflect environmental perturbations (El Niflo events) and 
human interventions (fishing and overfishing). 

Likely sources of erors involved in the analysis are discussed. 

Introduction 

Numerous previous estimates of the biomass of Peruvian anchoveta exist and may be found 
in the form of time series in various pamphlets, reports and/or books on topics ranging from the
economics of soya bean exports to oceanographic forecasting. Yet these time series not being
structured by size (or age group) nor having a time scale sufficiently small to reflect the rapid
changes of biomass experienced by the anchoveta, are largely useless for research, e.g., as 
element of models for predicting fisheries yields. 
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We shall present here biomass estimates that are structured by length (I 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 estirr'.tes of residual mortality (i.e., that part of natural mortality not caused by
major predators (here coded "Mo") which we had no way of estimating independently.

Therefore, we have used available estimates of biomass for calibration, i.e., to obtain
estimates of Mo, 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 1to 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 Mo values estimated from the independent biomass estimates 
are inversely related to such multiplicative factor. 

The es.'mated 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-it-length" when
referring to the monthly "number-of-fish-withdrawn-by-length-class", except in cases where 
fishery catches must be explicitly differentiated from predatorylosses. 

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 justifying 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 Palomares (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(i) = catchi/Ws(i) ...1) 

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

nw,¢) E fu0.t ...2) 

where WVij 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 fii the %frequency of class () in sample (i). The values of Wj 
were estimated, given a length weight relationship of the form 
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W = aiLb, 3) 

from 

W = I/(Lj2 - Ljl).ai/(b + 1).[Lj2b+l - Ljlb+l] 4) 

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

'[hi sprocedure, implemented here through the ELEFAN III program was applied 360 times,
i.e., to all % length-frequency sjimples 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. 

BriefDescription of Length-Structured VPA 

Beverton and Holt (1957) showed that the catch (Ci) from population during a unit time 
period (i) is equal to the product of the population size at the beginning of the time period (Ni)
times the fraction of the deaths caused by fishing, times the fraction of total deaths, or 

-Fi 

C = Zi (l- e Zi) NI ... 5) 

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

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

Ni+ I Zi. eZ 

Ct Fi(1 - ez) 

also written 

Ci Fi (z 1 _) 

Ni + I ZI 

which is the equation in Gulland's (1965) VPA and which can be derived om (5) by
substituting for Ni the relationship 

Ni = Ni + 1" eZi 

Given values of Ci and an estimate of M (here: "Mo") 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 Ni + 1 from which to start
the computation. Such estimate of Ni + 1(expressing the last population size a cohort had efore
it went extinct) are usually called "terminal populations" (NO.Values of Nt can be obtained firm 

Nt = 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 Ct (Mesnil 1980; Pauly 1984). 
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The feature of VPA that is most important in the context of this contribution is that, given a 
high fishing pressure, estimates of population size obtained by repeated application of equations
(6) or (7) tend to rapidly converge toward their true value, and hence usually provide, given
reasonable estimates of M, very reliable estimates of recruitment (Pope 1972; Pauly 1984).
Moreover, the speed of convergence from the guessed values of Nt (i.e., values of Nt based on 
guessed values of Ft) toward accurate values of Ni is a function of the ratio of F to M. That is, 
the higher the proportion of the cohort is which ends up being caught by the fishery (here: and 
eaten by birds, bonito or seals), the more reliable will the population estimates be. This is the 
reason why we have here, through the contributions of Muck and Pauly; Pauly, Palomares and 
Gayanilo; Muck and Fuentes (this vol.) accounted explicitly for the anchoveta consumed by
birds, bonito and seals, respectively, and thus left Mo low, rather than replace predation by a 
higher constant estimate of M. 

Three forms of VPA, all included in the ELEFAN Inprogram may be distinguished (Pauly
and Tsukayama 1983):

i) VPA I, which is the version originally proposed by Gulland (1965) and which Pope
(1972) reformulated as "Cohort Analysis", 

ii) VPA H, the VPA equivalent of Jones' (1981) "Length Cohort Analysis" (see also Jones 
and van Zalinge 1981; Pauly 1984), and 

iii) VPA III, the model used here as originally proposed by Pope et al. (MS).
VPA III is a version of VPA I performed on "cohorts" obtained by superimposing growth 

curves, drawn at monthly intervals, onto a set of catch-at-length data, the catch pertaining to each"cohort" and month being simply that part of the monthly catches contained between two 
adjacent growth curves (see Fig. 1).

For such cohorts to really consist of fish recruited at the same time, the growth curves used 
for "slicing up" a cohort must be obviously as close to the true growth curve of that cohort as 
possible. This, among other things, makes it imperative that a seasonally oscillating growth 
curve be used since, as shown in Pauly and Ingles (1981) and Pauly (1982), virtually all natural 
fish stocks, including those occurring in tropical waters, display seasonally oscillating growth
(see also Palomares et al., this vol.).

In reality, not all fish of a given cohort have the same growth parameters, however, and it 
can be expected that some fish will "leave their cohort" because they grow either faster or slower 
than predicted by the mean cohort growth curve. Such differences in growth rate should here 
have the effect of artificially increasing the autocorrelation between estimates of recruitment (see 
Mendelsohn and Mendo, this vol.; Pauly, this vol.).

The growth curves used here to "slice cohorts" were based on the seasonally oscillating
version of the von Bertalanffy Growth Function (VBGF) presented by Pauly and Gaschiitz 
(1979) i.e., 

Lt = L.*(1-exp (-[[KC(t-to)] + [KC/2Tsin 27r(t-ts)]]) ... 10) 

where Lt is the length at age t, L. the asymptotic length, K a growth constant, to the "age" at 
which length is zero if the fish always grew according to the equation, C is a dimensionless 
constant expressing the amplitude of the growth oscillations and ts is the time (with respect to t = 
0) at the beginning of a sinusoidal growth oscillation of period one year.

For practical purposes the estimation of ts was replaced by the estimation of a Winter Point 
(WP), defined as 

ts+0.5=WP ...11) 

which expresses (as a fraction of the year) the time during which growth is slowest. It should be 
mentioned here that the ELEFAN programs, being based on length-frequency data (rather than 
length-at-age data) do not allow for the estimation, nor require estimates of to, hence of absolute 
ages (see Palomares et al., this vol.); all "ages" used internally by the programs are relative ages,
expressed in relation to an arbitrary birthdate that is set internally and not output by the program.

The VPA III routines of ELEFAN III were applied to the available catch-at-length data 
using the growth parameters given in Table 2. The small year-to-year differences in the values of 
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Fig. 1. Facsimile of an ELEFAN III output (via plotter) showing monthly catch-at-length data (riot to scale) and one of the many monthly cohorts which can be superimposed on
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these parameters caused a slight overlap of some "cohorts" (i.e., some of the catch data were 
used twice), and small gaps (i.e., some of the catch data were not included in any cohort). This 
source of error could have been avoided by using the same growth parameters throughout. This, 
however, would have caused a large bias, given the strong positive trend in anchoveta growth 
performance documented in Palomares et al. (this vol.). 

InterpolationofMissingSets ofMonthly Size-CompositionData 

Although the monthly catch data (in weight) used for the present analyses are complete, the 
monthly size composition data needed to derive monthly catch-at-length data are not (see Tables 
1 to 30 in Tsukayama and Pauly, this vol.). Since uninterrupted series of catch-at-length data are 
needed for VPA III, we have linearly interpolated size-frequency distributions where gaps 
appeared in the original data (except for January-October 1953, where we have used the 
corresponding values for 1954). We believe this approach had no major detrimental impact on 
our results for three reasons: 

i) linearly interpolated % length-frequency samples are very similar to "real" samples (see 
Fig. 2) if only because the overall shape of such samples is determined mainly by continuous, 
rather "smooth" processes (i.e., growth and mortality); 

20 20% 

o

0 L 
J F M A A J J A S 0 N D 

Month (1966) 

Fig. 2. Length-frequency data of Peruvian anchoveta (northern/central stock), including samples that were linearly 
interpolated. The reader is invited to guess which samples were interpolated. 

(IaqnAoN pun Isn~nv 'Ainf 'ounr azu sqluow paluodialul oqJ) 

ii) VPA estimates of F and population size in a given time interval are not predominantly 
determined by the catch composition in that very interval, but by the catch in that interval and 
the catches and catch composition in previous intervals (VPA runs backwards!). Hence whatever 
error is introduced by interpolating will be spread over several intervals, and its absolute impact 
on mortality and population estimates pertaining to a given interval thus reduced. 

iii) catch-at-length data as used in VPA III are estimated from both length composition data 
and catch data in weight. While the former were interpolated in some cases, the latter were 
always "real" and hence the overall number of fish caught in a given month tended to be 
reasonably approximated, even though their size composition was interpolated. 

EstimationofMonthly RecruitmentandBiomass 

Monthly population estimates per length class were obtained by regrouping monthly values 
of Ni obtained on a cohort basis into regular class intervals (the same intervals as those in which 
the catch data were originally grouped). The population estimates in the smallest class 
considered here (3.75 to 4.75 cm) are here defined as "recruitment" (of fish with mean length 
4.25 cm). 
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The population estimates (in numbers), by length class, were then multiplied, for each
month and length class separately by the appropriate value mean weight values (see equation 4)
to obtain monthly population biomass by length class (Fig. 3).

All analyses were run with Ft = 2(y-l). It is recalled that these values (a) pertain to Z-Mo
(i.e., to the sum of true fishing mortality plus all sources of natural mortality represented by
distinct predators and (b) that values of Ft have little impact on final -esults, especially on 
recruitment estimates. 

Estimation of Natural and FishingMortalities 
The natural mortality (Mp) exerted by any given predator (p) with anchoveta consuptionp 

(Cp(i)) was estimated, for each month (i) from 

Mp(i) = anchoveta consumption (Cp(i))/anchoveta biomass (i) 12)-..

Similarly, fishing mortality (F) was estimated from 

Fi = anchoveta fishery catch (i)/anchoveta biomass (i) ...13)
 

Thus, all estimates of mortality presented here pertain to weights, not numbers. [Note,

however, that computations of number-based mortality values are possible, based on the data

presented in this volume.] From these data, total mortality (Z) can be estimated from
 

3
 
Zi =Fi + M+MP 1o 


where m is the number of predator groups considered here (i.e., birds, bonito and7seals). 

Results and Discussion 

Estimate of Mo and Their Implications 

Table 3 gives the values of Mo obtained iteratively, i.e., by changing values of Mo until
biomass were obtained which closely matched the independent biomass estimates in that same
table. The same values of Mo are also plotted as time series in Fig. 4. As might be seen, the
estimates of biomass in Table 3 force us to assume that Mo,which took values of about 2y-1 in
the 1960s, dropped to about 0.5y-1 in 1975, rapidly increased to about 4y-1 in 1976 and stayed atthis high level until the late 1970s. (We shall present below evidence suggesting that the natural
mortality of anchoveta did decrease in the early 1970s, as illustrated on Fig. 4.) The value of Mo 
= 4y-1 for the late 1970s suggest that an important predator, ignored in our analyses, managed to
continue consuming a large amount of anchoveta in spite of their very reduced biomasses in the 
late 1970s (Pauly, this vol.). 

Estimates of Anchoveta Biomass andRecruitment, 1953 to 1981 

Tables 4 to 33 present the key results of our analyses, i.e., the monthly recruitment estimates
and the monthly biomasses, by length group, respectively, obtained through the VPA III routine 
of the ELEFAN III program.

Fig. 5, based on Tables 5 to 33, shows the monthly sums of biomass over all length groups,
for 1953 to 1982. One part of this time series, covering the years 1963 to 1979 illustrates the
match of our biomass estimates to the independent biomass estimates used to calibrate the VPA(i.e., to esimate Mo). That part of the time series presents no surprise, except perhaps for the fact 
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Table 1.Total monthly withdrawals oraneboveta, 1953.1982 (4-14) in tornes.a 

Year lan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec aim 

1953 172,325 199.136 92,571 154.261 152,967 186,928 137,930 118,142 153,313 212,868 263,163 218,188 2,061.792
1954 166,672 202.551 187.266 235,332 269,842 296,327 222,086 177,561 201589 210.850 281.843 193539 2,645,458
1955 169.085 210,267 180,784 216.229 238,964 275,663 229,692 208,169 224,131 197,935 242,713 186.845 2580,477
1956 151,439 180.214 209,841 248,458 227,417 254,725 217,918 163,157 171,757 203,191 223,343 176,266 2,427,746
1957 196.044 103,777 109.546 124,942 105,958 153.424 113,117 86,445 123,365 196,850 235,230 188,419 1,737,1171958 159,711 136,415 142,203 180,142 192,855 163,362 97,394 122,120 141,740 186,491 221,291 202,956 1,946,680
1959 278,720 224,134 294,788 331.039 298,496 262.756 246,974 186,905 201.499 309,220 488,693 476,245 3.599.469
1960 489,499 456,819 452,101 329,552 270,635 433,151 269,128 219,058 272,677 338,971 530,660 589,976 4,652,227
1961 633,344 566,837 439,200 536,879 633,9S4 526.594 389,189 331,984 343,770 562,806 813,396 822,460 6,600,413
1962 601,292 377221 635,309 756.421 889586 649,631 526.208 423,099 482,055 687,302 1,056,724 1,092,780 8,377,628
1963 1,020,448 358,030 832,859 922,170 877.415 480.807 278,416 540,481 824,818 954,703294,012 337,413 7,721,572
1964 1,300,665 893,868 1,269,644 1,097.514 862,785 586,399 555,688 323,171 338,564 853,595 1,130,233 1,215,972 10,428,098
1965 1,329,674 838,527 1,317,907 994,144 849,356 650,866 73,284 46,125 118,250 285,351 809,297 1,435,436 8,748,2171966 1,637331 1.226,818 1,366,247 1.205.989 1,126,118 43,646 42.323 44,500 717,298 1,077,463 44,028 1,188,973 9,720,734
1967 1,855,000 732,557 1,105,166 1.499,645 1,355,314 197,963 45.4.4 51,915 333,988 1,370,470 1,519,904 1,675,723 11,743,079
1968 1,795,685 1,108,654 922,816 1,320.189 1,167.869 23,432 23,933 25.926 1,511,769 1,149,290 1,079,5441.519,219 11,648,3261969 1,497,099 24.485 2,143.191 1,529,121 975,930 22,316 19,933 20,733 600,449 585,527 469,795 2,186.282 10,074,861
1970 2,419.500 1.205,395 1,218,595 2,301,691 1.017,383 68,653 30,163 18,488 1,431,385 1,539,584 1,211,783 896,093 13,358,713
1971 23,572 24,075 2,866,270 1.771,166 788,862 134,698 24,654 23,932 1,362,641 1.495.016 1,298,701 1,438,913 11,302,500
1972 29,418 20,514 2,000,955 1.647,038 426,029 188,817 14,098 13,493 12,680 12,290 11,994 27,474 4,404,800
1973 10,226 301,114 1,171,497 419.390 10,272 9.755 8,837 11,417 31,154 21,334 49,555 5,482 2,050,033
1974 3.568 3,987 600,264 1,046,470 580,670 3,471 4,072 3,876 43,472 751.095 644,109 3,060 3,688,114
1975 213.905 371,281 393,258 963,940 648,223 19,507 5,191 4,369 5,426 15,944 6,906 19,625 2.667,575
1976 321,080 66.033 422,216 691,773 384,836 621,501 175.766 3,133 2,995 96,150 470,255 426,057 3,681,795
1977 225,300 3,710 4,362 322.235 159,643 3,971 3,890 4,407 4,212 4,939 6,359 6,052 749,080
1978 3,980 63,705 5.248 102,001 105,761 113,735 58,077 3,513 3,617 3,711 27,554 251,471 742,373
1979 2,714 3,597 312,380 726,659 2,838 2,624 2,200 2,085 1,967 81,281 33,898 1,547 1,173,860
1980 2,253 2.360 2,770 3,376 150,690 35208 3,284 3,079 3,186 3,726 4,377 59,270 273.579
1981 2,176 2295 2,044 35,049 66,048 63,234 1,576 1,471 1,270 31,445 12,778 143,730 363,116
1982 2,139 60,890 177,414 224,304 251,896 237,787 337,080 1,966 5,118 22,173 67,112 89.142 1,477.021 

LIotal withdrawals- nominal catch x 1.2plus consumptlon by guano birds, bonitos aid seals(seetext). 

Table 3. Independent estimates of anchoveta biomass off Peru 
(4-14*S) and estimated values of baseline natural mortality 
(M ) using VPA III.0 o 

Independent 
biomass Source of VPA Ill

Table 2. Inputs used for VPA Ill estimates of monthly anchoveta estimate biomass estimates 
biomass off Peru, 1953 to 1982.! Date (t x 106 )a estimates of Mo 

b
Year ) Md Year L,, K M 

Jan 64 14.20 
1.90 

Jan 65 11.20 2.151953 18.4 0.78 2.00 1968 20.4 0.87 2.00 Jan 66 13.30 1.78 
1954 18.6 0.78 2.00 1969 20.5 0.88 2.00 Jan 67 13.80 1.68 
1955 18.7 0.79 2.00 1970 20.7 0.88 2.00 Jan68 13.30 Fig. I and text 1.67 
1956 18.8 0.79 2.00 1971 20.8 0.89 2.00 Jan69 12.50 IMARPE (1974a) 2.38 
1957 19.0 0.80 2.00 1972 20.9 0.90 1.95 Jan70 18.30 2.23 
1958 19.1 0.81 2.00 1973 21.1 0.90 1.75 Jan71 15.40 2.03 
1959 19.2 0.81 2.00 1974 21.2 0.91 1.15 Mar 72 3.00 (<0)
1960 19.4 0.82 2.00 1975 21.3 0.92 0.80 Sep 72 2.00 1.40 
1961 19.5 0.82 2.00 1976 21.i 0.93 1.70 Jan 73 3.16 1.54
1962 19.6 0.83 2.00 1977 21.6 0.94 3.90 Feb73 3 .30 b 1.35 
1963 19.8 0.84 2.00 1978 21.7 0.94 4.00 3.09Sep 73 1.17 
1964 19.9 0.84 2.00 1979 21.9 0.95 4.00 Nov73 4.48 IMARPE 1.48 
1965 20.0 0.85 2.00 1980 22.0 0.96 4.00 Feb 74 3.39 IM-168 (1974b) 0.73,
1966 20.2 0.85 2.00 1981 22.1 0.97 4.00 May 74 2.19 0.25 
1967 20.3 0.86 2.00 1982 22.2 0.98 4.00 Aug74 3.92 1.28 

Sep 74 3.09 0.84aO ther Inputs, used throughout, were C - 0.3, WP = 0.7 Nov74 3.25 IMARPE 1.19 
and F - 2 (seetext). Feb 75 4.32 (1975) 1.55 

bfotal length, in cm; from Fig. 7 in Palomares et aL (this vol.). Aug 75 3.39 2.60
-I ; from Fig. 7 in Palomares et al. (this vol.). Sep75 4.27 3.18 

Monthly means, asread off eye fitted line In Fig. 4; values Jan76 7.41 3.52 
used for VPA Ill linearly interpolated in steps of 3 months. Aug 76 4.62 Johannesson 3.99 

Feb 77 1.89 and Vllchez 5.15 
Jul 77 1.39 (1981) 4.17 
Jun 78 3.78 3.79 
Nov 78 2.02 2.99 
Apr79 2.15 4.27 

'Al values adjusted to pertain only to the region between 4 
and 14S.bsee also Johannemon and Robles (1977). 
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Fig. 4. Estimates of baseline natural mortality (Mo) as required to reproduce Independent estimates of anchoveta biomass
using the VPA IIIroutine of the ELEFAN IIIprogram. Line is eye tted. Note forward and backward extrapolations of 
M o 4 y-I and M o = 2 y-, respectively (see also Table 2 and text). 
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Fig. 5. Biomass estimates of Peruvian anchoveta, 4-140S, obtained through the VPA 111. 
routine of the ELEFAN III program (see text), and showing independent biomass estimates 
used to c-brate VPA. 

that seasonal oscillations and other within-year changes appear to be far more intense and rapid
than had previously be assumed. 

Little comments are needed for the parts covering 1980 to 1982, except perhaps that the 
decline of the biomass to a very low level prior to the onset of the 1982-1983 El Nifio is, in part,
an artifact due to the absence of catches and consumption estimates to "feed into" the VPA in
1983 to estimate the 1982 biomasses. For this reason, we have omitted the year 1982 from the 
detailed results on biomasses given in Tables 5 to 33. 

The anchoveta biomasses estimated for the 10 years preceding the first available 
independent standing stock estimates, i.e., the years 1953 to 1962, are interesting in that they are
lower than expected (see Table 3 in Muck and Pauly, this vol.). Interestingly, these biomass 
estimates suggests that the anchoveta suffered from the 1957 El Nifio almost as much as from
that of 1971-1972. This indeed would explain the massive bird mortalities recorded from that
period (see Tovar et al., this vol.). It should be noted, however, that this point is, in part at least, a
circular argument, since we used, among other things, bird population data to estimate bird 
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Fig. 6. Time series of recruitment (of fish ranging frcm 3.75 to 4.75 cm, slightly less than 3 
months old) into the anchoveta stock, January 1953 to mid-1982. Above: monthly recruit
ment, showing increasing variability, from the late 1950s to 1970, probably due to increasing
fishing pressure and leading to recruitment collapse in early 1971, prior to the onset of the 
1971-1972 El Niib. Below: smoothed data (using a 12-month running average), showing that 
the 1960s, which saw the buildup of the fishery, mauy have been a period of exceptionally 
and steadily high recruitment. 

anchoveta consumption, and since such consumptioi, at a time when the fishery was just
starting, should have had a great impact on the VPA estimates of bio!.aass. 

Fig. 6, based on Table 4, shows two time series of anchn-eta recruitment: one consists of 
monthly estimates of the number of young fish (of 3.7.-4.75 cm, i.e., about 3 months old)
entering the fishery, the other illustrating the same data, but as 12 months' running average to 
show interyear changes.

As might be seen, these time series closely resemble the time series of biomass, which is not
surprising in a fish with a short lifespan. Important aspects of the time series in Fig. 6 are: 

i) the increased within year variability of recruitment from the late 1950s to the late 1960s,
presumably an effect of fishing, and 

ii) the fact that the major recruitment collapse of 1971 appears to have occurred before the 
onset of the 1971-1972El Nii1o (see also Mendelsohn and Mendo, this vol.)

These two aspects, already apparent in the earlier analysis of Pauly and Tsukayama (1983)
imply that much of what has been written about the 1971-1972 El Nio being the cause of the
collapse of the fishery in 1972 is probably wrong.

Fig. 7 shows time series of anchoveta fishing mortality, both of a monthly basis and 
smoothed (12 months' running average) to allow the interyear trend to become fully visible. As 
might be seen, fishing mortality increased steadily through the 1950s and 1960s, then fluctuated 
violently through the 1970s, mainly due to successive El Nifio events and associated closures of 
the fishery. 

http:3.7.-4.75


Table 4. Number (x 106) of 3-month old fish of 3.75-4.75 cm entering (i.e., recruiting into) the Peruvian anchoveta stock, 4-14°S, January 1953 to April 1982." 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct ANov Dec 

1953 292,401 310,721 333,392 333,215 323,787 295,573 266,126 233,973 209,821 179,433 165,217 - -1,3841954 249,439 284,852 301,348 311,256 291,585 275,693 258,460 240,727 231,057 204,386 196,399 184,0621955 235,808 200,231 186,493 186,377 183,130 172,522 151,500 128,960 122,539 O;,755 98,014 107,8831956 99,192 92,438 100,919 106,241 105,940 113,487 120,299 114,224 108,228 it.4,495 103,797 100,5311957 98,802 104,425 119,649 144,631 179,945 191,625 198,293 235,740 203,330 106,741 109,698 105,2081958 98,305 .-1,993 83,066 95,486 146,211 192,280 203,730 215,991 233,897 222,661 220,453 259,2311959 290,360 391,308 470,026 478,302 446,391 478,298 557,056 604,380 571,127 542,146 512,860 508,0121960 452,402 480,002 527,558 569,098 635,323 650,442 649,351 628,579 592,214 576,450 562,711 547,6141961 545,625 579,497 640,034 651,976 638,188 612,918 594,073 560,883 506,098 475,374 438.089 406,3721962 362,585 353,028 341,388 346,496 379,772 414,732 442,193 456,562 453,308 411,526 380,585 379,8671963 333,775 399,409 561,871 751,350 892,165 945,165 925,158 859,530 736,234 584,076 463,815 364,5781964 291,377 231,958 207,921 707,987 266,083 314,!89 377,694 415,750 383,285 386,175 390,310 394,2841965 354,200 430,984 591,307 768,595 965,290 1,114,012 1,093,886 924,414 889,437 670,164 503,727 344,6841966 131,628 146,412 258,973 436,005 670,170 885,004 1,005,247 1,010,747 957,588 864,360 714,970 539,0311967 389,989 326,571 411,111 561,766 695,692 796,117 793,659 675,627 498,822 330,448 207,687 116,5501968 67,936 77,018 160,739 307,547 449,171 525,030 550,165 539,435 502,771 433,467 353,524 258,9261969 248,893 407,409 632,203 924,522 1,157,515 1,137,915 949,410 668,179 440,827 332,922 235,251 170,4791970 117,493 123,425 272,582 490,554 673,910 788,302 886,948 893,627 833,132 755,162 563,238 415,5611971 288,236 185,926 86,146 35,334 30,558 35,050 39,901 40,875 36,314 32,498 28,143 35,1371972 32,736 57,495 89,919 127,568 125,830 172,909 176,716 165,981 103,255 86,838 68,987 52,6801973 At3,722 47,107 54,743 71,554 56,077 53,162 44,122 39,910 28,571 21,957 18,207 17,5601974 19,278 29,963 41,083 45,748 30,754 21,631 17,785 15,983 19,569 10,409 8,608 6,3101975 5,402 5,026 7,932 15,467 37,852 60,945 76,139 87,443 288,019 296,152 274,886 228,8861976 172,989 110,704 70,135 65,028 219,249 171,504 104,307 66,939 41,295 22,019 12,883 24,3961977 40,044 13,789 17,526 90,982 118,117 160,906 270,437 277,585 276,708 339,961 342,728 306,7851978 302,504 302,123 385,998 343,541 268,315 224,379 180,306 162,623 134,142 99,121 64,460 38,6201979 22,224 53,964 63,291 63,344 80,103 79,173 82,955 86,365 83,558 64,060 49,260 58,8801980 56,999 78,146 123,280 138,152 258,423 416,862 513,687 530,905 561,133 662,001 681,893 - 685,0381981 609,353 674,405 565,089 429,434 473,128 414,134 303,297 198,820 120,694 81,765 57,983 42,310
1982 33,952 23,751 13,666 7,624 

aMonth beyond April 1982 not included due to their decreasing reliability; the values for early 1982 given here to allow computation of loge (Rec./Eggs) with egg production pertaining to3-4 months prior to recruitment (see Mendelsohn and Mendo, this voL and Pauly, this voL). 
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Fig. 7. Fishing mortality (Le., catch in weight/biomass) exerted on Peruvian anchoveta 
(northern/central stock, 4-14 0 S) from January 1953 to December 1981. Above: actual 
values, by month. Note sharp spikes, partly due (from 1972 on) to closures of the 
fishery. Below: running average (over 12 months) of monthly values, to show major, 
Increasing trend from the 1950s to the early 1970s. 

EstimationofAnchoveta MortalityCausedby VariousPredators 

Figs. 8A, 8B and 8C show that part of natural mortality is attributable to the birds, the 
bonito and the seals, respectively. As might be seen, birds and bonito had a roughly similar 
impact on the anchoveta stock with peaks of 0.3-0.4y-1 in the late 1950s and negligible impact
thereafter. The impact of the seals on the anchoveta stock, on the other hand, was negligible
throughout the whole period considered here. 
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Fig. 8. Monthly time series of natural mortality in juvenile and adult anchoveta, 1953 to 1981. A. Mortality caused by cormorants 
(mainly), booblzs and pelicans. B. Mortality caused by bonito (Sarda chillensis) (note similarity of estimates to those pertaining to the 
birds). C. Mortality caused by sea lion (mainly) and fur seals. Note that the scale, ranging from zero to 0.005 implies a negligible 
pinniped impact on anchoveta natural mortality due to all causes. Note that shape of curve resembles that of Fig. 4, except for small 
"bumps" in the 1950s, corresponding to periods of bird and bonito abundances. Important here is that decline of M from 1971 to 1974 
is confirmed by analysis of tagging/recapture data performed by Malaga and Armstrong (MS). Note also that little support is available 
for low M estimates (B & S) in Schaefer (1967). 

Fig. 8D, finally, shows a time series of natural mortality as a whole, i.e., combining the 
predators considered here and the estimates of Me from Fig. 4. As might be seen from the 
overall shape of the curve, it is the estimates of Me which, throughout determine the overall 
level of natural mortality, clearly illustrating that the predators explicitly considefed here do not 
explain but a small fraction of overall natural mortality. Interestingly, the drop of M observed in 
1973-1974 is closely matched, albeit at higher level by a drop of M-estimates based on tagging 
data and reported in Table 11 of Malaga and Armstrong (MS).

Fig. 8D also shows that the values of M reported in Schaefer (1967) and based on his 
simulations ("S ") and on a personal communication ofT. Burd ("B") appear low compared with 
our estimates. We note, finally that values of M computed from the empirical equation of Pauly
(1980) ranged between 1.3 and 1.6, and thus were intermediate for the 1960s at least, between 
the estimates reported in Schaefer (1967) and the Mo values estimated by backcalibrntion of 
VPA estimates. 

OverallAssessment ofResults 

Overall, our results both confirm and expend on previous results, and provide biomass and 
recruitment estimates for use in deriving further quantities (see, e.g., Pauly and Soriano, this vol.; 
Mendelsohn and Mendo, this vol.). 
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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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Table S. VPA ITestimates of biomass per length class and month for Peruvian anchoveta (Enaraulis ringens,northern/central stock, 4-140S) for 
1953, in tones. 
Mktdangth 
CL,C1) Iun Feb Mar Apt may Jun Jul Aug Sep Oct Nov Dec 

4.25 
5.25 
6.25 
7.25 
8.25 
9.25 

10.25 
11.25 
12.25 
13.25 
14.25 
15.25 
16.25 

17.25 

150,651 
246,736 
355,358 
493,665 
543.892 
564511 
581,969 
695506 
525,188 
330,535 
181,542 
114,352 

23,977 

155.979 
256,082 
373.906 
493.098 
630,895 
637.988 
625.532 
605,725 
655,811 
328285 
206.674 
108,246 
40,955 

163,468 
268,853 
389.585 
522,148 
644,279 
763,431 
688,214 
616,872 
643.606 
403.450 
206,999 
103,508 
56.829 

166,234 
290,405 
423A039 
562.948 
702,307 
818,461 
856.940 
724,747 
619,633 
563,377 
222,173 
117,790 
70,397 

166,318 
299,155 
460.206 
620,094 
769568 
861,480 
979,635 
849,031 
649,835 
615,018 
236,562 
134,147 
48,938 

153,506 
287,546 
459,071 
640.901 
802,954 
908,902 
989,725 
952.835 
694,131 
551,879 
355,913 
143,821 

57,474 

140.428 
261.596 
430,666 
622,552 
783,631 
914,698 
970.551 
987,529 
694,189 
487,787 
396,378 
142,743 
59,152 

124,918 
235,166 
392,482 
584,173 
769,836 
911,803 
960,050 
976,229 
745,741 
469,110 
379,897 
120,566 
57,105 

111,697 
224,497 
367,151 
567,793 
765,476 
845.925 
936,729 
924.686 
800932 
466,902 
278,534 
90,242 
14,883 

96,079 
194,201 
335218 
506.434 
723,605 
862,593 
905,941 
923,087 
846,011 
473,638 
230,963 

64,772 
17,584 

88,209 
163,424 
296,942 
459511 
(A66,,42 
857,2(8 
8 '28.t7 
911.526 
809.037 
479233 
237,194 
74,189 
21.207 

97.053 
147.046 
249,128 
418,277 
601.273 
824,606 
942,307 
899,554 
778,887 
523,439 
219,597 
90,009 
23,250 

18.25 
19.25 
20.25 

Sum 4,807.883 5,119,178 5,471,243 6,138452 6689,988 7,000,659 6,891,899 6,727,077 6,395,448 6,180,125 5,957,099 5,814,454 

Table 6. Biomass per length class and month of Peruvian anchoveta (Engraulis ringens, northem/central stock, 4-14oS) for 1954, in tonnes. 
Uidlength In Feb Mat Apt May Jun Jul Aug Sep Oct Nov Dce 

4.25 130,264 147,649 157,606 165,938 157,266 150,626 140,205 133,021 126.958 112,114 106,692 96,5525.25 209,584 227,237 266,486 279.161 268,821 268,158 247,917 232,066 232,260 212,948 185,394 174,249
6.25 321,394 323,982 338.655 421,605 394,315 401,120 394,503 368,030 369,382 340,993 315,452 271,9297.25 518,177 457,317 468,474 518.606 622,884 548,812 522,065 519,988 548.561 498,006 457,786 422,0088.25 804,133 702,089 626,071 634,007 965,754 890,098 706.570 655,518 710,603 677,118 639,274 580,378
9.25 1,108,199 1,028.213 929,070 824,732 1,164,896 1,154,265 1,126,184 1,001,703 864,531 8326!0 794,254 755.94610.25 1,401,394 1,340,485 1,276,100 1,193,344 1,562,388 1,395,453 1,277,616 1,226,920 913,196 913.726 908,875 881,58011.25 1,589,295 1,578.199 1,563586 1,523,905 2,106,932 1,857,371 1,599,042 1,437,777 $125,012 885,513 893.528 919,16012.25 1,084,147 1,543.890 1.707,410 1,720,633 2,523,592 2,294,526 1,992,258 1,792,748 953,383 895,657 853,719 840,323

13.25 527,202 639.369 1,036,336 1.490,034 2,076.967 2,468,922 2,287.613 2,122,634 1,133,526 966,375 842,797 742,43814.25 223,346 287,689 374.254 479,457 581,818 734,819 1,090,182 1.320,943 1.461,192 1,367,751 1,185,879 904,182
25.25 102,485 121,499 138,280 163,134 201,713 252,588 282,217 279,724 254.203 258,415 349.001 507,33616.25 15,470 22,267 37,490 60,770 67,539 79,071 80,885 77,895 32,919 36,929 30,144 9,408
17.25 166 
18.25 
19.25 
20.25 

Sum 8,035,088 8.419.884 8,939,819 9,475,324 12,694,884 12,494,827 11,747,256 11,169,134 8,525,723 7,998,227 7,562,796 7,10S,490 

Table 7. Biomass per length class and month of Peruvian anchoveta (Engrauli, ringens,nothern/central stock, 4-140S) for 1955, in tonnes. 
Mkiemi1h Jun Feb Mu Apt Muy Jun Jul Aug Sep Oct Nov Dec 

4M2 118,924 102,852 98,'408 97,476 97,773 92,378 81,358 69,956 66,091 51,622 53,016 57,766525 216,441 210,107 177,698 170,666 170,687 164,804 155,261 139,322 155,904 124,672 89,379 87,7666.25 345,343 341,844 335,728 270,635 284,937 257,130 242,912 229,640 277,806 239,317 195,882 138,9277.25 512,818 504,125 503,592 475,789 472,204 411.190 351.121 327.853 436,635 396,133 340,601 281,8218.25 718,159 705,494 692,757 672,041 648,296 608,851 563,495 480,090 614,855 565,613 515,939 453,9569.25 980.260 936.892 923,930 872,324 860,103 797,737 730,893 646.905 801,988 750,919 694,906 641,23310.25 1,225,587 1,230,451 1,189.930 1.127,962 1,074,190 1,005,913 931,490 813,245 970,301 916,607 863,869 817,65912.25 1,063,154 1,398,007 1,482.036 1,398,879 1,332,274 1,229,135 1,106,365 999,113 1,200.208 1,109,692 1,000,940 95754512.25 802.281 957,978 1,338,992 1,589,815 1,525,482 1,428,696 1,247,891 1,123,187 1,987,667 2,636,764 1,286,874 1,067.99513.25 645,115 677,768 823,813 954,678 1,022,068 1.146,779 1,172,829 1,174,342 2,17,901 1,232,124 1,414,494 154159814.25 839,524 631.541 580,761 578,313 630,215 708,852 732,221 729,888 617,506 664,249 693,479 681,319
25.25 341,290 641,827 691,801 696,869 533,568 396,609 381,116 377,758 344.313 330,479 335,943 297,70716.25 5,465 6,196 36,326 73,494 283,832 421,453 420,323 405,511 227,040 236,309 236,381 231,467
17.25 514 158 379 
18.25 
19.25 
2.25 

Sum 7,814,363 8,345,081 8,875,772 8,979,455 8,93S,528 8,669,526 8,117.433 7,537,180 8,818,215 8,254,501 7,721,704 7,26,757 
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Table 8. Biomass per length class and month ofPeruvian anchoveta (Engraulit ringens,northem/central stock, 4-140S) for 1956, in tonnes. 
M653.igth Jan Feb Mur Apr May Jun Jul Aug Sep Oct Nov Dec 

4.25 
5.25 
6.25 
7.25 
8.25 
9.25 

10.25 
11,25 
I25 
13.25 
14,25 
1525 
16.25 
1725 

51,878 
94,168 

134,201 
220,891 
384,923 
590,669 
753,217 
916,666 
961.097 

1,211,989 
666,105 
336,170 
120,424 

47.338 
86853 

144,539 
188,606 
297,680 
495.864 
717,965 
882,052 
964,000 

1,008.610 
915,S02 
397,486 
149,849 

51367 
82,267 

133,191 
206,843 
253,677 
397673 
633,999 
841,084 
965,156 
928,684 

1,051,658 
451.646 
158,005 

10.699 

55,234 
93,176 

130.299 
195.249 
280978 
331,268 
535.970 
809,195 
958,547 
957,427 

3,017,547 
521,963 
174,161 

36,356 

55.572 
101,545 
164,040 
218,939 
304,374 
376,932 
452,673 
681,269 
848,490 
954,974 
789,109 
741,614 
234,397 

59,884 
94,242 

155.547 
222,807 
287,763 
381,427 
422,274 
565,443 
750,119 
876,988 
729,057 
742,623 
276,098 

5,942 

63,666 
94,426 

140,082 
218,251 
272,389 
349.452 
419.236 
460,909 
619,059 
724,238 
690,876 
706,236 
285431 

23,021 

60,984 
102.396 
129,739 
191,821 
259,300 
305,813 
390.335 
411,036 
530,475 
591,957 
629.381 
671.818 
287,068 

32,927 

58,120 
97,477 

136,792 
175,310 
250,667 
285,481 
357,267 
391,948 
442,065 
512,257 
575,350 
575,525 
233,802 

56,440 
94,170 

143,453 
167,962 
225,254 
287,055 
323.448 
381,237 
375,014 
416,995 
486,867 
468,742 
330,672 

5S.902 
91368 

138,217 
184,386 
208,659 
281,669 
301,716 
356,851 
335,804 
354,849 
383,033 
388,474 
383.592 

54.299 
95.061 

136,371 
190,663 
227,484 
261,160 
320.229 
327,004 
346,278 
295,259 
272,966 
344,376 
367,224 

5,057 
18.25 
19.25 
20,25 

Sum 6,456,791 6,310,710 6,182,133 6,112.664 1,937,209 5,583.914 5,078,527 4,605,280 4,101,877 3,768,965 3,477,099 3,258,294 

Table 9. Biomass per length class and month of Peruvian ancboveta (Engraulti ringens,northern/central stock, 4-14oS) for 1957, in tonnes. 
Midlemh Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

425 52.135 51,445 59,132 71,815 88,790 96,045 100,776 122,743 107450 56,241 57,800 53,223
5.25 90,811 85,900 91,929 106,643 124,554 149,510 162,046 157,814 173.831 197,573 102,445 94.336
6.25 134,307 131.439 135,577 144,330 162,026 184,811 208,418 234,459 226,501 232,655 290,433 168,573
7.25 176,591 181,382 189,677 194,997 201,138 219,453 236,646 254,860 283,278 306,927 297,306 366.544 
8.25 226.145 221,965 245,622 257.892 255,359 259.658 263,421 272,263 287,462 295,687 352,865 359,526
9.25 244,459 262,357 285,298 307,547 328,830 316,228 307,543 297594 295,426 287,581 318,924 382,651

10.25 308,888 279,135 310.373 348,394 344,914 375,648 371,254 347,953 321,774 299,983 288,521 307,655
11.25 302.568 319.972 330,636 332,503 360.466 376,696 376,726 383,986 368,499 325,954 273,247 250,859 
1225 293,397 265.055 303,217 331,551 308,540 309,136 329,090 339,648 330,108 298,164 275,073 218,277
13.25 227.585 208.863 216,456 222,650 235,127 248,321 201,547 185,768 204,314 212,582 200,382 139,623
14.25 271,110 163,666 131592 145,380 149.241 137,352 106,892 90,814 97,627 105,194 99,688 77,730
15.25 290,329 239,157 206.7;0 157,378 128,131 107,248 86,077 80,318 73,972 65,205 56,413 48,963
16.25 356.057 331.538 328,069 266.154 222,767 194,099 172,755 142,829 97,085 94,959 80,603 62.937
17.25 19,419 48,799 106,415 60,458 95,355 106,001 114,495 13,989 28,263 
18.25 
19,25 
20.25 

Sun 2,990,330 2,777,737 2,902,278 3,035,479 2,994961 3,089.527 3.049,796 3,050,043 2,876.937 2,791,409 2,720.782 2,573.984 

Table 10. Biomass per length class and month of Peruvian anchoveta (Engraulisringens,northern/central stock, 4-140S) for 1958, in tonnes. 
Miduiogth Jan Feb Mu Apr May Jun Jul Aug Sep Oct Nov Dec 

4.25 48,813 45,392 41,117 48,676 76,014 100,862 107,186 115,318 124,878 118,706 116,842 138,404
5.25 87,235 84,608 78,896 72,690 83,000 125,934 162,883 174,326 198,834 198.694 195,995 199,691 
6.25 133441 135,582 132,670 125.895 110,117 123,130 159,265 218,424 278,247 285,717 287,631 295,275
7.25 216,872 191,106 196,524 196,088 156,885 153.042 157,640 168,450 298,222 349,454 379,606 387.386 
8.25 391,100 304,142 260.391 271,646 252,486 216,488 192,894 186,451 307,910 312,492 381,655 466.022 
9.25 430,660 467,509 436.064 330,813 329,500 314,109 281.349 242,751 739,162 420,629 336,883 428,615

10.25 317,291 491,300 528,292 576,324 355,090 373,150 348,326 338,071 604,019 782.109 714,289 403.238
11.25 250,869 271,656 480,030 584,951 695,879 559,741 342,284 369,837 598,279 531.872 515,080 787,355 
12.25 171,967 208,772 229,546 231,641 472,701 503,902 611,33 493,385 621,151 576.348 498.393 384.003 
13,25 81,216 8390 104,535 0 185,821 218,670 299,216 323,349 569,959 519,178 .9,634 455,083
14.25 61,616 64,581 41,394 0 80,620 77.463 73,672 21.438 604,779 549,680 502,499 470,696
i5,25 41,225 35,700 16,606 5,715 2,328 3,291 8,226 0 728,079 647,420 577.599 530,216
16.25 50,409 43,638 41,603 39,141 33,438 23,528 16,107 10,761 759,727 753,409 698,842 638.088 
17.25 4,700 15,818 21,766 15.171 1,350 15,711 17,965 19,110 321 22,375 100,159 203,603 
18.25 
19.25 
20.25 

Sum 2,287,413 2.448,192 2,609,434 2.498,751 2,845.229 2,809,021 2,778,367 2,681.671 6,413,668 6,068.086 5,785,107 5,787,677 
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Table 11. Biomass per length class and month uf Peruvian anchoveta (Engraulis ringew, northern/central stock, 4-140S) for 1959, in tonnes. 
Mitlhath Jan Feb MU Apt May Jun Jul Aug Sep Oct Nov Dec 

4.25 
5.25 
6.25 
7.25 
8.25 
9.25 

10.25 
11.25 
12.25 
13.25 
14.25 
15,25 
16.25 
17.25 
18.25 

150.504 
227,025 
293.703 
397,204 
488,146 
536,017 
479,395 
910,908 
342,941 
341,984 
382587 
468,826 
543,580 

10,240 

196,129 
262,409 
32,.587 
408,859 
489,764 
516,180 
516510 
657,181 
607,350 
321,134 
347,169 
417,927 
505,585 
106,493 

237.778 
376,148 
422,852 
520,486 
556,874 
598,910 
561,437 
463,134 
900,832 
308,831 
330,997 
389,709 
471,452 
206,721 

24S,687 
431,765 
608.493 
614,727 
653,438 
626,526 
623,307 
544,766 
535,677 
772,109 
318,559 
364,606 
440,853 
282,102 

232,422 
427,597 
678,350 
858,243 
796.306 
756,133 
672,607 
551,168 
474,977 
829,816 
294,361 
340,185 
408,370 
169,256 

252.386 
397,556 
626,023 
829,776 
918,033 
883,114 
767,295 
661,808 
536,207 
601,669 
525,294 
313,885 
374.398 
215,736 

297.846 
406,160 
603,670 
843,758 
987,639 
930,761 
799,917 
678,541 
548,368 
413,908 
746,125 
286.354 
339,826 
239,836 

324.561 
463,328 
547,581 
822,467 

1,012,967 
994,562 
814,823 
634,593 
547.330 
431,645 
664,298 
260,489 
303,728 
247,011 

305,814 
491,733 
597,939 
752.261 

1,003,715 
1,100.983 

904,919 
679,888 
532,634 
359,295 
558,725 
224,392 
268,809 

27,707 

288,608 
488,590 
672,082 
734.582 
968,949 

1,118,968 
1,026,985 

774,005 
509,950 
301,731 
330,870 
355,809 
238,118 

57,791 

271,422 
477.819 
712,969 
859,362 
878,109 

1,140,599 
1,180,009 

813,983 
487,477 
291,727 
178,544 
465,272 
212,607 

83,926 

264,902 
454.623 
710.979 
979,928 

1,001,538 
1.082,766 
1,200,803 

840,253 
519,341 
317,318 
191,897 
399,111 
190,069 
106,805 

19.23 
20.25 

Sam 5,621,667 5,775,070 6,423,434 7,133,181 7,547,085 7,964,133 8,184,362 8,128,765 7,864,754 7,925,474 8,119,588 8,335,227 

Table 12. Biomass per length class and month of Peruvian anchoveta (Engraulis ringens,northem/central stock, 4-140S) for 1960, in tonnes. 

MIdlength Jan Feb Ma Apt May. Jun Jul Aug Sep Oct Nov Dec 

4.25 234,496 246,934 272,631 299,413 338,211 346,766 348,711 336,577 317,566 309,562 302,184 289,814
5.25 408,252 410.729 448,494 498,434 564,777 573,783 575,667 565,329 532.405 515,341 514,060 $07,388
6.25 636,390 637,216 648.642 714,616 835,001 849,979 845,682 825,667 784.646 768,936 758,373 765,793
7.25 915.652 911,012 931,696 958,864 1,038,462 1,135,562 1,148,446 1,110,580 1,052,090 1,046.281 1,048,687 1,046,4888.25 1,087,594 1,230,327 1,243,366 1,284,702 1,283,446 1,329,555 1,382,118 1,397,976 1,295,867 1,287,515 1,301,497 1,326,802
9.25 942,163 1,338,489 1,576,380 1,607,434 1,626,769 1,568,370 1,528,256 1.480,916 1,491,203 1,498,220 1,496,626 1,555,648

10.25 1,158,115 1,068,304 1,535,039 1,845,724 1,959,716 1,859,133 1.746.742 1,612,225 1,580,659 1,546,983 1.634,375 1,717,459
11.25 960,075 1,061,548 1,138,755 1,527,922 1,985,163 2,037,981 1,947,663 1,826,340 1,706,567 1,622,502 1,624,768 1,684,182
12.25 524,347 715,548 851,297 979,153 1,237,526 1,668,044 1,849,349 1,870,630 1,812,700 1,722,405 1,659,723 1,551,754
13.25 227,550 341,517 454,289 606,084 689.453 863.827 971,663 1,143,524 1,316,067 1,468,154 1,570,733 1,461,17714.25 158,017 164,882 198,282 286,431 346,390 445,186 510,628 520,202 520,345 570,183 691.633 874,931
15.25 408,404 358,078 186,327 164,016 169.190 193,497 221,452 234,272 251,686 216,298 170,208 197,64716.25 171,094 164,530 333,232 336,433 306,442 275,240 208,387 126,002 121,600 107.502 79.035 77,823
17.25 74,145 103,295 126,923 144,862 86,480 101,723 157,049 223,290 130.925 123,093 115.946 110,534 
18.25 
19.25 
20.25 

Sum 7.980,528 8,835,601 10,035,488 11,345,051 12,557,060 13,327,448 13,509,919 13,333,638 12,973.742 12,869,625 13,042,398 13,250,594 

Table 13. Biomass per length class and month of Peruvian anchoveta (Engrauis ringens, northem/central stock, 4-140S) for 1961, in tonnes. 
MMIogth Jan Feb Mar Apt May Jun Jul Aug Sep Oct Nov Dec 

4Z25 282,817 293,158 339,722 353,165 341,723 318,174 297,757 293,344 282,810 267,862 238,669 212,533
5.25 482,130 493,639 553,267 625,568 607.726 562,264 511,679 505.061 512,590 470,433 433,848 390,066
6.25 748,970 734,811 818,210 881,140 959,017 892,032 807,776 784,628 771,316 750.808 681.687 632,341
7.25 1,017,978 1,064,097 1,123,721 1,213,668 1,238,174 1,271,996 1,180,474 1.143,004 1,120,477 1,056.291 989,698 923,508
8.25 1,281.975 1,349,015 1.524,657 1,562,445 1,588,371 1,555,359 1,518,713 1,568,984 1,541,656 1,443,912 1,314,868 1,234.181
9.25 1,590,841 1.614,818 1,822,848 1.992,946 1,944,910 1,876,318 1,793,339 1,785,247 1,906,117 1,897,335 1,711,919 1,578,254

10.25 1,746,525 1,889,215 2,099,263 2,252,671 2,344,848 2,266,295 2.061,108 2,039,918 2,130651 2.056,177 2,050,932 1,986,.571
11.25 1,804,715 1,954,542 2,292,622 2,514,161 2,501,221 2,426,368 2,331,082 2,322,205 2,314,130 2,242,123 2,186,522 2,15S,969
12.25 1,561,342 1.840,135 2,239,165 2,445,055 2,596,824 2,492,108 2,306,642 2,326,872 2,445,067 2,404,963 2,252,020 2,164,741
13.25 1,337,26 1,374,389 1,708,746 2,154,749 2,324,475 2,239,041 2,126,363 2,148,048 2,222,138 2,179,442 2.096.726 2,103,808
14.25 924,170 872,013 979,861 1,250,361 1.510,564 1,625,588 1.624,007 1,670,501 1,670,730 1,677,500 1.607,136 1,496,940
15.25 187,258 238,259 391,339 468,718 514.256 576.607 639,145 702,199 839,847 879,548 815,084 674,19416.25 70,019 76,933 59,413 73,876 80,602 106,721 119,316 136,272 148,688 164,388 129.500 89,198
17.25 30,063 38,113 3,808 5,597 5,420 5,760 6,562 7,604 4,687 6,535 6,696 4,818
18.25 
19.25 
20.X 

Sam 13,157,818 13,931,733 16,070,130 17,898,810 18,646,938. 18,285,164 17,382, 64 17,484,460 17,963,564 17,553,450 16,573,039 15,709,465 
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Table 14. Biomass perlength class and month of Peruvian anchoveta (Engrauis ringen. northern/central stock, 4-140S) for 1962, in tonnes. 
MWmglh Jan Feb Mu Apt May Jun Jul Aug SOP Oct Nov Doc 

4.25 
5.25 
6.25 
7.25 
825 
9.25 

10.25 
11.25 
12.25 
13.25 
14.25 
1525 
16.25 
17.25 
18.25 

194.713 
359,441 
585,714 
869,114 

1,221,443 
1,526,809 
1.921.621 
2,228,015 
2,182,356 
2,089.439 
2,442,881 

604,311 
106,416 

4,826 

182,437 
326,395 
539,376 
815,784 

1,137,835 
1,522,962 
1,813,884 
2,211,722 
2,322,334 
2,185,871 
1,649937 

608,672 
120,724 

4,136 

184.924 
338.693 
533,856 
818,'2 

1,166,-97 
1,548684 
1,963,416 
2,286,742 
2,599,352 
2,497,450 
2,979,780 

832,240 
160,532 

5,850 

184,455 
317,303 
517,294 
761,434 

1.093,130 
1,477,765 
1,888,167 
2,249,352 
2,553,387 
2,667,879 
2,136,219 
1,045,765 

179,491 
8,912 

207 

195,963 
316,250 
478,338 
714,077 
991,66S 

1,356,368 
1,743.920 
2,135,145 
2,392,951 
2,619,693 
2,175,110 
1,154,550 

179,614 
20,778 

205,287 
319,854 
456,185 
643,711 
905,646 

1,194,717 
1,558,261 
1,867,485 
2,161,376 
2,335,910 
2,102,246 
1,131,984 

215,396 
25,542 

220,945 
339,259 
468,101 
625,177 
845,447 

1,113,319 
1,406,386 
1,704019 
1,988,211 
2,150,553 
2,064,318 
1,196,071 

270,841 
27,779 

70 

239,140 
371,139 
502,077 
633,760 
815.617 

1,084,781 
1,318,644 
1,619,425 
1,857,180 
2,046,548 
1,998,656 
1,244,321 

370,771 
31,577 

175 

250,136 
402,750 
538,542 
679,509 
822,606 

1,042070 
1,306,008 
1,557,215 
1,772,128 
1,960,981 
1,921,279 
1,270,182 

441,089 
24884 

231.244 
413,669 
574,430 
715,430 
835,878 
993,607 

1,247932 
1,451,802 
1,663,238 
1,813,353 
1,760,937 
1,271,101 

450,177 
30,304 

218,005 212,863 
399,530 365,125 
617,138 596.027 
785,773 841923 
90,,414 985,431 
916,686 1.046,592 

1,1M23,3751,144,009 
1,427,572 1,362,142 
1,583,763 1.499,755 
1,453,655 1,496,690 
1,644,787 1,318,706 
1,197,362 970,782 

421,367 354,518 
31,406 30,494 

19.25 
20.25 

sum 15,398,889 15,503,244 16.976,522 17,137,542 16,529.090 15,174,950 14,466,353 14,119,311 14,036,962 13,499,910 13,113,644 12,287,342 

Table 15. Biolnass per length class and month of Peruvian anchoveta (Engrau isringens, northem/centm.l stock, 4-140S) for 1963, in tonnes. 
Mklemngt Jan Feb Mu Apr May Jun Jul Aug Sep Oct Now DeC 

4,25 176,904 205,163 287,302 411,672 491,604 353,826 489,622 436,828 375,886 331,840 264,236 207,4175,25 304,722 306,768 384,955 594,473 753,610 572,065 830,509 775,061 726,544 716,134 565,816 445,636
6.25 480,391 446,643 484,135 641,221 923,245 767,696 1,170,432 1,156,514 1,122,222 1,189,770 1,100,269 863,3927.25 746,206 672,371 684,626 791976 955,348 864.767 1,397,178 1,439,424 1.498,081 1,669,929 1,649,126 1,561,0228.25 978,871 982,604 923,384 2,003,503 1,068,455 829,259 1,429,760 1,527,609 1,682,620 2,004,139 2,144,613 2,181,602
9.25 1,037,596 1,224,381 1,276,867 1,267,157 1,275,905 855,241 1,331,165 1,414,556 1,600,174 2,024,377 2,315,458 2,569,04510.25 1.039,416 21,96,396 1,506,605 1,670,892 1,510,115 1,000,607 1.374,537 1312,862 1,378,044 1,747,023 2.029,589 2,520,529

11.25 1,144,065 1,161,359 1,354.177 1,781,776 1,885,235 1.186,171 2,501,842 1,367,485 1,350,147 1,475,971 1,624,680 2,074,93612.25 2,355,164 1,255,522 1,288,085 1,523,83' 1,718,307 1,276,457 1,735,630 1,526,142 1,380,906 1,465,255 1,456,367 2,583,238
13.25 1,351,294 1,332.034 1,401,417 1,366,438 1,393,686 1,006,874 1,464,328 1,459,325 1,451,981 1,528,325 1,336,951 1,268,91514.25 1,037,597 929,387 1,126,911 1,210,510 1,078,712 634,168 902,195 923,322 952,003 1,088,471 2,076,558 941,280
15.25 625,222 440,153 499,572 163,106 556,526 290,404 346,198 320,777 349,553 310,904 436,514 372,48216.25 189,003 140,928 127,018 123,052 104,112 553,706 69,344 68,471 59,107 63,593 67,637 42,49117.25 22,374 23,569 22,277 26,230 25,044 17,214 7,544 6,903 4,758 4,665 4,498 492718.25 46 275 202 276 1,179 61 59 2 23 
19.25 
20.25 

3um 10,548,011 10,412,240 11,473,243 13,114423 13,740,181 9,711,634 14,050,346 13,735,337 13,997,264 15,757,467 16,134,135 16,694,301 

Table 16. Biomass per lcngth class and month of Peruvian anchoveta (Engrau/is ringens,northern/central stock, 4-140S) for 1964, in tonnes. 
Mkdl.gth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

425 145,815 115,538 108096 387,913 150,967 174,593 210,470 236,530 211,497 213,392 226,917 221,249
5.25 304,065 242,189 199,923 548,370 236,525 2S3,545 284,765 335,146 327,951 341,958 375,901 376,6946.25 597,125 458,043 390,195 594,109 317.084 349,461 369.186 399,217 405,268 450,793 522,992 555,723
7.25 1,080,651 832,224 674,007 747,700 485,203 438.451 461,854 485,270 483,885 521,631 631,333 702,5578.25 1,815,547 2.445,269 1,140,199 958,666 806,252 632,597 574,816 559,239 559,584 584.933 678,262 786,228
9,25 2,356.868 2,303,717 1,908,581 1,202,573 1,283,596 2,047,566 841,756 720,998 635,937 633,818 720,419 770,08510.25 2,534,638 2,808.8T' 2,884,20l 1,644,037 2,030.414 1,625,350 1,333,308 1,103,711 887,630 759,959 733,907 775,649

11.25 2,271,774 2,834,187 3,301,842 1,710,820 3,001,160 2,399,324 2.002,266 1,701,104 1,363,362 1,142,187 988,992 838,92012.25 1,646.901 2,141.440 2,996,046 1,474,201 3,588,194 3,227,603 2,833,723 2,395,530 2,001,609 1,700,239 1,497,850 1,198,16613.25 1,218,238 1,245,877 1,844,859 1,329,465 3,257,862 3,276,246 3,114,158 2,970,552 2,611,749 2,348,407 2,085,353 1,727,439
14.25 697,363 602.227 82H.299 1,200,358 1,645,609 2.095,813 2,379,551 2,532,548 2,400,381 2,324,515 2,255,421 1,890,447
15.25 219,835 173,800 232,124 546,896 431,707 619,723 856,390 998,277 1,180,037 1,310,849 1,312,537 1,137,474
16.25 23,606 21,519 26,595 31,613 58,858 89,054 124,142 176,029 199,163 250,742 275,828 234.25517.25 935 627 968 4,823 6,991 11,599 16,116 15,048 17,281 16,755 14,500
18.25 37 19 7 103 425 309 
19,25 
20.25 

Stun 14.959,008 15,262,800 16,559.079 12,508,669 17,341,928 16,281,603 15,446,168 14,676,388 13,326,207 12,649,246 12,383,800 11,296,1199 

http:2,808.8T
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Table 17. Biomass per legth class and month of Peruvian anchoveta (Engrautdi ringes,northem/central stock, 4-140S) for 1965, in tonnes. 
Mulenth Jan Feb M": Apt May Jun Jul Aug Sep Oct Nov Doe 

4.25 
5.25 
6.25 
7.25 
8.25 
9.25 

10.25 
11.25 
12;25 
13.25 
14.25 
15.25 
16.25 
17.25 
18.25 
19.25 

190.210 
353.879 
524201 
703,351 
825,414 
855,864 
797.616 
763,887 
893,313 

1,359,094 
1.547,551 

924,797 
219,155 

18,285 
756 

207294 
294,446 
502904 
695,917 
8S4,918 
910,860 
822,994 
717,776 
695,727 
943,181 

1,200,109 
788,667 
146,811 

10,398 
42 

295,450 
410049 
495,336 
752,455 

1,016009 
1,351,473 
1,126,414 

896,557 
745,618 
750,709 

1.032,265 
843,107 
180.695 

12,260 
461 

384.632 
563,318 
652,032 
775,826 

1,023084 
1,313,878 
1,398,566 
1,175,078 

832,728 
628,518 
667,93J 
551,116 
127,349 

7,500 
796 

477054 
696293 
860,699 
929,393 

1,018,754 
1,300,426 
1507,560 
1,458,980 
1,016.051 

642,179 
453,923 
326,219 
79,838 
4,530 

537 

547.953 
822,037 

1,048,006 
1211,343 
1,158,662 
1,200653 
1,528, .)3 
1,568,561 
1,215,291 
657,638 
342,091 
164,806 
45.278 

3,094 
706 

S81,473 
977.180 

1,275,885 
1,476,783 
1,560,673 
1,439,411 
1,494,917 
1,723,036 
1,442,660 

762,288 
326,267 

95,851 
20,212 

3,171 
870 

483,473 
960,998 

1,361,608 
1,.570,944 
1,685,724 
1,606,976 
1,460,132 
1,648,896 
1,555,723 

959,190 
396,113 
119,096 

22.471 
3,315 

904 

451,335 
1,005.593 
1,729,775 
1.875,249 
1,807.262 
1,802,867 

,.567,449 
1517.604 
1.549,795 
1,119,354 

466,775 
146,808 
28,576 

3,460 
1,147 

367,189 
849,589 

1,680;539 
2,358,207 
2,303,876 
2,157,416 
1,952,751 
1,643,154 
1,661,847 
3,367,856 

636,703 
215,468 
37,838 

3,896 
3,207 

278,349 
629,003 

1,348,489 
2.395.599 
2,893,316 
2,561,347 
2,320,037 
1,800,239 
1,619,458 
1.454,148 

817,978 
258,633 
46,388 
4,508 
1,263 

191,002 
465065 
962,320 

1,938,182 
3,227,584 
3,427,573 
2,702,253 
2,339,569 
1,741,169 
1,383,080 

857,457 
253,519 
47,140 
4,592 

96 

20.25 22 

Sum 10,040,059 8,870,319 9,818,282 10,223,384 10,917,194 11,653,795 13,294,794 13,919,170 15,149.436 17,313,482 18.491,620 19,591,456 

Table 18. Bionass per length class and month of Peruvian anchoveta (Engraulis ringens,northem/central stock, 4-140S) for 1966, in tonnes. 
Mklength Jan Feb MU Apt May Jun Jul Aug SOP Oct Nov Doc 

4.25 67,203 78,169 133,832 245,678 395,358 473,882 541,396 545,932 506,7865.25 163,067 109,858 143,921 475,610 384,505 268,072291,745 497,561 630.395 780.015 878,013 889,156 877,006 785,5016.25 406,9o6 247.204 174,317 260,748 597,044479,399 682,951 891,615 1,072,848 1,207,3857.25 920,315 550,817 320,101 298,732 442,800 615,343 
1,317,290 1,282,425 1,111,032

862,597 1,059.221 1,274,453 1,576,876 1,749,2848.25 1,856,134 1,215,128 1,674,488656,714 451,194 430,947 487,012 730,8519.25 2,935,653 2,263,026 1,338,028 
925,869 1,114,879 1,480,955 3,871,910 2,125,885880,017 607,975 444,10610.25 2,877.660 3,449,748 

537,054 710,869 862,086 1,183,754 1,565,103 2,080,0832,482,983 1,696.907 1,155,483 695,503 335,367 534,97411.25 2,355,288 3,077,374 3,620,018 
577,294 831,235 1,131,185 1,470,8083,172,731 2,121,809 1,233,955 947,199 723,71212.,25 1,706,121 2,564,697 3,163,370 555,493 568,995 668.402 948,3823,979,282 3,801,800 2,480,210 1,829,226 1,375,95513.25 984,345 1.277,243 2,184,162 2,982,394 

1,015,383 801,038 582,108 $77,7413,597,607 3,455,214 3,299,691 2,686,724 1,983,54714.25 614,034 555,045 732.872 1,517,502 3,035,941 726,3541,542,300 2,399,196 2,404,104
15.25 133,720 153,816 

2,713,682 2,985,494 3,019,638 2,663,662 1,898,540 1,341,297189,584 262,662 576,023
16.25 24,672 25,204 

900,341 1,367,895 1,682,538 1,868,305 1,799,426 1,652,397 3,839,36423,736 33,759 81,223 122,455 171,006 271,560 371000 556,46817.25 2,145 1,647 2,009 606,933 740,8382.791 6,930 9,924 18,010 25,00218.25 97 32,242 44,478 41.201 59,04487 25 171 509 573 702 553 1,006 1.976 3.426
19.25 
20425 
Sum 15,087,634 15,598,824 15,218,628 16,190,278 16,594,282 14,685,901 15,226,376 15,479,413 15,378,590 13,799.813 15,350,529 15,638,768 

Table 19. Biomass per length class and month of Peruvian anchoveta (Engrauais ringe.s, northern/central stock, 4-140S) for 1967, in tonnes. 
Midkwsth Jan Feb Mat Apt May Jan Jul Aug Sep Oct Nov Doc 

4.25 209,733 156,057 211,814 286,811 360,060 462,843 429,295 369,131 263,992 185,171 114,117!.25 460,176 304,674 289,103 397,659 545,431 705,442 715,102 
65,038

724,398 613.3376.25 973,0135 611,787 509,528 488,375 309,636 188,239469.110 624,6607.2S 934,815 956,104 1,027.477 1,039,606 998,3111,674,207 1,181,659 906,810 718,433 723,42S 753.159 473,180992,810 1,133,443 1,235,155 1,279089 1,439,2138.25 2,340,058 2,038,496 1,660,545 1,185,016 1,374,032 1,089,261 
9.25 

973,043 1,023,569 1,163,280 1,317,112 1,417,135 1.625,395 1,776,708 1,867,7732,591,810 2,684,426 2,714.995 2,076,498 1,521,695 1,318,509 1,116,981 1,260,364 1,337,806 1,640,810 1,861,11110.25 2,322490 2,745,336 2,231,9663,464,880 3,253,947 2.595,721 1,990,741 1,512.91611.25 1.492,384 2,071,858 3,283,090 
1,347,231 1,187,056 1,456,907 1,713.489 2,174,0663,895,029 3,744,890 3,409,911 2,432,950 1,909,127 1,556,583 1,451,767 1,419,97712.25 843,186 1,268,184 2,211.921 3,197,460 3,863,864 3,740,3434,319,634 3,737,798 3,279.075 2,505,800 2,076,69213.25 S99.963 1,654,264 1,524,289643,610 1,204269 1,941,258 2,624,205 3,567,353 3.788,266 3,923,037 3.618,87814,25 1,001,429 565,677 562,097 3,324,396 2.448,497 1,874,080816,060 1,258,396 1.906,862 2,258,397 2,716,803135.25 1,407,012 715,991 658,311 404254 377,146 

2,969,205 3,359,512 2,991,540 2.413.586 
16.25 618,379 

641,417 845240 1,078,625 1,336,914 1,675,345 1,715,336 1,824,100348,484 439,951 340,790 153,768 131,028 164,256 237,323 309,94837.25 78,178 42,325 57,413 38,907 33,267 28,620 
425,560 466,338 496,076

35,913 44,124 48,607 54.419 46,99918,25 2,732 3,200 4,973 6,312 59,4445,099 5,381 5,249 5,327 1,834 3,050 2,587 3,06119,25 
20.2 

Buns 16,692,067 15,416,511 18,260,088 19,128,740 19,515,116 21,559,890 20,383,538 20,539,244 19,529.614 20,240,102 18,672,496 18,040,522 
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Table 20. Biomass per length class and month of Penivian anchoveta (Engrauiisringens, northeril/central stock, 4-140S) for 1968, in tonnes. 
3IkMagth Jan Feb Mu Apr May Jun Jul Aug Sep Oct Nov Dc 

4.25 36.007 39,861 84,317 174.252 241,910 286.443 298,872 292,203 255.126 220,633 195.900 142,876
 
5.25 95.547 52.665 77.211 183,307 342329 433.634 475,974 489,340 461.550 433,453 406,076 323.308
 
6.25 276.851 132,414 91,910 154,751 279,437 533,399 625,522 679,402 667.755 671,808 715.321 620,630
 
7.25 660,417 339.597 171,257 161,642 259.542 400,449 668.905 780,687 824,906 872.481 1.000,019 1,007,129
 
8.25 1,413,033 803,184 417068 235,041 224,566 319,608 509,299 707,161 825,484 976,500 1,203,140 1,319,954

9.25 2.258,477 16540900 969.669 547,740 293,508 247,869 313,110 489,103 595,231 862,935 1,216,400 1,489,787
 

10.21 2,432,025 2A73.681 1964,109 1,236,555 661.350 331,273 250,534 304.466 360,935 538,127 91.985 1,378.675
 
11.25 2,127,619 2622.865 2.970,.523 2,484.403 1.482,741 868,798 523,029 336,184 254,376 294,920 496,098 830.359
 
12. 5 1,512,518 2,156,835 2,809,811 3,420,017 2,774,085 1,928,283 1.305,174 891,307 528,561 318,679 280,528 358.375 
13.25 1,469,507 1544,949 2,185,736 3,148,666 3,121.498 3,004.897 2,653,618 2,067,12, 1,411,916 858,474 521,878 288,089
 
14.25 1,763809 1,377.750 1.432,093 1.870.934 2,359,323 2,633,196 2,776,677 2,780,545 2,471,119 1,728,912 1,134,178 658,211
 
15.25 1,455,551 1,124,835 1004.186 1,191,082 1,257,620 1.432,386 1,789,612 2,032,114 2,004,569 1,649,296 1.262,407 980.997
 
16.25 290,400 271.088 430,494 609,553 523,282 545,875 702,487 608,565 924,717 752,243 640,730 443,823
 
17.25 34635 35,706 44,816 62,947 80,314 126,061 180,350 217,873 230,296 207,404 164,797 67,573

18.25 2,137 2,448 4,691 8,943 9,761 10,767 11,372 11,410 7.142 7,232 9,870 8,363
 
19.25 .23 56
 
20.25
 

Sum 15,839,298 14.748596 14,692,500 15.546230 13,988,822 13,178,665 1a,150,748 12,946,503 11,872,997 10,444,159 10,207,162 9,959,733 

Table 21. Biomus perlength class and month of Peruvian anchoveta (Engraulis ringens, northem/cental stock, 4-140S) for 1969, in tomnes. 
Midlenth Jan Feb Mu Apt May Jun Jul Aug Sep Oct Nov Dec 

4.25 127,654 211,175 311.456 493.603 717,995 585,393 503,935 355,182 232,270 165,569 123,587 86,508
 
5.25 195,411 242,008 391,492 643,325 1,216,077 2,049,603 1,020,668 863,802 631,404 372,812 295,874 197,250
 
6.25 418,882 318,622 425,428 735,447 1.179,753 2,404,470 1,594,265 1,542,114 1,325,164 968,989 604,679 428,341
 
7.25 791,795 555,999 485,189 792,840 1,352,149 1,407,612 1.926.232 2,066,746 2,133,240 1,777,893 1,515,690 831,078
 
8.25 1,175,855 950,613 691.298 731,165 1,296,814 1,439,003 2,877,477 2,214,553 2,433,932 2,499,183 2,502,190 1,969,012
 
9.25 1,47!,645 1,342,022 1,162,920 816,505 1.078,803 1,223,034 1,613.786 2,021,007 2.277.245 2,576,060 3,122,519 3,066,724
 

10.25 1.572,086 1,569,271 1,611.261 1,121647 1,154,944 945,863 1,201,899 1,602,225 1.926.571 2,164,956 2,894,340 3,481,719
 
11.25 1,274,695 1,593,684 1,800,811 1,516,692 1,475,049 1,073,566 974,391 1,098,293 1,328,138 2.586,285 2,258,495 2,920,936

12.25 586,757 1.085,244 1,637.057 2,638,374 1,728,646 1,305,07 1,287,545 1,145,728 1,003,991 983,908 1,406,062 1,930,963
 
13.25 274.192 530,678 1,009,915 1,319,693 1.389.377 1,149,665 1,298,370 1,321,081 1,266,991 960,109 808,773 1,025,248
 
14.25 278.892 215,938 367,174 586,223 686,681 686,977 893,756 1,021,287 1,080.732 931,565 806,968 735,750
 
15.25 465.961 204,721 193,880 198,849 206,437 208,271 336,184 468,934 586.842 536,362 529,257 496,163
 
16.25 266603 119.447 163,848 136,156 71.658 44,908 69,567 97,718 123,476 141,515 163,335 178,010
 
17.25 60,483 31,234 45,306 50,655 25.295 14,222 18,520 21,452 24,007 12,693 18,862 25,963
 
18.25 5,727 5,179 6,58 7,287 4,973 2,685 2,912 2,885 2,089 1,320 1,307 730
 
19.25 594 11 31
 
20.25
 

Sum 9.019,245 9,062,797 10,426,553 10$70,390 13,701,294 12,683,407 14,718,343 15,897,048 16,420,824 IS,713,012 17,082,750 17,399,852 

Table 22. Biomass per lmgth class and month ofPeruvian anchoveta (Engraulir ringeh, northemlcentnd stock, 4-140S) for 1970, in tonnes. 

Mldlenth Jan Feb Mar Apr May Jun Jul Aug Sep Oct 1ov Dec 

4.25 57,334 64,456 152.108 257,708 363.473 415,967 474,923 477,804 459,075 430,217 323.508 244,184
 
5.25 132,792 97,734 126,860 287.019 526,410 634,703 708,932 768,418 807,145 784,352 731,452 554,297
 
6.25 272.084 211,684 175,794 245,754 475.744 788,506 944,855 1,016,435 1,117,112 1,251,609 1,194,466 1,122,845
 
7.25 546,997 396,273 298,308 258,660 439,609 682,697 1,071,233 1,202,294 1.363,676 1,510,318 1,735.952 1,750,882

8.25 1,041,486 733,598 553,489 362,965 350,584 543,947 855,644 1182,907 1,460.270 1,715,117 1,931.299 2.345.981
 
9.25 2,053,587 1,354,701 976,490 665,799 409,386 412,838 515,488 875,092 1.214,553 1,598,329 2,051,771 2,454,114
 

10.25 3,016.926 2.290,729 1,720,157 1,146,546 670,770 482,604 447.698 504,051 721,161 1,078,318 1,663,443 2,384,930

12.25 3,129,866 2982,270 2,608,461 1,848,856 1,168,008 745,083 616,067 512,114 505,355 643,949 871,907 1,694,273
 
12.25 2,280,450 2,877,382 3,312,491 2,722,208 1.849,076 1.283,911 999,262 777,758 629,664 519,366 549,750 849,828
 
13.25 1,337,181 2,119,019 2961,409 3,050,047 2,639,692 1.998,969 1.651,114 1,334,953 1,086,209 825,222 631,210 544,739

14,25 737,360 1.057024 1,889,796 2,375,754 2,552,431 2,429,983 2,351,361 2,040,175 1,776,133 1,328,015 914,088 634,153
 
15.25 425,057 578389 731,333 1,062,846 1,531,155 1,809,625 2,061,026 2,134,796 2,171,461 1,672,136 1.044,687 630078
 
16.25 141,980 167,710 248,412 394,127 488,165 656.336 872,825 1,132,677 1,386,507 1.088.316 724,375 474,960
 
17.25 20,101 25,360 39,278 44,779 83,003 156.264 231,212 283.636 331,203 267,381 195,213 114,490

18.25 1080 1,791 5371 8,114 9985 15,721 21,001 23,445 24.600 24,964 33,645 38,881
 
19.25 4 206 
 440 
20.25
 

Sum 15,213037 14,884,085 15,863,660 14,829,540 13,675,834 13,170,68t 13,937.112 14,362.456 15,292,421 14,928,420 14,746,377 15,951,843 



Table 23. Biomass perlength clas and month of Peruvian anchwveta (Engrauli, ringens,northem/central tock, 4-140S) for 1971, in to s. 
Midloqnth Ian Feb AptMtr May Jun Jul SepAuS Oct Nov Dan 

4.25 151.197 96,227 1f,74743,312 14,888 16,776 20,993 18,90821,305 18,034 16,668 19,854525 354,160 234,475 129,478 56,629 28,820 25.092 31,101 33.03434,016 34.105 32,889 27.6416.25 726,444 494,797 303,917 144,483 71,671 43,372 41,982 44,71544,982 53,065 55,929 48,1297.25 1,341.331 973,954 641,517 376.748 182,070 99,013 67,490 52,61158,878 62,964 80,065 77.1168.25 2,027,123 1,749,111 1,235,750 792,480 513.332 258.702 169,362 89,858 69,7449.25 2,438,593 2,623,398 2,184,002 1,459,797 1,010,961 	
68,246 86,017 102,582

669,746 448,528 267,483 142,153 99,080 87,497 103,05710.25 2,398,864 3081,177 3,229,709 2,506,855 1,816,838 1,316,495 1,027,891 702,940 404,290 251,128 136,022 107,78611.25 2,105.935 2,847,193 3,629,741 3,441,563 2,901,113 2,182,950 1,860.417 1,440038 999,802 672,330 423,273 208,96112,25 1,246,475 2,291,503 3,194,211 3,437,3723,211,119 3,186,877 3,072,550 2,474,592 1.379,92413.25 	 1,833,276 1.085,704 626,347583,404 1.133,421 2,288,836 2,474,131 2,712,363 3,098,977 3,611,368 3,15,603 2,981,600 2,285,216 1,840338 1,363,.5314.25 368.299 485,128 737,303 980,803 1,391,360 2,104,781 2,673,241 3,054,438 2,992,94315.25 344,461 	 3,185,176 2,561,639 2,081,496340,927 417,680 369,654 502,271 749,924 1,352,258 1,716,979 	 1,928,527 2,092,682 2,085,408 1,870,86316.25 269,471 304,984 328,365 177,435 234,213227,773 310,469 436,352 567988 985,755848,165 820,34317.25 92,028 158,842 212,298
18.25 	

94,990 73,594 59,091 94,108 128,840 146,003 156,740 140,517 155,95327,948 29,413 20,99141,790 16,986 15,841 19,499 17.85620.454 18,752 14,639 20,43019.25 1,076 964 104 8 280 650 155 646
20.25 

Sum 14.524.045 16,873,188 18,629,492 16,132,739 15,109,347 14,071,250 14,812,420 12.434,07514,018011 11,041,080 9,641,873 7.662,549 

Table 24. Biomass per length class and month of Peruvian anchoveta (Engrauli, ringens, northern/central atock, 4-140S) for 1972, in tormes. 
Midlenglth Jan Feb Ma Apr May JulJun AuS Sep Oct Nov Dec 

4.25 17,070 29,086 46,328 57,783 61,305 88,71087,068 84,742 53,601 45,011 35,597 31,8375.25 28,017 38,306 68,138 86,726 104,259 110,616 149.186 152,340 105,363 94,655 78,872 72,6676.25 40,329 46,372 81,266 114,200 152,806 171,739 218,850170.791 171,171 166,673 149,980 145,2577.25 61,611 61,079 73,343 113,801 178,453 231,444 247,229242,370 229,712 246,081 244,961 260,3998.25 93,718 81,287 90,263 98,068 166,552 248,37 292,196 320,123 276,969 295,568 337,718 403,7519.25 122.042 121,960 109,877 108,817 151,247 220,359 289,165 334,807 320,902 334,318 370,985 526.0231025 111,100 151,771 158,761 121,211 164.324 163.299 235,381 304,493 283,761 349.366 418,900 545,80811.25 123,204 132,247 191,609 149,429 186,762 174,827 217,315158,248 215,139 288,561 371,140 575,52412.25 294,918 150,561 155,270 143,906 159,786 151,400 141,995 151,392 132,292 190,649 261,995 446,80013.25 	 850,938 416,476 192,468 130,179 136,575 92,424 74,417 994661 83,677 101,407 146,066 286.52214.25 	 1,505,G13 1,173,644 717,796 240,907 100,245 48,793 35,039 43,.80 21591 64,627 81,035 136,28215.25 1,333,526 1,681,047 1,54,842 657,759 125,997 35,312 20,041 	 23,676 30,775 33,366 43,646 72,02516.25 538,706 949,211 1.549,156 830,629 117,175 43,544 21,773 	 17,599 21.931 21,396 21,787 29,31817.25 104,282 242057 424,279 230,247 31,260 19,039 	 19.42318.25 
17,613 28,618 	 23,944 18,038 15,84813356 17.490 21,689 12,378 9,613 9,509 8,9788,9(1 17,946 17,493 14,453 16,39219.25 469 1,398 1,456 1,184 2,085 2,567 2.904 377 2,401 5,261

20.25 

Sum 5,451,439 5,313,729 5,466,524 1,885,1703,127,368 1,853,263 1,989,596 2,283,613 2,300,8832,047,050 2,611,186 3,584,466 

Table 25. Blomass perlength class and month of Peruvian anchoveta (Esgraulis ringens, northem/central stock, 4-140S) for 1973, in tonnes. 
Milengtb Jan Feb Ma Apr May JulJun AUg Sep Oct Nov Dec 

4.25 21.233 22,951 31,997 37,312 29,765 28,549 23,900 21,774 15,543 11,860 9,706 9,475.25 42,449 40,349 35,062 59,847 48,696 47,45855,269 43,735 32,884 28554 21,165 18,4746.25 83,397 67,386 83,833 86.305 72,516 83,426 83,999 77,925 60,004 54,193 46610 	 33,810725 164,630 118,367 119,635 114,860 90,573 121,260113,076 126,551 98,960 91,892 82,379 71.7788.25 279.968 221,721 191,521 155,495 113,937 131,941 154,687 167,515 146,024 142,869 132,525 	 121,2009.25 373,890 374,618 331,578 226,405 147,225 157,163 189,247174,906 184,273 192,564 197,222 187,62910.25 397.915 499,629 537,593 365,939 210.002 195,698 203,672 211,932 186,899 217,680 247,167 	 270,69111.25 446,338 508,889 712,735 560,034 340,587 257,561287,351 248,008 208,212 223,052 251,704 317,37712.25 495,323 579.222 648,103 624,529 504,729 462,337 393,687 342,954 258,668 247,945 259928 	 294,3851325 322,214 S50,952 768,833 435,284 426,314 610,034388,100 551,400 406,170 338,797 300,701 310,20714,25 149281 301.924 574,961 406,496 237,431 351,603 516,983 655,681 596,928 558,000 476,173 	 403,84115,25 61,489 108,490 224,419 220,017 152,351 248,810197,878 315,602 385,074 514.438 630,986 662,94716.25 21,129 42,252 68,451 38,610 42,661 89,684 133,155 166,954 180,579 217,241 278,696 43163017.25 7,992 10,896 16,354 10,957 5,738 19,911
18.25 7,320 7.915 7,974 

10,293 	 35,705 51,844 80,261 117,422 159,0296,429 3,823 4,6984,342 4,992 4,192 4,843 9,586 22,60719.25 478 1,275 2,549 4,015 1,651 2,114 2,438 2,691 248 668 1,154 1,826
20.25 

Sum 2,905,451 3,469,293 4,444,552 3,372,050 2,441,329 2,770,415 3,007,292 3,171,.552 2,821,991 2,929,347 3,067,438 	 3,321,788 

http:1,363,.53
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Table 26. Biomass per length class and month of Peruvian anchoveta (Engraulirringse, northem/ccntral stock, 4-140S) for 1974, in tonnes. 
Mfrkhnplh J. Feb Mu Apt May Jun Jul Am'4 Sep Oct Nov Doc 

4.25 
5.25 
6.25 
7.25 
8.25 

10.293 
1,971 
26,770 
48,425 

106.940 

15,718 
23,642 
30.259 
40.292 
67,499 

22,957 
37,742 
52,439 
54.703 
64,185 

23,748 
42,437 
67.534 
78,892 
85,481 

16,037 
35,471 
62.294 
90,632 

105.156 

11,195 
29.860 
57,641 
97546 

133,A.7 

9,412 
21,411 
52,038 
93.113 

144,344 

8,558 
18.144 
38,016 
80,531 

144,223 

10.585 
22.097 
44.847 
91.976 

172,410 

S,995 
12.443 
23,559 
59,706 

138,443 

5,011 
10,808 
20,344 
35.888 
89961 

3,403 
8,258 

15,943 
28,432 
47.286 

9.25 
10.25 
11.25 
12.25 
13.25 
14.25 
15.25 
16.25 
17.25 
18.25 
19.25 

168,670 
249,783 
354,727 
356,140 
334,187 
367,816 
581,307 
621.756 
208.900 
43,420 

1,138 

138010 
227.824 
328,363 
445,423 
424,036 
398,398 
478,504 
753,909 
358.090 
93,602 

2,035 

99,897 
191,839 
325,966 
463,313 
586,356 
528,235 
490,360 
743,917 
694,953 
161,647 

6,748 

89,680 
123,334 
231,827 
369,220 
495.965 
546,692 
449,010 
512.920 
698.607 
177,907 

15,589 

107.867 
99,865 

110971 
252,590 
388,720 
439,876 
368,824 
457,365 
327,020 
66,222 
12,189 

114,116 
131,801 
106,601 
134,347 
294,555 
371,285 
363,209 
286,628 
275.784 
121,118 
17,262 

184,879 
184,596 
144,512 
126,352 
236,775 
386,162 
423,197 
326,660 
295.298 
176,974 
22,541 

198042 
226,336 
203,165 
153,016 
176,210 
377,556 
457,243 
368,149 
310,664 
220,410 
26,994 

285,921 
348,852 
346,003 
252,721 
208,586 
388,312 
528,891 
486,651 
364,340 
287,732 

10,969 

254,893 
373,879 
422,398 
364,415 
W55.295 

308,629 
552,837 
563,168 
401,795 
341,807 
19,510 

203,941 
354,784 
466,825 
473,045 
331.210 
227,873 
393,992 
431,187 
150,944 
163,316 
22558 

115,175 
259,497 
437,516 
523,205 
438,366 
278964 
193.442 
188,250 
155,294 
78,452 
23,408 

20.25 

Sum 3,502,906 3,834,864 4,536.528 4,017,808 2,946,709 2,580,489 2,831,122 3,010,567 3,854,431 4,101,132 3,483,558 2,796,205 

Table 27. Biomass perlength class and month of Peruvian anchoveta (Engraulisringew, northern/central stock, 4-140S) for 1975, in toemcs. 
MIlasth Jan Feb mat Apt May Jun Jul Aug Sep Oct Nov DOc 

4.25 3.112 2,894 4.297 8,486 20,533 32,586 40,828 47299 156,015 169,410 149,757 123,271 
5.23 6,622 5.624 6,751 12,083 28,598 37,040 56,748 69,052 210,908 255,462 257,598 243,230 
6.23 13,894 10,165 8,560 13,625 37.045 48,502 58,925 85.988 156,495 304,783 350,795 371,094
7.25 15.404 19,115 14.222 13,545 32,408 55.162 68.060 80,125 270,736 331.041 379,830 483,540 
8.15 41,638 36,044 24,021 20,605 34,663 44,005 69.666 82.573 241,610 310,936 377.287 483,139 
9.25 72,077 56049 45,473 32,809 45,336 44,329 56,872 76.176 203,877 262,852 318,779 448,470

10.25 167,978 93.751 69,553 59,547 69,765 57,226 50,429 62,242 165,510 217.090 234,213 346,422 
11.15 369,169 211,369 110,551 91,801 120,588 88,107 73.314 63,708 146.983 164,861 195,365 157,820 
12.25 587.017 466,108 237,599 141,405 169,167 145,934 119,137 93,567 191,087 159.269 148,413 182,383
13.25 610,835 690,811 496,520 320,506 227,168 187,256 175,109 157,983 294,892 233.108 170,930 140,006 
14.25 457,410 643,984 651,832 564,228 374.655 243.989 213,073 198,161 365,909 339,473 262,956 194.527 
25.2 247,240 397,752 514,943 .591,295 418,713 248,614 266.700 252,998 424,428 370,844 311,764 782,112 
16.25 214,087 220,844 271687 354,078 278,280 126,365 158,196 196,214 393,245 408.294 356,446 306,849 
17.25 189,631 171,031 179281 170,838 125,582 70,036 77,232 85.154 138,870 178,970 200.733 247.432 
18.25 102,551 99.461 113.250 106,198 59,flt 15,784 20,468 27.748 59,676 67,500 65,556 71,884
19.25 24,667 29.957 35,538 35,644 15.163 2,846 2,839 3,075 2,604 3,591 7,038 10,128 
20.25 

Sum 3.134,674 3,556,949 2,787,702 2,542,396 2,071,632 1,466,883 2,530.732 1,610,736 3,609,140 3,860,241 3,874,515 4,242,010 

Table 28. Bionaas per length class and month of Peruvian anchoveta (Engraulisritens,nodhem/cenul stcck, 4-140S) for 1976, in tonnes. 
Mkmgst Jan Feb MUg Apr May Jun Jul Aug Sep Oct Nov Doc 

4,25 88.320 53,591 35,098 27,734 98,287 72,345 44,487 34,645 21,854 10,934 6,898 12,854 
5.25 183,085 118.194 75,562 50,686 150,994 135,352 105,810 79,039 53,415 28,661 16.622 10,045 
6.25 322,867 236,601 153,136 82,379 216,910 199,847 177,581 165.271 112,570 63,417 39,369 20,965 
7.25 475,089 414,410 319,594 172,403 274,736 ZS1,820 239,126 256,761 207.658 127,232 82,426 45,639
8.25 567,562 599,693 532,516 315,757 413,759 297,682 280,878 303,307 304,483 212,258 159,395 93,770
9.25 519,467 714,034 781,364 534,973 636,937 424,372 313,969 338,922 307,949 276,996 248,912 175,808 

10.2 429,618 631.801 904,792 763,628 946.580 626,465 377,320 365,469 333,237 279,678 290,285 265,634 
22.25 327,943 461,669 798,473 807,437 1.176,700 866,610 532,760 417,702 351,134 280.484 279,972 285,311
12.25 225.279 296,996 528,130 636,140 1.178,621 983,123 726,634 611,070 448,985 299.129 269,015 255,032 
13.25 154.316 153,447 303,942 381569 795,010 876,154 785,740 788,951 642,328 432.931 311,880 213,549
14.25 138,949 200,805 131.201 156,382 390,417 441,472 502,020 661.795 652,550 536,013 443,464 233,585 
15.25 211.719 145,897 111,326 93,156 183,836 190.848 187,143 244,631 321,439 352.914 405,962 233,275
16.25 250.821 198,343 173,593 108,318 113.629 88,726 74,074 87,957 105,598 112,853 145,889 106.420 
17.25 155,292 179,373 165,548 127.645 115,385 77,034 39,033 35,978 37,590 34.109 39,435 27,767
18.25 66,719 58,719 86,247 74,637 64,)18 34,908 14,771 14,382 14,474 13,298 13,233 7,232
19.25 11,908 10,682 11,976 9,11 6,014 5,536 3,656 4,160 3,645 2,972 2,631 2,308 
20.25 36 385 33 0 

Sum 4,259,693 4,392,372 5.229,297 4,358,797 6,817,118 5,599,326 4,420,911 4.422,099 3.926.128 3,067,779 2.761,484 1,993,476 
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Table 29. Biomas per length class and month ofPenivian anchoveta (F.grauisrinjens,northem/central stock, 4-140S) for 1977, in tonnes. 
UMldesngl Jan Feb Ma Apt May Jun Jul Aug Sep Oct Nov De 

4.25 
5.25 
6.25 
7.5 
8.25 
9.25 

10.25 
11.25 
12.25 
13.25 
14.25 
15.25 
16.25 
17.25 
18.25 
19.25 
20.25 

16,549 
14,582 

9,777 
16,847 
37.473 
81,844 

150,019 
208.730 
199876 
149,719 

95,013 
74,363 
34,465 

8,411 
2,044 

262 

6,986 
20632 
46,334 
15,784 
20,490 
39,586 
81212 

162661 
228,369 
205,461 
116,099 

42,153 
8,215 
1,985 

575 
243 

8,866 
14,469 
17,466 
57.920 
43,303 
22,976 
39,911 
80,212 

166,093 
225,686 
172,501 

78,802 
22,089 

4,125 
706 
247 

4 

46.026 
57,173 
22,117 
23,621 
52,096 
69,397 
25,498 
40,321 
83,769 

169,451 
203,185 
128,783 

41,504 
6.818 

962 
2J1 

18 

61,408 
77,620 
85.039 
27,739 
31,796 
52,671 
78.890 
22,989 
27,199 
50.458 
89.761 
67.455 
20,835 
4,917 

756 
71 

84,405 
99,186 

120,498 
104,892 
42,487 
34,885 
60,138 
63,698 
15,112 
12,293 
18,284 
19,777 
12,517 
2,954 

749 
6 
0 

143,124 
122,248 
134,407 
141,662 
115,550 

34,663 
32,900 
75,284 
29,577 
10,596 
11,999 
16,083 
12,088 

3.956 
723 

5 
0 

148.203 
199,289 
157,518 
147,299 
136,637 
96,239 
34,088 
35,167 
63,489 
12,174 

8,162 
11,798 
10,214 
3,945 

582 
20 
0 

148.596 
206,944 
231,698 
176,166 
156,326 
112,514 

62.980 
28.682 
51,848 
24,153 

6,962 
7,600 
7,807 
3,260 

467 
20 

182,564 
211,316 
259,124 
247.787 
178,925 
153,125 
100,687 

27.609 
24,600 
45.868 

7,896 
5.044 
5,193 
2,346 

225 
27 

1224S0 
278,243 
276,072 
307,734 
263,411 
178,409 
137,784 
77,881 
23,818 
34,487 
18,838 

4,084 
2,668 

805 
90 
9 

161.882 
270,257 
402,069 
344.997 
357,379 
289.929 
180214 
125.957 

59,295 
20,191 
34,036 

5.614 
2,380 

545 
138 

2 

Sum 1,104,836 1,003,387 988,753 1,035,236 756,876 787,754 990,416 1,171,427 1,336,536 1,582,271 1,901,792 2,375,803 

Table 30. Biomass per length class and month of Peruvian anchoveta (Engraulis ringens, northem/central stock, 4-140S) for 1978, intonnes. 
W h Jan Feb Mu ApT May Jun Jul Avis Sep Oct Nov Dec 

4,25 159,153 122,506 197,373 157,214 119,865 87,839 79,847 88,217 66,085 48,601 32,258 19,7185.25 255,022 209.343 323.680 282,223 225,231 154.317 142.644 138,953 111,847 93,780 70.934 45,1706.25 356,892 300,416 386.804 440.648 379,434 256,896 225,986 223,177 159,562 140,131 123,423 92,1187.25 481,104 369,113 496,577 474,531 525,256 401,036 346,545 324,361 237,231 186,717 171,488 152,0278.25 449,908 442,799 602,899 566,314 608.852 531,591 510,546 474,518 325,785 260,210 214,394 205,1069.25 386,665 465,420 676,004 642.182 629,503 582,191 638,899 647,983 459,898 347,164 283,946 239,41810.25 299,918 355.693 710,927 673,335 674,051 568,112 617,452 775.220 581,772 473,226 369,685 304,40511.25 177,392 253.413 490,574 685083 668,874 574,773 605,609 644,859 590,093 S57,499 475,764 386,88212.25 105,567 137,532 299.733 434,758 599,688 535,218 554,236 606,919 509.928 463,375 502,838 473,64013.25 37,403 72.067 131,541 238.851 333,465 372,605 452.435 507,742 431,368 396,710 393.761 439,62414.25 15,740 18,776 51.285 92,054 139,797 178,440 194.391 299,310 309,147 314,825 317,611 334.79715.25 13.394 12,071 12,442 24,363 45.049 49,371 73,893 118,744 126,360 148,398 197,335 231,10616.25 2,697 4,022 11,020 10,170 9,895 10.642 20,473 29,035 28,309 44,515 64,639 84,48317.25 1.118 1,136 912 3,234 5.642 4.012 3,493 4,816 5,418 8,698 12.278 16,00918.25 9 85 61 88 137 102 937 2,046 1,774 1,642 1,543 189219.25 1 11 I 26 374
20.25 

Sum 2,859,430 2,881,044 4,524,491 4,817,250 5,037,767 4,357,821 4,518,977 4,937,056 3,978,978 3.508.661 3,246,901 3,041,674 

Table 31. Biomass per length class and month of Peruvian anchoveta (Engrutisringens, northem/centrai stock, 4-140S) for 1979, in toanes. 
Mhlleqtb Jan Feb Mar Apt May Jun Jul Aug SOp Oct Ny Dec 

4.25 11,606 28,182 30,540 28.742 41,956 42,086 44,032 45,841 44.612 28,967 22,811 30,8403.25 25,952 39,471 52,165 50,179 63,014 65,132 60,371 62,298 64,260 54.091 41,722 40.0496.25 54.438 29,090 65.269 71,712 82,106 93,263 85,759 77,155 77,019 68.453 72,985 60,2217.25 108,424 59,597 49,21 85,361 103.394 100584 110,681 98,847 91,407 74,593 84,875 103,4658.25 177.724 114,641 57.050 84.180 127,053 123,660 113,198 114,065 105,687 83,226 85,113 115,0439.25 228,880 197,712 106,354 54,409 121,868 141,734 129,657 117,207 107,602 95,869 89,652 106,93010.25 244,737 257,319 188,907 99,807 56,601 122,360 136.724 130,145 112,695 81,540 95,306 106,1551125 308,300 261,019 252,445 176,781 75,261 58,294 94,840 118,646 115,951 88,578 :",Ads 104,95312.25 400,029 315,091 252,818 233,306 117,788 78,036 56,489 50,839 82,994 82.491 78,120 87,68413.25 467437 407,357 290.228 219,503 143,527 122,179 83,849 56,029 41,185 37,790 50,468 76,39914.25 339,786 424,516 381,651 222,372 116,185 124,516 110,884 86,213 60,666 34,134 15,988 35.89815.25 149,646 251,127 312,844 739,516 46.231 65,225 85.765 81,851 73,156 50,891 19,131 9,76016.25 49,747 92,875 150,302 126,060 33,203 40,806 32,210 35,374 40,861 39,789 19,080 3,37317.25 5,532 14,309 37.812 35,567 7,970 9,774 13,503 19,227 18,274 12,801 6,939 1,06618.25 1,901 2,504 2,804 2,291 367 1,246 2,038 3,022 3,412 2,950 4,143 8219.25 6 6 408 120 2 0 "2 2 9 113 159
20.25 0 
Sum 2,594,252 2,519.700 2,253,472 1,756,572 1,166,24S 1,219,586 1,192,828 1,128,458 1,063,974 852,059 786,337 911,478 



166.
 

Table 32. Biomass per length class and month of Penvian anchoveta (Engraulis ringens,northem/central stock, 4-140S) for 1980, in tonnes. 
MHkUIth Ian Feb MAI Apt May Jun Jul Aug Sep Oct Nov Dec 

4.25 
5.25 
6.25 
7.lS 
8.25 
9.25 

10.25 
11.25 
12.25 
13.25 
14.25 
15.25 
16.25 
17.25 
18.25 
19.25 
20.25 

29.722 
42.927 
52.529 
14.92 

!10,471 
143.398 
94,723 

103,610 
92,769 
78.510 
45.302 
12,182 

4,481 
1315 

123 

40.628 
65,399 
74,167 
71,041 
86.913 

126,313 
156965 
117,241 
105,948 
89,994 
72574 
27,759 

7,097 
1,495 

6 

63,517 
105,187 
101,030 
110,768 
109,400 
103,613 
134,667 
164,587 
128,939 
103,309 
83,107 
60,794 
9,924 
2,158 

289 

49,782 
85.422 

111,047 
115,609 
113,110 
98.170 
80,935 
97,547 

118,397 
85,532 
66,645 
49,161 
23,153 

3,073 
394 

122,687 
165.046 
162,471 
189,599 
214,375 
178,402 
142,530 
110,536 
130,204 
152,061 

86,469 
70.369 
46,120 

6,035 
819 

31 

182,009 
203,778 
240.923 
180,515 
210.206 
219,456 
168,066 
125,622 
90,070 
91,513 
75,144 
39,067 
19,646 
4,140 

531 
46 

272,259 
317,619 
347,999 
350,066 
247,141 
265,761 
247,227 
182,224 
126,975 

89,518 
86,296 
41,730 
17,695 
4,128 

470 
31 

284.277 
390,674 
410,350 
386,489 
350,136 
262,571 
256,786 
195,812 
144,168 

83,768 
73,995 
52,120 
20,701 
4,296 

487 
55 

301,336 
400034 
478,005 
486,142 
366,291 
303,699 
245,022 
226,670 
148,654 
96,798 
63,677 
54,323 
20,007 
5,601 

934 
65 

355,504 
434,935 
506,507 
542539 
512,817 
368,519 
242.116 
220,191 
173,779 
112,469 
59,089 
49,115 
25,278 

7,001 
1,108 

68 

364,594 
547256 
581,691 
613,603 
603,061 
519,830 
365,713 
212,388 
195.731 
120,696 

71,665 
43,466 
29,598 

8.678 
1,179 

74 

408.395 
629.686 
889522 
883,808 
821,486 
755,948 
602,836 
389,235 
225,188 
185,562 
106,320 
53,693 
36,071 
12,341 

2,201 
112 

2 

Sum 916,992 1,091,711 2,335,348 1,165.950 1,914,287 2,003,593 2,797,802 3,132,562 3,447,449 3,866,282 4,533611 6.313.676 

Table 33. Biomass per length class and month of Penrvian anchoveta (Engraulisringens,northem/central stock, 4-140S) for 1981, in tonnes. 
MlImoth Jan rob Mut Apt May Jun Jul Aug Sep Oct Nov Dec 

4.25 323.437 350,618 295,105 216,909 241,557 197,578 162,403 106,459 65,190 43,654 31,003 25,125
5.25 531,256 602,525 548,205 411,339 394,645 339,400 319.006 231,640 153,632 90,857 63,106 49,1646.25 722,548 793,727 884,696 714,245 543,601 526,745 498,823 408,200 299,601 195,329 113,355 89,798
7.25 852,922 978,394 1,128,610 1,079,008 876,121 614,182 709,979 585,494 486,693 352,899 231,135 1424948.25 858,240 1,118,642 1,327,163 1,466.949 1.281,106 928,801 777,993 755,831 645,708 537,288 400,034 283,796
9.25 746,892 1,139,050 1,420,554 1,550,162 1,732,426 1.311,144 2,129,725 833,251 752,697 673.084 575,979 485,022

10.25 609,529 845,338 1,413,653 1,572,937 1,696,166 1681,831 1,520,839 1,180,237 877,583 706,382 704,411 675,35911.25 509,553 704,364 999,817 1,478,001 1,669,424 1,585,654 1,773,961 1,503,279 1,187,108 884,587 670,446 785,311
12.25 250,866 529.980 764,417 1,049,484 1.496.086 1,466,688 1.627,679 1,533,100 2.043,411 1,130,763 888,216 741,693
13.25 158,055 236,504 520,722 720,795 939,653 1,183,846 1,396,238 1,325,905 1,220,818 1,162,477 1,081,903 970,318
14.25 104,044 140,493 215,613 417,951 579,706 662,633 893,232 987,58 995,609 942,733 899,332 1,046,11515.25 53,441 85,911 120,865 170,540 293,441 370,383 459,173 494,506 568.066 629,102 590,574 816,477
16.25 12,725 26,391 55,084 77,823 95,296 110,258 177,910 222,293 249,968 270,931 315,591 476,90317.25 5,254 7,921 11.958 25,464 37961 31,497 30,442 42,667 51,974 85,626 107,676 165,15318.25 123 272 2,743 4,357 4,505 2,196 1,919 4,167 6,199 9,892 11,282 19,921
19.25 4 9 14 38 166 247 286 369 324 299 368 1.267 
20.25 1 25 

Sum 6,006,778 7,783,819 9,880M57 11,134,656 12.036,891 11,119,268 11,555,976 10,260,610 8,904.927 7.738,607 6,801.230 6,789,097 
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Abstract 
Available data on the reproductive biology of the Peruvian anchoveta (En8raulisringens, northern/central stock, 4-14oS) are reviewed andused to estimate monthly tipawning size and egg production from January 1953 to December 1982. Basic information used are: (a)monthlybiomass by length class (4to 20 cm), (b)a model relating the shape and position of the maturation ogive to sea surface temperature, (c) seasonalpatterns of maturity, (d)tatch fecundity estimates of females anchoveta and (e) various ancillary information woven into a coherent whole.Potential uses of the time series derived are discussed along with sources oferrors and ways of reducing these. 

Introduction 
The reproductive output of the Peruvian anchoveta (Engraulisringens)has been earlierreported either in the form of relative egg densities, as estimated from egg surveys, or computedthrough the "egg-production method", applied once to data from the 1981 peak reproductive
 

season (Santander et al. 1984).

In this contribution, the literature on anchoveta reproduction is reviewed. Availableinformation is used to estimate parameters used subsequently to compute monthly egg output bythe stock of anchoveta from 4 to 140S off Peru, from January 1953 to December 1982, based onmonthly biomass data derived by Pauly, Palomares and Gayanilo (this vol.) and ancillary data

presented in detail further below. 

Materials and Methods 

BasicModelStructure 

Reproductive output (RO) in a given month (i = 1-360) can be viewed as the uldtite 
product of different factors summed up over all length classes, i.e., 

* ICLARM Contribution No. 382. 
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n 
ROi= z Bij'PijAj'Sk'PFj'RF 1)I j=I
 

where.Bij is the biomass of male and female anchoveta in length class j, Pij is the fraction of 
mature fishes in length class j, Aj is a size-specific empirical factor relating anchoveta fecundity 
per unit weight to length j, Sk is the average number of times a female anchoveta spawns per
month, with k = 1 (January) to k = 12 (December), PFj is the fraction of females of length j in 
the population and RF is the relative batch fecundity (eggs/body weight in g) of a female 
anchoveta whose value of A* is equal to unity.

The following sections ocument each of the variables and constant used in implementing
equation (1). 

Biomass by Length Class 

The estimates of monthly biomass by length class used here were taken from Pauly,
Palomares and Gayanilo (this vol.). The median lengths considered ranged from 4.25 to 20.25 
cm. As will be seen below, only fish above 12 cm contributed significantly to egg production.
However, all computations were performed with all length classes included. 

The Fraction of Mature Fish as Function of Length 

Fig. 1presents maturation ogives for anchoveta, based on data gathered by various authors
in the 1950s and 1960s. As might be seen, these data suggest that under average condition 
anchoveta have a mean total length at first maturity of L50 = 14 cm. The mean maturation range
(i.e., the length where 75% of the anchoveta have reached first maturity minus the length where
25% have) is 1.8 cm. As will be noted from Fig. 1 and Table 1, the latter estimate is not very
reliable, being based on three authors whose work suggest a mean range of about 2.9 cm, and 
another group of three authors whose work suggest a mean range of about 1.1 cm. 

Tsukayama and Alvarez (1981) showed that in "warmer years" (i.e., in years during El Niflo 
events), mature fish were usually smaller than during cold years. Their figure has been redrawn 
here as Fig. 2, and temperatures added, together with estimates of L50 based on the median of 
the class immediately preceding the model class - in analogy with length-converted catch curves,
where the length class immediately to the left of the sample mode usually provides reasonable 
estimate of mean size at first capture (see Ingles and Pauly 1984).

The mean of these rough estimates of L50 is, in colder years indeed higher than the mean of 
warmer years (Table 1). Moreover, the mean of the 10 values of L50 in Fig. 1,corresponding to 
an intermediate mean temperature, fits neatly between the points for the "cold" and "warm" years
(Fig. 3), confirming that the estimates of L50 in Fig. 2 are indeed reasonable. 

These 3 sets of averages, representing a total of 25 pairs of L50 and temperature values,
along with the mean maturation range of 1.8 cm provide the key elements of our model for 
estimation of the factor Pij in equation (1). This model is structured around the logistic equation,
which generates curves resembling the graphs in the lower panels of Fig. 1,and has the form 

P = 1/(I+exp(-rm(Lp-LS0))) 2)...


Given a knowledge of LS0 and L25 (or L75) as obtained from the relationships in Fig. 3, the 
parameters rm of equation (2) can be estimated from 

rm = loge(0.75/0.25))/L50-L25 .3) 

or through the equivalent equation pertaining to L75. 
The model was implemented using the mean monthly temperatuies for 1953 to 1982 in 

Pauly and Tsukayama (this vol.) 
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Fig. 1. Relationship between the fraction of mature anchoveta (E. ringens) and their total length off Peru (1953-1964).
A: based on Clark (1954, Fig. 5, both sexes combined) 
B: based on Clark (1954, Fig. 5, males only) 
C: based on Jordan (1959, Fig. 9, erroneous values < 130 mm SL omitted) 
D: based on Minano (1958, Table VIII, females, n =6,142)

E-J: based on Einarsson et al. (1966, Fig. 8, both sexes combined) n - 726,686, 565,508,929 and 614 for D-J, respectively.
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Table 1. Summary of data on anchoveta maturation as a function of length and temperature (see also Figs. 1 
and 2). 

Maturation 
Code in Tamp (°C) TLs 0 (cm) range (cm) Remarks 

Fig. I or 2 L75L 25 

2.6 " A 16.8 11.1 

B 17.9 13.8 2.7
 
C. 17. 12.3 3.6 ealy years:
D 18.9 15.1 2.7.1 
E. 16.3 14.5 0.9 mean temp a 17.61°C 
F 15.7 14.7 1.0 mean L50 = 13.95 cm 
G 16.8 14.2. 1.1 na 10 
H, 18.9 14.5 1.0 (see Fig. 1)
I: 18.5 14.8 1.3
 
J 19.0 15.5 1.2,
 
K 16.4 14.25.
 

17.2 14.25-. 
M 165 14.25: cold years:
N 17.6 14.25 
O 16.1 14.25 mean temp a 16.84 0C:P 16.2 13.25 mean L50 = 14.38 cm 
Q 17.4 14.25 n 8 (we Fig. 2)
R 17.3 16.25S 19.5 14.25 -

T 17.9 14.25 - warm year:
U 17,2 12.25 -
V 20.7 12.25 - mean temp 18.64 0C-W " 9911.25, mean.LS0 - 12.68 CMX 17.7 12.25 n 7 (see Fig. 2) 
Y 17.6 12.25 

mean 17.7 13.77' 1.81
 
n 25 25 10
 
s.e. 0.25 0.26 0.31' 

'Cold years' "Worm years'
 
(neal tl(. 1684 'C;m.i LO' 138cm) {nwn tamp.e4164IC;meo 12O am)
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-0 101- !2 1'..725 .years.C The letters K to Y refer to the rows ofTable 1
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20 
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4C ran' used 

ol. 

•for modelling 

15 20 30
 

Sa surface temp~erature (rc) 

Fig. 3. Model used to estimate values of L25,1L50 and L75 in anchoveta for temperature, 
between 14 and 240C. The points tafer to the means L50 values in Figs. I and 2 (see 
also Table 1 and text). 

Relative Fecundity andSpawning Frequency as a 
Function ofAnchoveta Size 

Not all anchoveta are equal. Major differences occur in the relative fecundity of mature 
anchoveta as well as frequency of spawning (Parrishet al. 1986). As no data on these size
specific differences are available for Peruvian anchoveta, data prented by the abovementioned 
authors have been assembled and analyzed (see Table 2). These data yielded values of the factor 
Aj in equation (1) ranging from near zero for very small fish (which are likely to be immature in 
any case), I in fish of 26 g (the mean weight of Peruvian anchoveta used by Santanderet al. 
1984 for estimating batch fecundity and spawning frequency) and about 6 in anchoveta of 50 g(Table 3). 

As presented and used here, these values of the factor Aj account for the fact that larger
anchoveta spawn more frequently, have a longer spawning season and produce more eggs per
spawning than smaller ones, a feature also reported for numerous fishes other than engraulids(se Parrish et al. 1986 and references therein). 

Table 2. Data on the size dependence of fecundity in northern anchovy (E. mordax}, a 

Spawning season 1st 2nd 3rd 4th plus 

Range of weights (g) 11.0-15.4 15.5-18.3 18.3-22.7 20.9-26.6 
Mean weight (g) 12.38 16.71 19.76 23.23 
Spawnings per season 5.3 11.9, 19.2 23.5 
Eggs/g female per season b 2,803 6,550 11,434 13,386 

a Adapted from Table 3 In Parrish et al. (1986). 
6 4 bEstimated relationship between relative fecundity (R.F. and body weight is R.F. =0.582 W2. (12 = 

0.981,.2 d.f.. 
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Table 3. Multiplication factor ("A")accounting fo, .e size-related variability of reproductive output
in Engraulu mordax femalesa 

MLb Meanc Fraction of female anchoveta
(cm) weight (g) Ad in catch samples e 

4.25 0.517 0.00003 0.500
5.25 0.975 0.00018 0.500
6.25 1.65 0.00070 0.500 
7.25 2.57 0.00226 0.500
8.25 3.78 0.00626 0.500 
'9.25 5.33 0.01550 0.500

10,25 7.26 0.03505 0.500 
11.25 9.60 0.07329 0.500
12.25 12.4 0.144C4 0.515 
13.25 15.7 0.26854 0.540

*14.25 19.5 0.47592 0.600
15.25 23.9 0.81435 0.710 
16.25 28.9 1.34447 0.835
17.25 34.6 2.16273 0.945 
18.25 41.0 3.38525 0.990
19.25 48.1 5.16065 1.000
20.25 56.0 7.71006 1.000 

a Based on R.F. - W relationship in Table 2, footnote [b].
b Median of length classes in the anchoveta catch (see Tsukayama and Palomares, this voL).
 
c Estimated through the mean relationship W =0.00674L3 .
 
d The mean weight of females in Santander et al. (1984) was 25.84 g; the relationship A
 

640.000187W2 . generates a factor A = 1 when W =25.84 g.
 
eFrom Fig. 4.
 

The Seasonality ofAnchoveta Spawning 

Numerous authors give accounts of the seasonal pattern of maturation of anchoveta and itslink to spawning (see e.g., Simpson and Gil 1967; Vildoso and Alegre 1969; Santander andCastillo 1969). Here, graphs showing seasonal patterns in the percentage of mature females ofanchoveta caught off Chimbote and Callao and presented by Jordan (1980) were used to relatethe monthly change in the fraction of mature fish in the stock as a whole to the fraction mature inSep:-rnber, i.e., of the only month for which an estimate of spawning frequency is available (seeTable 4). This procedure allows scaling of every month of the year in terms of the September
spawning frequency, leading to an estimate of annual number of spawnings (for females of about26 g) of 24 per year. This value is sufficiently close to the estimate of 20 times per year in
northern anchovy (Hunter and Leong 1981) to be acceptable. The estimated mean number of
spawnings per month in Table 4 shall thus be used here as estimates of Sk in equation (1). 

The Fraction ofFemale Anchoveta in the Population 

Data are available from three different authors showing that the proportion of females inanchoveta catch samples increases rapidly from about 0.5 at 12 cm (TL) to about unity near 1718 cm (Fig. 4). Moreover the data from two of these authors (Clark 1954; Miiiano 1958)
contradict Jordan's contention that "the sex ratio is moderately in favor of females in the smallfish" (Jordan 1980, based on Jordan 1959 and see Fig. 4). Santander et al. (1984) show that theproportion of females in anchoveta of mean weight 26 g may range from 0.1 to 0.9, Thus, smallsamples such ahwill occur when fish of very small sizes are considered separately, may suggesttrends that are difficult to explain. A gradual increase of the proportion of females ,;uch assuggested by the line superimposed on the data points of Fig. 4 would be, on the other hand, very 
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Table 4. Selected information on the seasonality of spawning in Peruvian andioveta (EnsmUlrringens). 

%mature females in catch Anature as Abiolute no. 

Montha Callaob 
nmples 

Chimboteb Mean 
fraction of 

September value 
of spawning 
per monthc 

Jan 11 10 10.5 0.157 0.755 
Feb 15 19 17 0.254 1.222 
Mar 7 18 12.5 0.187 0.900 
Apr. 2 4 3. 0.045 0.217 
May. ,::1i :: 1 1 0.015 0.072 
Jun 9 7 8 0.119. 0.573 
Jul 
Aug 

20 
53 

25 
. 50 

22.5 
51.5 

0.336 
0769 

1.617 
3.700 

Sep 73 61 67 1.000, 4.812 d 

Oct 
Nov 
Dec 

74, 
43 
12 

-78 
70 
11 

761145.457 
'56.5 
11.5 

0.843 
0.172 

4.057 
0.828 

=24.2100 . 

a Mean for the years 1966 to 1970.
 
b As read off Fig. 3 in Jordan (1980).
 
C As computed with reference to September value.
 

Based on Santander et al. (1984) who report that 16.04% of the females sampled in September 1981 had been spawn
ing during the previous 24 hours. (The values in this column correspond to the values of Sk in equation 1, see text).

I Note that 24.2 spawnings per year per female (of 26 g, see text) is close to the value of 20 estimated by Hunter and 
Leong (1981) for northern nchovy (E. mordax). 

A ",lork (1954,Toble M)
 
0 MifonoU(958,Tob.r-M)
 
0 Jordan (1959,Flg.6)
 

0.9 
'CL
 

=S .10.8 • 0 - i .
0.7 ' . 
"E S 

E5 0.6 
* sex ratio of A0.5 embryos ? A A. 
• a 0.4 

0 0.2 

0.1
 
p p p p I I I I I i I I I | I "1 ' I I' I 

0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 I819 20 

Total length (cm) 

Fig. 4. Relationship between length of anchoveta catch samples and the fraction of females. With the 
exception of four less credible data points (dots) between 7 and 10 cm, all available data suggest an 
increase of females toward larger sizes. 

easy to explain, as the result of a slightly lower mortality among the females, ultimately linked 
to slight differences in growth parameters. The eye-fitted curve in Fig. 4 assume-s that the sex 
ratio of anchoveta embryos is 1:1, as should be assumed when no information is available 
suggesting otherwise (Conover and Heins 1987). The curve was used here to provide estimates 
of the mean proportion of females in the anchoveta population by length class, i.e., of the 
parameter PFj in equation (1), (see also Table 3). 
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The Batch Fecundity ofFemale Anchoveta 

As mentioned above, only one estimate of batch fecundity in the Peruvian anchoveta is
presently available (Santander et al. 1984). It pertains to fish with a mean weight of 25.84 g and
is of 15,401 eggs per female. Expressed as relative fecundity, this amount- to 596 eggs/g female,
similar to values for the northern anchovy, where relative batch fecundity values ranging
between 556 and 720 have been reported (Hunter and Goldberg 1980; Lyczkowsky-Laroche and 
Richardson 1980)

The reader will notice that the form of equation (1) makes monthly egg output of anchoveta
directly proportional to the relative fecundity (RF) value used here. Hence, use of another value
of RF would imply a rather straightforward rescaling of final results but no change in the 
appearance of any of the graphs presenting these results. 

Computation ofReproductive Output 

A BASIC program available on request from the authors was used to compute, for each
length class (from ML = 4.25 to ML = 20.25 cm) and every month (from January 1953 to
December 1982) multiplicators which were subsequently applied to the biomasses by length
classes in Pauly, Palomares and Gayanilo (this vol.) to give estimates of egg production. 

Results and Discussion 

Fig. 5 shows th.: total biomass (from Pauly, Paomares and Gayanilo, this vol.), spawning
biomass (females and Laales) and mature female biomass, for every month from January 1953 to
December 1982 (see aiso Tables 5 and 6). All of these display strong seasonal and interannual
oscillations, refleidve of spawning/recruitment taronality and of major events such as the 
1971/1972 collapse of the fishery. 

22 -Total anchoveta biomass 

20 Mature malesand females 

IS U Mature females 
f Spawning stock estimate 

based on the "egg16 production method:' 

14 

01
 

1953 55 5i .59. 61 63 r.5 67 '69' 71 T3' 75' 7Tf *79' 31 
Year 

Fig. S.Total biomass, parent (mature) stock and biomass of matureanchoveta females off Pru,4-140S, 1953 to
1982. Note strong, regular seasonal oscillations and also very good match with independent spawning stock 
estimate in August-September 1981 by Santander et al (1984). 

4 
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Tfb
 5. Edhoated blomau of mature female and maleanchoveta (Enp#m Usndenj, off Pert (4.14*S), 1953 to 1981 (in tonne). 

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1953 1,101,937 2,231080 3.317,855 2,955,181 1,715,232 887,920 802,925 481,772 432.953 299,084 355,906 547,2721954 1,114,237 1,862,158 1,669,903 900,324 663,342 393,733 633,657 245,535 270,727 278,579 465,742 1,830.9!41955 3,818,367 2,990,407 1,640,273 2,312,623 1,269,131 1,214,193 1,084.533 718,045 741.423 514,055 677,972 1,008,3681956 2,022,882 3,436,052 3,871,157 2,769,103 2,261,131 1,904,923 1,665,332 1,227,079 851,891 674,239 703,180 576,1151957 934,906 1,953,957 1,958.200 1,923,840 1,935,852 1,626,589 1,226,208 708,169 357,478 382,458 359,280 823,29S1958 I,033,769 1,397,276 1,526,377 646,861 523,424 366,572 360,117 145,397 1,659,263 1.632,507 1,769,059 1,53,5791959 1,937,039 3,167,238 3.002,390 2,641,178 1,964,495 1,563,931 1,176,471 979,052 741,835 863,518 996,828 1,335,4471960 1,398,188 1,893.285 1,941,318 1,393,424 1,006,903 1,082,592 897,994 1,025.889 914,385 854,318 847,712 1,649,4471961 3,185,292 6097,497 4.624,528 4,260,150 3,700,503 2,324,159 1,610,900 1,582,807 1,485,906 "1,517,057 1,415,162 1,648,5591962 4,986,926 5524,700 4,304.486 3,326,390 3,785,605 2.644,778 2,128.486 1,959,337 2,227,742 1,522,194 1,810,225 1.596,5901963 1.855,765 3,009,503 4.083,481 2,797,470 2,985,038 1,479,294 1,796,051 1,470,797 1,397,778 1,275.029 1,281,386 2,085,9611964 2,995,569 4,135,050 4,803,659 2,160,991 1,159,568 880,377 810.130 1,186,305 1,301,322 1,545,419 1,731,584 1,470,2871965 2,579,329 3.678,943 4,245,975 4,775,363 3,838,356 2,391,526 1,960.683 1,594.674 1,080,843 1,276.406 1,856,835 2,795,1171966 4,277,278 6,773.214 5,067,000 3,856.401 3,577,115 2,406,994 2,196,815 2,159,686 1,529,259 2,243,032 2,300.820 2,664,4931967 3,624,3f1 3,916,894 4,397,793 2.429,393 1,776,207 1,473,478 1.573,797 1,128,436 1,252,839 1,098.865 1,127,815 2,514,3221968 3,438,439 3,015,294 5,082,356 2,601,436 2.404,957 1.489,790 2.086.114 2,510.095 3,021,141 2,045,573 1,979,449 1,654,5631969 1,614,892 1,749,620 4,587,486 4.943,181 5.772,725 3,090.998 1.401,738 1,527,544 1.576.925 1,477.807 1,457,568 2,003.0911970 4,269,720 7.065,151 9,532,422 7,719,537 6,643,855 5,061,117 3,669,402 3.966,850 4,102,173 3,638,361 2,242,982 1,665,9521971 1.754 127 3,895.876 7.126,115 7.635,624 5,552,118 4,607,634 5,871,848 6.468,841 5.120,592 3,971,640 4,331,058 3,814,4411972 4,08r,428 4.733,777 4,950.483 2.467,541 904,159 695.461 591,351 468,269 305,053 377,667 546.871 1,924,0121973 2,39 , 39 2,987,910 3,289,321 1,069,764 491,190 443,296 408,980 371,737 444.619 693,043 1,173,970 1,068,2881974 1,494,718 2,287,048 3,080,939 2,881.127 1,932,834 1,721,473 1,506,453 1.365,201 1.356,463 1,379,573 1,151,494 642,6091975 947,723 1,804,664 2,611,611 2,38,619 1,414,223 520,599 518,336 439,006 770,871 760,153 623,191 804,3571976 861,315 1,831,948 2,796,799 1,613.161 2,955.161 2,780,036 2.030.119 1,990,957 1,120,721 1,142.474 1,231,079 1.211,6181977 685,150 689,810 711,919 659,494 237.035 63,979 47,870 33.868 24,036 21,408 29,775 57,4931978 79,513 379,191 710600 669,427 356.495 180,114 235.518 198.581 238,450 334.968 509,041 629,3901979 917,762 1,074,841 1,276,980 900,820 290,680 208,938 212,094 196,876 155,692 127,843 79,159 114,9431980 149,524 223,371 362,472 280,497 312,954 181,906 158,261 114,713 104,372 108,903 138,160 273,2561981 212,684 732,513 1,035,224 1,390.938 2,104,529 1,513,989 1,213.016 1,302,727a 967,981- 1,548,488 1,527,565 1,938,022 

'he mean of the values for August and September 1981 is1,302,727 + 967,981/2 -
1,135,354 1or roughly 1.14 t x 106, very close to the independent estimateof1.2 t x10'of Santander et al. (1984). 

Table 6.Esltlmated biomau of mature female anchoveta (Ensmulis rnsen offPeru(4-14'S). 1953 to 1981 (Intonnes). 

Date Jan Feb Mat Apt May Jun Jul Aug Sep Oct Nov Dec 

1953 615,827 1,195,172 1,746,176 1,579.691 952,866 528,122 483,260 298,056 255,258 176,814 210,933 319,2161954 619,042 1,019,209 936,109 532,104 398,314 243,347 390,367 153,989 168,490 174,619 293,512 1.106,9431955 2,102,940 1,725,540 1,015925 1,395,691 839,801 823,599 743.283 506,43! 492,227 349,387 453,805 652,1631956 1,204,884 1,987,935 2,239,360 1,688,618 1,437,081 1,247,581 1,114,805 850,716 59C,,174 486,461 514,749 429,6101957 659,363 1.175,588 1,180,478 1,166,533 1,125,296 971,329 758,680 483,371 233,449 246,108 233,716 471,7231958 556,477 740,904 802.036 347,326 293,339 210,726 207,139 88,171 1,202.768 1,189,938 1,288,487 1,139,2981959 1,298,637 1,944,351 1,890,045 1.732,905 1,312.675 1,102,878 869,291 738,760 518.156 608,704 702.702 885,9481960 897.964 1,156,378 1,216.551 936,361 688,785 730,515 627.003 707,929 610,475 566.382 550,639 1,010,3061961 1,803,530 3,306,876 2.582,563 2,432,481 2,154,049 1.408.0)5 1,004,056 995,503 946,035 971,338 900.793 1,022,9461962 2,865,660 3,168,473 2,574,768 2,058,058 2.341,634 1,686,657 1,392822 1,310,750 1,492.937 1,048.169 1,231,766 1,080,9191963 1,180,.530 1,779,473 2.364,620 1,689,052 1.777,134 885,558 1,070,337 885,941 845,779 779.355 790,169 1,226.4901964 1,662.957 2,231,810 2,617,670 1,298,227 699,003 548,477 518,564 767,702 853,077 1,024,071 1,150,214 978,3961965 1,650,085 2,214,192 2,507.260 2,653,662 2,100,665 1,313,716 1,070,955 891,108 624.621 747,579 1,080,974 1,584,0041966 2,295,652 3,565,841 2.744,425 2,177,035 2,111,526 1.491,288 1,411,529 1,427,034 1,044,861 1,549,.580 1,609,084 1,896.1411967 2,436,599 2,334,488 2,614,873 1,498,499 1,078.631 917,369 998,251 741,759 837,119 752,685 781,682 1,715,4211968 2,222,167 1,923,715 3.093,793 1,743,305 1,617,222 1.048,551 1.486,107 1.803.690 2.177,900 1,507,961 1,452.011 1,185,8301969 1,055,306 1.016,052 2,509.428 2,716,689 3,115,582 1,729,460 857,072 953,507 1.001,667 940,335 930.858 1,233,5041970 2,409,218 3.933.168 5,357,801 4,570,454 4,132,194 3,356.075 2,596,775 2,865,352 3.021,776 2,648.402 1.647,051 1.189,665
1971 1,131,605 2,302,287 
 4,058,420 4,227,804 3,224.927 2,776,311 3,616.858 4.067,276 3,359.786 2,741,999 3,004.173 2,663,0191972 2,735,506 3,289.209 3,602,592 1,790,756 554,684 394,682 329,180 269,242 195.745 232,479 320,698 1,036,3421973 1,257,987 1,601,170 1,825,469 647,634 309,359 295,932 285,064 268,286 324,868 508,249 853,686 820,9831974 1.155,108 1,731,812 2,340,212 2,175,286 1.425,581 1.266,740 1,188,521 1,124,136 1.150.822 1,192,959 947,942 515,2981975 732,287 1,254,699 1.746,167 1.575,713 1,015,652 385,496 394.168 348,143 614,395 619,606 521,352 667.1231976 700.702 1,147,345 1,634,760 995.073 1,724,294 1.600,457 1.186,017 1,191,105 727,369 746,797 815.008 741,7951977 392,412 380,355 410,443 402,287 152.140 43,395 33,726 24,341 17,233 14,480 18,082 33,7721978 45.800 200.144 375,241 363,658 206,234 108,776 144,651 127,302 152,809 217,194 330,686 410,9971979 550,627 673.443 818,801 587,381 182,048 141,044 145.140 139,119 114,046 93,754 55,598 65,8791980 
 85,702 129,989 210,861 169,394 199,110 114,365 100,586 76,519 70,606 74,298 92,702 173,8421981 129,919 418,334 600,842 821,279 1,240,078 933,408 783,706 856,102 663,872 1,046,769 1,058,028 1,374,739 

On the other hand, our estimate of spawning stock size for August/Septembr 1981 of 1.14 t 
x 106, is extremely close to the independent estimate of 1.2 t x 10b (with 95% conf. interval = 
56.8%) obtained by Santander et al. (1984) for the area between 4 and 140S (see Table 5,
footnote [a] and Fig. 5).This extremely good match between two estimates that were obtained 
based on completely independent data sets, assumptions and models is extremely encouraging,
as it suggests that our approach for estimating past spawning stock size may be realistic. 
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Tsukayama and Alvarez (1981) reported a range of 0.067 to 0.244 and an overall mean of
0.133 for the ratio of spawning stock to total anchoveta biomass, for the period 1964 to 1978.
Our results (Fig. 6), expressed on a finer temporal scale than those of Tsukayama and Alvarez
(1981) not only have a greater range, but a higher overall mean of 0.254, due to our different 
definition of mature biomass (Tsukayama and Alvarez 1981 defined this as "the biomass of all
fish >14 cm"; our definition is "Bij.Pij", see equation 1).

Fig. 7 presents our estimates of monthly anchoveta egg production, from January 1953 to
December 1981 (1982 was excluded because the VPA HII estimates of anchoveta biomasses for
the last year of the series are questionable, see Pauly, Palomares and Gayanilo, this vol.). As
might be seen, monthly egg production had, during the period covered, several peaks, notably in
1968, 1970, 1971 and 1974. However, these peaks of egg production did not lead to peak 
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recruitment. In fact, the annual season of peak egg production (September-November) is usually 
not followed, a few months later, by a recruitment peak. Rather, it is the minor egg production
peak occurring in February to April which usually leads to massive recruitment (see Mendelsohn 
and Mendo, this vol.; Pauly, this vol.).

Assessing the overall reliability of the egg production estimates in Fig. 7 and Table 7 is 
difficult. Assuming that the biomass estimates used here were reasonable, we think that the 
weakest point in our analysis are: 

i) lack of data on size-specific egg production in E. ringens,and 
ii) lack of readily quantifiable evidence on temporal changes in the fecundity of anchoveta. 

Table7. Estimated monthly egg output by the anchoveta stock off Peru(4-14"N), 1953 to 1982 in billions (10'). 

Year Jan Feb Mar Apt May Jun Jul Aug Sep Oct Not Doc 

1953 65,667 162,924 143,223 39,231 10,315 62,991 171.452 274,100 221.913 190,765 169,988 47,987 
1954 65.631 167,086 135,885 23,885 6.198 33,796 148,440 149,104 182,4u1 217.744 228,999 140.146 
1955 192,594 240,819 115,618 43,099 17,397 180,024 479.671 826,324 778,989 708,793 640,918 170.418 
1956 185.667 451,958 375,879 84,843 22,344 174.638 497,583 1,004,837 829,386 1.061,622 935,160 172,800 
1957 204.871 382,666 309,286 84,519 21,132 179.256 479,960 978.112 393,580 460.725 367,908 94,940
1958 54,879 106,952 86,201 13.090 4.979 34,385 93.898 139,860 2.482.968 2,960,861 2,553,971 554,406
1959 352,267 727.599 624,069 166,804 41.560 336,522 880,939 1,852.922 1,123,983 1.378.462 1,084.233 257.249 
1960 194,393 384,033 417.947 100,548 24,580 19P,923 556.467 1,445,520 1,328,413 1,402,997 977,491 270,551
1961 265,672 571.954 350,565 89,147 28,205 161,973 341,365 790,464 943,793 1.127.001 743.430 160,577 
1962 369.270 673.979 447,320 88,255 33.125 210.403 541,371 1,332,815 2,003.316 1.798,188 1,480.403 266,011
1963 215,052 450,209 395,373 76.407 24,766 104,455 340,737 677,512 807,531 861,704 633,174 178,527
1964 185,516 345,418 323.110 46,753 10,022 68,209 193,212 681,985 951.820 1,328,338 1,124,598 193,820
1965 281,072 496,123 374,679 71,605 18,473 105,038 248,511 535,486 556,161 767,545 821,74.% 222,761
1966 211,101 444,150 336.152 83,771 30,041 172,146 461,883 1,186,560 1,340,525 2,535,393 2,032,671 505,610
1967 527.859 592,172 542,334 95,179 20,401 130.624 412,685 825,421 1,214,606 1,367,367 1,060,139 400.393 
1968 355,580 519,640 639,489 127,538 39,366 253,279 1,019.790 2,832,135 4,391,395 3,773,991 2,609,660 354249 
1969 250.636 272,443 371,636 101,184 30,764 168.017 315,948 814,015 1,117,203 1,185,641 915,506 234,347 
1970 299,953 738,752 827.515 212,524 71,546 574,098 1,624,671 4,518,802 6.767,713 6,487,205 3,309,029 478,173
1971 327,886 815.886 879,106 166,371 52,456 381.554 1.383.763 3,781,583 4,593,975 5,193,788 4.231,701 781,174
1972 591,728 1,476,866 1,576.613 201,265 12,865 60,192 136,170 315,314 490,235 551,01? 423,717 140,856
1973 98.994 248,777 270.108 32,774 5,897 60.655 203,664 510,825 769.852 1,304,407 1528,727 403,074
1974 562,590 1,464,495 1,618,032 372,631 69,119 517,784 1,671.192 4.155.449 6,004,290 7,610,760 3,774,949 426,594 
1975 496,852 926,545 811,228 193,338 41,250 124,851 396,629 973,872 2,301,755 2,916,507 2,041,944 520,579
1976 485,582 678,107 556,813 105,273 39,617 242,818 482,420 1,170.903 1,169,337 1,293,856 1,056.285 162,516
1977 58,380 70,885 70,325 19,859 2,877 9,481 25,432 48,306 47,870 39.427 21.388 6.630 
1978 5.354 25,332 36,220 11,586 2,988 14.639 57,307 136,089 200.678 340,920 373,673 98,565
1979 92,511 208,889 216,478 4C,457 4,053 30,931 86,501 226,553 281,842 272,974 130,618 10,982 
1980 13,075 30,723 31.614 8,492 4,315 18,812, 47.003 91,668 120,327 163,237 154,013 50,295
1981 22,550 90,717 113,924 42,434 19,706 129,853 369,512 1.629,983 1,222,403 2,074,030 1,707,866 516,859 

Alheit et al. (1983, Table 1, Figs. 1-4) presented data on the size-dependence of batch 
fecundity of E. ringens,based on fish samples from January 1970 to September 1981. Although 
the analysis presented by these authors is somewhat confused, the key result does emerge that 
larger anchoveta have higher batch fecundities than small ones. However, we could not use any
of the regression lines expressing this relationship, because large engraulid females not only
have higher batch fecundities, but also spawn more often than smaller ones. This is the reason 
why we have used a relationship between size and egg production based on data for E. mordax 
(see Table 2); Fig. 4 in Alheit et al. (1983) shows that F. ringensand E. nordax are similar 
enough, at least as far as their batch fecundity is concerned, to justify our approach.

Temporal changes in anchoveta fecundity may be expected, given the density-dependent
changes in growth and related parameters discussed in Palomares et al., this vol.). However, 
concrete evidence for such changes is scanty.

Ware and Tsukayama (1981) write that "in the winter of 1962, the anchovy population was 
of the order of 24 t x 106. According to Mijiano (1968, Fig. 5), the gonad weight of a 2i-g
anchovy at that time averaged 1.1 g. By 1974, the stock declined to 4.5 t x 10() and the 
corresponding gonad weight of a 21-g anchovy was 1.7 g. This finding clearly contradicts the 
long standing assumption of classical theory that fecundity of marine fish is not affected by
fluctuations in population size (Harris 1975)."

Alheit et al. (1983), commenting on their fecundity estimates suggested similarly that "the 
only remarkable feature is the difference between the relatively low values for the seventies and 
the high values from 1981". They also noted that "obviously, the fecundity values from the 
southern Peruvian anchovy stock are higher than in the central arnd northern stock batch 
fecundity increases with increasing latitude". 
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Combining the temporal and the latitLdinal trends mentioned above leads to the conclusionthat the Peruvian anchoveta may be undergoing, with respect to its fecundity, the same processof "southernization" that is apparent with regard to its growth (see Palomares et al., this vol.).
We have not accounted for "southernization" when deriving our estimates of egg productionfor the period January 1953 to December 1981. Explicit consideration of this process wouldobviously have improved our estimates and this should be taken into account in future analyses. 
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Abstract 

A planimetric analysis of ninety maps of anchoveta egg distribution, covering the Peruvian coast from 4 to 140S, based on egg surveys
conducted from 1964 to 1985, was performed and the standing stock of eggs corresponding to each map estimated. The estimates for 1964 to1981, divided by ternperature-related egg development times were plotted against independent estimates of anchoveta parent stock. A dome
shaped curve emerged, suggestive of a strong effect of parental cannibalism on anchoveta egg standing stocks.
 

Introduction 

Numerous anchoveta egg surveys have been conducted since 1964 off Peru, and this paper
presents ninety maps summarizing the results of all these surveys. A brief, preliminary
investigation of the egg standing stock estimates based on these maps is presented in which egg
standing stock, adjusted for the different sea surface temperatures during the different: surveys,
is related to anchoveta parent stock estimates (i.e., biomass of mature female and male 
anchoveta, as defined and computed by Pauly and Soriano, this vol.). 

Materials and Methods 

This contribution is based on ninety surveys carried out between 196.' and 1985. Between
1964 and 1971, four surveys were performed every year, with usually about 120 samples taken 
on each cruise, covering much of the Peruvian coast, up to 12(' nautical miles (nm) offshore.

From July 1972 to 1985, two to four EUREKA surveys were performed per year, with about
350 samples taken during the 2-4 days of th'. . surveys which are performed by commercial
vessels operating all along the Peruvian coast (0-18o0), up to 80-100 nm offshore. 

A Hensen net (175 cm long, 70 cm aperture diameter and 300 am was used for all
samplings, which consisted of raising the net from a depth of 50 m to the surface. Samples were
fixed with 10% formaldehyde immediately after collection; separation and counting of anchoveta 
egg,. were done at IMARPE. 

L'rhe author passed away on 25 March 1987. This contribution Is based on m| anlysis of egg distributionmaps she compiled and an her 
extensive notes (The Editors). 
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Estimation of Egg Standing Stock 
and Adjusted Egg Standing Stock 

The maps presented here were standardized and analyzed in a series of steps implemented
such as to ensure greatest possible comparability between maps, as follows: 

i) the areas with positive egg records (i.e., 0-500 to >2,000 or >4,000) were estimated by
planimetry, ignoring at first the fact that not all surveys covered the whole Peruvian coart;

ii) the surface areas estimated in (i) were multiplied with the midrange of the egg density
classes to obtain egg standing stocks, e.g., with 250 eggs/m 2 in the case of the class with limits 1 
to 500 eggs/m 2. Ideally, the mean density of samples with counts >4,000 (or >2,000) should 
have been used to obtain proper factors for these two open-ended classes. Unfortunately, original
data allowing computation of such means could be retrieved only for seven maps, all referring to 
the '>4,000" density class (Table 1). The mean density estimated for this class from the data in 
Table 1 was 5,013 eggs/m 2 and this value was used with all maps for which a density value for 
the ">4,000" class was missing. For maps with "2,000" as highst class, a value of 3,000
eggs/m2 was used (i.e., lower class limit + 1,000, similar to what was used for the ">2,000" 
class);
 

iii) standardization of maps for variable coverage of the Peruvian coast was performed in 
two steps:

a) within each 20 stretch of the coast (i.e., 2-4, 4-6, ... , 12-14oS), simple extrapolations
were used. Thus, if a survey had covered only half of the stretch from 10 to 120S,
the estimated number of eggs within that stretch was multiplied with 2;

b) then, using 49 maps representing surveys that had covered all that part of the Peruvian 
coast of interest here (4-140S), the mean percentage of total eggs in each 20 
stretch of coast was estimated (see Table 2). These percentages were then used to 
convert estimates of egg standing stock for a given set of 20 stretches (ranging
from 1 to 4) to an estimate pertaining to the whole coast. The assumption here is 
that any given map, with sa ,few eggs between 4 and 10oS,would also have had 
few eggs between 10 and i4oS had the area also been surveyed. (Readers who 
disagree with this approach will be able to identify the maps for which this 
approach was used and delete those in their reanalysis.)

The estimates of total egg numbers for the whole Peruvian coast obtained in this fashion are 
given in Table 3 where each row corresponds to a given month and in Table 4 where egg
standing stock estimates for a few surveys 'and maps with the same reference month are given
separately. 

Table 1. Actual egg densities in the density class "> 4,000" in I maps for which such 
information is available. 

Table 2. Mean % of total eggs off 
Latitude Peru (4-140S) in each 20 stretch of

Map Date south Eggs/m 2 coastline.a 

1 25-02-64 to 1803-64 10-120 4,244 °Lat. south Mean % 
5 11-11-64 to 22-12-64 6.80 4,581 

8-100 4,594 4-6 3.3 
6 0303-65 to 2203-65 6-80 5,382 6-8 22.2 

10-120 6,060 8-10 31.9 
9 22-10.65 to 10-12-65 10-120 4,151 10-12 21.9 

13 17-11-66 to 13-12-66 6.80 4,046 12-14 20.7 
8-100 5,267

16 08-11-67 to 21-12.67 6-80 5,864 abased on 49 surveys which co
8.100 5,864 vered the area comprised between 4 
10-120 5,504 and 140S, i.e., maps with boxed num

28 1608-71 to 02-09-71 8.100 4,604 bers in Table 3. 

Mean 5,013 

http:21-12.67
http:22-10.65
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iv) "adjusting" egg standing stock estimates refers here to dividing the standing stock 
estimate obtained in step (iii) by the estimated egg development time (itself a function of sea 
surface temperature (SST); see Table 3 and Pauly, this vol.). This procedure allows comparison
of standing stock estimates from periods with different SST and hence different duration of the 
egg stage itself. Standing stock estimates adjusted in this fashion and expressed on a daily basis 
are given in Table 3. 

Results and Discussion 

Tables 3 and 4 summarize the key data derived from the maps. It might be noted that 
estimates of egg standing stock were generally higher in the 1960s than in the 1970s (means 78 x 
1012 and 39 x 1012, respectively), as might be expected. Yet adjusted egg standing stocks and 
estimates of parent stock size in the corresponding month (see Table 3) did not directly correlate 
with each other. Rather it is log (adjusted standing stock/parent stock) which appears to be
linearly related "o parent stock (Fig. 1). This suggests a rather strong, density-dependent effect of 
parent stock on egg survival (see also Fig. 2). Some implications of this finding are discussed in 
Pauly (this vol.). 

Table 3. Key statistics on 90 egg surveys considered in this contribution (see also Table 4). 

Map eggs Development Adjusted egg 

a 	 b standing stock c timed standing stock eMap no. Time of survey (billions) (days) (billions/day) Parent stock (t)C 

1 25/2-18/3 1964 27,382 1.53 17,946 2,085,961 
2 24/3-5/5 16,995 1.74 9,794 2,995,569

21/5-10/6 12,935 2.02 6,402 4,135,050 
17/8-17/10 136,884 2.10 65,158 880,377 
11/11-22/12 60,267 2.02 29,827 1,301,322 

6 3/3-22/3 1965 51,356 1.37 37,467 1,470,287
0 29/3-8/4 8,035 1.27 6,341 2,579,329
8 	 8/7-26/7 55,315 1.55 35,603 4,775,363 

22/10-10/12 44,032, 1.72 25,613 1,594,674 
3/2-2/3 1966 16,246 1.37 11,852 1,856,835 
30/4-25/5 4,944 1.78 2,770 6,773,214
29/8-1/10 	 418,741 2.14 195,453 2,406,994 
17/11-13/12 97,376 1.96 49,609 2,159,686 
17/5-26/5 1967 6,357 1.89 3,365 3,916,894 
24/8-8/9 291,933 2.19 133,604 1,473,4"8 

160 8/11-21/12 115,701 2.25 51,399 1,128,436
17 6/2-8/3 1968 50,158 1.77 28,369 1,127,815 
18 2/9-12/10 168,762 1.98 85,154 1,489,790 

F9 	 19/11-17/12 15,495 1.85 8,360 3,021,141

20 13/1-27/1 1969 22,023 1.60 
 13,792 2,045,573 
21 13/7-25/7 9,425 1.80 5,231 4,943,181 
22 28/8-8/9 82,321 1.84 44,838 3,090,998
23 14/5-31/5 1970 22,089 1.61 13,707 7,065,151
 
24 1/9-21/9 81,971 1.89 43,392 5,061,117

25 15/10-5/11 22,604 1.82 12,429 3,669,402
 
26 20/11-9/12 9,050 1.87 4,837 3,966,850

27 20/5-9/6 1971 107,049 1.60 67,041 3,895,876
 

16/8-2/9 12,679 1.70 7,444 5,552,118 
29 12/11-27/11 29,325 1.85 15,822 6,468,841

15/2-13/3 1972 2,075 1.21 1,709 3,814,441
31,32 8/7-20/7 13,151 1.29 10,200 2,467,541 

33 3/8-5/8 23,774 1.42: 16,741 904,152 
34,35 4/8-20/9 7,191 1.57 4,587 695,461 

36 20!10-22/10 5,474 1.55 3,523 591,351 
15/12-20/12 62,354 1.26 49,636 305,053 

Continued 
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Table 3. Continued 

Map eggs Development Theoretical 

Map noa nTime of survey 
standing stock 0 

(billions) 
timed 
(days) 

egg production e 

(billions/day) Parent' stock (t)e 

40 4: 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
'52 
5 
54 

57 
58 
59 
60 
61 
63 
5 

66 

68 
69 
L70 

71 

74 
7 

77 
78 

80 
1811

82,83 
84 
85 
86 
87 
88 

20/1-23/1
23/2.16/3 
30/5-12/6
3/7-7/7 
1/8-3/8 
23/9-26/9 
12/11-13/11 
26/2-28/2 
28/5-30/5 
7/8-8/8 
3/9-4/9 
14/11-15/11 
14/2-15/2 
6/8-7/8 
16/9-18/9 
26/11-5/12 
27/1-29/1 
12/7-25/7 
11/8-13/8 
16/11.4/12 
8/3-10/3 
18/4-3/5 
12/7-14/7
7/8-27/8
6518/10.2/11 
5/4-18/4 
19/7-21/7 
19/10-3/11
29/11-18/12 

6/2.8/2
19/7-7/8 
4/9.7/9 
4/11-15/12 
12/2.14/2 
23/9.26/9 
3/2-4/3 
8/4-11/4 
22/8-11/9 
4/10-7/10 
27/2-2/3 
10/9-14/9
22/11-23/12 
17/8-25/9 
30/11-22/12 
31/1-4/3 
20/3-7/4 
20/7-12/8 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1984 

1985 

35,163 
41,320 
19,806
18,941 

108,860 
60,861 
70,731 
86,409 
3,443 

85,188 
64,741 
29,643 
40,738 
56,016 
55,630 
67,395 
17,040 
53,835 
53,588 
19,208 
45,885 

6,313 
27,966 
25,419 
17,083 
2,672 

64,664 
6,445

25,479 
21,599
30,123 
66,247 
69,834 
21,808 
68410 
27,259 
40,318 

1,109 
'"4, 

86,444 
31,585
9,793 

49,622 
85,560 
96,169 
7,764 

47,457 

1.08 
1.27 
1.94 
2.06 
2.16 
2.12 
1.85 
1.67 
1.61 
1.91 
2.04 
1.96 
1.69 
2.04 
2.06 
1.98 
1.84 
1.50 
1.s4 
1.64 
1.35 
1.35 
1.77 
1.87 
1.94 
1.54 
1.94 
1.94 
1.82 
1.63' 
1.80 
1.87 
1.66 
1.58 
1.94 
1.58 
1.66 
2,02 
1.87 

32,601 
32,610 
10,188
9,194 

50,314 
28,688 
38,162 
51,682 

2,137 
44,667 
31,732 
15,102 
24,141 
27,456 
27,003 
34,006 
9,281 

35,927 
34,806 
11,703 
34,070 

4,687 
15,817
13,585 

8,787 
1,736 

33,262 
3,315

14,010 
13,281
16,720 
35,404 
42,156 
13,783 
35,086 
17,228 
6,228 
8,962 

39,814 

377,667 
1,924,012 
3,289,321
1,069,764 

491,190 
443,296 
371,737 

1,173,970 
2,287,048 
1,932,834 
1,721,473 
1,365,201 
1,151,494 
1,414,223 

520,599 
770,871 
760,153 

1,613,161 
2,955,161 
1,990,957 
1,211,618 

685,150 
659,494
237,035 
47,870 
79,513 

669,427 
235,518
238,450 
509,041
900,820 
208,938 
155,692 
79,159 

181,906 
138,160 
212,684 

1,513,989 
1,213,016 

-9 28/8-5!10 138,333 
90 20/1-15/5 1986 10,830 

aTwo maps on the saine line irdicate either surveys conducted in the same months, or which covered a period whose midrange
fell in the same month (see "i'.!tie .1for separate statistics on these tables); maps with numbers in boxes are those used in Table 2.bin cases where two maps t.f-r to the same month(s), the dates given here refer to the start of the first survey and the end of the 
second.

CRefers to Peruvian coast between 4 and 14°S; see text for inter- and extrapolation methods Where two map numbers are given,
egg standing stock is the mean of these two maps (see also Table 4).dComputed using empirical equation in Pauly (this vo!) and sea surface temperatures in Pauly and Tsukayama (this vol.).

eFrom Pauly and Soriano (this vol.). 
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Table 4. Egg standing stocks for maps that are 
another map in Table 3. 

combined with 

Map # 
Time of survey 

(day/month-day/month) 

Egg standing 
stock 

(x 1015) 

31 
32 
34 
35 
40 
41 
62 
63 
64 
65 
82 
83 

08/07-20/07, 1972 
18/07-20/07, 1972 
05/09-08/09, 1972 
04/08-20/09, 1972 
30/05-12/06, 1973 
01/06-04/06, 1973 
07/08-26/08, 1977 
14/08-27/08, 1977 
18/10-21/10, 1977 
27/10-02/11, 1977 
22/11-23/02, 1982 
15/12-23/12, 1982 

14.82 
11A8 
12.76 

1.62 
29.65 

9.96 
23.06 
27.78 
27.52 

6.64 
6.25 

13.33 

-1.00

-2.00 0 

U) 

-. 00- E

-

io-

0O 

0 

• 

% 
081. 'O 

-e'0.00 
0 

' 4 ' 
1 2,3i 4.eg

Parent stock (t.106)' 

e"e Fig. 1. Relationship between adjusted anchoveta 
standing stockianchoveta parent biomass and

parent biomass, showing strong corr elation. 

2.00 
•.0 

Ft 2. Reaiosi betee egg selatdisng 
160 

140 

AM () 

betwee 
1.65 0M1mM 

adutda0h t 

10 

so80 

40 "-•" 

egg development time (Le., adjusted egg standing o0 - J. 40 16%_stock) and anchoveta parent stock, suggesting a 3 5 p r b 7 a 
strong effect of parental cannibalism. Parent stock ( sOon 
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Other findings based on anchoveta egg surveys conducted off Peru are presented in 
Santander (1981), Santander and Castillo (1981), Santander and Flores (1983), Santander and 
Tsukayama (1983), Santander and Zuzunaga (1984) and IMARPE (1986).

However, the present contribution is the first in which a comparative analysis of the many 
egg surveys conducted off Peru has been performed. That these surveys, related to an
independent data set (i.e., parent stock estimates), should lead to insights about cannibalism in 
anchoveta is rather gratifying. It is hoped that future analyses will lead to even more information 
being extracted from the maps and related data presented here, thus justifying post hoc the 
immense effort and resources that went in obtaining them. 
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Abstract 

Monthly population size estimates of three species of fish eating, guano-producing birds (cormorant: Phalacrocorax bougainvihji;booby:
Sulda
variegata and pelican: Pelkcanus thagus) were obtained, based on planimetric analyses of over 10,000 maps of their distributionon guano
islands and points along the coast of Peru, for the years 1953 to 1982. These data allow for amuch more detailed description of the interactions
between the bird populations and theirenvironment than had hitherto been the case and a preliminary discussion of such interactions is given,
with emphasis on the combined effects of the anchoveta fishery off Peru and successive El Nifio events. 

Intro(iuction 

Of the many species of seabirds living along the Peruvian coast, on islands and "points"
(i.e., small peninsulas), three, the cormorant (PhalacrocoraxbougainvilliiL., Family
Phalacrocoracidae), the booby (Sula variegataTschudi, Family Sulidae) and the pelican
(Pelecanusthagus Molina, Family Pelecanidae) are the most conspicuous (Fig. 1). They are also 
the three species known as "guano birds" whose feces, known as "guano" (i.e., "guano de islas") 
were used in early, pre-Inca times, as fertilizer in agriculture. Garcilaso de la Vega (1539-1616)
in his "Royal Commentaries" mentions that the Incas, following their conquest of the people
along the Peru coast, explicitly protected the guano birds, and imposed the death sentence on 
those reported to have disturbed them, particularly during their reproductive season. 

Following the Spanish conquest, the agricultural infrastructure built and/or improved by the 
Incas was left to decay, and gold and silver mining developed. According to Maisch (1946) the 
extraction of accumulated guano started again only in the mid-1840s. This extraction was totally
uncontrolled, and led to rapid depletion of the guano accumulations. Thus, for example, on the 
Chincha Islands, 95% of the accumulated 12 million tonnes of guano were removed between 
1853 and 1913. 

The Compania Administradora del Guano (CAG)took over the administration of the guano
islands and points in 1909,and later implemented the recommendation of Forbes (1914) who,
after examination of all guano deposits along the Peruvian coast, suggested a series of protective
measures such as the deploymetc of guards, the protection of nests and the rotation of the crews 
exploiting the deposits.

Following Gamarra (1964a, 1964b), six periods may be identified with regard to the guano 
resources and their exploitation:
i) first period - Inca times, when the birds reached their climax, being totally protected;
ii) second period - for which there is no information, except for the representation of birds 

on ceramics and textile of the time; 
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Cormorant (guanay) 
Pholacrocorox bougainvill 

Booby (piquero) 
Sulo variegato 

Pelican (alcatraz) 

Pelecanus thagus 

Fi. 1. The three main species of fish-eating birds of the Peruvian upweulig ecosystem (Spanish names In brackets). 

Lobos de Tierra in the north to Isla Ballestras in the south (Table 1,Fig. 2). Because of our 

iii) 

iv) 

v) 

third period - immediately following the Spanish conquest during which the knowledge
of the usefulness of guano receded, and hence the birds ceased to be protected;
fourth period - starting about 1844 when, the importance of guano (for export markets)
being apparent, the exploitation of guano expanded rapidly and included the use of 
dynamite to loosen up hardened layers of deposits without consideration to the birds. 
This started a regressive process which considerably reduced the bird populations which 
were at the time only viewed as interfering with the extraction activities;
fifth period - starting in 1909 when the CAG was created, with the specific purpose of 
regulating the guano industry. The CAG initiated measures based on scientific studies 

vi) 

and its work has been described as the greatest effort ever made for the protection of any
(wild) animal species in the world (see e.g., CAG 1946, 1955, 1958);
sixth period - starting in the mid-1950s, this period saw the development of the anchoveta 
fishery and the decline of the anchoveta stocks which provide the bulk of the food of 
guano birds (Gamarra 1941). This period is characterized by a collapse of the bird 
populations and a large change in the relative abundance of the three species discussed 
here (Tovar 1983 and see below). 

This paper presents monthly population estimates for the years 1953 to 1982 from Isla Terra 

limitations to islands and points not farther south than 140S, population estimates are not directly
comparable with those in earlier papers (e.g., Tovar 1983), although the general trends certainly 
are. 

Materials and Methods 

Forms (maps) of islands and points, onto which guards had, for each month separately,
graphed the distribution of each bird colony were used (e.g., Fig. 3). Managing the guano islands 
and points, and the bird colonies thereon from 1909 onwards was the duty of the CAG (see
above). From 1964 to 1968, the role of the CAG was perfomed by the Corporacion Nacional de 
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Table 1. Summary of information on the guano islands (I) and capes() of the Peruvian coast consi
dered In this contribution.
 

Latitude LongitudeNo. Namie (South) (West) Area (kin2 ) 

1 1.Lobos de Tierra 060 27' 800 50' 14.262 1.Lobos de Afuera 06055' 800 41' 2.363 1.Macabi 070 48' 790 30' 0.08 
4 1.Guafiape None 080'32' 780 581 0.355 1.Gualiape Sur 080 32' 780 58' 0.266 1.Chao 080 46' 780 49' 0.157 I. Corcovado 080 50' 780 18' 0.04
8 1.Santa 090 02' 780 41' 1.42
9 1.Blanca Norte 090 08' 780 38' 2.2810 1.Ferrol Norte 090 10' 780 38' 0.2411.Tortugas 090 29' 780 29' 0.61

12 P. Culebras 090 57' 780 15' 0.56
13 P. Colorado 100 30' 770 58' 0.1814 P. Litera 100 35' 770 52' 0.8215 1.Don Martin 110 02' 770 41' 0.16
16 P. Salinas 110 17' 770 38' 0.91
17 1.Huampanu y Chiquitanta 110 20' 770 43' 0.0218 1.Mazorca 110 23' 770 45' 0.1219 1. Pescadores 110 47' 770 16' 0.1620 1.Isleta 110 48' 770 13'
21 1. La Cruz (San Lorenzo) 120 05' 770 15' 

0.07 
0.0622 1.Palominos 120 08' 770 13' 0.1123 1.Cavinzas 120 08' 770 13' 0.1124 1. Pachacamac 120 19' 760 55' 0.2425 1.Asia 120 48' 760 38' 0.7126 1.Chncha Nortea 130 39' 760 24' 0.6427 1.Chincha Centro 130 39' 760 24' 0.6628 1.Chincha Surb 130 39' 760 24' 0.27.29 1.Ballestas 130 44' 760 44' 0.32 

aee Fig. 4. 
See Fig. 3. 

Table 2. Mean densities of guano birds in colonies. 

2
Number ofbirds perm
Cormorant Booby Pelican 

Reproducing adults 7 , 5 3 
(with nests) 

Nonreproducing adults is 5 3 
Chicks 10 5 . 4 
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16- P Salinas-1 Callao16
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I 	 lo 

side of4-14*S not consideredI). 

Fert-lizantes (CONAFER). From 1970 to 1974, the management of the guano resources became 
the perogative of the Servicio Nacional de Fertilizantes (SENAFER); from 1976 to date, the 
guano resources have been managed by Pesca Peru Fertilizantes. All maps used here were 
obtained from the latter, which inherited the archives of its predecessors. Altogether, 10,080 
maps were analyzed, covering the 360 months from January 1953 to December 1982. Of these,
only 336 maps corresponding to the 1957 El NPffo, had been previously reported upon by Tovar 
and Garcia (1982). A few more maps covering August 1971 to April 1976 were analyzed by
Tovar and Galarza (1983). Thus, the overwhelming part of the materials reported upon here, is 
new. 

A planimeter was used to estimate for each month nd island (or point) the surface area 
covered by the different stages (nonreproducing adult, reproducing adult, chick) of the three 
species in question (see Fig. 3 for a first example).

The empirically estimated densities in Table 2 were used to obtain, for each estimate of an 
area covered by birds, the corresponding population estimate. Note that the use of a mean 
density is justified due to the opposite tendencies of guano birds to both crowd themselves (to
reduce predation), and to keep a minimum distance from each other (as determined by the birds' 
ability to peck at each other). 
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Compalila Administradora del Guano 

DEPARTAMENTO TECNICO 

GUARDIANIA DE CHINCHA SUR 

OBSERVACIONESVERIFICADAS EN LA OUARDIANIA DURANTE LOS DIAS 

d .......
...................
a ........dc....................de 19 ........
 

CANTIDAD DE AVES 

GUANAYES (enn po) OBSERVACIONES......................... 

PIQUEROS (en rojo) ................................I ..... 
A CAT A'ES (en azul)................... 

0
 

° 

0 0 

N 0 

Fig. 3. Example of map partly completed by the guard of 
Chincha Sur Island on the 10th of January 1962 at 3 p.m. 
(see Table 1 for location). The color codes, i.e., black for 
cormorants (guanay), red for boobies (piquero) and blue for 
pelicans (alcatraz) were here replaced by different shading 
patterns. 

DataInterpolation 

Interpolations were necessary for various islands (or points) and month, mainly because 
original graphs had been lost. Thus e.g., for the case: 

month January February March April
population 5,000 no data no data 2,000 

we used the linear interpolation: 

i) 5,000 -2,000 = 3,000
ii) 3,000/3 = 1,000
iii) 2,000 + 1,000 = 3,000 (March)
iv) 3,000 + 1,000 = 4,000 (February) 

As it turned out, interpolating missing data was never necessary for all islands and points inthe same month and hence months with interpolated values have not been distinguished frommonths without such values when computing overall population sizes from 6 to 140S. 
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Computational Example 

The Chincha Sur bird colonies (Fig. 4) demonstrate the planimetric method used for 
estimation of bird population sizes. 

In September 1974, the birds did not reproduce, hence the maps showing the distribution ofreproducing adults with nests and chicks are empty. The planimeter conversion factor for
Chincha Norte Island was computed as 81.5. Hence we have: 

numberofconnorants= 0.019 . 81.5 - 15 = 232,275 
number of boobies = 0.088 * 81.5 - 5 = 358,600 
numberofpelicans = 0.050 • 81.5 • 3 = 122,250 

wheir 0.019, 0088 and 0.05 are relative surface areas estimated by planimetry (see Fig. 4) and15, 5 and 3 are the empirical estimates of adult bird density taken from Table 2. 

N 0.003 0 ' 4 

E Pu90 0.003 

0.010 o r oe l r i s 0.0 5 

-0.002 

P Piquero isad28 

SAlcatraz
 

Resutsond Dscusio
 

o119
 
Fig.
4 Dstribution of cormorants (guanay),boobies (piquero) and pelicans (alcatraz) on Chincha Norte Island
 
(see Table b)inSeptember 1974, with relative areas estimated by planimetry. The sums of the relative area
are 0.019, 0.088 and 0.050 for cormorants, boobies and pelicans, respectively (weetext). 

Results and Discussion 

Areas Inhabited by Seabirds 

From 1909 to 1945, there were 36 guardposts (guardianas)on islands and points along the 
Peruvian coast, 23 of which were on islands. 

From 1945 on, the protection of the birds resulted in the expansion of their populations,
requiring the establishment of new posts, especially on points which represent second-choice
breeding locations compared to islands. As these colonies were frequently disturbed by eo le 
and animals (especially by the fox Dusycyon sechurae), the sites were isolated by walls of up
to 3 m high. This intervention, which caused a further increase in bird population led to a 
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maximum in 1955 of 52 guardposts along the Peruvian coast. However the expansion of theanchoveta purse seine fishery, which started in the early 1950s and the 1957 El Nigo led to adecrease in the number of points used for breeding by the birds and hence to a decline of thenumber of guardposts to 45 in 1964. Urban sprawl and the further decline of the bird populationled to more points and islands becoming free of seabirds. In 1982, only 26 islands and 12 points
from 6 to 180S were still used by the birds. 

Absolute PopulationSizes of GuanoBirds 

Previous reports of the population of guano birds along the coast of Peru have beenpresented for various, relatively short periods by Vogt (1942), Jordan (1959, 1961, 1963, 1964),Gamarra (1964a, 1964b), Jordan and Fuentes (1966), Galarza (1968), Fuentes (1969) and Tovar
(1978, 1983).

Tables 3, 4 and 5 present population estimates for cormorants, boobies and pelicans
respectively. Fig. 5 presents the same data as time series. 

Table 3. Population (in millions) of adult cormorants off Peru (6 to 141S, 1953 to 1982). 

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

1953 14.53 13.58 10.76 9.54 8.99 14.24 11.75 12.18 16.11 19.17 17.81 17.201954 14.98 14.87 14.22 20.22 26.35 30.12 26.39 26.81 26.31 20.12 22.39 12.521955 13.76 16.22 12.41 16.70 28.2322.70 28.35 33.50 29.50 18.55 16.16 13.601956 11.32 10.73 15.86 21.35 20.26 24.38 25.37 23.09 20.70 18.26 12.42 9.631957 14.17 13.21 8.80 6.47 5.97 7.93 4.75 3.17 9.09 14.50 13.06 8.461958 3.07 3.30 5.76 6.46 6.319.19 0.89 10.07 10.77 9.55 5.74 4.881959 5.06 5.75 11.23 14.72 14.60 18.06 16.98 12.50 12.11 7.48 7.88 8.311960 9.91 7.95 13.44 11.01 10.87 13.47 13.04 10.949.74 10.23 10.85 10.081961 7.92 10.63 11.16 8.85 13.05 14.71 18.92 23.34 12.3816.55 13.39 11.181962 9.41 9.83 9.98 11.29 14.38 22.81 20.21 16.67 14.07 10.33 9.85 7.691963 9.38 12.04 11.74 12.94 20.56 9.24 8.768.51 7.39 10.94 10.32 8.381964 10.11 8.19 10.0813.76 26.01 18.66 14.18 12.33 13.88 14.21 9.60 8.241965 8.65 6.58 9.12 2.556.36 4.10 2.78 0.87 0.38 1.15 2.20 1.561966 2.36 2.13 1.61 2.57 1.43 2.212.14 3.91 3.62 2.15 1.57 1.581967 1.83 1.43 2.05 2.02 4.40 3.25 2.53 5.234.55 2.68 1.94 1.881968 2.52 2.68 2.20 2.88 3.55 4.04 3.60 4.16 3.24 2.38 2.32 2.231969 2.06 1.621.99 1.82 1.47 0.80 1.15 2.06 3.51 2.39 2.46 1.551970 1.35 1.60 1.87 2.001.84 3.04 3.52 3.08 2.23 1.82 1.27 1.411971 1.90 1.84 1.89 3.23 3.17 4.68 4.29 3.86 2.70 3.63 2.62 2.381972 2.37 3.083.13 0.65 0.50 0.29 0.14 0.08 0.09 0.99 1.26 0.431973 0.76 1.24 0.62 0.940.70 1.08 0.95 0.54 0.52 0.26 0.39 0.441974 0.41 0.740.66 0.54 0.70 1.06 1.32 1.43 0.56 0.53 0.50 0.621975 0.43 0.62 0.85 0.90 1.19 1.08 1.63 1.29 1.21 1.31 1.04 0.851976 0.50 0.55 1.23 1.08 0.94 0.90 0.83 0.98 1.14 0.82 0.66 1.021977 1.06 0.701.06 0.99 1.04 1.35 1.511.38 1.14 1.08 1.22 1.081978 0.81 0.73: 0.98 1.36 1.18 1.69 1.03 1.51 1.01 1.04 1.04 0.931979 1.17 2.18 1.56 2.63 .2.43 1.99 2.11 1.61 1.51 1.201.39 1.411980 1.33 1.611.25 2.14 2.20 2.35 2.52 2.40 2.24 2.15 2.05 2.761981 2.49 2.382.73 2.06 3.93 3.11 3.03 2.72 2.34 2.65 2.90 2.981982 2.22 2.36 3.252.15 2.47 5.25 4.68 4.48 3.59 4.08 1.76 1.34 

As might be seen from Fig. 5, the cormorant population, increased from about 10 million in1953 up to values above 30 million in 1955, then began to decline down to values between1.3 and 5.3 million in 1982. Table 6 suggests that this downward trend was intensified by the
1982-1983 El Nifio.

Fig. 5 shows that despite the decline of their population, the boobies were not as strongly
affected by the successive El Nifio and the fishery (see also Fig. 6).The pelicans had, throughout, the lowest population sizes, starting the time series with 0.1
0.7 million in 1953. The reduction of the pelican population was not caused only by starvationinduced mortality. Rather, a large number of pelicans migrate southward during periods of food 
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Table 4. Population (in millions) of adult boobies off Peru (6 to 140S, 1953 to 1982). 

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

1953 3.06 2.68 2.36 2.04 1.35 1.42 1.28 0.94 1.50 2.30 2.13 2.841954 2.51 2.24 2.072.09 2.11 2.12 2.79 2.312.32 2.61 2.83 2.791955 3.21 2.61 3.212.86 2.78 2.60 2.40 2.54. -2.34 3.09 2.38 2.521956 3.20 3.16 2.922.43 2.44. 1.73 2.23 2.69 1.93 2.48 3.27 4.221957 3.20 2.32 2.55 1.35 0.82 0.25 0.16 0.25 0.70 1.52; 1.74 0.981958 0.89 0.73 1.020.80 1.15 2.57 .1.17 0.50 1.08 1.11 169 1.411959 1.48 1.41 1.90 1.82 1.27 1.32 1.16 1.18 1.36 1.29 1.74 1.531960 1.71 1.79 '1.21 1.32 1.59 1.28 1.68' 1.49 2.56 2.46 2.66 1.901961 2.02 1.94 1.73 1.34 1.63 1.62 1.95 1.41 1.72 1.80 2.08 2.321962 2.18 2.28 2.28 1.58 1.46 1'.89 1.71 1.37, 1.42 2.16 3.21 2.381963 2.69 2.53 1.75 1.49 1.55 1.58 1.28 1.37 1.35 0.97 1.71 2.101964 1.48 1.84 2.19 1.60 1.72 1.65 1.65 2.09 1.16 2.25 2.35 2.621965 2.36 3.21 2.62 1.74 0.45 0.44 0.39 0.28 0.19 0.51 0.80 0.771.57 0.95 0.78 1.20 1.451966 1.62 1.23 1.00 1.16 0.96 0.69 1.04.1967 1.11 1.20 1.10 0.84 1.07 0.67 0.88 1.41 1.55 0.95 0.68 0.991968 1.64 1.53 1.14 0.74 0.82 0.71 0.96 1.02 1:32 1.20 1.30 1.511969 1.64 1.93 1.63 1.84 1.421.34 1.00 1.33 0.98 0.77 0.97 0.731970 1.26 1.36 1.48 1.39 1.00 1.51 1.43 1.31 1.13 1.20 1.31 1.181971 1.30 2.17 1.30 1.39 1.32 1.70 1.81 1.24 1.42 1.48 1.37 1.471972 1.79 1.412.11 0.33 0.33 0.29 0.30 0.43 0.42 0.48 0.40 0.861973 .0.81 1.17 1.22 0.83 0.82 0.83 0.71 0.63 0.74 0.86 1.06 1.171974 f.13 1.581.32 1.18 1.56 1.04 1.14 1.49 1.46 1.43 1.33 1.231975 1.19 1.64 1.51 1.82 1.40 1.09 1.67 0.95 0.97 1.31 1.42 1.281976 1.76 1.95 1.80 1.43 0.780.88 1.12 0.97 1.21 1.33 1.58 1.251977 1.64 1.81 1.82 1.74 1.322.08 1.24 0.90 0.84 1.01 1.63 2.371978 1.81 1.82 2.17 2.66 2.21 2.99 2,25 2.05 2.44 2.50 2.59 2.421979 1.69 2.11 2.22 1.75 1.41 1.55 1.94 1.56 1.80 1.83 1.89 1.861980 1.59 1.53 1.87 1.67 1.72 1.27 1.68 1.64 1.72 1.79 1.82 2.181981 1.74 1.69 1.94 1.83 2.60 2.04 1.92 2.19 1.92 1.76 1.96 1.921982 1.78 1.60 2.60 1.97 1.84 2.43 2.78 1.86 1.73 1.19 0.93 1.19 

scarcity off northern/central Peru, while weaker specimens are often caught on beaches by
people and eaten. 

For all species, the fluctuation of population suggests a succession ofpartial recoveries

following El Ni1io-induced crashes which were intensified by the reduction of the anchoveta
 
induced by the purse seine fishery (see Table 6).
 

Changesin Relative Abundance 

Fig. 6 shows on an annual basis the changes in the relative abundance of cormorants,
boobies and pelicans from 1953 to 1982 (see Table 6 for data pertaining to 1983). As might be seen, the major change is that the cormorants, being far more specialized on anchoveta than both
boobies and pelicans (see Tovar and Galarza 1984; Muck and Pauly, this vol.) lost theiroverwhelming dominance over the latter two species, a trend which was intensified by the 1982
1983 El Niuo. 

RelationshipBetween Environmental 
andGuanoPopulationFluctuations 

Earlier authors commenting on the causes of mass mortalities in guano birds disagreed as tothe relative impact of epizootic diseases and simple starvation due to a decline of fish biomass(Lavalle 1912, 1917; Ballen 1924, 1925; Murphy 1931; Stiglich 1931; Torrico 1933; Vogt 1940;
La Rosa Llosa and Ramos Saco 1949; Avila 1953).

More recent work (Jordan 1964; Tovar and Garcia 1982; Tovar and Galarza 1983; Tovar
and Cabrera 1985) have vindicated those who suggested that lack of food is the ultimate cause 
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Table S. Population (in millions) of adult pelicans offPeru (6 to 140 S,1953 to 1982). 

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

1953 
1954 
1955 

0.42 
0.59 
0.52 

0.66 
0.72 
0.661 

0.64 
0.67 

.30 

0.18 
0.45 
0.68 

0.14 
0.45 
0.18 

0.11 
0.36 
0.08 

0.10 
0.29 
0.10 

0.08 
0.31 
0.13 

6.08 
0.21 
0.38 

0.41 
0.31 
0.40 

0.76 
0.41 
0.75 

0.69 
0.52 
0.64 

1956 
1957 
1958 
1959 

0.77 
0.32. 
0.13-
0,28 ' . 

1.10 
0.28 
0.12 
0.63 

0.70 
0.15 
0.09 
0.33 

0.27 
0.02 
0.24 
0.85 

0.55 
0.06 
0.28 
0.75 

0.36 

0.24 
0.41 

0.121 
0.0.4 

•0.16 
0.13 

0.11 
0.02 
0.19 
0.40 

0.07 
0.15 
0.39 
0.35 

0.13 
0.16 
0.24. 
0.29 

0.31 
0.18 
0.20 
0.22 

0.35 
0.22 
0.19 
0.49 

1960 
1961 
1962 
1963 

0.41' 
0123 
045 
0.30 

0.26 
0.24 
0.34 
0.46 

0.13 
0.21 
0.23 
0.59 

0.33 
0.20 
0.15 
0.77 

0.34 
0.48 
0.19 
0.47 

0.35 
0.41 
0.10 
0.19 

0.55 
011 

.0.10 
0.15 

0.53 
0.12 
0.11 

-0.J 1 

0.44 
.0.29 
0.22 
0.06 

0.40 
0.45 
0.34 
0.06 

0.33 
0.32 
0.42 
0.06 

0.22 
0.34 
0.31 
0.14 

1964 
1965 
1966 

0.15 
0.81 
0.24 

0.27 
0.45 
0.08 

0.38 
0.54 
0.14 

0.12 
0.60 
0.15 

0.27 
0.47 
0.23 

0.02 
0.18 
0.18 

0.14 
0.08 
0.15 

.0.10 
0.O, 
0.15 

0.14 
0.04 
0.23 

0.11 
0.08 
0.33 

0.33 
0.15 
0.22 

0.61 
0.14 
0.39 

1967 
1968 
1969 
1970 

0.52 
0.47 
0.24 
0.18 

0.40 
0.37 
0.20 
0.18 

0.38 
0.43 
0.22 
0.21 

0.35 
0.23 
0.18 
0.25 

0.60 
0.27 
0.07 
0.23 

0.12 
0.16 
0.10 
0.25 

0.13 
0.20 
0.09 
0.22 

0.32 
0.30 
0.15 
0.16 

0.76 
0.32 
0.12 
0.23 

0.20 
0.26 
0.12 
0.33 

0.13 
0.25 
0.17 
0.12 

0.17 
0.31 
0.14 
0.09 

1971 
1972 
1973 
1974 
1975 
1976 
1977 

0.12 
0.24 
0.15 
0.26 
0.10 
0.06 
0.11 

0.13 
0.23 
0.32 
0.29 
0.21 
0.12 
0.20 

0.09 
0.32 
0.18 
0.36 
0.15 
0.16 
0.13 

0.23 
0.16 
0.38 
0.13 
0.13 
0.25 
0.11 

0.16 
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0.19 
0.10 
0.10 
0.08 
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0.12 
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0.05 
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0.08 
0.03 
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0.12 
0.18 
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0.06 
0.04 
0.04 

0.24 
0.15 
0.10 
0.06 
0.04 
0.08 
0.12 

0.1C 
0.14 
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0.24 
0.08 
0.09 
0.09 

0.20 
0.16 
0.19 
0.37 
0.06 
0.08 
0.11 

0.22 
0.12 
0.27 
0.27 
0.05 
0.11 
0.12 

0.19 
0.19 
0.21 
0.09 
0.07 
0.10 
0.27 

1978 
1979 
1980 
1981 
1982 

0.23 
0.28 
0.15 
0.16 
0.16 

0.23 
0.34 
0.14 
0.13 
0.18 

0.51 
0.23 
0.26 
0.11 
0.22 

0.46 
0.19 
0.17 
0.14 
0.16 

0.35 
0.27 
0.30 
0.21 
0.19 

0.28 
0.23 
0.17 
0.22 
0.23 

0.13 
0.20 
0.11 
0.07 
0.16 

0.18 
0.25 
0.08 
0.07 
0.16 

0.23 
0.34 
0.15 
0.09 
0.18 

0.12 
0.38 
0.16 
0.18 
0.10 

0.20 
0.41 
0.21 
0.21 
0.0 
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FIg. 5. Monthly fluctuations of the population of the three major seabird species off Peru (4-140S), 1953 to 1982. 
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Table 6. Changes in guano bird populations between 6 and 140 S off
 
Peru following El Nfio 1982/82, (adapted from data in Tovar and
 
Cabrera 1984). 

Month Cormorants 
Bird population (millions) 

Boobies Pelicans 

Jul 1982 
Dec 1982 

4.68 
1.34 

2.78 
1.19 

0,16 
0.13 

Mar 1983 0.91 0.28 0.16 
May 1983 0.23 0.15 0.23 
Jun 1983 0.11 0.05 0.08 
Jul 1983 0.19 0.08 0.08 

00 

360

4o 

20 Boobies 
Pelicans20 

1950 1960 1970 1980 
Year 

Fig. 6. Relative abundance of the three guano birds considered in this study, 1953 to 1992.Note 
gradual decline of the Importance of cormorants and the small ncrease of Pelicans (see also text). 

for the mass mortalities of guano birds observed so far, and this is also confirmed by the present
study, which shows that there is, for every El Nifo event off Peru, a corresponding decline of* 
guano bird numbers. The fishery thus affects the guano bird populations, by reducing their food 
base before, during and after an El Niffo event, and this indeed has been assumed by Muck and
Pauly (this vol.) who, based on the popuiation estimates presented in this contribution, proceeded
to estimate the amount of anchoveta eaten, from 1953 to 1982 by Peruvian guano birds. 
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Abstract 

Anchoveta consumption by Peruvian guano birds (Phalacrocoraxbougainvillii, Sula variegata, Pelecanus thagus) was estimated for theperiod 1953 to 1982 for the arri 4-140S latitude using an analytical consumption model and monthly seabird population estimates based on field 
counts. Highest estimates were obtained for 1955-1956 with about 2 million metric tonnes (t)per year of anchoveta being consumed Ly the guanobirds. Due to the continuous decline of the guano bird populations, their anchoveta consumption dropped to values of less than 20,000 tat the
beginning of the 1970s and an average of around 30,000 t between 1970 and 1982. 

Population decline of guano birds is most probably caused by reduced anchovy availability, a consequence of the combined effects ofthe 
heavy anchovy fishery and El Niffo-related periods of low food vulnerability. 

Introduction 

In the Peruvian upwell'ing ecosystem guano birds are probably the species most dependent 
on anchoveta (Engraulisringens)as a food resource and the most conspicuous competitors for 
the anchoveta fishery.

This competition is particularly visible when one compares the range of anchoveta sizes 
consumed by cormorants and boobies with the size distribution of the Peruvian purse seine 
fishery (see Figs. 1 and 2). That this size overlap is neither confined to Peru, nor to these two 
guano bird species is illustrated by Fig. 3, showing an even more pronounced overlap between 
the anchovy (E. mordax) size distribution in the California purse seine fishery and in 
regurgigated food bolus of the brown pelican (Pelecanusoccidentaliscalifornicus),a close 
relative of the pelican occurring off Peru (earlier taxonomies in fact saw P. thagus as a 
subspecies of P. occidentalis,just as P. occidentaliscalifornicusis).

Periods of high anchoveta biomass have thus usually also been periods of high abundance of 
cormorants (Phalacrocoraxbougainvillii),gannets (Sula variegata)and pelicans (Pelecanus
thagus) which are the principal species of so-called guano birds (see Tovar et al., this vol.).

Their excrements (Spanish guano) are of eco--',,al importance as fertilizer and, in the 
past, for gunpowder production. Following the 1972 anchoveta collapse due to overexploitation
and unfavorable oceanographic conditions, the guano birds became reduced to around 20% of 
their former population size (of 24 million in 1954-1955). 

ICLARM Contribution No. 378; PROCOPA Contribution No. 37. 
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Furness (1982) using data of Schaefer (1970) suggests that, between 1961 and 1965, guano
birds were consuming annually 17% of the total Peruvian anchoveta biernass. Jordan (1967)
estimated that the annual anchoveta consumption between 1961 and 1962 was around 45% of the 
total annual anchoveta catch; similar figures are given in Murphy (1972).

It is the aim of this paper to present monthly estimates of anchoveta consumption by guano
birds for the period 1953 to 1982 and to relate this consumption to the fishery and environmental 
conditions such as El Nifio events. 

Materials and Methods 

Anchoveta consumption was calculated using (i) monthly biomass data for the three guano
bird species (based on the abundance data for juveniles and adults given in Tovar et al., this 
vol.), (ii) "possible" consumption rates (based on the guano birds' body weights and on 
metabolic considerations) and (iii) anchoveta availability to guano birds. 

Abundance data were converted to biomass by multiplying with the birds' average body
weight, given in Table 1. 

A large body of literature on daily consumption rates based on metabolic equations, stomach 
contents analysis, feeding experiments and guano production exists for guano birds (Table 2).
These data, plotted against body weight, suggest that specific differences can be neglected, and 
that the daily food consumption is a logarithlmic function of body weight and of the analytic
method (see Fig. 4).

The metabolic equations - which result in notable lower values - were used to calculate 
consumption rates corresponding to the daily energy expenditures (DEE, see Wiens and Scott 
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Table 1. Feeding behavior, body weight and daily ration for the main Peruvian guano bird species. 

Maximum 	 Adult Daily
Species Feeding methoda depth of Foraging weight ration %anchovy

foraging (m) period (kg)d (%body weight) in diet 

Pelecanusthagus piracy, surface 2.0a day and nightb, c 5.9-7.8 11 .2e >80b 
seizing, surface mean 6.68 10.1f . 
plunging

Sula varfegata deep plunging 5.08 dawn-sunsetb 1.2-1.4 27.40 >80bl 
15 .0 b 	 mean 1.28 16.3f 

Phalacrocomx bougainvillil pursuit diving 1 b dawnsunsetb 1.72.2 2 3 3eb 

mean 1.94 14,7f 

a In Duffy (1980) after Ashmole (1971)
 
b Jordan (1967)
 
cVogt (1942)
 
d H. Tovar (IMARPE, pets.comm.)
 
e from equation (1)
 
ffrom equation (2)
 
gAvila (1954)
 

Table 2. Estimates of fishconsumption in three genera oi fih-eating birds (Phlacrocorax, Sulk and PelecwsJ. 

Adult Daily consumptionSpecies Area weight (ks) (%body weight) 	 Reference and remarks 

1)CORMORANTS
Phalacrocomx africsaus Zimbabwe 0.62 39.4 	 Junor (1965),'feeding experiments with immature birds.P.aurtus n.. 	 3.0 17.0 	 Hutchinson (1950)P.bousganvllli Peruvian coast 1.80 14.4 

15.1 
16 Laugksch andDuffy (1984), seebelow 
16.3P.bousalnvflll Peruvian coast 2.07 21.5 Jordan (1959. 	 and1967). based on reguigigated food bolus 

stomach contents analysis. Body weight from Hutchinson 
P.bouslanvill Peruvian coast 2.00 	 (1950).23.7 	 Avila (1954), based on guna production.P.capensir South Africa .1.22- 12.4 	 Furness and Cooper (1982) (seebelow)P.caPmsi South Africa 1.22 16 .8a Laugksch andDuffy (1984), adjusted

b
16.8 for reproductive and other costs, 
17.7c 	 usitr metabolic equations of:

d

18.2	 (a)Lasewskl and Dawson (1967), (b)Aschoff and Pohl 

P.csrbo Sri Lanka 2.10 	 (1970). (c) Kendeigh etal.(1977). (d)Walsbeig (1983).16.4 	 Winkler (1983) metabolic equation notadjusted for repro
ductive and other costs.P. carbo Yugoslavia 5.00- 32.0 Apostolski and Matvejev (1955),no Information on method 
available; these authors refer to "Riesenv6Bel" i.e., giant,
birds, for which theupper limits ofwelghts In Palmer (1962) 
wasused.P. carbo lucdus Zimbabwe 1.97 22.2 Junor(1965) seeabove.P.jlksicoll Sri Lanka 0.93 .18.4 Winkler (1983) see aboveP. niger South Africa 0.58 20.2 	 Winkler(1983)P. penlcllatus BritishColumbia 2.38 '20.0 Robertson (1972), stomach contents analysis. 

I1)	BOOBIES and GANNETS
 
Sul capenrlr South Africa 
 2.65 11.9 Furness and Cooper (1982), metabolicequivalentsS.capenrss South Africa 2.65 12.4 adjusted for reproductive and other costs 

13.6 
14.4 	 Laugksch and Duffy (1984) we above" 14.7
 

.Tdacrylatra South Afr. 2.16 14.1 Laugksch and Duffy (1984) seeaboveS.laucoaster French Frigate Islands 1.30 :15.4 Pettit et al. (1984) see belowS.sul French Frigate Islands 1.10 24.7 	 Harrison and Ilda (1980), stomach contents analysis.
(N.W. of Hawail)S.sulu French Frigate Islands 1.10 '14.2 Pettlt et al.(1984), metabolic equations adjusted for repro
(N.W. of Hsw&tl) ductive and other costs.S.va)regate Peruvian coast 1.28 16.4 

16.6 	 Laugksch and Duffy (1984) see above 
17A
17.7Ill) PELICANS 

PELI8.8NPe1 nu1onocrotlus South Africa 9.55 
:. : 

Guillet and Furness (1985), metabolic equations adjusted forPStAfr. 1. "eproduction and other costs. 
A.onocrou South Africa 9US 10.0 DIn (1979), stomach contents analysis.P. thesau Peruvian coast 6.00' 9 

S10.8 Laugksch and Duffy (1984) seeabove 
.11.3
1l,8 

http:PELI8.8N
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1975; Schneider and Hunt 1982; Fumess and Cooper 1982; Laugksch and Duffy 1984) sufficientfor individual growth and egg production and for balancing, at the population level, mortality by
reproduction.

The higher consumption rates derived by the other methods can be interpreted as providingrough estimates of "possible daily consumption" (PDC). Increase of population would thus occur
when actual consumption ranges between DEE and PDC.Two curves corresponding to these two consumption levels were established by regression
analysis, i.e.: 

Possible daily consumption
PDC % = 29.78 - 9.77 loge Weight ...1) 

Daily energy expenditures
DEE % = 17.20 - 3.73 loge Weight 

Dividing the PDC %-value by 100 and multiplying by 30 allows computation of totalpossible consumption foi each of the three species "j"at month "i" (Cij) from' 

Cij =Bij "PDC%j 

and anchoveta consumption (Caij) as: 

Caij = Cij "Aaij _4) 

where "Bii" is the bird biomass for species j "at month "i" and "Aa;i" is an index (A.1)quantifying the availability of anchoveta during month "i" to predator "j". 
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The availability index is calculated as the product of (i) relative anchoveta biomass (Bai, >0,
<1), (ii) anchoveta vulnerability (Vulij, >0, <1) and (iii) an index expressing competition for 
anchoveta as food resource (Compi, >0, <1): 

Aaij = Bai . Vulij •Compi ...5) 

This allows taking into account the suggestions of Furness (1982) and MacCall (1982) for 
modelling of the Peruvian anchovy-seabird system that (i) El Nifio related changes in sea 
temperature should affect anchoveta vulnerability to guano birds, (ii) that predation pressure
from the guano birds themselves should reduce the availability of their food and that (iii) in 
periods following extremely high bird mortality the food supply per bird should be much greater
than during the preceding period.

The estimation of anchoveta availability to the three guano species was performed as 
follows: 

Relative anchovetabiomass. Relative anchoveta biomass at month 'T' (Bai) has been 
calculated using the preliminary anchoveta biomass data in Table 3, divided by the highest
annual mean of 20.8 t x 106, in 1967 (see Fig. 5).

Anchoveta vulnerabiliyindex. Vulnerability (Vulij) is treated as a function of the overlap
between predator and prey which might be expressed through an index of vertical (i.e., depth)
overlap (V) and another index for horizontal overlap (H). Also, dispersion (D)was considered, 
leading to: 

Vulij = Vi' Hi" Di ...6) 
Table 3. Preliminary estimates of anchoveta biomass for the area 4-140S (in t x 106), as used to compute the availability of ancho
veta to the guano birds.a 

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

1953 13.7 18.0 17.5 19.1 18.0 18.0 14.5 11.3 13.3 17.3 22.7 18.0 
1954 13.3 17.6 17.1 18.6 17.6 17.6 14.2 11.0 13.0 16.8 22.1 17.6 
1955 13.1 17.3 16.8 18.3 17,3 17.3 13.9 10.8 12.8 16.6 21.7 17.3 
1956 12.9 17.0 16.5 18.0 17.0 17.0 13.7 10.6 12.5 16.3 21.4 18.6 
1957 15.8 16.5 16.1 17.5 16.5 16.5 13.3 10.3 12.2 15.8 20.8 16.3 
1958 12.3 16.2 15.8 17.2 16.2 13.1 10.2 12.016.2 15.6 20.4 16.3 
1959 12.1 12.1 15.2 14.5 13.9 13.3 13.9 8.5 8.5 17.5 21.4 21.4 
1960 18.4 18.4 14.2 15.5 15.4 16.0 13.6 10.1 10.7 8.3 17.2 17.2 
1961 16.8 16.3 13.4 17.7 15.1 16.3 9.1 6.1 11.6 17.4 19.8 18.6 
1962 12.0 14.8 17.1 17.7 17.1 16.0 13.1 13.1 14.8 16.0 19.4 20.5 
1963 17.1 13.7 12.0 12.5 11.2 11.2 11.5 11.8 11.9 13.8 15.0 15.2 
1964 15.0 14.8 14.0 13.0 12.0 12.8 12.5 12.0 11.9 13.2 15.0 14.6 
1965 15.0 14.2 15.5 16.5 17.0 17.5 17.2 17.6 17.9 21.016.5 19.0 
1966 20.5 19.8 18.5 17.5 16.2 14.8 14.5 14.2 16.8 15.8 14.5 16.2 
1967 16.5 17.2 23.0 23.0 22.8 22.2 22.0 22.0 21.8 21.2 20.0 27.8 
1968 18.5 17.2 16.2 15.8 15.5 14.5 14.8 14.8 14.8 13.0 13.8 13.8 
1969 13.5 12.8 13.2 11.0 11.5 11.2 12.0 12.2 13.0 12.2 14.8 15.8 
1970 15.2 14.2 14.5 14.0 13,0 14.8 14.7 14.5 14.3 14.2 14.0 13.8 
1971 13.8 13.7 13.5 13.4 13.3 13.2 13.0 12.9 12.7 10.6 9.3 9.0 
1972 8.3 7.7 7.2 6.5 6.2 5.7 4.9 4.7 4.1 4.7 4.9 5.2 
1973 5.2 5.1 5.0 5.0 4.9 4.8 4.7 4.6 4.6 4.6 4.7 4.8 
1974 5.0 5.1 5.2 5.4 5.5 5.6 5.7 5.9 5.9 6.5 6.9 7.2 
1975 7.2 7.0 6.8 6.7 6.6 6.5 6.4 6.2 7.2 8.2 9.8. 10.6 
1976 9.8 9.1 8.6 8.0 7.5 7.0 6.5 6.0 5.4 4.9 4.7 4.1 
1977 3.7 2.9 3.1 3.3 3.4 3.7 3.9 4.1 4.2 4.4 4.6 4.7 
1978 4.4 4.2 4.1 3.7 3.6 3.4 3.3 3.1 2.9 3.1 3.2 3.3 
1979 3.3 3A 3.2 3.0 2.8 2.7 2.4 2.3 2.1 2.0 1.7 1.6 
1980 1.7 1.7 1.8 1.9 2.0 2.0 2.0 2.1 2.82.0 2.4 3.0 
1981 2.7 2.5 2.2 2.0 1.7 1.5 1.2 1.2 1.2 1.5 1.7 2.0 
1982 2.0 1.8 1.6 1.5 1.4 1.3 1.2 1.0 1.2 1.5 1.8 2.0 

abased on independent biomass estimates cited in Pauly, Palomares and Gayanilo (this vol.), with linear interpolation to obtain 
"monthly" values and backward extrapolation using standardized catch/effort data in Boerema et al. (1965) and Doucet and Elnars
son (1967). Caution: Data in this table represent no more than educated guesses, presented here to allow replication of our results. 
See contribution cited above for improved estimates of monthly anchoveta biomass for 1953 to 1981. 
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Fig. S.Time series (annual means) of variables affecting the consumption of anchoveta
by guano birds off Peru (4-14 0S), 1953 to 1982 (see text for definitions and uses to 
which these variables were put). 

Spatial overlapping and anchoveta dispersion are related to sea surface temperature.Increases in water temperature (e.g., through El Nifio events) result in the dispersion of
anchoveta (Furness 1982), their southward migration (Vogt 1942) and/or migration to deeper,cooler water (Schweigger 1940; Fiedler et al. 1943; Jordan and Fuentes 1966; Valdivia 1978;
Johanneson and Vilchez 1980).

The data given in Table I on maximum foraging depth of the three bird species considered
here shows that they are unable to forage at depths exceeding 15 cm. This diving capacity has
evolved to correspond to the vertical distribution pattern of anchoveta school under normal
conditions, for which estimates of 6-20 m, 10-30 m and 7-18 m have been presented by Clark(1954), Jordan (1967) and Guillen et al. (1969), respectively. However, during periods of high
temperatures (i.e., El Nifio events), anchoveta schools occur at depths of 100 m and more.Therefore the vertical component "Vi" in equation (6) should be the most sensitive to 
temperature changes and therefore the key factor for vulnerability estimates.

Acoustic surveys of pelagic fishes (sardine, mackerel, horse mackerel) conducted off Peru in1983-1984 by IMARPE were used here to establish a relationship between fish depth
distribution, time of the day and temperature. The range of temperatures covered was 16-300C,
while the range of depth where fish concentrations were encountered was 5-120 m.It was found that the three species mentioned above are concentrated, under normal 
temperature conditions (<230c), at a mean depth of 15 m, slightly more than the anchoveta forwhich a value of 10 may be more appropriate (R. Vilchez, IMARPE, pers. comm.). From this 



226 

information, we have derived an empirical equation relating the depth of main anchoveta 
biomass (DMBi) to sea surface temperature, i.e., 

DMB1 = 15 + (107/(1 + e32.4-1.19Ti)) 7) 

which provides estimates of DMBi pertaining to the period from 6 a.m. to 10 p.m., i.e., during
the main period of cormorant foraging activity (Jordan 1959).

The vertical overlapping index (Vi) for guano birds to anchoveta schools was calculated as 
dependent on the birds' ma :imum foraging depth (MFD) and DMB-values using the sigmoid
function: 

Vi = 1/(1+eP +q/MFD - DMBi) ...8)
 

For all three guano bird species, the same maximum foraging depth of 15 m has been used,
ignoring the 2 m value reported for pelicans (Table 1)because one important foraging mode of 
pelican is piracy on the other two species (Duffy 1980) which enables pelicans to "extend" their 
low foraging depth by indirectly using the diving capacity of cormorants and boobies. 

Using -18.5 for the constai p" and 14.1 for "q"in equation (8), we obtained values of Vi 
close to 1 for a depth of 15 m and a rapid decline to zero for depths near and beyond 30 m. 

The latter depth value was chosen because the average total extension (in the vertical plane)
of pelagic schools is around 30 m, representing an approximately normal distribution with the 
density maximum in the center. 

Thus, when the main concentration passes the 15 m threshold, a "tail" of around 15 m still 
remains within the birds' diving range, at least until the density maximum exceeds the 30 m 
depth. 

With respect to temperature-related horizontal displacement (offshore and/or southward 
migration) and fish dispersion, a quantification is difficult because reliable data are not yet 
available. 

In agreement with the literature cited above we assume that Hi and Di of equation (6)
decrease with increasing temperature. As a first attempt we set Hi x Di = Vi resulting in: 

Vulij = Vij2 ..9) 

and using the same maximum foraging depth of 15 m for all the three seabird species: 

Vuli = Vi2 ...10)
 

Thus for example, an increase of surface temperature from 18 to 240C causes a change of 
the preferred depth of anchoveta from 15 to 17.3 m which results in a decrease of Vi from 1 to 
0.9 and, finally in a change of anchoveta vulnerability for guano birds from I to 0.8. 

The use of mean monthly temperatures (see Table 2 in Pauly and Tsukayama, this vol.) is 
problematic because of the lack of information on within-month variability. This becomes 
important for the vulnerability estimates because a small change of 2 or 3 degrees centigrade 
causes drastic changes in the results. 

Therefore, we have chosen to use two temperature values for each month, expressing the 
temperature range within month "i", for the vulnerability estimates. 

Using an average within-month temperature deviation of + 15% we thus re-expressed, for 
example a mean value of 220C as a range of 18.7-25.30C and a mean of 210C as a range of 
17.9-24.20C. Table 4 shows that vulnerability estimates differ considerably depending upon
whether a single mean temperature or a temperature range is used. 

All the vulnerability estimates cited have been calculated using the vulnerability means of 
the monthly temperature ranges. 

Competitionfor anchoveta.Competition (Compi) is split into an intraspecific (Icompi) and a 
fishery-related component (Fcompi): 

Compi = Icompi •Fcompi 11)...
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Table 4. Relationships between sea surface temperature, depth of main anchoveta biomass (DMB),
vertical overlap index between anchoveta and birds (V) and anchoveta vulnerability to the birds 
(Vul).a 

Depth of Vertical Vulnerability Midrange of 
Temperature anchoveta overlap bird of anchoveta vulnerability 

(0C) biomass (m) Ps anchoveta (Vul) estimates 
(V) 

Monthly mean 22.0 0.9915.0 0.98
 
%range 18.7 15.0 1.00 1.00
 

25.3 :24.8 0.01 0.00 j 0.50 

mean 21.0 15.0 1.00 1.0 
%range 17.9 15.0 1.00 1.001 0.76 

24.2 18.7 0.72 0.52. 

aNote effect of using range instead of mean. 

The product of both components varies between 1 (competition does not notably affect
anchoveta consumption) and values close to zero (competition by fishery and/or the guano birds 
themselves drastically reduce anchoveta consumption per bird).

The simplest way to calculate "Fcomp" is to set it to zero when there is no anchoveta fishery
(exploitation rate = 0) and to one respectively when the catch by the fishery is equal to the 
standing stock (exploitation rate = 1): 

Fcompi = 1 - 0.011 • exploitation rate ...12) 

We have used a multiplication factor of 0.011 instead of 0.010 resulting in Fcompi
becoming close to zero when the exploitation rate by the fishery is less than 1.This takes into 
account the competition pressure of the other anchoveta predators which might become 
important when the anchoveta biomass is very low. 

In view of our lack of knowledge of the mechanisms regulating seabird intraspecific
competition, the concept applied here is a very crude one: we assume that competition between 
guano birds is high (Icomp = 0.7 in periods when seabird biomasses are high compared to that of
anchoveta and becomes neligible (Icomp = 1)when the seabird biomass is very low compared to 
that of the anchoveta (Table 5).

Values of Icomp = 0.7 were thus used for the period between 1953 and 1956 when (i) the
bird population sizes were highest and (ii) there was almost no fishery-induced disturbance and
(iii) there were no temperature anomalies. During this period, the annual means of the ratio of
the biomasses of the anchoveta and the birds (BA/BB) ranged between 340 and 550. The highest
values occurred in 1965 (BA/BB = 3,200) and 1971 (BA/BB = 2,460). 

Table 5. Assumed relationship between 
the ratio of anchoveta biomass to bird 
biomass (BA/BB) and the index of com
petition between individual guano birds 
(Icomp.); see text. 

BA/BB lomp. 

0- 499 0 .70a 
500- 999 0.75 

1,000-1,499 0.80 
1,500-1,999 0.85 
2,000-2,499 0.90 
2,500-o 0.95-1 

aThis value corresponds to a bird 

population growth rate of about zero 
in undisturbed system. 
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A minimum value of Icomp = 0.7 was chosen because this corresponds to approximately 
zero population growth in an undisturbed system. Equation (2) gives the total consumption 
necessary for an approximately zero population growth. For the period 1954, 1955, 1956 the 
calculated annual means are: 2.5, 2.5 and 2.1 t x 106. For the same period (using: Icomp = 0.7)
anchoveta consumption values of 2.1, 2.0 and 1.7 t x 106 were calculated. According to Jordan 
(1967) the non-anchoveta food in total seabird diet in 1955 ranged from 5 to 20%. Thus, adding 
a value of 20% to the annual anchoveta consumption we calculate for 1954, 1955, 1956 an 
annual total consumption of 2.5, 2.4 and 2.0 t x 106 and this is almost identical to the amounts 
needed for zero population growth.

Fig. 6 shows the flowchart of the computer program used for the anchoveta consumption
estimates with emphasis on the dynamics of the variables controlling anchoveta consumption by 
guano birds between 1953 1982, notably relative anchoveta biomass, anchoveta exploitation rate,
anchoveta biomass/bird biomass and the vulnerability and availabillity indices. 

Totalboman Bird d cea nbn 
gat month 1"" 

81-Z N. -1.3
 

Total possible daily An:chovt bWoman 

Fowchaptionat month OR" a tmonth "" 

clT-,81 PeE t e, 
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,pokation
 
p Prant of month a lt

F C-xpt - tcompi•FoomPt in ExC 
t
 

DMB,"C "atN •GC-dpTOV aeteprtr 

Results and Discussion 

Monthly anchoveta consumption estimates are given in Tables 6, 7 and 8 for cormorants, 
boobies and pelicans respectively. Fig. 7 shows total annual anchoveta consumption for all threeguano bird species, as well as their total annual possible consumption. Anchoveta consumption 
by guano birds was maximum between 1953 and 1956 (1.3-2.1 t x 106) and declinedcontinuously to less than 20,000 atthe ofbeginning of the 1970s.

Cor paring annual anchoveta catch by the fishery with the relative anchoveta consumption 

by guano birds, we note that these values vary beween 1953 and 1982 by a factor of 50 (Fig. 8): 
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Table 6. Monthly anchoveta consumption by cormorants (Phalacrocorax bougatnvillt) off Peru (4-14oS), 1953 to 1982
(in tx 103). 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1953 
1954 

86.4 
86.8 

100.2 
113.9 

.0 
106.0 

62.2 
163.9 

75.1 
202.3 

119.8 
231.3 

79.6 
163.5 

63.2
128.7 

93.5
149.2 

104.7
147.5 174.8205.2 135.0102.9 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

74.5 
63.2 
95.6 
7.2 

24.4 
63.9 
39.2 
26.6 
34.7 
19.3 
32.5 
12.4 

7.7 
6.3 
3.2 

.6 
1.2 
1.3 
.0 
.3 
.9 

1.1 
1.4 
1.0 
.7 
.7 
.8 
.5 

121.4 
84.0 

.5 
.6 

*24.3 
51.1 
49.4 
36.7 
33.2 
15.4 
23.3 
10.6 
7.0 
6.3 
3.1 

.6 
1.2 
1.6 
.0 
.5 

1.2 
1.0 
.1 
.8 

1.4 
.6 
.8 
.5 

90.8 
111.6 

4.1 
6.2 

65.8 
62.4 
44.0 
43.2 
23.6 
22.9 
34.6 
7.7 

12.2 
4.8 
2.5 

.8 
1.2 
.6 
.9 
.6 

1.4 
1.6 

.8 
1.0 

.9 
,9 
.6 
.4:, 

133.0 
166.4 
22.3 
51.7 
79.0 
60.0 
46.2 
50.6 
32.6 
16.8 
22.1 
11.6 
12.1 
6.2 
2.4 

.7 
1.9 

.2 
1.1' 
.5 

1.6 
1.6 
1.1 
1.3 
1.51 
1.2 
.5 
.6 

171.1 
149.3 

1.0 
65.9 
75.5 
58.9 
54.3 
62.2 
46.4 
37.3 
11.9 
6.0 

23.6 
7.1 
1.9 
.7 

1.9 
.2 

1.5 
.6 

2.1 
1.3 

3 
1.1 
1.3 
1'.3 
'.8 
.4 

212.8 
179.7 
56.0 
48.3 
89.4 
75.8 
66.1 
36.2 
22.3 
28.5 
20.3 
8.2 

19.5 
7.5 
1.2 
1.1 
2.5 

.1 
1.7 
1,0 
1.9. 
1.2 
1.8, 
1.4 
1.0 
1.4: 
.5 
.8 

171.1 
150.7 
30.2 
6.5 

87.9 
58.2 
67.8 
62.6 
21.1 
21.2 
14.5 
8.3 

15.2 
6.8 
1.9 
1.3 
2.3 

. 
1.5 
1.3 
2.8 
1.1 
1.9 
.9 

. .9 
1.5 
.4 
.7 

157.6 164.5 
106.2 112.2 
15.9 50.8 
42.5 53.5 
39.6 38.3 
32.3 38.4 
70.8 52.9 
51.6 49.2 
22.3 19.0 
17.7 19.7 
4.7 2.2 

12.1 14.0 
23.0 26.4 

7.9 6.1 
3.1 5.2 
1.2 .8 
2.2 '1.5 

.0 .0 
.9 .8 

1.4 .6 
2.21 2.3 
1,I1 1.1 
2.2 1.8 
1.2 .7 
.7 .6 

1.4 1.4 
.4 .3 
.5 .5 

134.2 
129.1 
104. 

66.1 
52.2 
27.9 
63.7 
41.9 
32.6 
22.4 

6.5 
7.8 

16.1 
4.0 
3.6 

.7 
1.7 
.3 
.4 
.6 

3.1 
.7 

1.7 
.9 
.5 

1.5 
.5 
.7 

158.3 
121.2 
124.3 
55.4 
70.4 
65.6 
78.3 
48.4 
33.4 
18.4 
13.3 
5.3 

11.1 
4.4 
4.4 

.5 
1.1 

, 4 
.6 
.6 

2.9 
.6 

2.0 
.8 
.4 

1.7 
.6 

-.1 

102.5 
83.2 
61.0 
37.6 
69.5 
61.0 
61.4 
42.6 
27.5 
15.4 
10.4 
5.9 
9.6 
3.9 
3.3 
.6 
.9 
.1 
.7 

' .8" 
2.6 

.7 
1.8 
- ;8 

.4 
2.5 
'.7 

.0 

2 -" Annual anchoveta consumption 

2 : - Possible total annual foodby guano birds consumption 

; - : I3 
-

2 S 

10I 

0 - 1955 1960 1965 1970 1978 1980 
Year 

Fjg. 7. Annual anchoveta and total possible food consumption by guano birds off
Peru (4-140S), 1953 to 1982. Note that anchoveta represented, in the mid-1950sabout half of total possible consumption, a fraction much reduced in the follow
ing period. 
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Table 7. Monthly anchoveta consumption by boobies (Sula variegata) off Peru (4-14 0 S), 1953 to 1982 (in t x 103). 

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

1953 14.1 15.3 .0 10.3 8.7 9.3 4.9 5.7 10.3 12.5 21.6 15.3 
1954 10.1 12.4 12.0 13.3 12.6 16.6 11.1 8.6 11.5 16.1 19.8 20.4 
1955 11.0 16.6 18.2 17.2 15.2 14.0 11.9 8.5 13.4 13.3 19.1 18.7 
1956 13.7 14.7 15.9 14.7 9.9 12.7 12.4 6.9 10.4 17.9 31.9 21.4: 
1957 12.1 .1 .5 2.2 .0 .9 1.2 2.7 6.6 9.7 7.2 5.0 
1958 1.3 .1 .9 7.1 14.3 6.9" 2.8 3.5 4.3 9.1 10.5 8.8 
1959 5.3 6.2 8.3 5.3 5.3 4.5 4,7 3.3 3.2, 9.4 10.6 11.1 
1960 8.9 6.0 4.7 6.7 5.4 7.3 5.2 6.6 6.7 5.6 8.9 9.5 
1961 7.4 6.2 4.1 6.6 5.2 6.8 3.9, 4.0 r4.5 8.3 10.5 9.3 
1962 5.0 6.6 5.3 5.1 6.3 5.0 3.3 3.4 5.9 10.1 9.1 11.5 
1963 7.2 3.7 2.3 3.0 2.8 2.4 2.6 2.7 1.9, 4.0 5.5 3.8 
1964 2.7 3.2 2.1 2.2 1.8 2.0 2.4 1.3 ' 2.5 2.9 3.9j 3.4 
1965 9.3' 7.2 5.1 1.2 1.6 1.5 1 .8 2.2 3.5' 3.6 8.1 
1966 3.9 3.0 4.4 5.1 5.2 3.6 2.9 2.8 2.9 2.0 2.7 ,3.2 
1967 3.9 4.2 3.9 5.0 2.8 4.1 6.5 6.1 3.7 3.2 '4.4 6.5 
1968 3.0 2.1 1.3 I.4 1.1' 1.4 1.5 1.9 1,8 1"7 2.2 2.2 
1969 2.3 2.0 2.2 1.4 1.4 1.2 1.7 1.1 .9. 1.1' -1.0 2.1 
1970 .5 .5 .4 .3 .4 :.4 -4 :-.3, '.3 .4 .4 
1971 1.1 .6 .7 .6 .8 .8 .5 .6 .6 .5 , .5 
1972 .9 .6 .1 .1 .1 :.1 .1 '1 .1 .1 .2 .2 
1973 .0 '.0 .9 1.0 1.0 .9' .8 :'.9 1.0 1.2. 1.4 1.4 
1974 .9 1.0 .7 1.1 .7 .8 1.1 .1.1 1.1 .1.1 1.1 1.1 
1975 2.6 2.2 2.3 1.9 1.5 2.3. 1.3 1.3 2.0 2.6 2.8 .'4.1 
1976 3.2 2.6 1 1.0 41 1.0 1.0 1.0 1.1 .8 .9 
1977 1.8 1.4 1.5 1.8 1.2 1.3 1.0 1.0 1.3, 2.0r; 3.0 2.4' 
1978 1.7 1.9 2.1 1.6 2.1 1.5 1.4 ' 1.5 1.4 1.7 :1.5 1.2 
1979 1.0 1.1, .8 ' .6 .6 '.8' .5.6 .6 .5 .5 .4 
1980 .6 .7 .7 .8 .6 .8 .8 ' .8 .9 1.0 '1.4' '1.2 
1981 .4 .4 .4 .5 .3 .3 .2 ,2 .2 .3 ' .3 . '.3 
1982 .3 .4 .3 .2 .3 .3. .2 .2 .1 .1 .1 0.0 

104 

10 
'C ' S00-Sr 

I I -

a.o' .-. 

,.%, '/' 

% / ' 0, 

4 -AL-4 1'-j 

P9M8 1960 1965 1970 19T5 1980 

Year 

Fig. 8. Annual anchoveta catch by the fishery, compared with the relative anchoveta 
consumption by guano birds off Peru (4-14*S), 1953 to 1982. Note that the 
birds, which at frust consumed approximately 5,000% of the fishery catch ended 
up consuming 0.1.% at the end of 1969/early 1979, then reached an average of 
about 3%between 1970 and 1982. 
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Table 8. Monthly anchoveta consumption by pelicans (Pelecanus thagus) off Peru (4-14 0S), 1953 to 1982 (in t x 103). 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1953 
1954 
1955 
1956 
1957. 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

4.1 
5.7 
4.7 
7.1 
3.6 
.5 

2.2 
4.4 
1.9 
2.1 
1.8 
.5 

5.0 
2.1 
3.6, 
2.0 
.6 
.1 
.1 
.2 
.0 
.4 
.3 
.2 
.2 
.5 
.3 
.1 
.I 
.1 

8.1 
9.1 
8.2 

14.3 
,0 
.0 

4.4, 
2.8 
1.9 
2.1 
2.1 
.8 

2.6 
.7 

3.2" 
1.4 
.5 
.1 
.1 
.2 
.0 
.4 
.7 
.4 
.3 
.4 
.4 
.1 
.1: 
,0 

.0 
8.3 

15.8 
8.2 
.1 
.2 

3.2 
1.,0 
1.4' 
1.7 
2.0 
1.0 
3.4 
1.1 
3.8 
1.6 

: .6 
.1 
.1 
.1 
.4 
.5 
.4 
.4 
.2' 
..9 
.2 
.2 
.0 

,. 0 

1.9 
6.1 
9.0 
3.5 
.1 

3.2 
7.6 
3.0 
1.7 
1.1 
3.2 
.3 

3.5 
1.1' 
3.5; 
.8 
.4 

.2 
.2 
.1 

1.0 
.2 
.4 
.6. 
.2., 
.7-
.2-
.2 
. 
.0 

1.9 
5.7 
2.2 
6.7 

.0 
3.3 
6.4 
3.1 
3.3 -

1 4 
1.8 

.61 
3.6 
1.6 
5.3' 

.9 
.2 
.1 
.2 
.1 
.3 
.3 
.3 
.2 
.2 
.5 
.2 
'.3 
'.1 

'1 

1.5 
4.6 
1.0 
4.4 
.9 

3.0 
3.4 
3.3 
3.1 
.6 
.8 
-.1 

1.5' 
1.1 

_1.2 

.3 
.1 
.3 
.1 
.3 

, I 
.1 
2. 
.1 
.4 
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before 1960 the annual guano consumption declined from 5,000% to 45% of the annual 
anchoveta catch. Between 1960 and 1970 the percentage dropped to 0.1% then reached an 
average of around 3%between 1970 and 1982 (Fig. 8).

The dynamics of seabird biomass between 1953 and 1964 correspond widely to the 
anchoveta availability curve (Fig. 5) and suggests a direct dependency.

The sudden population breakdown in 1957-1958 and the following recovery is accompanied
by similar changes in anchoveta availability caused by extremely low anchoveta vulnerability
during the 1956-1957 El Nifio (Fig. 5), while between 1965 and 1967 and from 1977 to 1982 the 
trends of bird biomass and anchoveta availability were opposite.

Comparing species specific seabird consumption to total anchoveta consumption between 
1953 and 1983 the following dynamics are established (Fig. 8): between 1953 and 1972 the 
dominant species are cormorants (Phalacrocoraxbougainvilli),with between 50 and 90% of the 
total anchoveta consumption, while boobies (Sula variegata)consumed 10 to 40% and pelicans
(Pelecanusoccidentalis)5 to 20%. 

Between 1972 and 1979 a shift in dominance occurred from cormorants to boobies: during
this period around half of the total anchoveta consumption was taken by boobies, around 40% by 
cormorants and around 10% by pelicans. As might be seen in Fig. 9, from 1979 on, the 
dominance pattern prevailing before 1972 was re-established, with cormorants taking 65%, 
boobies 30% and pelicans 5%of all anchoveta eaten by guano birds. 
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Abstract 

The importnce of the predation of the fur seal (Arctocephahus australis) and sea lion (Otariaflavescens) on fish, particularly on anchoveta 
(EngraulisringensJ.) from 1953-1982 for the area from 4 to 140S along the Peruvian coast was examined. 

Based on a population growth and consumption model, both pinniped species were estimated to have amaximum annual total consumption
of fish of about 35,000-59,000 tonnes (t)in 1982. At its peak in 1967 annual pinniped anchoveta consumption was 10,000-17,000 t and only
3,000-5,000 t between 1968 and 1982. These values are negligible compared with the impact ofthe guano birds and of the fishery.

The population growth of Peruvian pinnipeds did not seem to have been affected by the breakdown of the anchoveta biomass in the eady 
1970s. 

Introduction 

A key element for understanding the fluctuations of resource species observed in the 
Peruvian upwelling system is the analysis of predation and its dynamics during the last decades. 

In addition to fishes and guano birds, marine mammals especially pinnipeds, may be 
considered to have ar impact on pelagic fish, particularly anchoveta, as suggested by Laevastu 
and Favorite (1980), who calculated that the herring consumption by mammals is about ten times 
the commercial catch in the Bering Sea. 

The objective of this paper is to give an estimate of fish consumption by the Peruvian sea 
lion (Otariaflavescens)and fur seal (Arctocephalusaustralis) with special emphasis to their 
consumption of anchoveta (Engraulisringens).Throughout this paper, it is assumed that the 
anchoveta consumed by seals off Peru have a size distribution roughly similar to those caught by
the purse seine fishery (Fig. 1). 

Materials and Methods 

The AbundanceModel 

Thc; sea lion and fur seal populations are estimated using a population model which 
calculates in monthly intervals the abundance of 5 age groups (0-1 year, 1-2 years, 2-3 years, 3-4 
years, >4 years), and in which population growth is assumed to be influenced by El Niflo events 

*PROCOPA Contribution No. 26. 
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Fig. 1. Size-frequency distributionof anchoveta eaten by fur seal (Actocephalus australis) (shaded histo
grams) as reconstructed from otoliths recovered from scats (Majluf 1986 and pers. comm.), compared
with the fishery catch size distribution in a comparable period (solid line, unpublished IMARPE data).
Note rough correspondence in 1983 and late 1985 and shift toward smaller sizes in 1984, early 1985. 

because these warm water periods seem to be critical for (i) the survival of the newborn, (ii) the
mortality of juveniles and adults and (iii) the reproductive success of the adult females (Table 1,
Fig. 2).

Majluf (1984, 1985) and Tovar and Fuentes (1984) registered extremely high pup mortality
during the 1982-1983 El Nio with near zero survival of the generation born between October
1982 and March 1983 and with juvenile and adult mortalities higher than in normal years.
Studies of fur seal behavior (Majluf 1985) have shown that the high mortality of the sucklidg
pups is probably caused by starvation because the females are longer absent (searching for food),
during El Nifio events, than under normal environmental conditions and/or produce less milk.

P. Majluf (pers. comm.) suggests that under such conditions, the average number of births 
per female fur seal is less than one per year and that this lack of reproductive success is probably
related to the low level of food available to the adult females. 

This agrees with results of Tovar and Fuentes (1984) suggesting depressed reproduction of 
fur seal in the season immediately succeeding the 1982-1983 El Niao.

Census data collected before and after the 1982-1983 El Nifio suggest strong differences in 
the reproduction of sea lion and fur seals to El Nifio events (Table 2).

However, it is probably the combined effect of (i) low food availability, (ii) long foraging
trips and (iii) metabolic stress because of abnormal, high environmental temperatures which 
affects pinniped mortality and reproduction during El Nifio periods.

Food availability to the seal and thus duration of their foraging trips are dependent on sea 
temperature because rises in water temperature (El Nibo) result in the dispersion of their pelagic
fish food (Furness 1982), in their southward migration (Vogt 1942) and/or their migration to
deeper, cooler water (Schweigger 1940; Fiedler et al. 1943; Jordan and Fuentes 1966; Ivaldivia 
1978, 1980; Johanneson and Vilchez 1980). 
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Table 1. Initial data set and constants used in pinniped population and anchoveta consumption model. 

Characteristic 	 Fur seal Sea lion 

Initial population size (Jan. 1953) 0-0.9 year 45 	 876 
1-1.9 year 273 1,153' 
2-2.9 year 213 	 902 
3-3.9 year 166 	 702 
>4 year 510 2,156"

Natural monthly mortality rate (M) 0.0115 0.0170 
Sex ratio (SR) 0.80 ' 0,82
Constants for the calculation of
 

reproductice success (RS) and
 
temperature related mortality (MT): 	 a 0.95 0.20 

b 33.0 33.0 
c 1,3 1.3 

Anchovy availability index (IA): d -18.2 .18.2 
f 14.1 14.1

Weighting factor for monthly reproduction
 
intensity (Wi)
 

month: 	 1 0.45 0.05 
II 0.45 0.00 
iII 0.05 0.00 

IVIX 0.00 0.00
 
X 0.00 0.05
 
Xl 0.00 0.45
 

XII 0.05 0.45
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Table 2. Differences in the impact of the 1982-1983 El Nino on 
fur seal and sea lion populations. 

Population estimate 
Census data Fur seal Sea lion 

April-May 1979 20,455 25,055 
March 1984 15,369 33,861 
difference -25% + 35% 

Although the use of sea temperature seems to be an adequate concept for the modification of 
biological rates by El Nifio conditions, its application to the population growth of Peruvian fur 
seals and sea lions is difficult because of the complex character of temperature-mediated 
mechanisms. 

Modelling was done as follows: 

Mortality and reproductive success are described empirically as functions of surface temperature.
Thus mortality has been split into a basic term (MB) and a temperature related one (MT), i.e., 

M=MB +MT .. 1) 

Similarly, annual reproductive success (RS) is set to 1 under normal conditions and becomes 
reduced by a temperature related term (XT): 

RS = 1 - XT 

MT and XT are zero for temperatures less than 200C (= mean maximum sea surface 
temperature in March, 30-year average. For the mathematical description of MT and XT, we 
have used a sigmoid function, in agreement with the general theory of biological response 
curves: 

MT, XT = a/(l+eb-cT) ...3) 

The constants a, b and c were estimated empirically by fitting the calculated results of 
population growth to field data (see below). The temperature related mortality effect on pups 
was assumed to be three times higher than on juveniles and adults. 

The number of newborn pups for the month "i" is calculated by: 

Npup,i = N4+,i *SR. RS 'Wi _4) 

where "N4+ "'is the total number of adults (i.e., animals of 4 years and more (Piazza 1959)) for 
month "i', "SR" the sex ratio, "RS" the annual reproductive success and "Wi" is a weighting
factor for the reproduction intensity in the month "i". Wi is set at zero for all months without 
reproduction and reaches a cumulative value of 1 between Decemoer and March in sea lion and 
October and December in fur seal (see Table 1).

Fig. 2 shows the flowchart of the program used for the monthly calculation of the five fur 
seal and sea lion age groups. Table 1 gives the constants and initial values used for the 
computation and Fig. 3 shows a comparison between field and model data. 

The field data are based on census conducted between 1961 and 1984 by different private
and state organizations authorized by the Peruvian Government. Most of the census were done 
during the reproductive season when the main part of the populaion is terrestrial. The fraction of 
juveniles and adults in the sea was estimated visually by seabom teams. 

The authors participated in the last two of these population census which, while not being
well standardized, tend to reflect the trend of pinniped populations off Peru. 

There are no direct estimates of population size before 1961. Piazza (1959) mentioned that 
one single company killed 36,500 individuals (88% pups) between December 1941 and March 
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Fig. 3. Population changes of fur seal and sea lion off Peru (4-140S);dots and equares are census estimates, used
to calibrate parameters of population growth model (see Table 1). .
 

1942, and Walker (1975) gives annual values of total catches of up to 75,000 individuals for the 
years before 1942. 

Majluf (1980) assumes a total population size-of both species of between 400,000 and
500,000 individuals for '1940. When compared with the 12,500 individuals estimated in 1961 orthe 49,200 estimated in the 1984 census, these figures, however crude, nevertheless give vivid
impression of the extent of the population collapse due to overexploitation during the first half of
this century. In 1946 the Peruvian Government initiated first preventive measures by restricting
the harvest season to 4 months per year and since 1950 (fur seal) and 1956 (sea lion),
except for the period 1971-1975, harvesting is totally prohibited.

For the present calculations we assume that both species had their lowest population size 
during the first half of the 1950s. 

We do not believe in zero catches during the years with harvest prohibition, because there isinformation that even the persons responsible for the protection of the fur seal and sea lion
colonies traded in pelts, mainly those of pups. For our model, we assumed that an average of
10% of each pup generation dies of unnatural causes. 

The causes of the decrease (-40%) in population size of fur seals between the census of
March 1968 (11,800 individuals) and May 1971 (7,250) are difficult to identify. A possible
reason could be the combined effect of (i) increasing mortality due to food shortage (intensified
by abnormal sea temperatures) and (ii) high pup mortality by harvest: positive temperature
anomalies occurred in 1969 (May: +2.50C). The harvest prohibition for pups was suspended in1971, and the anchoveta biomass as an important food resource for pinnipeds was reduced from
21 t x 106 in 1967 to only 12 t x 106 in 1971 (annual means, see Table 3 in Muck and Pauly, this 
vol.).

Assuming that population growth is regulated mainly by survival of the newborns, we have
adjusted the population curve to the field results of this period by gradually increasing the
monthly pup mortality rate of fur seals between April 1968 and February 1971. 
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Table 3.Mean length, mean weight and mean daily ration of sea lion and fur seal age groups (see text for sources). 

Sea lion Fur seal
Daily ration Daily ration Males & Females Daily rationAge Males Weight (%body Females Weight (%body length weight (%body(years) length (cm) (kg) weight) length (cm) (kg) weight) (cm) (kg) weight) 

0-0.9 110 31 11 102 26 11 102 21 121-1.9 146 68 9 127 45 12710 39 102-2.9 168 100 8 142 60 9 54142 9
3-3.9 184 129 7 152 72 9 65152 

4+ 219 208 7 176 104 8 176 100 8

9
 

To convert sea lion abundance into biomass the following equations based on length vs. age
data in Vaz-Ferreira (1982), have been used: 

males : length = 68.18 x ,,geO.27 5)
females : length = 70.43 x ageO.2 1 6)

74  males : weight = 0.000079 x length2. ...7)
females : weight = 0.000209 x length2.54 ...8) 

where the weight is given in kg, the total body length in cm and the age in months. For fur seals,
the length/weight equation given in Ximenez et al. (1984) was used. Since these authors did not
find any difference between males and females, a common equation has been applied to both.
For the length/age relationship, we have used the same equation as for sea lion females because
 
no data for fur seal were available:
 

males & females:length = 70.43 age0 .2 1 
88 

.,. 9)males & females:weight = 0.000034 length2 . ...10) 

The Consumption Model 

This model follows the approach described in Muck and Pauly ttis Vol.) for the,
consumption of anchoveta by guano birds. Monthly total possible consumption (Ci) is defined
 
by:
 

Ci = Bi" PMC% 
 ...11) 

where "Bi" is the predator biomass for the month " and "PMC%" the possible monthly
consumption in percent of body weight. For the estimation of "PMC%" we have used theformula given in Perez and Mooney (1984) calculated from data reported by Bigg et al. (1978)
on feeding rates of captive adult fur seal females: 

MJ = 1.571 WO.75 ...12) 

where "MJ" is the daily energy consumption in megajoules and "W" the seal's body weight in kg(Table 3). To convert energy consumption in % of body weight, the estimates given in Antonelis
and Perez (1984) for the relationship mj/kg of northern fur seal diet (75% fish, 25% squid) have
been used. The average of 28 monthly samples is 1kg = 6.31 mj, s.d. = 0.85.

Therefore the total possible monthly consumption in % of body weight is given by: 

PMC% = 747.0 . W-0.25 ...13) 

The monthly anchoveta consumption (Cai) can be described as: 
Cai = Ci"-Ai .. 4 

http:length2.54
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where "Ai" is the relative anchoveta availability to pinnipeds at month "i? (>0, <1) equivalent to 
the product of relative anchoveta biomass (Bai, >0, <1), anchoveta vulnerability (Vuli, >0, <1)
and an element (Compi) expressing competition for anchoveta by other predators, i.e.: 

Ai = Bai •Vuli" Compi ...15) 

The relative anchoveta biomass at month " has been c, Iculated using the preliminary
anchovy biomass values in Muck and Pauly (this vol.) divid 'dby the highest annual mean (20.8 
t x 106 in 1967). Anchoveta vulnerability has been treated as a distribution problem between 
predator and prey which is most probably controlled by the temperature-related migratory
behavior of pelagic fish schools. Thus, vulnerability can be split into a spatial overlapping index 
with a vertical (Vi) and a horizontal (Hi) component, and a dispersion index (Di): 

Vuli = Vi" Hi" Di ...16) 

The diving capacity of pinnipeds is much higher than that of seabirds (Kooyman et al. 1981, 
1982). Majluf (1985) reports a mean foraging depth of 20-40 m and maximum values of around 
100 m for fur seals. 

Thus, using an average of 50 m as a first approximation for the "critical depth" for both 
species, equation (8) in Muck and Pauly (this vol.), can be used to calculate the vertical 
overlapping index "Vi" for predator (pinniped) and prey (anchoveta): 

Vi = 1/(1 + e- 18 .5 + 14.1/50 DMBi) ...17) 

where "DMBi" gives the (temperature-dependent) mean depth at which the main anchoveta 
biomass is concentrated. 

Horizontal displacements (offshore and/or southward migrations) and fish dispersion, in 
addition to sea temperature-related changes in vertical overlapping between predator and prey,
will also reduce anchoveta vulnerability for pinnipeds (Majluf 1985). We use as a first 
approximation Hi x Di = Vi, resulting in: 

Vuli = Vi 2 ...18) 

Table 4 gives calculated estimates of V and Vul for different DMB-values. 
With respect to the temperature used for the computation of DMB, the same technique as 

described in Muck and Pauly (this vol.) has been used: a mean DMB-value for month ""was 
calculated using the minimum and the maximum temperature values which result from 
expressing the monthly mean temperatures as a +/- 15% range (see Table 4 in Muck and Pauly,
this vol.); an application example of this approach is given here as Table 5. 

Between 1959 and 1982, anchoveta exploitation by the fishery was probably the dominant 
component of "competition" affecting the anchoveta availability for all anchoveta-feeding 
species.

Thus, as a first attempt to estimate the influence of competition on anchoveta availability for 
Peruvian pinnipeds we use the anchoveta exploitation rate by the fishery (Expli) as defined in 
Muck and Pauly (this vol.): 

Compi = 1'- 0.011 Expli ...19) 

No attempt was made to model intraspecific competition as described for guano birds (Muck 
and Pauiy, this vol.) because, in contrast to the guano birds, the pinnipeds, between 1953 and 
1982, had very low biomasses in relation to those of the anchoveta, and less erratic population 
fluctuations. 

The biomass and consumption estimates calculated by the model refer to the whole of the 
Peruvian littoral (3-18.50S) but in agreement with the reference area used in this volume for 
biological and physical parameters, we give corrected estimates for this smaller area (4-140S),
using the mean fraction of population within the restricted range, as derived in Table 6. 
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Table 4. Estimates of vertical overlap between Table 5. Example of the estimated relationships
anchoveta and seals (V) end iinchoveta vulner- between nean sea surface temperature in month 
ability to seals (Vul) as a function of the depth of (i), depth of main anchoveta biomass (DMBi) and 
main anchoveta biomass (DMB) (see text for vulnerability of anchoveta to seals (Vuli). 
details). 

Mean temp. DMB i
DI)NB (m) V Vul Month (i) (0C) (m) Vuli 

50 0.98 0.96 1 24.9 60 0.6 
60 0.78 0.61 2 25.2 63 0.4: 
70 0.18 0.03 .3 25.5 65 0.3 

4 25.5 65 0.3 
5 26.3 67 .0.1, 
6' .26.1 66 ,0.27 '"21.1 -15. 1.0. 

8 . . 18.1 15 1.0 

Table 6. Estimation of mean fraction of Peruvian pinniped occurring etween4 and 

140S. 

Fraction of total 
population occurring 

within 4-140S 
Year Fur seal Sea lion Source 

1969-1979 - 0.52 Majluf and Trilmich (1981)
1971-1979 0.20 - Majluf and Trillmich (1981) 

1978 0.15 0.60 Tovar (1979); Tovar and Fuentes (1984) 
1982 0.29 0.64 Tovar (1979); Tovar and Fuentes (1984) 

Means 0.21 0.59 Used in this study 

Results 

Tables 7 and 8 give monthly data for biomass and anchoveta consumption for sea lion and 
fur seal, respectively between 1953 and 1982 for the area 4-140S. 

Fig. 4 shows the dynamics of total annual consumption and annual anchoveta consumption
between 1953 and 1982. Total consumption increases continuously from around 10,000 t in 1953 
to 60,000 t in 1982, directly reflecting the population growth of both pinniped species.
Anchoveta consumption had its maximum of approximately 11,000 t in 1965-1967 and an 
average of approximately 3,700 t (s.d. = 2,000 t) between 1968 and 1982. 

The mean anchoveta fraction in total pinniped diet is 40% and varies from 81% in 1953 to 
2% in 1982. Because of their dominant biomass in the area considered here (4-140S), sea lions 
account for about 88% of total pinniped consumption while anchoveta consumption by fur seals 
accounts for only around 12%. 

The population growth of sea lions does not seem to be affected by the continuous decline 
of an-hoveta availability (Fig. 5), which decreased from 0.8 to less than 0.1 between 1953 and 
1982 while the sea lion biomass increased from approximately 300 t in 1953 to 1,800 t in 1982. 
A similar relationship was found for fur seals although there is a short period (1968-1971) for 
which anchoveta availability and fur seal biomass show the same declining trend. 

Discussion 

The consumption estimates presented were derived to obtain an idea o,the importance of 
pinniped predation for the pelagic ecosystem off Peru with particular reference to anchoveta 
(EngraulisringensJ.). 



Table 7.Monthly biomass (in brackets) and anchoveta consumption estimates of sea lion off Peru, 4-14 0S (all weights in t. 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Doc
1953 (328) 499 (333) 673 (328) 646 (322) 693 (617) 642 (311) 631 (306) 477 (301) 383 (296) 443 (291) 566 (286) 730 (344) 675.1954 (352) 519 (356) 704 (352) 677 (346) 724 (340) 673 (334) 662 (328) 525 (323) 400 (317) 464 (312) 590 (307) 762 (368)1955 (377) 547 (382) 741 (377) 712 (371) 762 (364) 708 

708
(358) 676 (352) 550 (346) 420 (340) 489 (334) 624 (329) 802 (395) 74S1956 (40') 575 (409) 777 (404) 746 (397) 779 (390) '742 (384) 730 (377) 578 (371) 440 (364) 510 (358) 653 (352) 843 (423)1957 (433) 744 (438) 796 (432) 767 (425) 819 854(417) .759 (410) 746 (403) 591 (396)1958 (462) 599 (468) 808 

450 (389) 524 (383) 667 (376) 863 (452) 788(462) 779 (454) 833 (446) 771 (439) 758 (431) 603 (424) 461 (417) 534 (410) 682 (403) 876 (484) 8161959 (495) 567 (501) 582 (495) 723 (486) 678 (478) 638 (470) 601 (462) 617 (454) 371 (446) 365 (439) 7381960 (530) 815 (537) 836 (530) 638 (521) 684 (513) 668 (504) 682 (495) 570 
(431) 887 (518) 1,034 

(487) 416 (479) 433 (470) 331 (462)1961 (568) 670 (576) 666 (568) 542 (559) 703 (549) 
673 (555) 785590 (540) 626 (531) 351 (522) 236 (513) 423 (504) 624 (495) 698 (595)1962 (609) 439 (617) 556 (609) 635 (599) 646 (589) 614 (577) 564 (569) 454 (559) 446 (550) 

764 
496 (540) 527 (531) 628 (638) 7741963 (653) 573 (662) 471 (653) 408 (642) 417 (631) 368 (620) 361 (610) 365 (599) 368 (589) 365 (579) 416 (569)
1964 (700) 319 (709) 323 (700) 302 (688) 

444 (684) 525
276 (677) 250 (665) 262 (654) 252 (643) 237 (632) 231 (621) 252 (610) 2821965 (750) 670 (760) (734) 320650 (751) 702 (738) 734 (725) 744 (713) 752 (701) 697 (689) 715 (677) 719 (665) 719 (654) 750 (786) 9661966 (804) 797 (815) 790 (804) 729 (790) 678 (777) 617 (764) 554 (751) 534 (738) 514 (726) 598 (713)1967 (862) 761 (873) 813 (862) 1,076 (847) 1,057 (833) 1,030 (819) 986 
553 (701) 498 (842) 649 

(805) 961 (791) 944 (778) 920 (765) 8791962 (924) 483 (752) 815 (903) 846(936) 465 (924) 433 (908) 415 (893) 400 (878) 368 (863) 369 (848) 363 (834) 357 (820) 308 (806) 322 (968) 3751969 (990) 342 (1,004) 333 (991) 339 (974) 278 (957) 286 (941) 273 (925) 288 (909) 288 (893) 301 (878) 2781970 (1,061) 87 (1,075) (863) 332 (1,037) 41383 (1,061) 84 (1,043) 80 (1,026) 73 (1,008) 82 (991) 80 (974) 77 (958)1971 (1,138) 152 (1,153) 155 (1,138) 
75 (941) 73 (925) 71 (1,112) 81151 (1,118) 147 1,099) 144 (1,081) 140 (1,062) 136 (1,044) 132 (1,027) 128 (1,009)1972 (1,219) 165 (1,210) 152 (1,194) 141 (i,174) 125 

105 (992) 91 (1,192) 102(1,153) 117 (1,134) 106 (1,114) 89 (1,075) 84 (1,076) 72 (1,058) 81 (1,040) 84 (1,232) 1021973 (1,259) 475 (1,248) 464 (1,232) 449 (1,211) 442 (1,190) 426 (1,170) 410 (1,150) 394 (1,131) 379 (1,112) 373 (1,093) 367 (1.074) 368 (1,265)1974 (1,298) 241 (1,252) 235 (1,236) 237 (1,215) 2". (1,194) 242 
431

(1,174) 243 (1,154) 243 (1,135) 247 (1,115) 243 (1,096) 263 (1,078) 274 (1,240) 3211975 (1,278) 541 (1,255) 517 (1,240) 497 (1,219) 481 (1,198) 466 (1,178)
1976 (1,275) 

451 (1,158) 437 (1,138) 416 (1,119) 475 (1,100) 532 (1,081) 624 (1,237) 758504 (1,298) 484 (1,282) 452 (1,260) 414 (1,239) 381 (1,218) 350 (1,197) 319 (1,177) 290 (1,157) 256 (1,137) 229 (1,118) 215 (1,320) 2171977 (1,357) 427 (1,380) 345 (1,362) 365 (1,339) 382 (1,316) 387 (1,294) 414 (1,272) 429 (1,253) 443 (1,229) 446 (1,208) 460 (1.188) 472 (1,402)1978 (1,433) 407 (1,451) 398 (1,432) 384 (1,408) 340 (1,384) 326 (1,360) 
557

302 (1,337) 288 (1,315) 266 (1,292) 245 (1,270) 257 (1,249) 261 (1,498) 3141919 (1,528) 241 (1,545) 254 (1,525) 236 (1,479) 218 (1,473) 200 (1,448) 189 (1,424) 165 (1,399) 156 (1,376) 140 (1.352) 131 (1,329)1980 (1.648) 214 (1,670) 219 (1,648) 229 (1,620) 109 (1,612) 121238 (1,593) 246 (1,566) 242 (1,539) 238 (1,513)1981 (1,773) 142 (1,797) 
234 (1,487) 241 (1,462) 271 (1,437) 311 (1,731) 389135 (1,774) 117 (1,744) 105 (1,715) 87 (1.685) 76 (1,657) 60 (1,629) 59 (1,601)1982 (1,898) 113 (1,924) 104 (1,900) 91 (1,867) 84 (1,836) 77 (1,804) 70 

58 (1.574) 71 (1,547) 79 (1,855) 108
(1,774) 64 (1,743) 52 (1,714) 62 (1,685) 76 (1,655) 90 (1,772) 115 



Table . Monthly blomasa (in brackets) and anchoveta comumption estimates of furseal off Peru, 4-14°S (all weihts in t). 

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

1953 (18) 30 (18) 39 (17) 37 (17) 40 (17) 37 (17) 37 (17) 29 (16) 23 (16) 26 (19) 38 (19) 53 (20) 45 
1954 (20) 33 (20) 43 (19) 41 (19) 44 (19) 41 (19) 41 (19) 33 (18) 25 (18) 29 (21) 44 (22) 61 (23) 51 
1955 (23) 38 (23) 50 (23) 48 (22) 51 (22) 48 (22) 47 (21) 38 (21) 29 (21) 34 (25) S1 (26) 71 (27) 60
1956 (27) 44 (27) 57 (26) 55 (26) 59 (26) 55 (26) 55 (25) 44 (25) 33 (25) 39 (29) 58 (30) 80 (31) 72 
1957 (30) 60 (30) 61 (29) 59 (29) 63 (29) 59 (28) 58 (28) 46 (28) 35 (27) 41 (33) 63 (34) 87 (35) 71 
1958 (35) 52 (34) 67 (34) 64 (34) 69 (33) 64 (33) 64 (32) 51 (32) 39 (32) 46 (38) 69 (40) 95 (41) 80 
1959 (41) 53 (40) 52 (40) 65 (39) 61 (39) 58 (38) 55 (38) 57 (37) 34 (37) 34 (45) 82 (46) 106 (48) Ill 
1960 (48) 84 (47) 83 (47) 63 (46) 68 (46) 67 (45) 69 (44) 58 (44) 42 (43) 44 (52) 40 (54) 87 (56) 91 
1961 (55) 74 (55) 71 (54) 58 (53) 76 (53) 64 (52) 68 (52) 38 (51) 28 (50) 47 (61) 82 (63) 98 (65) 96 
1962 (64) 53 (63) 65 (63) 74 (62) 75 (61) 72 (61) 67 (60) 54 (59) 53 (59) 59 (71) 75 (73) 96 (75) 106 
1963 (75) 75 (74) 59 (73) 51 (72) 53 (72) 47 (71) 46 (70) 47 (69) 48 (68) 48 (83) 65 (86) 74 (88) 78 
1964 (88) 46 (87) 45 (86) 42 (85) 38 (84) 35 (83) 37 (82) 36 (81) 34 (80) 33 (77) 43 (100) 51 (103) 52 
1965 (102) 104 (101) 77 (100) 105 (99) 110 (97) 112 (96) 114 (95) 107 (94) 110 (93) Hi (112) 132 (116) 147 (120) 170 
1966 (119) 134 (117) 128 (116) 118 (115) Ill (113) 101 (112) 92 (111) 89 (109) 86 (108) 100 (131) 110 (135) 106 (139) 124 
1967 (138) 139 (137) 144 (135) 190 (134) 188 (132) 184 (131) 177 (129) 173 (128) 171 (126) 168 (153) 191 (158) 189 (163) 177 
1968 (162) 97 (160) 89 (158) 83 (147) 74 (142) 69 (139) 64 (137) 64 (135) 63 (134) 62 (153) 61 (159) 68 (160) 69 
1969 (152) 57 (147) 52 (144) 52 (142) 43 (140) 44 (139) 43 (137) 45 (136) 45 (134) 48 (149) 49 (156) 63 (157) 69 
1970 (148) 13 (143) 12 (140) 11 (138) 11 (136) 10 (135) 11 (133) 11 132) 11 (130) 10 (142) 11 (151) 12 (152) 12 
1971 (143) 20 (141) 20 (139) 19 (138) 19 (136) 18 (134) 18 (133) 18 (108) 0 (107) 13 (10.) 11 (110) 10 (115) 11
1972 (115) 17 (114) 15 (112) 14 (111) 13 (109) 12 (108) 11 (107) 9 (105) 9 (104) 8 (114) 9 (118) 10 (122) 12 
1973 (120) 51 (117) 50 (117) 48 (116) 48 (115) 46 (113) 45 (112) 43 (111) 42 (109) 41 (126) 47 (124) 47 (128) 51 
1974 (127) 27 (126) 27 (125) 27 (123) 28 (122) 28 (120) 28 (119) 29 (118) 29 (116) 29 (132) 32 (130) 35 (134) 39 
1975 (133) 64 (131) 64 (130) 61 (128) 59 (127) 57 (125) 56 (124) 54 (123) 53 (121) 51 (145) 68 (151) 82 (156) 103 
1976 (155) 76 (153) 69 (152) 64 (150) 59 (148) 55 (146) 51 (145) 47 (143) 43 (141) 39 (171) 4 (178) 40 (185) 40 
1977 (184) 73 (182) 65 (179) 50 (177) 53 (175) 56 (173) 57 (171) 61 (169) 64 (167) 66 (199) 7, (206) 87 (212) 95
1978 (211) 73 (209) 67 (206) 64 (204) 61 (201) 55 (199) 53 (197) 49 (195) 47 (192) 44 (229) 47 (235) 53 (242) 57 
1979 (240) 43 (237) 43 (235) 44 (232) 41 (229) 38 (227) 35 (224) 35 (221) 29 (219) 27 (267) 30 (275) 29 (284) 26
1980 (282) 39 (278) 41 (275) 41 (272) 43 (269) 44 (266) 46 (263) 46 (260) 45 (257) 45 (312) 55 (323) 66 (333) 81
1981 (331) 34 (327) 30 (323) 27 (320) 24 (316) 21 (312) 18 (309) 16 (305) 12 (302) 12 (365) 14 (378) 19 (390) 22 
1982 (387) 26 (383) 26 (378) 23 (374) 20 (370) 19 (365) 17 (361) 16 (357) 14 (353) 12 (425) 17 (438) 22 (442) 27 
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Fig. 4. Estimated food consumption and anchoveta consumption by plnnipeds (sea lion and fur seal) off Peru 
(4-14°S), 1953 to 1982. 
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g. S. Time series of two factors affecting anchoveta consumption by pinnipeds of Peru: ancho..
ita relative avaiablity and relative pinniped biomass (see text for details). 
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Because the time series of census results are incomplete the monthly pinniped abundance 
between 1953 and 1982 was calculated using an analytical population growth model. The mean 
deviation between calculated abundance and census results is 10% (n = 10, s.d. = 8%) for fur 
seal (Arctocephalusaustralis)and 8%(n= 11, s.d. =6%) for sea lion (Otariaflavescens).

Considering the many assumptions which were necessary and the indirect character of the 
abundance data, the consumption estimates should be considered a rough approximation, with a 
probable precision of +/-25%. Thus the calculated maximum annual total consumption is about
107,000 to 179,000 t in 1982 for the total Peruvian coast and 47,000 to 78,000 t for the area 
between 4 and 140S, respectively. As fish consumption is around 75% of total consumption
(Antonelis and Perez 1984), maximum fish consumption has been estimated as 80,000 to 
134,000 t in 1982 (entire coast) and as 35,000 to 59,000 t fcr the area between 4 and 140S. 

Parrish and Shearer (1977) give 100,000 to 120,000 t as total annual fish consumption of 
grey seals in the North Sea; 100,000 to 250,000 t are estimated by Bailey and Ainley
(1981/1982) as annual hake consumption of the 80,000 to 125,000 t Californian sea lion 
(Zolophus californianus)

Maximum anchoveta consumption (4-140S) was estimated in 1967 as 10,000 to 17,000 t 
with an average of 3,000 to 5,000 t/year between 1968 and 1982. However, compared with the 
Peruvian pelagic fishery or with the fish consumption of the guano birds, even the total annual 
fish consumption by pinnipeds is negligible (see Table 9 and Pauly, this vol.). 

Table 9. Estimated fish consumption by Peruvian pinnipeds compared with com
mercial catch of pelagic species. 

Fish %of %of catch 
Year consumption anchoveta of other 

(t . 103) catch a pelaglcsa b 

1965 37 0.5 49 
1966 41 0.5 48 
1967 45 0.5 55 
1968 48 0.5 72 
1969 49 0.6 68 
1970 51 0.4 72 
1971 52 0.5 53 
1972 53 1.2 54 
1973 55 3.6 20 
1974 55 :1.5 20, 
1975 56 1.8 43 
1976 61 16 22 
:1977 67 8.5 5, 
1978 73 6.1 4 
1979 79 5.8 4 
1980 88 12.0 5 
1981 98 8.0 8 
1982 107 6.0 7 

abased on IMARPE, unpublished data and Tsukayama and Palomares, this 
voL 

bSardine, horse mackerel, mackerel and others. 

The estimated anchoveta fraction in pinniped diet varies from 81 to 2% and reflects the 
dynamics of anchoveta availability between 1953 and 1982. Antonelis and Perez (1984)
calculated that the percentage of northern anchovy (Engraidismordax) in the diet of northern fur 
seal changed from 43% off California to only 11% off the Washington-Oregon coast, depending 
on the relative availability of anchovy.

This corresponds to the findings of Antonelis and Ficus (1980), Bonner (1982), Kajimura
(1982) and Perez and Bigg (1981) who suggested that pinnipeds are not specialized predators but 
opportunistic ones, feeding on a wide range of seasonally abundant prey species. Changes in 
availability might result from a variety of factors such as depletion of resource by commercial 
fishery, interspecific competition and climatic changes (MacCall 1983; Moyle and Cech 1982). 
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The consumption model presented here suggests that anchoveta availability for pinnipeds isprincipally controlled by changes in anchoveta biomass and by competition of the anchovetafishery. In contrast to the Peruvian sea birds (Muck and Pauly, this vol.) the influence of El Nifio
periods on anchoveta vulnerability and therefore anchoveta consumption seems to be of littleimportance before 1983. The situation becomes different for the 1982-1983 El Nifio which was
probably the strongest in this century. Table 5 gives vulnerability estimates (Vuli) and estimates
of the mean depth were the main anchoveta biomass is concentrated (DMBi) related to the
(surface) temperature regime during the first 8 months of 1983.

Total consumption by pinnipeds was calculated using feeding rates of captive fur seal
females (Perez and Mooney 1984) which most probably are equal or at least close to the possible
upper limits of food consumption when food is abundant. These rates were used for the entire1953-1982 period because the steady increase of pinniped biomass from around 600 t in 1953 to
approximately 50,000 t in 1982 suggests no limitations by food resource. The period 1968 to
1971 is an exception in the case of fur seals, when the census results show a 40% decrease inpopulation size. Comparing anchoveta availability for the same period a similar tendency hasbeen calculated (Fig. 5): as a consequence of (i) the anchoveta fishery as competitor to pinnipedanchoveta predation and (ii) reduced total anchoveta biomass, anchoveta availability droppedfrom 0.19 in 1968 to 0.05 in 1971. Therefore we cannot exclude the possibility that a shortage of
anchoveta between 1968 and 1972 affected fur seal populatin growth. However, in general,
population growth of Peruvian pinnipeds seems to be independent of anchoveta availability andbiomass, as confirmed by the fact that both seal populations had highest growth rates when the

anchoveta stock was much reduced (1978-1982).


This suggests a change of food by the predator and agrees with results of Majluf (1985) forthe Peruvian fur seals. Analyzing the otoliths from fur seal scats, she found a shift from almost
100% ancho icta to a diet of sardine and horse mackerel in times of low anchoveta abundance.

Therefore it is doubtful whether pinnipeds still feed on anchoveta when its availability drops

below a threshold value. Ecological models, e.g., that of Murdoch et al. (1975) and field data onpinnipeds (Bailey and Ainley 1981/1982) suggest a "switch" in feeding behavior to alternative 
prey when the traditional resource becomes scarce. In this case the calculated anchoveta

consumption for periods with very low anchoveta availability (1969 to 1982) could h
 
overestimated.
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Abstract 

The population dynamics ofbonito (Sarda chiliensis) off Peru is reviewed, with emphasis on its growth, mortality and biomass. Afoodconsumption model is derived, based on actual data on S. chiliensis and other soombrids. Daily rations in %body weight were estimated asranging from 2.23 (at 140C) to 7.04 (at 240C), and used, along with food composition data, to estimate monthly anchoveta (Engraulis rinens)consumption by bonito off Peru, between 4 and 140S, from 1953 to 1982. These estimates ranged from a maximum of 86,000 tonnes (t) in May1953 to 400 t, first reached in June 1975. Overall, bonito appears to have a modest impact on the anchoveta stock. 
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Introduction 
This account is an attempt to estimate, on a monthly basis, the consumption of anchoveta(Engraulisringens)by bonitos (Sardachiliensischiliensis)off Peru (4 to 140S) from 1953 to 

1982. 
Peruvian data on the biology and fishery of bonitos are available which make such an

estimate possible, given that on - dares to fill in gaps through inferences from comparable stccksand/or related species. The assumnptions made here to estimate the anchoveta consumption of
bonitos are justified by the fact that any account of the population dynamics of the Peruvian
anchoveta will be incomplete if it ignores the role of bonitos as highly specialized predators ofanchoveta. The value of the present exercise, however, may not be solely in the fact that itprovides estimates of anchoveta consumption. Rather, it is also meant to illustrate how far
historic data collected on a given fish stock - off Peru or elsewhere - can be "stretched" when oneincludes in an analysis as much as possible the relevant information on a given species and allied 
forms. 

This exercise, therefore may be seen as a complement to Yoshida's (1980) excellent
synopsis of data on the genus Sarda,emphasis being given here to the Penvian stock of Sarda
chiliensischiliensis,and to the numerous Peruvian contribution on bonitos (most in manuscript
form) not incorporated in said synopsis.

This contribution may also be seen, finally as an attempt to refine two previous "educated

guesses" of the annual consumption of anchoveta by bonito. The first of these educated guesses
 
was by Saetersdal et al. (1965) who wrote that
 

the estimated annual consumption of anchoveta by guano birds is of about 
3 t x 106. If ,k assume that bonitos (with an estimated biomass of 
300,000 t) and other fishes consume the same quantity (i.e., 1.6 t x 106)
of anchoveta, then... 

Boerema et al. (1965) wrote, on the other hand that 

...Another predator of the anchovy is the bonito. Nearly 100,000 t of this 
species are caught annually in Peruvian waters. It it is assumed that these 
fish have needed for their growth about 10 times their weight in food, and that 
this food mainly consists of anchovy, this adds another million tons to the 
fizure ofnredation. 

The Catch and the Species Caught, 1953 to 1982 

Although there have been uncertainties concerning the taxonomic status of the Peruvian
bonitos, it is now agreed that all bonitos occurring in the eastern Pacific can be attributed to twospecies, Sardaorientalisand S. chiliensis.Thr.latter has an anti-equatorial distribution (Randall1981) and is separated in two units now given subspecies rank - S. chiliensislineolatanorth and
S. chiliensischiliensis south of the equator while the distribution of S. orientalisstraddles the 
zero latitude line (Col:ette and Chao 1975; Yoshida 1980; and see Fig. 1).Because of its narrow distribution - barely touching the north coast of Peru and rarely
overlapping with the distribution of anchoveta (Vildoso, pers. obs.) - S. orientalisusuallycontributes negligible amounts to the Peruvian catch of bonito, for which reason this catch willbe treated below as if consisting only of S. chiliensischiliensis.This might introduce an error in
periods where El Nimo events, by warming up the surface waters off Peru, necessarily extend
southward the distribution of S. orientalis.However, this occasional (and partial) replacement of one bonito species by another shall be treated here as if it had no impact on fishermen or 
anchoveta consumption.

We should note here that three different, size-dependent names are given to specimens of S.chiliensischiliensisin Peru, namely chauchillafor fish up to 30 cm, cerrajonfor fish between 30 
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Fig. 1. Distribution of Sarda ortentalis, S. chiliensis chiliensis and S. chillensis l1neolata Inthe 
Eastern Pacific. Note that S. orientalis also occurs in other parts of the Pacific and the Indian 
Ocean, while S. chiliensis occurs only in the Eastern Pacific. Note also that occasional specimens 
of S. chillensis 11neolata have been reported from Alasa (adapted from Yoshida 1982). 

and 50 cm, and bonito (sensu stricto) for fish above 50 cm (Vildoso 1961); the latter group shall 
be called "large bonitos" in the rest of this contribution. 

Table I gives estimates of the annual bonito catch off Peru from 1951 to 1983. This catch,
which had gradually increased, from near zero in 1940 to 50.8 thousand t in 1951, peaked in the
early 1960s with amaximum of over 100,000 t in the early 1960s, declined to negligible values 
in the late 1970s then increased again in the 1980s. 

At this peak, from the mid- 1950s to the mid- 1960s, the Peruvian boiiito fishery represented 
a very significant part of the overall fishery sector, both in terms of supplies to the Peruvian 
(fresh and frozen bonitos) as well as the export (i.e. US and western Europe) markets. For 
example, the value of canned bonitos exported in 1958-1959 amounted to 25% of the value of
Peru's fishmeal exports for the same period (computed from data in Anon. 1960).

The bonito fishery for various reasons, however, never attracted an amount of attention 
proportional to its value, and hence the impact of bonitos on the 'achoveta stock remained 
unappreciated. 

Growth and Natural Mortality of Sardachiliensischiliensis 

Several models presented further below require a concise description of the growth
parameters of S. chiliensiv. This applies particularly to our attempt to estimate biomasses through
catch data and fishing mortality estimates. However, the growth curves and growth parameter 
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Table 1 Annual catch, fishing effort, fishing mortality and estimated biomass of large bonitos off Peru, 1951 to 1983. 

Annual catch Standardized Standardized Estimated 0.9 catch/ Biomass of 
whole of Peru catch per effort fishing fishing fishing large bonit.s 

Year (x 10 t)a of chimbote fleetb effortc mortality mortalitye (4-140S, x 10 t) 

1951 50.8 ( 8.0) 0.718 63.7 63.7
1952 50.1 ( 7,9) 0.709 " 63.6 64.6
 
1953 43.7 (6.6) 0.592 66.4 64.4
 
1954. 52.3 
 8.3) 0.744 63.2 61.1
 
1955 71.2 - (13.3) 1.193 53.7 52.2

1956 .83.4 (21.1) 1.893 39.7 51.2
 
1957 57.7 - (9.6) 0.861 60.3 55.6

1958 65.8 - (11.6) 1.041 56.9 52.6

1959 82.3 - (20.4) 1.830 40.5 47.8
 
1960 
 9 6.9g - (21.1) 1.893 46.1 45.6
 
1961 105 .3g (21.1) 1.893 50.1 46.2

1962 
 90 .3g 4.24 21.3 1.911 42.5 50.3
 
1963 
 90 .7g 5.801 15.6 1.399 58.3 45.8
 
1964 76.4 3.66 '20.9 1.875 36.7 48.7

1965 62.3 5.12 12.2 1.094 51.2 44.0
 
1966 71.4 
 4.40 16.2 1.453 44.2 39.9
 
1967 63.6 2.41 
 26.4 2.368 24.2 28.7
1968 54.3 1.76 30.9 2.772 17.6 19.5

1969 59.3 1.68 35.3 
 3.166 16.7 16.9

1970 57.4 1.64 35.0 
 3.140 16.5 19.7

1971 72.9 - (28.2) 2.530 25.9 21.1
 
1972 64.2 - (31.0) 2.781 20.8 18.7
 
1973 34.8 .(37.1) 3.328 9.4 10.7

1974 7.4 .- (41.2) 3.696 1.8 4.1
 
1975 4.9 - (41.5) 3.723 1.2 1.3

1976 4.1 - (41.6) 3.732 1.0 1.2
 
1977 5.7 - (41.4) 3.714 1.4 1.2

1978 4.7 - (41.5) 3.723 1.1 1.3
 
1979 5.3 (41.5) 3.723 1.3 1.4

1980 6.8- (41.3) 3.705 1.7 1.7
 
1981 9.0 - (41.0) 3.678 2.2 2.7
 
1982 16.4 - (39.9) 3.579 4.1 3.5

1983 17.2 (39.8) 3.570 41 4.2.
 

a
b Various IMARPE documents.
 

From Mejia (1967) and IMARPE (1971). Units are tonnes of bonitos caught per trip.
CSee text and Fig. 4.
 
d Obtained by multiplication of standardized fishing effort by q = 0.0897 (see text and Fig. 6).

f Correction by 0.9 to account for catches outside of 4 to 140S.
 

Obtained by smoothing (through running average over 3 years) the biomass estimates obtained in (e).
 
g Catch values In excess of "MSY" were assumed to have been obtained by an effort to equal to fopt'
 

estimates available in the literature are contradictory and confusing. Kuo (1970), based on otolithreadings in S. chiliensis lineolataand S. chiliensischiliensis,presented growth "curves" that are
almost linear over the interesting span of ages (1 to 6 years), and which have values of L. much
larger than the maximum sizes recorded in bonitos (Fig. 2)while the growth parameters reported
by Campbell and Collins (1975), based on analysis of otoliths and length-frequency data, appear
also to be questionable (Table 2).

The maximum length reported for S. chiliensislineolatais about 102 cm (Yoshida 1980).
The southern subspecies, on the other hand, tends to remain smaller, with a definitive record of
79 cm (De Buen 1958). Mann (1954) and Vildoso (1961) state that Chilean bonitos may exceed
80 cm and reach 90 cm, respectively. Vildoso (1955) reported never to have encountered a
bonito in excess of 75 cm in Peruvian waters from which however, one exceptionally large
specimen of 93 cm and 94 kg has been reported (Anon. 1958).

Length-frequency data from the early phase of the fishery are available (see Table 3)which
allow estimation of asymptotic length (L. ) in Peruvian bonito using the method of Wetherall 
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Fig. 2. Available growth curves for Sarda chIllenfis: A. Campbell and Collins (1975), for S. chillensis lneolata;
B.This study, for S.chillensis chillenuis off Peru (see also lig. 3); C.Kuo (1970) for S.chillenss lineolata;D.Kuo 
(1970) for S. chiliensis chillensis and E. This study, growth in weight of S. chillensts off Peru (see also Table 4). 

(1986), in which a length-frequency sample representative of the steady-state population is used 

in conjunction with a regression of the form 

Li a + b L'i 

(where Li is mean length above L'i, the lower limit of-length class (i)) to estimate L tough 

La =a/(l-b) 2), 

Fig. 3 illustrates this method, which also allows estimation of the ratio Z/K (see below) via. 

ZIK = b/(l-b) ...
3) 

The value of L. = 76 cm, estimated using equations (1) and (2) and length-frequency data 
for the period 1951-1953 (Fig. 3) corresponds rather well to the maximum lengths discussed 
above, and shall be used here as best estimate of asymptotic length in Peruvian bonito. 

Pauly and Munro (1984) suggested that the parameters 0' could be used to express the 
average growth performance in a given taxon when growth can be described in the von 
Bertalanffy Growth Function (VBGF) of the form 

Lt = L. (1-e -K(t-to)) 

'
where Lt is the length at age t, and K and to are the constants which, besides L. , must 1e 
estimated empirically. In such case, 0' is defined by 

0'= ...loglOK + 2 loglo L. 5) 

(See Pauly 1979 for derivation of this equation). As might be seen in Table 4, the three sets 
of L. and K values available on S. chiliensis lead to a mean value of O'= 3.40, very close to the 
value of O= 3.43 estimated for Sardasarda. 

We have used here equation (5), the overall mean value of '= 3.42 (see Table 4) and L.* 
=76 cmn to estimate K = 0.455 for Peruvian bonito. 



Table 2. Length-at-age data in Fig. 1 of Bartoo and Parker (1983) based on Camp.
bell and Colll.s (1975). Note bimodal distribution in age groups I and 11, possibly 
due to erroneous age reading: L = fork length. 

L Age L Age L Age L Age L Age
(cm) 1 (cm) II (cm) 1II (cm) IV (cm) V 

45 2 57 1 67 2 68 1 71 I 
46 3 58 3 68 2 69 2 72, 5 
47 13 59 15 69 6 70 4 73 3 
48 37 60- 25 70 6 71 12 74' 5 
49 74 61 .41 71 8. .72 20 '..75 2 
30 77 62 38 72 8 .73 :14 36 2 
51 71 63 15 73 11 74 11 77 3 
52 48 64 9 74 , 9 75 8 
53 '44 65 3 75 1" .76 -5' 
54 26 '66 3 771- 2 
5S5 13' 67 1 78 1 

56 1 68 1 
57 . 0 69 
58 1 70 E
59 . 2 1 
6L';2 I6 181 * 

62W 

rompiosio cAlekna)Table3.% lemigth data on bonito (Suda chflkrn caught off tnt, 1951.1976.0 

Location: Callaoc Callan CARlA CtCll Mss Cilbi Plus co
Ya : 1951-52 1952-53 1962 1962 1964 1965 1966 

Callo Paul Caleo Ca haa catc CABOlt Pa 1,ta Caw' 

196 1967 1966 1969 1969 1970 1970 1971 1971 1976Number 807 8oo 14,090 86 9,795 675 869 2.486 701 1.863 2.067 5,148 3.838 12.826 30.452 10,807
Mean
 

b

FL (cm) weht. S 

33.5 603 1.10
36.5 656 2.10 
37.5 711 1.60 2.4038.5 770 1.10 2.40 1.0039.5 831 0.48 1.60 3.00 0.50
40.5 896 0.48 2.60 4.20 1.00
41.5 964 1.80 3.70 1.10 6.00 2.00
42.5 1,035 2.70 1.10 5.80 2.20 7.20 0.5043.5 1,110 1.50 4.60 2.70 5.30 3.20 8.50 3.00 
44.5 1,188 1.00 1.00 3.00 5.90 3.20 5.80 4.90 8.50 7.0045.5 1,270 0.24 2.40 2.00 4.00 9.10 3.20 6.40 7.00 7.80 5.00
46.5 1,356 0.24 3.40 2.50 0.50 4.00 11.40 4.30 6.40 9.70 8.50 6.0047.5 1,445 0.48 4.40 0.503.00 6.60 12.70 5.40 6.40 10.80 (8.50) 13.00
48.5 3538 0.50 1.10 5.40 4.00 1.00 8.60 13.50 7.60 6.80 (10.90) 7.20 11.00
49.5 1A.S 0.20 0.70 1.00 6.90 4.90 6.00 2.50 8.60 (10.90) 9.20 6.90 9.70 6.00 S.0050.5 1,737 0.20 1.40 I.00 2.60 3.70 2.00 3.90 10.00 4.50 10.70 5.90 10.90 6.90 9.70 5.40 12.0051.5 1,842 1.00 2.80 1.00 4.10 2.60 1.50 2.40 !1.00 6.50 (9.60) 3.60 (9.80) 6.40 8.10 4.80 (12OO)52.5 1,951 0.80 4.80 2.00 5.70 2.60 0.80 2.90 (8.00) 6.50 8.60 2.70 8.10 (5.30) 6.50 4.20 10.0053.5 2,065 1.70 6.20 2.40 6.70 3.70 4.40 7.50 8.502.00 7.60 2.30 7.00 4.20 5.40 3.00 3.0054.5 2.183 2.50 1.60 7.60 1.00 8.20 7.90 7.00 3.40 6.00 10.10 6.60 2.30 4.90 3.20 4.30 2.40 '.OO55.5 2,303 3.40 1.70 8.60 3.30 10.30 5.80 9.00 4.40 6.50 11.60 5.60 2.30 4.30 2.60 3.20 1.0056.5 2,432 5.50 2.30 9.50 8.20 11.90 7.40 11.10 5.80 5.00 (11.10) 5.00 1.80 3.20 2.10 2.20 2.0057.5 2,$63 5.00 4.10 9.90 10.70 12.90 10.00 16.20 7.80 5.50 10.60 4.00 1.40 3.20 1.60 1.10 1.0058.5 2,699 J.30 7.80 9.50 14.50 (11.90) 14.40 18.20 8.80 6.00 9.10 3.00 0.90 2.70 1.10 2.0059.5 2,840 8.40 10.70 9.00 15.40 9.80 (12.80) (13.60) 11.20 540 6.00 2.00 0.70 2.70 0.50 0.0060.5 2,986 15.30 15.30 8.00 6.30 7.20 1.OD0 6.60 (9.30) 400 4.50 1.00 0.48 2.70 0.50 1.00
61.5 3,136 (12.60) (11.90) (6.20) 7.80 4.10 4.20 4.00 5.40 2.00 3.00 0.48 2.20 0.50
62.5 3,292 8.60 13.30 4.80 (12.10) 2.60 4.80 3.00 3.90 1.00 2.00 0.48 1.10 0.25
63.5 3,452 8.40 9.20 3.30 5.80 1.00 2.10 1.00 2.40 0.50 1.00 0.48 0.50 0.25
64.5 3,618 6.30 7.20 2.40 3.50 1.50 0.501.50 0.50 0.48 0.25
65.5 3,789 5.90 6.60 1.40 2.00 .0 1.00 0.230.50 0.25 
66.5 3,965 3.60 4.30 1.00 1.00 050 0.50 0.25
67.5 4,146 1.70 3.30 OA8 0.50 0.50 0.25
68.5 4,333 1.30 0.482.30 0.50 0.25 
69.5 4,526 0.60 1.00 0.48 0.25 
70.5 4,724 .40 0.A0 0.25 
71.5 4,928 0.20 0.20 0.25 
72.5 5,138 0.40 

Mesn wtjin1) 3,081 3,240 2,638 2,486 2,652 2,179 1,878 1.91 02,844 2,524 2,397 2,363 1,598 ,58 . 1,635 1,350 1,635
Z 1.96 1.76 2.37 3.99 3.81 4.05 3.14 3.51 1.74 2.98' 2.76 2.65 2.25 2.56 3.21 3,72 . 4.53 

Datafor 1951.I953: Vildogo (1955);data for 1°'2.1971: IMARPE (1971):diti for 1976: Mayo (1976).
b ~,...miraoae 
c Value*in brackets indlcota flist % frequency usedfor computation of E;Iowr CIU limit ofthis clm thus repreentsL.
 
d Z vlues computed uslinequalton (10), with 1.- 76 .nd K - 0.455.
 
*Note addedin proofs: all compltatlons w ne (erroreoudy) performed with Z 3.89 boead of the orrect value of2.98. This dos not affectremuls of ilnotieblydue to tl sksoltasaeounu 

17vsuus of Z in ettmstinl M and q. 
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Fig. 3.Estimation of Lcm and Z/K using the method of Wetherall (1986); based on length-fre. 
quencydata in Table 5 (average of two samples) and equations (1) to (3). 

Table 4. Available growth parameter estimates inSarda species.a 

Species FL. (cm) K (y -1) Of Mean 

Sardasarda 81.5 0.525 3.54 
Sidasarda 67.8 0.795 3.56 
Sarda sarda 103 0.132 3.15 3.43 
Sardasarda 95.6 0.237 3.34 
Sardasarda 64 0.860 3.55)
Sardachillensis 266 0.038 3.43 
Sardachillensis 101 0.154 3.20) 3.40 
Sardachiliensts 77 0.622 3.57 

a Growth parameters for S. sarda from Pauly (1978); growth pura
meters for S. chillensisfrom Yoahida (1980). 

http:PZ/K=4.34
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The value of the parameter to is estimated finally from an empirical equation of Pauly

(1979), i.e.
 

loglo (-to) = -0.3922-0.2752og1oL.* -1.0381ogl0K ...6)
 

which, given L.0 (in cm) and K (1/year) values, provides crude estimates of to when these
 
cannot be obtained by any other method. Thus, we have to describe the growth in length of
 
Peruvian bonitos,
 

Lt = 76 (1-e -0.455(t+0.28)) ...7)
 

where Lt (fork length, in cm) is the length at age t (in years) (Fig. 2).
A number of allometric length-weight relationship have been estimated for Peruvian bonitos 

by various authors (Table 5). We shall use here, however, a simple isometric length-weight
relationship of the form 

L3W = (c.f./100) 8) 

Table 5. Length-weight relationships In Peruvian bonito (Sarda chilensis cht 
itensis). 

Case L-W relationships Range Computed Source and/or
No. "a.. 6b". (in cm) n weight at remarks 

60rcm 

1 0.006311 3.19 20-71 513 2,968 Vildoso (1962), 
2 0.006491 3.19 22-71 565 3,052 Vildoso (1962),
3 0.01169 3.03 30-71 930 2,855 Canal (1974) 
4 0.02011 2.89 30-58 204 2,769 Mayo (1976) 
5 0.01348 3 (60) - used in this study2,9 11 a 

aMean of cases No. 1-4, as used to estimate,based on b - 3, avalue of a = 

0.01348, corresponding to c.f. =1.348. 

with a mean c.f. (condition factor) estimated from the data in Table 4 of 1.348, and leading"to. 
weights in g when (fork) length is expressed in cm. Thus we shall express the growth in weight
of Peruvian bonito as 

Wt = 5917 (1-e-0. 4 5 5 (t+0.28))3 .9) 

which is reasonable in view of the fact that none of us ever observed a Peruvian bonito,, 
exceeding 5 kg (see also Vildoso 1955). 

Catch per Effort and Effort in the
 
Peruvian Bonito Fishery, 1953 to 1982
 

Effort and catch-per-effort data are not available wbich cover the whole period considered 
here. In fact, the only previous contributions dealing in some detail with the bonito fishery off
Peru is the unpublished thesis of Mejia (1967) and an IMARPE internal report (1971), in which
standardized effort and catch-per-effort of the Chimbote fleet of purse seiners for the period
1967 to 1970 were derived and analyzed.

Since Chimbote was the main base of the Peruvian bonito fishery (Mejia 1967) we have
divided the catch per effort of the Chimbote fleet for this period into the total Peruvian catch to 
obtain estimates of total Peruvian effort (see Table 1). Then, we have fitted a simple parabolic
stuplus yield model to the total catch and overall effort data (Fig. 4). The yield curve was then
used to generate, from the catch data prior to 1962 and beyond 1970, estimates of effort, based 

http:0.455(t+0.28
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on the assumption that the low yields of the earlier period were associated with effort levels 
below fopt (the effort level associated with MSY), and that the low yield:; of the recent period 
were associated with effort lcvels beyond foot. We believe these two ass,imptions to be
reasonable given what is presently known of the early development of th.e Peruvian fishing fleet 
in general, and of the bonito stock and fishery in particular (see below and other contributions in 
this volume). 
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Standardized effort units 
Fig. 4. "Schaefer" model of the Peruvian bonito fishery, based 
on data for the period 1962 to 1970 (Table 1) and used to esti
mate fishing effort from available catch data for the periods 
1951 to 1961 and 1971 to 1983 (see also Table I and text). 

Total, Natural and Fishing Mortality of Bonito 

Size-frequency distributions of fish caught by the Peruvian bonito fishery off Callao and 
Paita are available for the years 1951-1953, 1962, 1964 to 1971 and 1976 (Table 3). From these,
total mortality (Z) was estimated using the equation 

Z = K.(L** -L)/(L-L') ...10) 

whereL is the mean length in the catch, computed from the first length (L') fully represented in 
samples (Beverton and Holt 1956). The estimate of Z obtained in this fashion are given -n Table 
3. 

A first estimate of natural mortality was obtained through the model of Csirke and Caddy
(1983), in which annual catch is plotted against total mortality, and in which the Z-intercept of 
the fitted parabola provides an estimate of M (see Fig. 5). The estimate of M = 0.878 obtained in 
this fashion corresponds well with the value of M obtained through the empirical equation of 
Pauly (1980) in which 

loglOM = -0.0066-0.279log1o L. +0.6543 loglOK 
+ 0.4634 loglOT ...11) 
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and which leads for a mean water temperature off Peru (4 to 140S, 1953-1982) of T = 180C and 
the values of L. and K obtained above, to an estimate of M = 0.675. 

Averaging these two relatively independent estimates of M yields a mean value of M 
0.775 which will be used for all further computations. 

-

The estimates of effort and of Z derived above were then combined with the estimate of M 
to estimate a mean catchability coefficient (q), defined as 

F=q.f ...12) 

where f is fishing effort and F is fishing mortality, defined for any given year (i) by 

Fi = Zi - M ...13) 

The value of q estimated from the data at hand (see Fig. 6) is q = 0.0897, which was used to 
compute, using equation (12), values of F given the corresponding values of effort for 1951 to 
1983 (see-Table 1). 

100
62C 61P
 

a0 
CQ 64c R =0.503 

. Y- '~*M 71 P 0 "-75.13 
06 6c b x100.4 Fig. 5. "Csirke and Caddy" model of the Peruvian 

0 b2 3-16.96 bonito fishery, based on data for the period 1951 
SP/52c 68C Fopt w2.08 to 1976 and used to obtain preliminary estimate ofrm n4.17 natural mortality. Note that estimated MSY cor

8,,, n70.7 responds well with value estimated using Schaefer 
u /model (see Fig. 4). (P refers to Paita, C to Callao; 
0 see Table 3). 

= Zot MT 2.96"76C 
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: I1"'. .2 -. .3. .. :4 - 5

'Total mortolity (Z) 
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iM .: .- Oset.. 

.0.775 
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Standardized effort units 
Fig. 6. Estimation of a mean catchabilty coefficient (q) for the Peruvian bonito fishery, 1951 to 1983. Note 
that the line is not a linear regression used to estimate q and M,but rather was forced through an assumed 
value of M (see text) and the mean of the available f and Z values (Prefers to Paita, C to Callao; see Table 3). 
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Mean Annual and Monthly Biomass of Large Bonitos, 1953 to 1982 

Mean annual biomasses (Bi), for 1953 to 1982 were estimated from 

Bi = Yi/Fi 14)... 


where Yi is the catch of a given year, and Fi the fishing mortality for that year.
It will be noted that equation (14), being used with catch figures referring to "large bonitos", 

will generate biomass estimates for only the "large bonito" fraction cL,the stock of Sarda 
chiliensischiliensisoff Peru. We accept this here, since it is only the large bonitos which prey 
upon anchoveta of roughly the same size as those caught by the anchoveta fishery itself (see text 
below and Fig. 7). 

50 Max.length reportedfrom bonito stomachs ) 

050os5 
C0 40 . 

0 

.0 0 4 6 8 10 123 1 20:a
Length of anchoveta (in cm) 

Fig. 7. Summary of available information on the size composition of anchovetas in the stomachs of large bo
nito. Shaded histograms, although based on scanty data (n =32, see Mayo 1976) suggest a reasonable overlap 
with the sizes caught by the fishery (here represented by the April 1976 catch composition, i.e., in the middle 
of Mayo's sampling period, see Table 7), with rome preference of large anchovetas by bonitos. The informationon minimum and maximum length of anchoveta in bonito stomachs are from Vildoso (1962) and Mayo (1976), 

respectively. 

Although the stretch of the Peruvian coast (4 to 14os) considered here includes only 60% of 
the whole Peruvian coast (approximately 3 to 18os), we have multiplied the estimates obtained 
through equation (14) by a factor of 0.9, to account for the fact that about 90%of the Peruvian 
catch of bonito actually stems from the coastal area between 4 and 14oS (Ancieta 1964, Table 4).

The values of "YiO.9/Fi" obtained for each year fr'om 1951 to 1983 were then smoothed 
(using a 3-year running mean) to account for the fact that the real biomass of large bonitos off 
Peru probably fluctuated less rapidly than suggested by the rapid fluctuation of fishing effort (seeTable 1). 

To obtain a smooth transition of the between-year estimates of biomass, the values obtainedby the method outlined above were assumed to apply to the months of June and July of a given 
year; transitory values were derived by linear interpolation between the July estimte of a given 
year and the June estimate of the following one. The monthly biomass estimates obtained in this 
fashion are given in Table 6. This approach assumes that within-year variations of biomass are 
small compared with the between-year variations, which is probably true in view of the 
enormous fluctuation of catch experienced by the fishery in the last forty years. 
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Table 6. Estimated monthly biomass of large bonitos off Peru (4 to 14'S), 1953 to 1983 (in t x 103) derived 
by linear interpolation of the smoothed annual biomass estimate in Table 1, last column). 

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

1953 64.50 64.50 64.50 64.40 64.40 64.40 64.40 64.10 63.80 63.50 63.20 62.901954 62.60 62.30 62.00 61.70 61.40 61.10 61.10 60.30 59.50 58.70 57.90 57.101955 56.20 55.40 54.60 53.80 53.00 52.20 52.20 52.10 52.00 51.90 51.80 51.701956 51.70 51.60 51.50 51.40 51.30 51.20 51.20 51.60 52.00 52.40 52.80 53.201957 53.60 54.00 54.40 54.80 55.40 55.60 55.60 55.30 55.10 54.80 54.50 54.201958 54.00 53.70 53.40 53.10 52.90 52.60 52.60 52.20 51.70 51.30 51.90 50.401959 50.00 49.50 49.10 48.70 48.20 47.80 47.80 47.60 47.40 47.20 47.00 46.801960 46.60 46.40 46.20 46.00 45.80 45.60 45.60 45.70 45.70 45.80 45.80 45.90
1961 45.90 46.00 46.00 46.10 46.10 46.20 46.20 46.60 46.90 47.30 47.70 48.101962 48.40 48.80 49.20 49.60 49.90 50.30 50.30 49.90 49.50 49.10 48.70 48.301963 47.80 47.40 47.00 46.60 46.20 45.80 45.80 46.10 46.30 46.60 46.90 47,10
1964 47.40 47.60 47.90 48.20 48.40 48.70 48.70 48.30 47.80 47.40 47.00 46.601965 46.10 45.70 45.30 44.90 44.40 44.00 44.00 43.60 43.30 42.90 42.50 42.101966 41.80 41.40 41.00 40.60 40.30 39.90 39.90 38.90 37.90 36.80 35.80 34.801967 33.80 32.80 31.80 30.70 29.70 28.70 28.70 27.90 27.00 26.20 25.40 24.501968 23.70 22.80 22.00 21.20 20.30 19.50 19.50 19.30 19.00 18.80 18.60 18.301969 18.10 17.80 17.60 17.40 17.10 16.90 16.90 17.20 17.40 17.70 17.90 18.201970 18.40 18.70 18.90 19.20 19.40 19.70 19.70 19.80 20.00 20.10 20.20 20.30
1971 20.50 20.60 20.70 20.80 21.00 21.10 21.10 20.90 20.70 20.40 20.20 20.001972 19.80 19.60 19.40 19.10 18.90 18.70 18.70 18.00 17.20 16.50 15.80 15.101973 14.30 13.60 12.90 12.20 11.40 10.70 10.70 10.10 9.50 8.90 8.30 7.70
1974 7.10 6.50 5.90 5.30 4.70 4.10 4.10 3.80 3.60 3.30 3.10 2.801975 2.60 2.30 2.10 1.80 1.60 J.30 1.30 1.30 1.30 1.30 1.30 1.201976 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.201977 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.201978 1.30 1.30 1.30 1.30 1.30 .1.30 1.30 1.30 1.30 1.30 1.30 1.301979 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.40 1.50 1.50 1.50 1.50
1980 1.60 1.60 1.60 1.60 1.70 1.70 - 1.70 1.80 1.90 2.00 2.10 2.201981 2.20 2.30 2.50 2.50 2.60 2.70 2.70 2.80 2.80 2.90 3.00 3.101982 3.10 3.20 3.40 3.40 3.40 3.50 3.50 3.60 3.60 3.70 3.80 3.80 

Food, Feeding Habits and Food Consumption of Bonitos 

Several studies on the food habits of bonitos have been conducted in Peru (Table 7). All ofthem emphasize the importance of anchoveta in the diet of this predator. Fig. 7 summarizes theavailable data on the size distribution of anchoveta found in bonito stomachs which resembles
that of anchoveta in the commercial catch (see also Tsukayama and Palomares, this vol.). Thus,the estimates of anchoveta consumption obtained below can be straightforwardly added to the 
commercial catch. 

Several authors have presented anecdotal information on the weight of stomach contents inPeruvian bonito (Table 7), but only the data of Canal (1974) were presented in a fashion whichallowed further analysis (see Table 8). Table 9 suggests that, on the average, only about half ofthe bonito of a given stock have food in their stomach at any given time, as is commonly
reported from scombrids. 

Data on stomach evacuation rate, from which food consumption estimates could be obtainedusing the model of Elliott and Persson (1978), are not available for any Sarda species, althoughaquarium observations on the feeding behavior of S. chiliensislineolataare available (Magnusonand Prescott 1966). We shall therefore use here data obtained by Magnuson (1969) from captivesipjack (Katsuwonuspelamis). This approach appears justified in that bonito and skipjack -once account is taken of differences in internal and external temperature - are quite similar,particularly with regard to the shape and length of their guts (Godsil 1954; Collette 1983).Another justification for our use of data obtained from an experiment with skipjack is that these were fed small pelagic fish, the main food of Peruvian bonito, and that food type has inexperiments, along with temperature, a stronger effect than the taxonomic affinities of the
investigated fish (Durbin et al. 1983). 
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Table 7. Summary of information on major diet components of Peruvian bonito (Sarda chllensis chlllens1). 

No. of %in 
bonitos total Details on Source and/or

examined Major food items food stomach contents remarks 

(V) 	 a) Engraulls ringens 58.6 - del Solar (1942) 
b) Crustaceans (Munida 

coker) 

345 a) Engraulisringens 	 anchoveta occurring in Ancieta (1945, 1964), based on 
60.6% of stomachs; data collected from November 
remaining stomachs 1944 to January 1945 
were empty 

191 a) Engrullsringens - anchoveta occurring in De Buen (1958); data collected 
all stomachs examined off northern Chile 

192 a) Engraulls ringens 76 usc.liy 5-6 anchoveta Some other pelagic fishes, not
b) Crustaceans (mainly 1 (60-80 g, max. of ably Sardinops sagax, Austrame-

Munida coker) 330g) nida regia and Prnotus quies
c) Unidentified items 23 	 cens also reported from bonito 

stomachs by earlier authors (Vil
doso 19 55 )a 

2,640 a) Engraulls ringens 77-85' size of anchoveta Canal (1974) b
 

(plus some other fishes) 12-14 cm, max. of 28
 
cm, max. weight of
 
stomach content is 404 g
 

206 a) EngraulisrLngens >27 see Fig. 7 for size Mayo (19 7 6)c based on data col
distribution of lected from January to August 
anchoveta 1976 

b) Miscellaneous fishes and <73 
invertebrates 

a These results are reported again in Vildoso (1962), along with the remqrks that (I) the mean stomach contents-of bo

nitos are usually proportional to their weight, although there is much variability; (iI) females of a given length have smaller 
stomach contents than males of the same length; (1i) stomach content weights of more than 50 g always consist ofancho
veta; (iv) the size of anchoveta in bonito stomach is rarely less than 8 cm and that (Y) the highest stomach content ob
served was 500 g, and the bulk of it consisted of 52 identifiable anchoveta. 

See Table 8 for more detail on this study, notably for stomach contents expressed in %of body weight. Also note 
that field data were collected from April 1967 to September 1972 (without samples in 1970).

c Note that the miscellaneous fishes reported by Mayo (1976) from bonito stomachs all tended to be larger than ancho
veta, and ranged between 13 and 31 cm. 

Durbin et al. (1983), based on Fig. 2 in Magnuson (1969), estimated a value of 8.5 (per day)
for the instantaneous rate of stomach evacuation (R) in K.pelamis, held at a temperature of about 
250C. They also estimated from data on a number of fish species a mean value of b =0.115 for 
the exponent of a generalized relationship linking, in fishes, stomach evacuation rate (R) and 
temperature (T) of the form 

R = a. e bT 	 ...15) 

Solving for the value of R = 8.5 gives a = 0.48. Magnuson (1969) used fish between 39 and 
50 cm, with a mean weight of 1.6 kg. We shall assume that the relationship between R and body
weight is, as most other physiological processes controlled by metabolic level, i.e., by the 
relationship between body weight and gill surface area (Pauly 1981). This relationship in 
skipjack is 

W0 .85 Gill surface area -	 ...16) 
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Table 8. Relationship between body weight and mean stomach content 
weight in Sardachiliensis chiilensis.a 

Body weightb M,'an stomach Stomach content 
No (in g) content (in g) n (as %of body weight) 

1 421 9.0 18 2.14 
2 625 14.5 20 2.32 
3 827 23.1 28 2.79 
4 1,028 18.0 13 1.75 
5 1,228 18.1 26 L47 
6 1,429 16.6 38 1.16 
-7 1,629 12.4 49 0.76 
8 1,830 21.2 64 1.16 
9 2,030 21,3 106 1.05 

10 : 2,230 41.0 134 1.84 
11 :2,430 37.7 132 1.55 
12 2,63.1 4.5 89 1.77 
13 2,831 56.0 74 1.98 
14 3,031 59.0 47 1.95 
15 3,231 48.5 8 1.50 
16 3,431 9A 7 0.27 
171- 3,631 213.5 2 5.88 
18 3,831 46.5 1 1.21 
19 4,031 315.0 1 7.81 
20 4,944 209.0 1 4.23 

858 1.6 04 5 c 

a Adapted from Table VII in Canal (1974); note that fish with sto
macuhs considered "empty" arc not included here. 

Original data were grouped in weight classes; presented here are 
the geometric means of the lower and upper class limit (except No. 
20, which is the actual weight).

CWeighted mean content of stomachs that were not empty. Note 
that this value refers to anchoveta plus a number of other organisms, 
notably the fishes Odontestes (-Austramenidia) regia, Trachurus 
murphy!, Normanichthys crokeri and Pdonatus Iquiescens?). Other 
organisms identified were Loligo sp. (but probably not L. opalescens, 
as reported), Octopus sp., Munida cokeri and unidentified euphausids.

The value of m (mean stomach content, in % BWD) inthe text 
considers the stomachs reported to be empty (see Table 9, footnote 
b) and is thus m = 1.6045 (1 - 0.514) = 0.78 i.e., m 0.8%. 

(Muir 1969; Muir and Hughes 1969) which would lead to a decline ofR ith weight suckh. 

that 

Ro W-0.15 ...17) 

Gooding et al. (1981) report a positive exponent for the respiration-weight relationship of
skipjack, but also note that their "weight coefficient is opposite in sign from that typical of fishes
(and of organisms, generally)" for which reason their results will not be considered further.

Combining equation (17) with equation (15), and solving for the mean fish weight in 
Magnuson's experiments leads to 

R = 1.45 W-0.15. e0.115T ...
18)
 

as generalized equation relating evacuation rate, body weight and temperature in skipja,.k and,
by inference, also in bonito. 
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Table 9. Percentage of empty stomachs reported from studies on the food and feeding habits ofbonito 
in the Pacifica (Sardaorientalis and Sardachillensis). 

% of empty No. of fish 
Species Area stomachs sampled Source
 

Saaorlentalls Southern Kyushu 83.3 18 Yabe et al. (1953);
Coast (Japan) not seen, as cited in 

Silas 1964) 

Srda orlentalls Southern Kyushu 50 24 Yokota et al.(1961);
Coast (Japan) not seen, as cited in 

Silas (1964, Table X) 

Sata chillensi: Southern California 55.2 1,498 Ollphant (1971) 
Ineolata 

Sardachillenst, off Callao (Peru) 49.4 345 Ancieta (1945, as
chillensi: cited InAncieta 1964) 

Sarda chillensis off Callao (Peru) 77 992 Vildoso (1955) 
chfllensts 

Sada chilensla off Callao (Peru) 42.4 2,640 Canal (1974) 
chlllensts 

Sarda chtilensls Peruvian Coast 46.6 206 Mayo (1976)
chllenuls 

Sardachillens:s Peruvian Coast 51.4 4,813 this studyb 
chillensla 

a None of these studies provides data on seasonal changes of the %of empty stomachs.
b Estimated by taking the mean % (weighted by sample size) of the four values reported from 

Peru. 

Elliott and Persson (1978) derived a model in which food consumption (Q) is computed as 
the product of mean stomach content (m)and instantaneous stomach evacuation rate (R), or 

Q =R.m ... 19) 
which applies to a given fish size (age). To estimate food consumption per unit biomass (Q/B) of an age-structured fish population, equation (19) can be extended to a model of the form
 

tImax
 

Q f (Rt.mt.NOdt
 
B tmax
 

tr (WtNt~dt
Jf 

tr
 

where Rt is the stomach evacuation rate expressed as a function of age (obtained by insertion ofequation (15) into equation (9)), Wt the age at age t, see equation (9), tr and tmax are the age atrecruitment and the maximum age reached by bonitos respectively, mt the mean stomach contentexpressed as a function of age (obtained by multiplying Wt by the mean stomach contentexpressed as a fraction of body weight, here 0.008 (see Table 8), and Nt is the number of fishes
in the population.

The simplest fashion by which Nt can be modelled realistically is by using 

Nt = e -Z(t-tr) ...
21)
 

with N = 1 when t = tr. 
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Age at "recruitment" will be set here at tr = 2, nearly corresponding to the age at whichcerrajon(i.e., middle-sized bonito) reach 50 cm, and hence recruit into the stock of "large
bonitos". 

All terms of equation (20) are available as continuous functions of t, and can be numerically
integrated. The integrations were performed using a BASIC program (available from the first
author) on a monthly basis, i.e., using the temperature value for the month in question and
monthly estimates of "F", the latter values being computed, as defined in equation (14) from themonthly biomass of a given year in Table 6, and the annual catch for the same year in Table 1.
(Note that the monthly values of F so obtained are not necessarily proportional to monthly
fishing effort).

The estimates of Q/B obtained through equation (20) (see Table 10) are well within the range of rations estimated for tunas (Table 11), while being, as should be expected, above values
typical of less active fishes (see Durbin et al. 1983). 

Table 10. Estimated values of Q/B (daily ration in %of body weight) for large bonito off Peru (4 to 140S). See 
text for variables and constants used. 

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

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

3.97 
3.66 
5.03 
3.95 
3.48 
5.61 
4.25 
4.40 
4.47 
4.33 
3.61 
4.23 
3.51 
4.74 
4.04 
3.81 
4.60 
4.82 
4.41 
4.56 
7.32 
3.16 
3.33 
3.90 
6.11 
4.33 
4.63 
4.81 
4.15 
4.59 

4.80 
3.88 
4.38 
4.64 
5.84 
5.87 
5.47 
4.67 
5.38 
4.37 
4.24 
4.48 
4.42 
5.02 
4.66 
3.83 
4.77 
5.15 
4.89 
5.72 
7.22 
3.67 
3.98 
6.04 
6.18 
5.44 
4.63 
4.92 
4.82 
5.21 

5.73 
3.62 
3.57 
4.86 
5.70 
5.74 
5.12 
4.51 
4.63 
3.89 
4.56 
4.32 
4.86 
4.38 
4.43 
4.27 
5.62 
5.26 
5.17 
6.58 
5.99 
3.89 
5.71 
6.25 
6.25 
5.38 
5.02 
5.28 
4.62 
5.34 

5.05 
3.12 
3.84 
4.14 
5.50 
4.62 
4.57 
3.93 
4.32 
3.59 
3.98 
3.68 
5.39 
3.87 
3.74 
3.46 
5.70 
4.73 
5.28 
6.30 
4.33 
4.10 
5.04 
5.14 
6.25 
4.91 
4.90 
5.10 
4.47 
5.17 

4.06 
2.85 
3.27 
3.87 
5.75 
3.98 
4.12 
3.59 
4.08 
3.67 
4.07 
3.06 

.4.98 
3.61 
3.47 
3.40 
6.06 
4.46 
4.65 
6.03 
3.91 
4.02 
4.49 
5.26 
5.26 
4.13 
4.52 
4.58 
4.54 
5.41 

3.38 
2.57 
3.20 
3.69 
5.12 
3.72 
3.72 
3.55 
3.68 
3.42 
3.85 
2.85 
4.40 
3.34 
3.22 
3.09 
5.11 
4.06 
4.28 
6.33 
3.60 
4.35 
3.85 
5.32 
4.74 
3.64 
4.03 
4.42 
4.06 
4.95 

3.30 
2.72 
3.13 
3.61 
4.62 
3.63 
3.36 
3.35 
3.43 
3.26 
3.76 
2.75 
4.15 
3.19 
3.19 
3.20 
4.01 
3.62 
4.28 
6.11 
3.36 
3.66 
3.76 
5.02 
4.43 
3.68 
4.08 
4.18 
3.71 
4.84 

3.01 
2.35 
2.89 
3.36 
3.84 
3.24 
3.24 
3.43 
3.39 
3.19 
3.63 
2.89 
3.88 
3.13 
2.95 
3.28 
3.95 
3.65 
4.29 
5.43 
3.21 
3.38 
3.51 
4.85 
4.13 
3.40 
4.08 
3.80 
3.68 
4.37 

3.08 
2.46 
3.03 
3.21 
3.43 
3.25 
3.32 
3.39 
3.30 
3.27 
3.59 
2.92 
3.54 
2.93 
2.97 
3.44 
3.90 
3.65 
4.01 
4.83 
3.33 
3.15 
3.47 
4.08 
3.95 
3.5? 
3.84 
3.67 
3.43 
4.32 

2.95 
2.49 
2.83 
3.06 
3.51 
3.29 
3.48 
3.35 
3.30 
3.06 
3.46 
3.00 
3.50 
3.16 
2.85 
3.33 
3.93 
3.82 
3.76 
4.93 
3.58 
3.08 
3.43 
4.28 
3.95 
3.68 
3.92 
3.64 
3.74 
5.28 

3.02 
2.71 
2.96 
3.13 
3.51 
3.45 
3.65 
3.35 
3.30 
3.20 
3.46 
3.07 
3.68 
3.28 
2.90 
3.54 
3.92 
3.68 
3.90 
5.16 
4.04 
3.38 
3.31 
4.48 
4.23 
3.90 
4.02 
3.73 
3.68 
7.06 

3.23 
3.57 
3.21 
3.05 
4.79 
3.26 
4.10 
3.76 
3.45 
3.25 
3.88 
3.07 
3.99 
3.41 
3.39 
3.76 
4.14 
3.77 
3.95 
6.64 
3.80 
3.36 
3.70 
5.51 
4.53 
3.99 
4.46 
4.01 
3.68 
8.69 

Monthly Anchoveta Consumption by Bonito, 1953 to 1982 

There are two basic approaches by which the anchoveta consumption by bonitos in the
Peruvian upwelling system could be computed for the period 1953 to 1982, using the 
information presented above. 

One, rather straightforward, could consist of multiplying, for each month, the biomasses inTable 6 by the Q/B estimates in Table 10, then multiplying these estimates of absolute food
consumption by some constant factor expressing the average proportion of anchoveta in the diet 
of bonito. 
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Table 11. Estimates of daily ration in four scombrid species. 

Daily 
Species Area (temperature) ration a 

Scomber scombrus Georges Bank (80 C) 0.93-1.42 

Thunnus albacares Eastern Pacific (24") 6.60 
3.20 
2.10 

. 2.60 

3.9: 
. 5.2 
. 6.2 

Kataiwonuspelami Bloenergetic model (24 0 C) 5.90 

", 
7.30-19.0 

30.00 

Sarda chilensi, off Peru 
" 

(140C)
(160C) 

2.23 
2.80 

.. 
" 
! 

(180C) 
(200C) 

3.53 
4.44 

" (220C) 5.59 
. (240C) 7.04 

a%ofbody weight 

Size/age groups 

1-9 yrs 

30-54 cm (age I) 
55-85 (age l) 
86-121 (age ll) 
122-160 (age IV) 

23.645,1 cm 
n.a. 

age I and 2 

11t 
1kg 
I kg 

ages 2-12 years 
(length 50-75 cm 
ad W - 1.6 to 5.5 kg 
ge-structured popula

tlion (with F 1 and 
Mu 0.775) 

Source/remarks 

Grosslein et aL. (1980, 
Table 21) 

Computed from Fig. 4 and 
Table 1 in Olson (1981) 
and a length-weight rela
tionship of W t 0.02L3 , 
(FL in cm, W in g.) 

food dynamics 1
 
bloenergetics Olson and Boggs (1986)
 
caeslum dynamics
 

maintenance ration"
 
growing fish ]. Kitchel et al. 1978
 
maximum intake .
 

this study
 

Table i2. Values of the proportion of anchoveta in the diet of largebonitos, used for estimating their 
consumption ofE, ringens for the years 1953 to 1982. 

Period 


January 1953 to 

December 1971 


January 1972 to 

December 1973 


:January 1973 to 

December 1982 


Asrumed proportion of 
anchoveta in the diet 

of large bonito 

0.75 

Proportion declining 
linearly from 0.75 to 0.25 

0.25 

Rationale 

During this period of high ancho
veta abundance about 0.75 of the 
food consumed by large bonitos 
consisted of . ringens (see Table 7) 

1972 and 1973 are the years when 
the anchoveta stock collapsed (see 
other contributions in this vol.) 

The only available estimate for the 
period of low anchoveta abundance 
suggests about 0.25 of the food of 

large bonito consists of E. ringens 
(see Table 7) 

The other, more elaborate alternative, could consist of deriving a density-dependeit model 
of anchoveta predation by bonito similar to the ones developed for the mammals and the birds of 
the Peruvian upwelling ecosystem (see Muck and Fuentes, and Muck and Pauly, respectively, 
this vol.). 

We have opted for an intermediate approach which acknowledges the feature that bonito, as 
opposed to air-breathing birds and mammals can pursue their prey into any depth and location 
along the coast, and heice are able to maintain a relatively constant proportion of anchoveta in 
their diet, yet takes into account the major reduction of anchoveta biomass which oc-urred in 
1972/1973 (see Table 12). The results are presented in Table 13. 

http:0.93-1.42
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Table 13. Estimated anchoveta consumption in t x 103 by large bonhos off Peru (4 to 140S), 1953 to 1983 (based on Tables 6, 10 and 12 and 
on constants presented in the text). 

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual sum 

1953 59.50 68.50 85.90 73.20 60.80 50.00 47.80 44.90 44.20 43.40 42.90 47.20 668.301954 53.30 57.80 52.20 43.30 40.70 35.30 38.60 32.90 32.90 34.00 35.30 47.40 503.701955 65.70 52.80 45.30 46.50 40.30 37.60 38.00 35.00 35.50 34.10 34.50 38.60 503.90
1956 47.50 50.30 58.20 47.90 46.20 42.50 43.00 40.30 37.60 37.30 37.20 37.70 525.501957 43.40 68.60 72.10 67.80 73.80 64.10 59.70 49.40 42.50 44.70 43.00 60.40 689.50195S 70.40 68.60 71.30 55.20 49.00 44.00 44.40 39.30 37.80 39.20 39.50 38.20 596.90
1959 49.40 58.90 58.40 50.10 46.20 40.00 37.30 35.90 35.40 38.20 38.60 44.60 533.001960 47.70 45.50 48.40 40.70 38.20 36.40 35.50 36.40 34.90 35.70 34.50 40.10 474.101961 47.70 53.80 49.50 44.80 43.70 38.30 36.80 36.70 34.80 36.30 35.40 38.60 496.501962 48.70 46.40 44.50 40.10 42.60 38.70 38.10 37.00 36.40 34.90 35.10 36.50 479.00
1963 40.10 43.70 49.80 41.70 43.70 39.70 40.00 38.90 37.40 37.50 36.50 42.50 491.601964 46.60 44.80 48.10 39.90 34.40 31.20 31.10 32.50 31.40 33.30 32.50 33.30 439.101965 37.60 43.90 51.20 54.50 51.40 43.60 42.50 39.30 34.50 34.90 35.20 39.10 507.601966 46.10 45.20 41.80 35.40 33.80 30.00 29.60 28.30 25.00 27.00 26.40 27.60 396.10.1967 31.70 33.20 32.80 25.80 24.00 20.80 21.30 19.10 18.00 17.40 16.60 19.30 280.00
1968 21.00 18.30 21.80 16.50 16.00 13.60 14.50 14.70 14.70 14.60 14.80 16.00 196.601969 19.40 18.50 23.00 22.30 24.10 19.40 15.80 15.80 15.30 16.20 15.80 17.50 223.001970 20.60 20.90 23.10 20.40 20.10 18.00 16.60 16.80 16.40 17.90 16.70 17.80 225.40
1971 21.00 21.90 24.90 24.70 22.70 20.30 21.00 20.80 18.70 17.80 17.70 18.40 250.00
1972 17.70 17.10 16.40 15.70 15.10 14.40 13.70 13.10 12.40 11.70 11.10 10.40 168.80,1973 9.70 9.00 8.40 7.70 7.00 6.40 5.70 5.00 4.40 3.70 3.00 2,40 72.40
1974 1.70 1.70 1.80 1.60 1.50 1.30 1.30 1.00 0.90 0.80 0.80 0.70 IS.001975 0.70 0.70 0.90 0.70 0.60 0.40 0.40 0.40 0.30 0.30 0.30 0.30 6.001976 0.40 0.50 0.60 0.50 0.50 0.50 0.50 0.50 0.40 0.40 0.40 0.50 5.501977 0.60 0.50 0.60 0.60 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 5.501978 0.40 0.50 0.50 0.50 0.40 0.40 0.40 0.30 0.30 0.40 0.40 0.40 5.001979 0.50 0.50 0.50 0.50 0.50 0.40 0.40 0.40 0.40 0.50 0.50 0.50 5.601980 0.60 0.60 0.70 0.60 0.60 0.60 0.60 0.50 0.50 0.60 0.60 0.70 7.001981 0.70 0.80 0.90 0.80 0.90 0.80 0.80 0.80 0.70 0.80 0.80 0.90 9.801982 1.10 1.20 1.40 1.30 1.40 1.30 1.30 1.20 1.20 1.50 2.00 2.60 17.50 

Discussion 

Although the data available for this investigation are somewhat spotty, they provided resultsthat are comparable with those obtained elsewhere with comparable fishes and which match
what might have been expected, given the previous knowledge on the Peruvian bonito and its 
fishery.

Growth parameters were obtained which match those in other Sardastocks, while similar
estimates of natural mortality were derived, using two widely different methods.

Also, two similar estimates of MSY (82.4 x 103 and 73.6 x 103 t/year) were obtained, along
with corresponding estimates of optimum fishing mortality, both surplus production models
suggesting that the bonito stock off Peru became seriously overfished in the 1960s, and virtually,
collapsed in the 1970s. 

This decline through overfishing isconsistent with the observed decline of mean size (length
and weight) occurring during the period considered here (Table 1). A similar decline, in fact 
seems to have also occurred in the Chilean bonito fishery (Serra et al. 1980). Thus, we see no reason to agree with earlier statements to the effect that the reduction of the mean size of bonito 
was caused by the decline of the anchoveta, their favorite prey.

It can be expected, obviously, that the availability of anchoveta has had an effect on the
abundance of bonito. However, such effect might be indirect, e.g., through the production of 
eggs by the bonito spawning stock and the survival of juveniles (on which absolutely no 
quantitative data are available).

The estimates of food consumption per unit biomass (Q/B) appear reasonable when
compared with Q/B estimates in other scombrids. These estimates, when multiplied with the
estimated biomass of large bonito indicate that, at their peak, the large bonitos off Peru
devoured approximately 500,000-700,000 t/year of anchoveta. These values make bonito an
anchoveta predator whose impact is between that of the fish-eating birds and that of the
seals (see Muck and Pauly this vol. and Muck and Fuentes, this vol.).

Interestingly, it also turns out that the "educated guesses" of anchoveta consumption by
bonito, cited in the introduction, were of the right order of magnitude, even though they were 
based on rather tenuous assumptions. 
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Abstract 
Data from 81 egg and larval surveys conducted from 1964 to 1986 off Peru were analyzed with emphasis on the interrelationships betweensardine eggr, larvae of mackerel and horse mackerel, sea surface temperature (SST) and SST anomaly, turbulence and anchoveta biomass. Asignificant negative correlation was found between anchoveta biomass and sardine eggs, whil' a significant positive correlation was found to occur between SST and the abundance ofmackerel and horse mackerel larvae. Some biological implications ofthese findings are provided. 

Introduction 

Sardine (Sardinops saga)x), mackerel (Scomber japonicus) and horse mackerel (Trachurus
murphyi) are important predators of Peruvian anchoveta (Engraulisringens). Sardine has beenshown to prey on anchoveta eg;s (Santander et al. 1983) while the two other species have been
found to ingest anchoveta of all sizes (see Muck and Sanchez, this vol.).

Information on the biomass of sardine, mackerel and horse mackerel off Peru are available
only since 1977 (see Muck and Sanchez, this vol.). Annual catch statistics are available forearlier years but complementary information (such, e.g., as detailed effort data) are missing
which, after calibration, could be used to turn these earlier catch figures into absolute biomass
estimates for each of these three species. On the other hand, egg and larval surveys have beenconducted since 1964 whose results could be used to infer the relative abundance of sardine,
mackerel and horse mackerel off Peru. 

The present contribution presents a preliminary analysis of data obtained from the surveys,
with emphasis on two questions:

i) Were earlier abundances (1964-1976) in these three species markedly different from more 
recent ones (1977-1986)?

ii) If so, what are the possible reasons for the change? 

*PROCOPA Contribution No. 54. 
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Materials and Methods 

The data used here stem from 81 egg and larval surveys conducted off Peru from 1964 to1986 (Table 1). Sampling was performed as described, for anchoveta eggs, by Santander andCastillo (1969) and Santander (this vol.), who also describes the sampling gear. The surveysranged from 10 nautical miles (nm) to 220 nm offshore (mean 90 nm), and, on the average, from5 to 170S (see Table 1). Because of the wide differences in the areas covered by the varioussurveys, the eggs and larvae sampled not relatedwere to the survey area and expressed asabsolute numbers (as was done for anchoveta eggs; see Santander, this vol.). Rather, eggs orlarvae have been related to the sampling area through 

eggs/m2 = total eggs sampled/(no. of hauls • 0.3) ...1) 

for sardine, and 

larvae/m 2 = total larvae sampled/(no. of hauls • 0.3) ...2) 

for mackerel and horse mackerel. 

Results and Discussion 

Table 1 summarizes the key results of the 81 egg and larval surveys which form the basis of
this contribution. 

Sardine eggs were found in 71% of the surveys. Mackerel larvae occurred more frequently(56%) than horse mackerel larvae (34%), and a similar relationship is obtained when onecampares their mean larvae densities, of 1.07 vs. 0.31 larvae/m 2, respectively, for the period1964-1986. For the period 1977-1986, the apparent dominance of mackerel over horse mackerelis even stronger, the ratio between their respective values of 0.85 and 0.06 larvae/m 2 being 14: 1.However, this ratio, suggesting a dominance of mackerel over horse mackerel does notmatch what is known on the relative biomasses and catches of these two species. Thus, in eachof the nine acoustic surveys conducted between 1977 and 1986, horse mackerel was found tohave higher biomass than mackerel. The mean ratio between these biomasses (3.2:1) is indeed very similar to the mean ratio of their catches during the same period (3.1:1), see Muck and
Sanchez, this vol.).

The main spawning area of horse mackerel off Peru appears to be off the shelf edge, 200 nmoffshore, about 160S (Rojas and Mujica 1981; Santander and Flores 1983; Zuzunaga 1986).Given the limits of the surveys in Table 1, it is obvious that only a small fraction of the horsemackerel larvae occurring off Peru have been sampled. We shall, therefore, abstain fromperforming detailed analyses of the data on horse mackerel larvae given in Table 1.Table 2 shows that both sardine and mackerel have two spawning peaks per year, the sardinein January and September and the mackerel in March and July-September. Horse mackerellarvae were found from August to April with a peak in September, but, as mentioned above, thedata for this species are too scanty for a clear seasonal pattern to emerge. It will also be notedthat direct relationships between the seasonality of spawning and SST occur in none of the three
species (Table 2).

Table I shows that sardine were virtually absent from ichthyoplankton samples before 1972.This feature is emphasized in Table 3, and contrasted with the abundance of mackerel and horsemackerel larvae, which did not markedly change during the two periods distinguished here. Inthis preliminary analysis, we have examined three factors likely to impact on ichthyoplanktonsurvival and hence, its relative abundance: (i) SST, (ii) turbulence and (iii) anchoveta biomass.The temperature time series used here to compute means and anomalies for 1964 to 1982stem from Table 2 in Pauly and Tsukayama (this vol.), with updates to July 1986, as given inTable 4. The wind-based turbulence data (in m3/s3) for 1964 to 1985 are from Mendo et al. (thisvol.; Tables 4 and 5) and pertain to Trujillo and Callao, respectively. The anchoveta biomassused here are the preliminary estimates documented in Table 3 of Muck and Pauly (this vol.). 



Table 1. FS& and lane abundance of ardine. mackerel and horse mackerel recorded off Peru. durig Pmveys conducted from 1964 to 1986. 

Number of cggs or lane 
Samplin are Sardine Mackerel Horse mackerel Temperature Temperature 

sary 
n. Yer Month 

from to 
(S.min.) 

miles 
offsbore 

No. 
samples 

Podfive 
amples 

No. 
els £./m 

2 
Positive 
samples 

No. 
lae 1re/m

2 
Positive 
samples 

No. 
lrvae LaMe/m2 

) 
a,,maly 

CC) 

1 1964 2 4.07 15.19 80 135 0 0 0.00 10 106 2.62 0 0 0.00 19.5' -0.50 
2 5 4.0 19.05 90 166 0 0 0.00 0 0 0.00 0 0 0.00 16.2 -2.47 
3 8 3.08 19.02 90 206 0 0 0.00 0 0 0.00 7 7 0.11 15.7 -1.23 
4 11 4.15 19.59 80 212 0 0 0.00 0 0 0.00 0 0 0.00 16.2 -0.95 

S 1966 2 3.57 19.00 140 95 0 0 0.00 3 308 10.81 1 1 0.04 20.4 5.40 
6 5 3.58 18.55 120 125 0 0 0.00 0 0 0.00 0 0 0.00 17.5 -1.17 

8 4.00 18.43 100 157 0 0 0.00 0 0 0.00 2 3 0.06 16.2 -0.73 
8 U 3.57 19.01 120 129 0 0 0.00 0 0 0.00 1 1 0.03 16.5 0.65 

9 .1967 .2 4.15 20.18 120 156 1 2 0.04 4 4 0.09 0 0 0.00 19.6 -0A0 
10 -"5 4.15 19.04 120 -87. 0 0 0.00 0 0 0.00 0 0 0.00 16.9 " -1.77 
U1 9 4.15 20.49 100 191 1 12 0.21 3 4 0.07 12 33 0.56 15.4 -1.32' 
12,- 11 4.00 19.05 120 1412 1 1 0.02 3 4 0.09 23 345 8.15 15.1 -2.05 

13 1968 2 7.42 20.52 120 121 2 18 0.50 0 0 0.00 1 3 0.08 17.6 -2A0 
14 9 4.04 19.M9 150 .83 0 0 0.00 0 0 0.00 3 5 0.20 16.4 -0.32 
1.5 11 415 18.58 80 87 0 0 0.00 0 0 .0.00 0 0 0.00 16.6 -0.55 

16 1969 I 3.25 11.53 60 35 2 871 82.95 0 0. 0.00 0 0 0.00 18.7 -0.27 
17. 6 12.31 18.20 100 39 0 0 0.00 0 0 0.00 0 0 0.00 19.5 1-51 
18 7 3.30 12.30 100 28 0 0 0.00 0 0 0.00 0 0 0.00 17.4 -0.03 
19 8 6.56 14.18 60 107 8 342 10.65 0 0 0.00 1 1 0.03 17.3 0.37 

20 1970 5 3.18 11.56 60 30 1 36 4.00 0 0 0.00 0 0 0.00 18.6 -0.07 
21 
"22 

9 
-10 

4.15 
5.15 

18.15 
13.50 

80 
60 

63 
35 

1 
0 

31 
0 

1.64 
0.00 

0 
0 

0 
0 

0.00 
0.00 

0 
0 

0 
0 

0.00 
0.00 

16.9 
17.3 

0.18 
0.50 

23 11 3.35 18.18 90 79 0 0 0.00 3 4 0.17 1 1 0.04 17.0 -0.15 

4. 1971 5 3.29 17.31 120 46 0 0 0.00 0 0 '0.00 0 0 0.00 18.7 0.03 
25 8 4.00 17.40 100 43 2 S 0.39 0 0 0.00 0 0 0.00 18.0 1.07 
26 11 3.33 17.31 100 74 0 0 0.00. 1 10 0.45 0 0 0.00 17.1 -0.05 

.27 1972 3 3.16 18.13 120 102 5 78 2.55 21 239 7.81 0 0 0.00' 21.8 1.73 
28 ' 7 6.50 18.22 80 74 10 1,470 66.22 14 127 5.72 0 0 0.00 21.1 - " .3.67 
29 8 4.30 18.20 80 200 22 1,768 29.47 15 83 1.38 0 0 0.00 ' 20.0 ' 3.07 
30 '9 5.10 18.25 100 269 3 231 2.86 48 185 2.29 29 177 2.19 18.9 -2.18 
31 10 4.25 18.25 100 400 14 80 0.67 76 175 1.46 6 6 0.05 19.0 .-12.20 
'32 . 12. 3.00 12.30 100 109 0 0 0.00 8 14 0.43 2 7 0.20 '21.4- 3.56 

-33 1973 1 5.05 18.12 100 364 15 1,510 13.83 58 709 6.49 0 0 0.00 23.2 -4.23 
3435 -. 3

8 3.35
7.12 

17.35
14.00 

100
80 

84 
168 

4 
12 

15 
437 

0.60 
8.67 

11 
0 

95 
0 

3.77 
0.00 

0 
0 

0 
0 

0.00 
0.00 

21.3 
1.5. 

1.23 
'-1.43 

36 - . 9 6.02 18.36 100 313 7 80 0.85 9 39 0.42 17 57 0.61 15.7 - 1.02 
37 - 11 5.15 18.20 90 300 8 35 0.39 5 11 0.12 13 898 9.97 17.1 -0 

38 1974' 2 4.05 13.55 80 298 23 1,035 11.58 41 283 3.17 0 0 0.PV 18.2 -1.80 
39 5 5.05 18.28 80 402 13 1,596 13.23 0 0 0.00 0 0 .,.00 18.6 -0.07 
40 8 6.00 18.20 90 344 61 13,394 129.79 6 8 '- 0.08 0 0 0.00 16.8, -0.13 
41 9 5.45 18.25 100 337 91 3.221 31.86 3 36 0.36 0 0 0.00 16-1 -0.62 
42 11 4.30 18.15 40 179 8 28 0-32 0 0 0.00 0 0 0.00 16.5 -0.65 

rDsta for this crudm t used for further analysisbecause of narrow range of latitude covered. 
Continued 



Table 1. ContinmuA 

Surveyno. Year Month SampSie areafrom to Miles("S. ml.) offdre No.amples Positivesamples SardineNo.eggs Fg/M2 
Number of ags or larvae 

MackerelPositive No.samples larvae Lame/n 2 Horse mackerelPotive No.samples larvae Lwaelm2 Temperature 
(C) 

Tempxaftmanomaly(C) 

43 
44 
45 
46 

1975 2 
6 
9 

11 

6.0s 
S.20 
4.25 
4.00 

18.20 
18.25 
18.33 
12.00 

80 
100 
80 
70 

248 
282 
351 

67 

21 
43 
32 
0 

446 
4,171 
3,744 

0 

5.99 
49.30 
35.56 

0.00 

41 
23 

0 
1 

550 
77 
0 
3 

7.39 
0.91 
0.00 
0.15 

2 
4 
0 
0 

2 
4 
0 
0 

0.03 
00 
0.00 
0.00 

18.1 
16.1 
16.0 
15.6 

-!.90 
-0.83 
-0.72 
-1.55 

47 
48 
49 
50 

51 

52 
53 

:54 
55 

56 

S7 
'58 

.59 

1976 

1977 

1978 

1 
7 
8 

10 

3 

4 
7 
8 

10 

7 
10-

'12 

5.20 
3.46 
5.00 
3.30 

4.00 

5.1" 
6.20 

12.20 
5.30 

5-50 

5.00 
4..5 
4.00 

18.20 
18.20 
18.12 
18.18 

18.00 

13.55 
13.80 
18.00 
18.30 

18.17 

18.20 
13.40 
18.00 

70 
100 
60 
60 

70 

20 
70 
30 

100 

30 

80 
20 
40 

303 
125 
331 
173 

345 

26 
307 
117 
338 

193 
251 

90 
195 

26 24.609 
25 2.383 

127 14.346 
49 5.284 

63 15.441 

7 608 
56 15,177 
67 16,404 
46 4,327 

10 470 
75 20,054 
10 6421: 
27 14453 

270.73 
63.55 

144.47 
101.81 

149.19 

77.95 
164.79 
467.35 
42.67 

8.12 
266.32 
237.81 
247.06 

31 
5 

23 
16 

73 

1 
0 
3 
6 

24 
0 
1 
1 

80 
44 
78 
48 

460 

7 
0 
3 

11 

53 
0 
1 
1 

0.88 
1.17 

" 0.79 
0.92 

4.44 

0.90 
0.00 
0.09-
0.11 

0.92 
0.00 
0.04 
0.02 

12 
0 
7 
1 

0 

0 
-0 

0 
6 

0 
0 
0 
0 

24 
0 

33 
1 

0 

0 
0 
0 
7 

0 
0 
0 
0 

0.26 
0.00 
0.33 
0.02 

0.00 

0.00 
0.00 
0.00 
0.06 

0.00 
0.00 
0.00 
00 

17.2 
19.4 
19.1 
18.0'-

20.6" 

20.6 
17.6 
17.0 
16.6 

19.9 
16.6 
16.64 
17.3 

-L77 
1.97 
2.17 
1.20 

0.53 

1.31 
0.17 
0.07 

-0.20 

-:0.17 
-083 
-0-20 
-0.54 

60 

61 
-62.' 

-1979 

. 

'2 

-
11 

3.30 

3.30 
- 3.45 

18.17 
18.17 
18.21 

80 
100 

-" r60 

259 
-346 

87 

54 9,160 
222 89,177 

13 489 

117.89 
859A2 

18.74 

36 
17 
5 

138 
205 

14 

1.78 
1.97 
0.54 

1. 
2 
0 

2 
3 
0 

0.03 
0.03 
0.00 

18.5-
17.0 
17.4 

-1.50 
.0.28 
0.25 

63 
64 

1980 2 
9 

' 4.30 
3.00 

18.70 . 
18.20 . 

-0 
100 

285 
267 

108 18,218 
119 3,583 

213.08 
44.73 

35 
0 

222 
0 

2.60 
0.00 

1 
10 

1 
12 

0.01 
-0.15 

18.8 
16 

-1.20 
-012 

-65 

66 
-'67-

-- 1981' 4 
8 

10 

,6.00 
6.14 
4.50 

18.20 
14.00 
18.20 

100 
90 

.100 

151-
925 
208 

33 2,207 
265 51,173 

64 11.759 

48.72 
184.41 
188.45 

5 
0 
0 

23 
0 
0 

0.51 
0.00 
0.00 

1 
1 
1 

1 
1 
1 

0.02 
0.01 
0.01 

18.3 
16.8 
17.0 

'-0.9 
-0.13.

0.20-, 
68 "1982 
"69 ' 
70'" " 

2 
9 

11 

3.40 
3.30-
6.10 

18.10 
18.20 
18.20 

100 
100 
130 

285 
*293 
7'-80 

87 9,474 
85 29.407 
12 1,103 

110.81 
334.55 

45.96 

14 
23 
4 

97 
51 
28 

1.13 
0.58 

- .1.7. .0 

1.5 
19 

53 
23 

0 

0.62 
0.26 
0.00 

18. 
17.5 
21.9 

-1.20, 
0.78 

:4.75 
71 
72 

74 

19 3, 2 
-4 

a738 
10 --

3.30 
6-38 
8.12 
83 

12.08 
18.19 
14.27 
18.18. 

240 
110 
50 

120 

151 
180 
103 
142 

0 
4 

71 
.7 

0 
37 

6.000 
108 

0.00 
0.69 

194.17 
2.54 

38 
20 
22 

7 

261 
41 
85 

9 

S.76 
0.76 
2.75. 
0.1 

0 
0 
0 
5 

0 
0 
0 

11., 

0.00 
0.00 
0.0 
0.26 

25.2 
25.5 
18.6 
17 

' 
'5.20 
6.21. 
167

-0.60 
75' 
76 

1984, 
.12 

4.00 
-3.2? 

14.00 
.58 

140 
60 

103 
119 

24 
20 

37 
1,928 

11.55 
54.01 

2 
1 

3 
1 

0.10 
0.03 

-9: 
4' 

0 
15' 

0.00 
0.42 

16.8 
-18.-

-0.13 
.0.36 

77' 
78
7 *9 

1985. '2 
-'7. 

8 

3.54 
'4.58,

3.35 

'13.43 
18.00'
14.02 

90 
220

.136-

1,065 
73

1,192", 

93 
11
83 

25,813 
807

5,620 

80.79 
36.85
".72 

4 
1
1 1 

6 
1 

0.02 
0.05
0.00 

0 

0 

0 
0

'0 

0.00.-
0.00
0.00 

19.5 
165
16.5 

-O,:O" 
-0.93-0.3 

0 

81 

986 4. 

1. 

3.30. 

'90 

12.59 

18.20 

100. 

.. 70 
110 

117 -

15 

21 

169 

239 
5.12 

.6.81 
0 

".10 
0 

0 
0.00 

'0.00 
2' 

0-. 
- 2 

0, 
0.06 
0.00 

18.6 

-

-0.69 
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Table 2. Seasonality of spawninga by sardine and mackerel (1964-1986) and of SST b off Peru (1953-1986). 

Sardine Mackerel Mean SST 
egg/m 2 % larvae/m 2 (0C) 

Jan 123 16.4 2.5 18.8 18.97 
Feb 54 7.2 3.2 24.1 20.00, 
Mar 40 5.3 4.2 31.6 20.07 
Apr 30 . 4.0 0.6 .4.5 19.29 
May 3 0.4 0 0 18.67 
Jun 0 0 0 0 17.99 
Jul 100 13.3 1.2 9.0 17.43 
Aug 89 11.8 0.4 3.0 16.93 
Sep 130 :17.3 0.6 4.5 16.72 
Oct 72 9.5'.. 0.3 2.3 16.80 
Nov 11 1.5 0.2 1.5 17.15 
Dec 100 13.3 .0.1 0.8 17.84 

aro data in Table.1.
From Table 2 in Pauly and Tsukayama (this vol.) and fron Table 4. 

Table 3. Mean abundance of sardine, mackerel and horse mackerel larvae during two phases ofanchoveta abun
dance.• 

Sardine Mackerel Horse mackerel 
Years Summer Winter summer Summer and winter 

1964-19i 0.1 1.6 3.4 0.93 
1972-1986' :1 145 . 716 3.5 0.68 

Based on data in Table 1. 

Table 4. Mean monthly sea surface temperature off Peru, 1983-1986. (Source: IMARPE, unpublished data). 

Year 
Month 1983 1984 1985 .1986 

J24.9 19.8 19.0 19.5
 
F 25.2 20.4 -.19.5 20.7
 
M 25.5 20.5 20.1 19.5.
 
A :25,5 20.1 18.3 ri8.6
 
M 26.3 18.7 17.2 18.0
 
J 26.1 17.3 17.4 17.2,
 
J 21.3 16.9 16.5 17.2.
 

'A .18.6 16.8 16.5 -. 
S 17.7 17.0 16.7 

0 17.4 17.3 17.3 " 
N 18.4 17.5 17.4 -
D 18.8 18.2 18.0 
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Table 5. Correlations between sardine egg or mackerel larval abundance and some environmental factors likely to affect ichthyoplankton off Peru.a 

Turbulence 
Anchoveta SST SST (m 3/s 3 )0
 

Species Spawning peakb biomass (t x 106)c C)d 
 anomaly (OC)' Callao Trujillo 

Sardine Summer and winter -0.4030 -0.095 -0.029 -0.000 -0.217 
(38) (46) (46) (46) (46):'. 

Sardine Summer -0.349 -0388 -0.281 0.151 0.057 
(13) (16), (16) (16)? (16) 

Sardine Winter -0.449* 0.021 0.020 0.098 -0.321 
(23) (28) 1(28) (28) (28) 

Mackerel Summer and winter -0.024 -0.6960 0.346* 0.415q -0.037 
(38) (46) (46) (46) - (46) 

Mackerel Summer -0.014 0.5260 0.4t65 f -0.111 0.042 
(13) (16) (16) (16) (16) 

Mackerel Winter -0.288 0.715* 0.719* 0.614*1 0.105 
(23) (28) (28) (28) (28) 

aProduct moment correlation coefficients, marked with an asterisk (*) if significant (P < 0.05) for the ,...alable degrees of freedom (in brackets).
bSummer peak = January, February and March only winter peak July, Augut. and Septenmber only; see Table 1. 
CdFken for the appropriate months from Table 3 in Muck and Pauly (this voL). 
dFrom Table 1. 
From Tables 4 and 5 in Mendo et al. (this vol.). 

fritical value for significance is here 0.468.
 
gBut see Table 7 and text.
 

Analysis of these data yielded the correlation matrix in Table 6, which indicate, significant
relationship between: 

*sardine eggs and anchoveta (negative correlation) 
omackerel larvae and temperature (positive correlation)
*mackerel larvae and temperature anomaly (positive correlation)
 
emackerel larvae and turbulence (positive correlation).

Table 6 shows (first-order) partial correlations (Sachs 1978) derived from the correlation 

matrix in Table 5. As might be seen, this analysis suggested that turbulence perse has no effeci 
on mackerel larvae, the (zero order) correlation in Table 5 being due to the fact that turiulence 
itself correlates with temperature.

The regression expressing the relationship between sardine egg abundance (summer and 
winter) and anchoveta biomass (Ba; t x 106; Fig. IA) is 

sardine eggs/m2 = 183 - 11.9 •Ba 

The regression expressing the relationship between mackerel larvae (summer and winter) and, 
SST (Fig. IB) is: 

mackerel larvae/m 2 = -13.6 + 0.84 • SST -4) 

These results strongly suggest that sardine have, in the past, been kept at low biomass level 
through predation on their eggs by the large anchoveta biomass, as earlier suggested by Ursin
(1980) and Santander and Tsukayama (1984).

A rough estimate of sardine biomass (Bs) in the 1960s, when anchoveta had high biomasses, 
may be obtained from the following:

i) mean sardine biomass from 1978 to 1981 was 3.3 x 106 t (Santander and Tsukayama
1984);

ii) mean sardine egg abundance for the same period was 220 eggs/m 2 (summer and winter 
data; see Table 1); 
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7 

Table 6. Partial correlations between the abundance of mackerel larvae, temperature and turbulence off Callao. a 

Correlation Spawning With turbulence With temperature 
between: season p.rtialed out partlaled out 

Larval abundance 
and temperature 	 Summer and winter 0.615" 

Winter . 0.545* • -
Summer 0.516*. 

Larval abundance 
and turbulence 	 Summer and winter . 0.044 

Winter i,0.255 
Summer " -0.199 

aSignificant correlations (P < 0.05) are marked with an asterisk. 

iii) combining the information in (i) and (ii) with Equation (3), we obtain 

Bs 3.3. (183- 11.9 Ba)/220 

Thus, when Ba > 12.6 x 106 t, Bs < 0.5 X 106 t,i.e., the high anchoveta biomass occurring 
in the 1960s probably kept sardine biomass below halfalmillion toines. , 

" 
.... r -0 3 A I 0r.693 * 


10 _ df J46
 
.~ ~ 6= d 738 . . 8 	 ,

9-

E 28 

.. 	 2" 

5 10 15 20 25 15 175 20 22.5 25 

Anchoveta biomass (t. e ) 	 Sea surface temperature 'C) 

Fig. 1. A: Relationship between sardine eggs and anchoveta biomass. off Peru, 1964-1982; B: Relationship between mackerel
 
larvae and sea surface temperature off Peru, 1964-1986.
 

The situation is different with mackerel and probably with horse mackerel as well. There, no 
relationship between larval abundance and anchoveta biomass was detected, temperature (and/or 
temperature anomaly) apparently providing, instead, the key regulating factor. There are two 
likely explanations for the absence of mackerel larvae when SST < 16.50C during the peak 
spawning season: 

*adults occur in the area with SST < 16.50C, but do not spawn; and
 
*mature adults stay outside the area when SST < 16.50C.
 
Evidence is available which tends to support the second hypothesis:

i) Zuta et al. (1983) give 16-250C and 17-250C as temperature limits for mackerels and
 

horse mackerels, respectively;
i) catch statistics for mackerel and horse mackerel indicate that catches decline (probably

due to offshore migration by the fish) during the cold season (Muck and Sanchez, this vol.); this 
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is also confirmed by the temperature-dependent offshore-onshore migrations of mackerels 
reported by Tsukayama (1983), Zuzunaga and Niquen (1985) and Zuzunaga (1986); and 

iii) comparing mackerel and horse mackerel biomasses within 100 nm off the Peruvian coast 
from different periods with different temperature regimes yielded strong evidence for a 
temperature effect (see Table 7). 

Table 7. Relationship between mackerel and horse mackerel blomass and the temperature anomaly within 
100 nm off the Peruvian coast.a 

Anomaly Blomass (t x 106)
Period (OC) Mackerel Horse mackerel 

March-May 1983 +6.4 1.8 8.9 
June-September 1984 -0.2 0.8 5.2 
March-May 1985 -1.0 0.5 0.2 

aAdapted from data in Muck and Sanchez (this vol.). 

All of this support the hypothesis of Muck and Sanchez (this vol.) that water temperature
controls the migration patterns of mackerel and hence the distribution of their biomass along the 
Peruvian coast. This expresses itself - as far as spawning products are concerned - in high
abundances near the coast when temperature is abnormally high, i.e., during El Ni-no years (see
Table 1, 1972-1973, 1976, 1982-1983).

On the other hand, when the coastal temperatures are too low, spawning of mackerel and 
horse mackerel takes place in worm oceanic waters along the outer edge of the continental shelf,
from 200 to 900 nm offshore (Rojas and Mujica 1981).

It is obvious that under such condition, the survival of mackerel and horse mackerel eggs
and larvae will be largely itndependent of the biomass of the highly coastal anchoveta. There is 
therefore ro reason to assume that the biomass of the two former fishes should, in the past, have 
been very aifferent from their present values. 

References 
Rojas, 0. and A. Mujica. 1981. Determinacion de las areas de desove y abundancia relativa de huevos y larvas de peces pelagicos

de importancia economica. Inf. Tee. Subsec. de Pesca (Chile), Inst. Fomento Pesq. 82 p.
Santander, H., J. Alheit, A.D. MacCall and A. Alamo. 1983. Egg mortality of the Peruvian anchovy (Engraulisringens)caused 

by cannibalism and predation by sardine (Sardinops saga,, p. 1011-1025. In G.D. Sharp and J. Csirke (eds.)
Proceedings of the Expert Consultation to Examine Changes in Abundance and Species Composition of Neritic Fish 
Resources, San Jos6, Costa Rica, 18-29 April 1983. FAD Fish. Rep. No. 291. Vol. 3. 

Santander, H. and 0. Sandoval de Castillo. 1969. El desove de la anchoveta (Engraulisringens)en los periodos reproductivos de 
1961 a 1963. Informe Esp. Inst. Mar Perii-Callao (40): 1-10. 

Santander, H. and R. Flores 1983. Los desoves y distribucion larval de quatro especies pelagicas y su relaciones con las
variaciones del ambiente marino frente al Peru, p. 835-867. In G.D. Sharp and J. Csirke (eds.) Proceedings of the 
Expert Consultation to Examine Changes in Abundance and Species Composition of Neritic Fish Resources, San Jos6, 
Costa Rica, 18-29 April 1983. FAO Fish. Rep. No. 291. Vol. 3. 

Santander, H. and I. Tsukayama. 1984. The anchoveta and sardine and some events associated with recruitment. IOC Workshop
Report 33 (Annex IV):,I-14.

Sachs, L. 1978. Angewandte Statistik. Springer-V-rlag, Berlin, Heidelberg, New York.
 
Tsuklayama, I. 1983. Recursos pelagicos y sus pesquerias en el Peru. Rev. Com. Perm. Pacifico Sur (13):25-63.

Ursin, E. 1980. Fish stock changes and their description terms of ecosystem modelling. IMARPE. (MS)

Zuta, S., 1.Tsukayama and R. Villanueva. 1983. El ambiente marino y las fluctuaciones de las principales poblaciones pelagicas


de la costa peruana, p. 179-254. In G.D. Sharp and J. Csirke (eds.) Proceedings of the Expert Consultation to Examine 
Changes in Abundance and Species Composition of Neritic Fish Resources, San Jos6, Costa Rica, 18-29 April 1983. 
FAO Fish. Rep. No. 291. Vol. 2. 

Zuzunaga, J. 1986. La ictiofauna: jurel, p. 47-50. In O.A. Mathisen and I. Tsukayanma (eds.) Bases biologicas y marco conceptual 
para el manejo de los recursos pelagicos en el Pacifico Suroriental. Documento de Pesca No. 001, Organizacion
Latinoamericana de Desarollo Pesquero, Lima, Peru. 

Zuzunaga, J. and M. Niquen. 1985. Fenomeno "El Nino" 1982-83 y sus efectos sobre la sardina y otros recursos pelagicos, p.
375-397. In Ciencia, tecnologia y agresion ambiental: el fenomeno El Niflo. Consejo Nacional de Ciencia y 
Technologia, Lima, Peru. 



The Importance of Mackerel and Horse Mackerel
 
Predation for the Peruvian Anchoveta Stock
 

(A Population and Feeding Model)*
 

PETER MUCK 
do Instituto del Mar del Peru

P.O. Box 22, Callao, Peru 

GUADALUPE SANCHEZ 
lnstitutodel Mar del Peru 
P.O. Box 22, Callao,Peru 

MUCK, P. and G.SANCHEZ. 1987. The importance of mackerel and horse mackerel predation for the Peruvian anchoveta stock (a population
and feeding model), p. 276-293. In D. Pauly and L Tsukayama (eds.) The Peruvian anchoveta and its upwelling ecosystem: three 
decades of chinge. ICLARM Studies and Reviews 15,351 p. Instituto del Mar del Peru (IMARPE), Callao, Peru; Deutsche 
Gesellschaft fUr Technische Zusammenarbeit (GTZ), GmbH, Eschbom, Federal Republic of Germany; and International Center for 
Living Aquatic Resources Management (ICLARM). Manila, Philippines. 

Abstract 

Mackerel (Scomberjaponicus)and horse mackerel (Trachurusmurphyi)predation on the Peruvian anchovcta (Engraulisringens)was 
estimated, on a monthly basis, for the period 1953-1982. A key element of the model used to derive the estimate is the simulation ofthe 
temperature-induced inshore-offshore migrations of mackerel and horse mackerel, their relationship to El Ni-io events, and the resulting changes
in the overlap anchoveta and mackerel/horse mackerel distributions. Model parameters were estimated from a variety of sources, including
ichthyoplankton and echo-acoustic surveys, catch statistics and miscellaneous field data, covering die years 1964 to 1986 on the growth,
mortality, diet composition and anchoveta consumption of mackerel and horse mackerel. Overall, results indicate thatthese two fishes, especially
mackerel are far more important anchoveta predators than the guano birds, bonito or marine mammals, and that their anchoveta consumption, 
except for the 1961-1971 period, either exceeds or is similar to the fishery catches. The implications for research are pointed out. 

Introduction 

The present contribution is an attempt to estimate the consumption of anchoveta (Engraulis
ringens)by mackerel (Scomberjaponicusor "caballa", Fam. Scombridae) and horse mackerel 
(Trachurusmurphyi or "jurel", Fam. Carangidae), two important pelagic fishes of the Peruvian 
upwelling ecosystem. Beyond catches, ichthyoplankton samples and some scattered biological
information, very little is available on the stocks of mackerel and horse mackerel before 1977, 
when echo-acoustic surveys aimed at stocks other than anchoveta began.

Thus, a model was constructed which simulate biomasses and overlap with anchoveta as a 
function of sea surface temperature (SST), and anchoveta consumption as a function of predator
biomass, a temperature and size-dependent ration and estimates of anchoveta vulnerability and 
availability. The presentation of the data used for parameterization of the model also provides an 
opportunity to review some major aspects of the biology of mackerel and horse mackerel off 
Peru, and to present some previously unpublished data. 

*PROCOPA Contribution No. 43. 
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Food and Feeding Habits of Mackerel and Horse
 
Mackerel, with Emphasis on the Role of Anchoveta
 

Stomach contents of mackerel off Peru have been studied by Mifiano and Castillo (1971),
Chavez (1976), Ojeda and Jaksio (1979) and Mendo (1984), among others; the same has been
done for horse mackerel by Rosario (1970), Videla (1976), Konchina (1981) and Sanchez and 
Muck (1983, 1984).

From these studies, it clearly emerges that both species are opportunistic predators, feeding
exclusively on anchoveta when these are abundant and vulnerable and switching to a diet
dominated by zooplankton (mainly copepods and euphausids) when anchoveta are less abundant
and/or vulnerable (Fig. 1,Tables I and 2). Predator size is also important; mackerel switches
from planktivory to piscivory (given that anchoveta are both abundant and vulnerable) at alength of about 28 cm (i.e., 300 g and 3years), horse mackerel at a length of about 30 cm (i.e.,
400 g and 2.7 years). Between these sizes and their maximum size- of about 40 and 70 cm,
respectivey, mackerel and horse mackerel consume anchoveta with sizes such as also caught by
the purse seine fishery (Fig. 2), as is also the case for the other predators in the Peruvian 
upwelling ecosystem (see Muck and Pauly, this vol., Muck and Fuentes, this vol. and Pauly,
Vildoso et al., this vol.)

Anchoveta egg predation by these two species, although not quantified here may be
substantial. Thus, off Chimbote, where such predation appears to be highest, 40% of the
stomachs sampled between September and December 1967 were positive for anchoveta eggs,
with a mean of 517 ± 427 (s.d.) eggs per stomach. 

Anchoveta predation by mackerel and horse mackerel appears to occur with about equal
intensity along the coast of Peru, except for the area off Paita, i.e.,north of the area where 
anchoveta concentrate (Table 3 and see Pauly and Tsukayama, this vol.).

Note, however, that during the 1982-1983 El Nifio, the diet of mackerel and horse mackerel 
along the whole Peruvian coast resembled that off Paita (at any time) in that it consisted
overwhelmingly of macrozooplankton (Fig. 1). Overall, from south of Paita to the Chilean 
border, anchoveta provided in 1979, a non-El Nifio year, about 40% of the food of mackerel and
75% of the food of horse mackerel. 

Table 1 shows that the value of 40% for mackerel in 1979 is intermediate between the high
value for 1976 (79%) and the low value for 1982 (2%), and that the trend itself is a function of 
relative anchoveta biomass (see below). 

Daily Food Consumption of Mackerel and Horse Mackerel 

Table 4 presents data for 1976-1982 on the weight of anchoveta in "anchoveta positive"
mackerel stomachs from which a mean anchoveta food bolus of 23.5 g can be derived, 

Table 1. Percent anchoveta in the diet of mackerel, 1976-1982. 

Number of %mackerel stonachs %anchoveta Relative 
Year mackerel sampled with anchoveta remains in mackerel stomachsb anchoveta biomassc 

1976 105 7 9a 16.4 32.4 
1977 -.. 

1978 340 44 10.1 17.1
1979 501 40 7.7 11.9 
1980 230 26 8.9 10.0 
1981 388 13 4.2 8.6
 
1982 230 
 2 0.3 7.1 

aThis value would be 100% if anchoveta eggs were counted.
 
%of stomach content weight.
 

c% of maximum annual mean blomass (1967.21 x 10 t) in Table 3 of Muck and Pauly (this vol.).din 1978, off Callao, 22% of the "anchoveta positive stomachs" contained 4 or more anchoveta, with a 
maximum of 7, weighing a total of 86.4 g in a 827 g mackerel. The maximum %of anchoveta weight vs. predator
weight was 15.4 and occurred in a mackerel of 543 g. 
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Table 3.Percenta anchoveta in mackerel and horse mackerel stomachs sampled along the Peruvian coast in 197 9b. 

Mackerel Horse mackerel
Sampling area (0S) %anchoveta Sample size %anchoveta Sample size 

Paita (5) 0.8 555 0.0 178
Chimbote (9) 37.8 437 no data
Callao (12) 48.6 420 78.0 50
Pisco (14) no data 90.5 97
lio (17) 39.0 62 57.3 32 

a% of stomach content weight.
 
bBased on Table 2.
 

Table 4. Contribution of anchoveta to the diet ofmackerel in three areas off Peru, 1976-1982. 

Mackerel %mackerel Mean (weight) Mean (weight)Area Number Mean stomach positive %anchoveta %anchoveta InMnth Year examined weight;g (s.d.) for anchoveta inall stomachs "positive" stomachs (s.d.) 

Chimbote (90S) 

6 1976 65 469 (89) 60 14.6 (5.9) 19.9 (17.8)8 1978 152 529 (65) 24 8.9 (4.2) 28.8 (20.3)
6 1979 157 520 (42) 21 5.2 (5.2) 25.3 (15.3)3 1980 64 673 (110) 35, 17.1 (28.0) 47.9 (14.5)
5 1981 183 543 (67) 16 5.8 (12.7) 36.2 (20.7)
4 1982 99 448 (171) 2 0.4 (7.1) 21.3 (19.7) 

Callao (12*S) 

2 1978 87 631 (77) 39 13.4 1(18.0) 34.0 (18.5)
6 1979 299 440 (101) 42 8.2 (3.4) 14.7 (5.3)4 1980 141 485 (98) 30 5.5 (3.4) 19.4 (16.1)
5 1981 151 512 (80) 24 6.7 (11.0) 25.6 (12.0)
4 1982 131 300 (-) 1 0.1 (1.0) 13.6 (-) 

lo (170S) 

2 1976 40 500 (89) 98 18.1 (16.7) 18.3 (12.7)
4 1978 101 509 0,7) .70 7.9 (11.0) 14.6 (10.0)
2 1979 45 479. ij 56 9.7 (12.7) 18.1 (5.7)1 1980 25 492 (40) 12 4.0 (1.0) 14.0 (0.8)
3 1981 54 - 0 

corresponding to about 4.7% of the mean mackerel weight of 502 g (of33 cm and 4 years). This
value of 23.5 g is not the daily ration (R), however. Rather one can propose, following Backiel 
(1971), 

R = 24m/th 

where m is the mean SLtn,.ch content and th the time (in hours) needed for the stomach to be 
completely evacuated. 

Various factors affect th, notably temperature, food type, size of food organisms, meal size
and frequency, etc. (Brett and Higgs 1970; Tyler 1970; Jones 1974; Durbin et al. 1983).

Conover (1978), based on data of Tyler (1970) proposed that cod (Gadusmorhua)stomachs 
are evacuated, at 190C, about 17 hours after intake of a meal. Magnuson (1969) reported anevacuation time of 11-12 hours in skipjack tuna (Katsuwonuspelamis)kept at 23-260C. Tyler'slower temperatur- is near to those occurring off Peru in normal years. We shall use a value of th 

http:SLtn,.ch
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: 17 hours for both mackerel and horse mackerel whose value of R in fish of 502 g is thus given

by
 

33.2 = 24 23.5/17 ...2) 

Hatanaka and Takahashi (1956) and Hatanaka et al. (1957) conducted growth experiments with 
Scomberjaponicusfed Engraulisjaponicusat a mean temperature of 18.60C. Using their data
(as reported in Conover 1978), the mean mackerel weight and daily ration above 502 and 33.2 g,
respectively, We have derived the empirical model 

R = 0.333 WO.74 _3),, 

(d.f. 7, r = 0.71) which can be used to obtain estimates of daily ration (in g/day) as a function of 
mackerel and/or horse mackerel body weight (in g). 

Biomass Distribution and Migrations 
of Prey and Predators 

The Prey 

Along the Peruvian coast, anchoveta occurs predominantly from south of Paita to 140S 
(Tsukayama 1983; Pauly and Tsukayama, this vol.).

In the 1960s, when anchoveta was abundant, its inshore-offshore ranges changed seasonally,
from 40-50 miles in summer to 100-120 miles in winter. To date, however, the bulk of the 
(smaller) anchoveta biomass is found throughout the year within about 40 miles of the coast
(Zuta et al. 1983; Tsukayama 1983). We shall therefore call here "main anchoveta range" (MAR)
the 40 nm stretch of the Peruvian coast between 4 and 140S. 

During El Nifio events, warm and nutrient-poor waters invade the MAR from the North. 
Anchoveta usually react to this by hugging the coast, where cold water pockets may remain for 
some time, or by migrating southward or into deeper waters (Schweigger 1940; Vogt 1942;
Fiedler et al. 1943; Jordan and Fuentes 1966; Valdivia 1978; Johannesson and Vilchez 1980;
Zuta et A1. 1983; Amtz 1986). Thus, during the strong El Nifio of 1982-1983, anchoveta (as well 
as sardine, mackerel and horse mackerel, incidentally) were observed at depths of 100 m and 
more, apparently in relation to the SST gradient (Muck and Vilchez 1986; Arntz i986).

Coastward and downward migrations have obvious implications for the purse seine fishery
for anchoveta. Valdivia (1978) reports that during the 1972 El Niuo, anchoveta were so 
concentrated along the coast and hence so vulnerable to the fishing that, e.g., the 1st of March,
170,000 t were caught, i.e., 4% of the anchoveta catch of that year. Conversely, the very low 
catches during the 1982-1983 El Nifio suggest a very low vulnerability of pelagic fishes to the 
fishery, which can reach schools down to only 50 m. No information is available to answer the
question whether anchoveta vulnerability to mackerel and horse mackerel (both visual hunters) is
reduced at depths of 100 m or more, due to the poor light conditions. This is likely, however. 

The Predators 

Mackerel and horse mackerel occur all along the Peruvian coast, from 3 to 190S, and up to 
200 miles offshore (Zizunaga 1986), normally predominating in the outer half of the coastal 
upwelling system (Barber and Smith 1981). Johannesson and Vilchez (1980) report that the
heaviest concentiations of both species were found offshore, in 1978, at a distance of roughly 50 
miles. This was confirmed during echo-acoustic surveys conducted in May-June 1986, which
located the density maximum of boin species 40-50 miles offshore, while echo-acoustic surveys
conducted from 1983 to 1985 suggest that an average of 40% of the total biomass of these two 
predators occurs within the MAR. 
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Seasonal migrations of mackerel and horse mackerel into the MAR have been reported by
Tsukayama (1983), Zuzunaga and Niquen 1985 and Zuzunaga (1986), among others. These 
migrations generate high densities of the two predators within the MAR during spring and 
summer, and low densities in autumn and winter. The timing and dependence on coastal SST of 
these migrations are confirmed through ichthyoplankton surveys (see Muck et al., this vol.),
fishery catch data (Fig. 3) and the temperature preferenda of mackerel and horse mackerel (Table
5). Therefore, coastal SST appears to be an adequate parameter for quantification of the 
distribution overlap between anchoveta and the two predators considered here, i.e., vulnerability
of anchoveta to mackerel and horse mackerel. 

Mackerel and horse mackerel biomass data are available from echo-acoustic surveys since 
1977 (Table 6). The relatively large interannual differences probably do not reflect real changes 
in total biomass but are consequences of variations in (i) total area covered by the survey, (ii)
maximum survey distance from the coast (Johannesson and Vilchez 1980) and (iii) seasonal 
effects and El Nilio-related fish migration.

Thus the highest biomass of 1.8 + 8.9 = 10.7 t x 106, detected in 1983, can be interpreted as 
the result of onshore migration caused by El Nifio-induced temperature anomalies; the then 
following decrease to 6 t x 106 in 1984 can, on the other hand, be interpreted as the result of 
offshore migration that occurred when coastal SST returned to normal. 

The notable difference in biomass nearshore (<40 miles = 25%) and offshore (>40 miles = 
75%) in 1985 suggests that the low total value of less than 1t x 106 for both species together 

Table 5. Temperature prefercnda a of mackerel, horse mackerel 
and anchoveta, as related to mean coastal sea surface tempera
ture (SST) off Peru. 

Temperature 
(0c) 

Species 

Mackerel 16 - 25:, 
Horse mackerel 17 - 24 
Anchoveta 15 - 20 

Mean coastal SST 

Summer 16.9 
Winter 19.7 

aBased on acoustic and other surveys conducted by IMARPE 

(ungublished).
 
From Zuta et al. (1983).
 

Table 6. Echo-acoustic estimates of biomass and catches of mackerel and horse mackerel off Peru, 1977-1986. 

Offshore limits Biomass (106 t) Catch (103 t) 
Year of surveys (rum) Mackerel Horse mackerel Mackerel Horse mackerel 

1977 52 -80 0.7 1.5 46 50S 
1978 60 - 80 1.5 4.2 102 387 
1979 50 - 82 1.2 3.5 118 152 
1980 30 -80 1.4 4.8 59 123 
1981 40 4.7.1.4 33 38! 
1982 - - - - - 
1983 100 1.8 8.9 v 20, 51 
1984 170 '71, 15...30.8 172 
1985 80 AO,45 0.18' li 10. 
1986 100 9 4 6a - . 

aPreliminary estimates. 



283 

100 20 

"Normal years" 

260 l19 

40 17 

20 16 

0 IJ15 
100

-80 "El Nl6o years" 

U60

_40

S..Fig. 3. Above: "normal" seasonality of mackerel catches 
2020 ...1975, and SST off Peru (based on data for 1970, 1971, 1974,1979, 1980 and 1981) showing how closely (in

shore) catches relate to SST. Below: showing how near-

JF M-A M-J J-A 
O/, _- __--_-/_-_

S-0 N-D 
shore mackerel biomass builds up in the course of an
El Ninb with mean SST of 20.0*C (based on data for 

Month 1972 and 1976). 

represents only a small fraction of the total biomass, the main part of which seemed, in 1985, to 
be concentrated outside the survoy area. Offshore migrating mackerel and horse mackerel 
schools, leaving the area covered by the survey, were observed during the 1985 cruise (IMARPE
1985).

That fishing mortality could be responsible for the 1983-85 decrease is less probable
considering the comparatively low annual catches registered during this period (T."ble 6).

Results of an echo-acoustic biomass survey conducted in May-June 1986 suggest, for 
mackerel about 1.9 t x 106 and for horse mackerel 4.6 t x 106 which are close to the values 
reported in former years (except for the anomalous years 1983 and 1985) suggesting a mean 
standing stock of about 1.3 t x 106 of mackerel and about 4.1 t x 106 of horse mackerel 
distributed inside an 80-mile band along the Peruvian coast. 

The biomass detected in 1983 has been interpreted as close to the true overall total biomass 
of both species off the Peruvian coast which is assumed in the following as 11 t x 106. 

Mackerel and horse mackerel biomasses before 1977 are unknown. Catch statistics are 
available since 1964 but cannot be used for biomass estimation. 

We do not know if the drastic change in anchoveta biomass from 1967 to 1973 has affected 
the population size of mackerel and horse mackerel. The very high biomass of the two predators
found in 1983, when anchoveta biomass was negligible, and the results of stomach content 
analyses in areas and periods when anchoveta availability was very poor support the hypothesis
that mackerel and horse mackerel are independent of anchoveta because they can replace them 
by zooplankton. That the fishery had at any time a significant impact on the stock size of 
mackerel and horse mackerel is not likely, considering the relatively low annual catches of these 
two species, of 12,000 and 13,000 t (average for 1953-1975), respectively.

These considerations are supported by the results of ichthyoplankton surveys, which suggest
the absence of a correlation between anchoveta biomass and the abundance of mackerel larvae,
again implying an independence of the biomasses ofpredator and prey (see Muck et al., this 
vol.). 
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We shalf thus assume here that the biomass estimate of about 11 t x 106 for mackerel (2t x106) and horse r-ackerel (9 t x 106) off Peru in 1983 also applies to earlier and subsequent years.However, this biomass extends from 3 to 190S, and to more than 40 miles offshore. Table 7gives factors which can be used to reduce our biomass estimate to that part that is overlapping
with the MAR. 

Table 7. Offshore and alongshore distribution of mackerel and horse mackerel off Peru, 19 83 -19 86 .a 

%of mackerel stock: %of horse mackerel stock: 

Year 
betweeg 
4-140S < 40 miles offshoreC 

betweeg 
4-140 S < 40 miles offshore 

1983 
1984 
1985 
1986 

67 
38 
76 
-

40 
45 
29 
4 0d 

71 
58 
60 
_ 

38 
42 
19 
45 d 

bBased on data in GOPA (1985).
 
bMean for both mackerel and horse mackerel: 62%.
dMean for both mackerel and horse mackerel: 38%. 
dPrellminary estimates based on incomplete data. 

Mean biomass within 80 miles of the coast, of mackerel and horse mackerel in non-El Niio years from 1977 to 1984, was 1.3 resp. 4.1 tx 106. We assume, thus, that 1.2 tx 106 of thesetwo fishes occur within the MAR, in normal years. Based on fishery catch statistics, we further assume that this biomass varies seasonally by a factor of 2.5 (see Fig. 3, upper panel), and,finally that during El Nifio years, the biomass of mackerel and horse mackerel within the MAR
is more than doubled (see below and Fig. 3, lower panel).

We shall present below, in addition to model runs based on these various assumptions, theresult of model runs which simply use annual fishery catches of mackerel and horse mackerelfrom 1972 to 1982 as minimum estimates of the biomass of these two species. 

Basic Structure of Mackerel/Horse Mackerel 
Biomass Model 

The following equations define a model for estimating, on a monthly basis, the biomass ofmackerel and horse mackerel within the MAR as related to seasonal of El Nifio-dependent
changes of SST. 

Key assumptions are:
(i) the density of mackerel and horse mackerel in the inshore-offshore dimension can be

approximated by a normal distribution; 
(ii) total biomass (in and out of MAR) is 11 t x 106;(iii) during the winter months (July-September), only 10% of the biomass is within 40 milesfrom the shore; the rest is mainly within 50-90 miles, with a mean of 70 miles (Fig. 4).
Thus, X = 70 in the normal distribution density function 

Y = 1/(s.d.f2_iW) •exp -(0.5).((X-X)/s.d.) 2 ...4) 

in Equation (3), the term "(X-X)/s.d." can be replaced by the variable "z", which quantifies the area under the standardized normal distribution. Calculated values for these areas, correspondingto different values of zcan be found in most statistics text (e.g., Sachs 1978). The 10% biomassassumed above for the 40 mile limit of the MAR corresponds to a value of z10% = 1.3. Thus, the
standard deviation (s.d.) can be estimated from 

s.d. = (40-70)/1.3 = 23 ...5) 
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Fig. 4. Example of a model output, showing the density distribution of mackerel and horse mackerel 
biomass as a function of distance offshore and SST (El Ni'o > Summer > Winter); see also text. 

The coefficient of variation (C.V., here assumed constant) is thus (23 100)/170 = 33%. 
Seasonal changes between low winter (3 = 70, s.d. = 23) and high summer biomass within

40 miles from the shore are modelled through consideration of the fact that summer biomasses 
are about 2.5 times higher than in winter (see above). Thus, 1.1 x 2.5 =2.8 t x 106,
corresponding to 25.5% of the total biomass of 11 t x 106. The value of 25.5% corresponds to
z25.5% = 0.65. The density maximum (i.e., X) thus occurs 51 miles offshore because 

(40-53)/16.8 = 0.65 6)...


and the s.d. value is 16.8, because C.V. = 33% (see above). 

As mentioned previously, mackerel and horse mackerel move, during El Nifio events, very
close to the coast and catch statistics for 1972 and 1976 (Fig. 3) suggest that their inshore
biomass increased 3.5-fold whcn temperature was highest. Thus 1.1 x 3.5 = 3.9 t x 106 occurred
within the MAR, corresponding to 35% of the 11 t x 106 stock. This corresponds to z.35% = 
0.36, with X and s.d. estimated, as shown above, as 45 and 14.8 miles, respectively.

Similarly, 4 t x 106 of mackerel and horse mackerel occurred within ze MAR in March-
May 1983, i.e., during the 1982-1933 El Nifio. This corresponds to z40% = 0.22, 5= 40 and s.d. 
= 14.2 miles. -.be four estimates of X derived are rzcalled in Table 8, along with the 
corresponding temperatures.

These data allowed derivation of the equation 

Dmax = 1,260fT-1.06 7) 

where Dmax is the maximum of the biomass density function (i.e., X as used prviously) and.T 
is the SST, in ('C.Thus we have 

z = (40-1,260T-1.06)/(1,260T-1.06 • 0.33) 8) 

http:40-1,260T-1.06)/(1,260T-1.06
http:1,260fT-1.06
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which allows estimation of the percentage of the total biomass of mackerel and horse mackerel 
within 40 miles as a function of SST. 

Table 8. Relationship between estimated distance offshore of mackerel concentrations and SST within 40 miles 
off the coast a 

Distance
 
offshore (nm) SST (0C) Reference period
 

70 17.1 July-August, 30 year mean 
51 19.3 3Jnuary-February, 30 year mean 
45 19.8 November-December (1972 and 1976) 
43 25.5 March-April 1583 

abased on unpublished IMARPE survey data. 

Table 9 gives values of z, Dmax and the corresponding %of mackerel and horse mackerel
within 40 miles (B%), for temperatures ranging from 16 to 250C. The regression equations
expressing the relationship between temperature and B% is 

B% = ...0.948 exp 0.158T 9) 

which can be used to estimate B%from T wit'out using the z-transformation. B% can be turned
into absolute biomass for the area ranging from 4 to 140S, i.e., within the MAR, by using the 
appropriate factor in Table 7.

As an alternative to this model, which assumes a constant overall biomass of mackerel and 
horse mackerel, and a highly variable overlap with the MAR, we have also estimated the 
anchoveta predation that would have been generated by these two fishes, had their biomass 
within the MAR been equal to their catch, which is largely taken within the AAR. These 
estimates shall be called here "least predator biomass estimates" to emphasize the fact that they
provide lower limits to the biomass that mackerel and horse mackerel may have had during the 
period considered here. 

Food and Anchoveta Consumption By Mackerel 
and Horse Mackerel 

The total daily food intake of a population (Rtot) can be expressed as the sum of the intake 
by each age (or weight) group (Rt), i.e. 

tmax tmax 
d
Rtot Z = E Nt- CWt .d.10) 

t=l t=l 
Table 9. Relationship between coastal SST and distance off
shore of main mackerel biomass (Dmax), z-value and the derived 
% of overall mackerel blomass occurring within 40 miles of 
the coast (B%). 

a
SST ( 0c) Dmax z B 

16 67 1.22' 11 
17. 62 1.08 14 
18 59 0.98. 16 
19 56 0.87 19 
20:, 53 0.75, 23 
21,, 50 0.61 27 
22 48 0.51 .31 
23 .45 0.34 37 
-244 .43 0.21 42, 
!25, 42 . 0.15,, 44 

From Table 13 in Sachs (1978).. 

http:CWt.d.10
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where Nt is the number of individuals with age t, Wt their mean body weight, and c and d 
constants of the relation linking ration and body weight (Table 10); the equation can be solved in 
relative terms, by setting No = 1 for t = 0 in the equation 

Nt(rel) = No exp-Zi ...11) 

where Z is the total mortality (Table 10). For a given biomass B, relative abundance of fish of 
age t can be turned into absolute abundance (Nt) usimg 

Nt = B(Nt(rel))/(Nt(rel) W2 

Weight (Wt) at age (t) was estimated using the von Bertalanffy growth equation 

Lt = Loo (1-exp-(K(t-to))) ...13) 

Table 10. Constants used in model for estimation of food consumption by mackerel and horse mackerel off 
Peru (equations 9-14). 

Parameter (units) Mackerel Horse mackerel 

Asymptotic length, L** (cm) 
von Bertalanffy constant K (y-I) 
Theoretical age at zero length, to (y) 

40.6a 

O,408 a 

-0.05
a 

8 2 .6 b 
015 
0,i8

b 

Maximum observed age (y) > loc 15d 
Maximum observed length (cm) 392 71

b 

a, factor Inlength-weight rel. () 
b, exponent In length-weight tel. () 
Ration-weight rel. (R= c W"

) 

0 .0 10 6 e 
3,08 3 e 

," 

0.0 33 f 
2.758f 

c, factor (-) 0,333g 
d, exponent (-)074 

total motality, Z (y- 1 ) 0.74h 

bFrao Mendo (1984).
brrom Dloses (1986).
 
cFrom Tsukayama (1983).
 
dT.Dioses (1983 and pers. comm.).
 
eFroro Mendo (1983), mean of values for Callao
and Chimbote for 1976-1978. 
"From Sanchez and Muck (unpublished data).
 
gFrom Hatanaka and Takahashi (1956) and Hatanaka et al.(1957), Conover (1978) and se text.

hFrom Tsukayama (1986).
 

and the length-weight relationship 

W =a.Lb ...14) 

whose parameters (L.., K, to, a and b) are given, for mackerel and horse mackerel, in Table 10.
Thus, our model for estimating total daily consumption of a predator population with tax = 

12, and a total biomass B is 
12 12 

Rtot= (((B Nt)(re))/( Nt rel).Wt))• (a.L* (I- exp-K(t-to))b)) 
t=l t~l 

...
15)
 

Table 11 gives a computation example for mackerel, based on a biomass of2 t x 106; note
that for actual computations, the values of B used referred only to the MAR, as discussed above.
Monthly anchoveta consumption by mackerel and horse mackerel within the MAR may now be
viewed as a fraction (Ra(i)) of their total ration (Rtot(i)) in month (i). Ra(i) can be further viewed 
as depending on anchoveta availability (Ai), i.e., 

Ra(i) "= Rtot(i)" Ai ..!6) 
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Table 11. Steps in estimating the food consumption of a stock ofmackerel with biomass =2 x 106 t. 

Age Length 
(year) (cm) 

1 14.1 
2 23.0 
3. 28.9 
4 32.8 
5 135.4 
6 37.1 
7. 38.3 
8 39.1 
9' 39.6 

10 . 39.9 
11 40.1 
12 40.3 

Weight 
(g) 

37.3 
167 
338 
500 
623 
733 
805 
856 
890 
914 
930 
941 

Daily ration 
(%body weight) 

13.0 
8.8 
7.3 
6.6 
6.2 
6.0 
5.8 
5.8 
5.7 
5.7 
5.6 
5.6 

Standing stock 
(N x 109) 

9.04 
3.86 
1.65 
0.71 
0.30 
0.13 
0.055 
0.024 
0.010 
0.004 
0.002 
0.001 

Daily food consumption
 
by stock
 
(t x 101)
 

"!43.08 
56,78 
40.66 
23.41 
11.76 
5.71 
2.57 

6164 
0.51 
021 
0.09' 
0.04 

Anchoveta availability can be viewed, finally, as the product of relative anchoveta biomass 
(Br(i) and an anchoveta vulnerability ind::x (Vul(i)), as in Muck and Fuentes (this vol.)'and
Muck and Pauly (this vol.), i.e., 

A(i) = Br(i) - Vul(i) ... 17) 

Thus, decreasing anchoveta biomasses and/or decreasing vulnerability reduces anchoveta 
availability and hence anchoveta consumption by mackerel and horse mackerel. Unfortunately,
information is insufficient to treat vulnerability as a true variable; thus, the parameter Vul in 
Equation (17) has been set constant, assuming that, on the average, the maximum percentage of 
anchoveta in the diet of the two predators considered here is 80% when anchoveta are very
abundant (Br(i) = 1). The estimation of A(i) for values of Br(i) < 1 was done using the data of 
Table 2. From these, daily anchoveta consumption (Ra(i)) and its relationship (Ra%i) to daily
total consumption (Rtot(i)) can be computed using Equation (1)with th = 17 and Equation (2).
This leads to the data in Table 12, which show Ra%(i) values decreasing from 72% in 1976 to 
1.5% in 1982, in relation with the decline of anchoveta biomass, and as also observed in Table 1. 
The data of Table 12 have been used to estimate, for absolute anchoveta biomasses Ba(i) ranging
from zero to 9 t x 106 the empirical equation 

Br(i) = 0.111 Ba(i) - 0.09 ...18) 

with Br(i) set equal to 1 when Ba(i) > 9 t x 106. 
Anchoveta consumption by mackerel and horse mackerel of 3 years or more was estimated 

on a monthly basis, using this and preceding equations, as well as the preliminary anchoveta 
biomass estimate in Muck and Pauly (this vol.) and the SST values in Table 2 of Pauly and 
Tsukayama (this vol.). 

Additionally, estimates of anchoveta consumption based on the "least biol.!ass estimates" 
mentioned above were obtained, considering that about 75% and near 100% of the fishery
catches of mackerel and horse mackerel, respectively, consisted of fish of < 30 cm, i.e., of 
potential anchoveta predators (Menz 193; Tsukayama 1986).

Least annual anchoveta consumption by mackerel and horse mackerel (LC) was estimated 
from their respective annual catches (Yrack and Yhorse mack) through 

LC = Ymack.+ (Yhorse mack." 0.75)) x 0.05 x 365 •A(i mean) ...19) 

where the value of 0.05 is the mean daily ration as a fraction of body weight and A(i mean) is the 
mean anchoveta availability computed, for each year, as the mean of monthly A(i) values. 
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Table 12. Model estimates of anchoveta consumption by mackerel in relation to anchoveta biomass. 

Weight of Daily Relative 
Mackerel anchoveta in anchoveta %anchoveta anchoveta 

weight mackerel stomachs consumption in mackerel blomss 
Year (g) ) ( (g) diet (%)0 

1976 486 16.4 23 72 0.74
177 - -- 

1978 556 10.1 14 39' 0.39 
1979 480 7.7 11 34 ,0.27' 
1980 550 8.9 i2 33 0.2218 0.194.2 61981 528 
1982 374 03 0.4 1.5 0.16 

aRa() in text.
 
bB,(j) in text.
 

Results and Discussion 

Tables 13 and 14 give our estimates of monthly anchoveta consumption by mackerel and 
horse mackerel, respectively, for the years 1953 to 1982.a These data are also plotted for both 
species combined, on an annual basis in Fig. 5, which also shows, for comparison, annual fishery
catches of anchoveta and anchoveta consumttion by the birds. As might be seen, our estimates 
of anchoveta consumption by mackerel and horse mackerel are, throughout, well above the 
anchoveta consumption estimates for the birds, and ipso facto well above the corresponding
estimates for bonito (see Pauly, Vildoso et al., this vol.), and dwarf those for the seals (Muck and 
Fuentes, this vol.). This is also true for the "least consumption estimates" based on catches 
instead of biomasses ('Table 15), and which have been also plotted onto Fig. 5, for the years
1974-1982, i.e., for the period with an aimed fishery for mackerel and horse mackerel. 

It thus appears that mackerel and horse mackerel jointly create an enormous predatory 
pressure on anchoveta - an interesting finding in viewy of the fact that anchoveta predation by the 
guano birds of Peru has generated to date a considerable literature, to which there is no 
equivalent as far as Scomberjaponicusand Trachurusmuphyi are concerned. 

Some details on the seasonal and interannual variability of anchoveta predation by these two 
species are provided by Fig. 6, which shows species-specific anchoveta consumption on a 
monthly basis. As might be seen, anchoveta predation by mackerel is far below that for horse 
mackerel, but both species react similarly to changes of SST, thus reflect El Nifio events in 
similar fashion. 

We also ran our model for the period from January 1983 to July 1986, using the SST data in 
Table 4 of Muck et al. (this vol.). There was a reasonable agreement between the model 
estimates of Dmax. (50 and 70 miles for the summer and winter seasons, respectively) and the 
maxima of the observed density distribution (Fig. 7).

On the other hand, our model, although it suggested a biomass reduction, failed to predict
the extremely low mackerel and horse mackerel biomass of 57 x 103 observed during a survey
conducted by IMARPE in March-May 1985. This is probably due to the extremely cold water 
(<160C) observed during this period.

Overall, we interpret these findings as supportinig our concept of a temperature-mediated
inshorc.-offshore migration and its implication concerning changes in anchoveta predation.

Ursin (1980) suggested anchoveta predation on the eggs of their potential predators as a 
possible key regulatory mechanism in the Peruvian upwelling ecosystem, and Muck et al. (this
vol.) have confirmed this for sardine (Sardinopssagax). Sardine spawn from 5 to 120S, within 
40 miles off the coast (Santander and Flores 1983), i.e., well within what we have termed here 
the Main Anchoveta Area (MAR). This is not so for mackerel Pnd horse mackerel (see
references above) and indeed the abundance of their larvae from 1964 to 1982 has been shown 

&Intermediatcresuits such as iaonthly mackerel and horse mackerel biomass within the MAR, theirestimated total fcod consumption and 
related statistics am available on 5.25' microcomputer diskettes. Please contact the senior editor of this volume for details. 
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monthly anchovets consumption of adult macketel (4combe'faponkurTable 13.Estimated off Peru (4.145; ( 40 nautical miles) in t x I04, 19S3to 
1982. 

Month 
Year 1 F M A M j M A S 0 N D 

1953 .11 .15 .19 .16 .12 .09 .09 .08 .08 .08 .08 .09
1954 .10 .11 .10 .08 '.07 .07 .05 ..06 .06.06 .06 .09
1955 .14 .12 .09 .10 .08 .08 .07 .07 .07 .06 .07 08 
19S6 .10 .12 .13 .10 .09 .09 .09 .08 .07 .07 .07 .07 
1957 .09 .18 .18 .17 18 s .13 .10 .09 .09 .09 .- 14 

'1958 .17 .18 .17 .3 .10 .09 .09 .08 .08 .08 .08 .08 
1959 .11 .15 .14 .12 .10 .09 .08 .07 .08 .08 .09 .10 
1960 .11 .12 .11 .09 .08 AS .07 .08 .07 .07 .07 .09
1961 .11 .14 .11 10 .09 .08 .07 .06 .07 .07 .07% .07
1962 .11 .11 .09 .0 '.09 .08 .07 .07 .07 .07 .07 .07:
1963 .08 .10 .11 .09 .10 .09 .09 .08 .08 .08 .08 .09
1964 .1 .12 111 .09 .07, .06 .06 .09 .06 .07 .07 .07 
1965 .09 .12 .13 .15 .14' .12 .11 .10 .09 .08 ' .09 .10
1966 .12 .13 .11 .09 .08 .08 .07 .07 .06 .07 .07 .08 
1967 .10 .12 .11 .09 .08 .07 .07 .06 .06 .06.. .06 .07.
3968 .09 .09 .10 .07 .07 .06 .06 .07 .07 .07 .07 .08 
1969 .10 .11 .13 .14 .15 .12 ".08 .08 .08 .08 .08 .09
1970 .11 .12 .13 .11 .10 .09 .08 .08 .08 .08 .08 ".08
1971 .09 .11 .12 .12 .10 .09 .09 .09 .08 .08 .08 .08
 
1972 .10 .14 .15 .13 .11 .11 .09 .07 .05 .06 .07 .10
 
1973 .13 .13 .09 .06 .05 .04 
 .04 .03 .04 .04 .05 '.04
1974 .05 .06 .06 .07 .07 .08 .06 .06 .05 .05 .06 .06
1975 .07 .08 .13 .10 .08 .06 .06 .05 .06 .7 .06 .07

1976 .08 .15 .15 .12 .12 .09 .08 .06
.11 .0S .06 .06
1977 .06 .04 .05 .05 .04 .04 .04 .04 .04 .04 .05 .05 
1978 0s .06 .06 .05 .04 .03, .03 .02 .02 .03 .03 .02 
1979 .04 .04 .04 .04 .03 .02 .02 . .02 .02 .01 .01
1980 .02 .02 .02 .02 .02 .02 .02 .02 .02 .02 .02 .03
 
1981 .03 .03 .02 02 .02 .01 .01 .01 .01 Al1 .01 .03
 
1982 .02 .02 .02 .01 .01 .01 
 .1 .01 .01 .01 .03 .05 

Table 14.Estimated monthly anchovets consumption of adult horsemackeral (TiNehuna mwphys) off Peru (4.14'S; 4 40 nautical miles) in million metric
 
tonnes (1953 to 1982).
 

Month
Ye i F M A M 3 J A S 0 N D 

1953 .54 .72 .90 .75 .56 .43 A2 .37 .38 .36 .37 .41 
1954 .47 .51 .46 .38 .33. .29 .31 .25 .27 .27 .31 .45
 
1955 .68 
 .56 .42 .46 .37 .36 .35 .31 .33 .30 .32 .36
1956 .46 .58 .61 .49 .45 .42 Al .37 .35 .33 .34 .33 
1957 .42 .86 .83 .79 .84 .72 .62 .48 .41 .43 .43 -. 65 
1958 .79 .84 .82 .61 A9 ,45 .43 .37 .37 .38 .40 .37 
1959 .51 .72 .65 .56 .48 .42 .36 .3S .36 .38 .41 .48
1960 .51 .5 .52 .43 .38 .38 .35. .36 .35 .35 .35 41
1961 .51 .6S .53 ,48 .45 .39 .35 .27 . .34 .34 .34 .34
1962 .51 .52 A4 .39 Al .5 .34 .35 .34.37 .32 , .34
1963 .39 A9 .54 AS A6 .43 .41 .3 .39 .37 .37,: .43.
1964 .51 .SS .52 .42 .33 .30 .28 .41 .31 .32 .33 .33 
1965 .41 .56 .63 .73 ".65 .55 .51' A6 .41 .40 A3. .48
1966 .59 13 .52 .44 .40 .36 .34 .33 .30 .33 .34 .36:
1967 46 J6 .52 .41 .36 .33 .32 .29 '29 .27 .27. .34
1968 .41 .41 .47 .35 .34 .29 .31 .32 .34 .32 .35 .38
1969 .48 .51 .63 .64 .70 .5S .39 .39 .38 .39 .39 .42 
1970 .52 .58 .60 .52 AS 142 ',.36 .36 ' .36 .39 .37 .38
1971 .45 .51 .56 . .8 .A4 3 t - .43 .39 .36 .38 .38
1972 .48 .64 .72 .61 .54 .53. -42 34 .25 .29. .32 .48
1973 .63 .60 AS .28 .24 '.20 .38 ..16 17 .18 .22 .20 
1974 .23 .28 .31 .33 .32 36 ..29 .26 .24 .25 , .30 .30 
1975 .32 .39 .61 .49 .40 .30 .28 ".25 .29 .31 .30 .34
1976 .38 .70 .73 .56 .55 .52 A4 .39 .27 .26 .26 .30 
1977 .28 .21 .23 ,25 .21 .20 .19 .18 .18 .19 .21 .24
1978 .23 . .03 .29 .23 .17 .14 .13 .11, .11 .12 .14 .15 
1979 .18 . ,19 .19 .17 .14 .12 .10 .10 .08 .08 .07 .07,
1980 .08 .08 .10 .10 .09 .09 .08 .07 .08 .09 .12 .14
1981 .12 ,14 ,11 .09 .08 .06 .04 .04 .03 .05 .06 .08 
1982 .08 .09 .08 .07 .07 .05 .05 .03 .04 .07 .15 .22 

Table 15.Minimum estimates of mackerel andhorse mackerel capable of feedingon aschoveta, and theft esti
matedanchovota consumption, as used to providea lower lImit to estimates ofanchoveta withdrawals by these 
two fishes, from 1974 to1982. 

Mean annual Least annual 
Least predator biomas anchoveta avflabfliy consumptionanchoveta 
a
Year (tx 101) Index (t x 106 xy

1974 176 0.54 1.73 
1975 56 0.66 0.67 
197'6 84 0.61 0.9, 
1977 540 0.34 3.35 
1978 463 0.31 2.62 
1979 238 0.21 0.91 
1980 168 0.17 0.52 
1981 63 0.13 0.15 
1982 67 0.11 0.13 

"Equlvalent to catch of mackerel and horse mackerel within the MAR (se let).
Estimated as in variableblomass model, see equations (35-17) and text.

CFrom equation (18). 
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Table 16. Variability of biomass and catches of three pelagic fishes in Peruvian waters, 4-14*S,within 40 nautical 
miles of the coast, 1983-1986. 

Blomasses (t x 10') Annual catch of 
Year Mackerel Horse mackerel Anchoveta anchoveta (t x 106)a 

1983 0.39 b 1 .9 9 b about 1a 0.12 
1984 0 .26 b 0 . 4b 1.- 1 a 0.02 
1985 0 "0 3b 0 '0 3b 6'2b- d9"5' 0.82 
1986 0 .60d 3.1 .6 0d 6 

aMARPE catch and landing statistics.
 
bGOPA (1985) based on echo-acoustic surveys conducteiby IMARPE.
 
CIMARDE egg survey.
 
dIMARPE echo-acoustic estimates.
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Fig. 7. Density distribution of mackerel and horse mackerel as recorded during an echo-acoustic 
survey conducted off Peru from April to May 1986. The biomass model predicted for the winter 
and summer seasons density maxima at 50 and 70 miles, respectively (see also text). 

by Muck et al. (this vol.) to be independent of anchoveta biomass. This provides strong support
for our assumption that the overall biomass of mackerel and horse mackerel may have been 
fluctuating around 11 t x 106 during the whole period considered here (1953-1983).

It is highly probable, on the other hand, that the predation by mackerel and horse mackerel 
on anchoveta or the absence of predation may explain (at least in part) the very strong
fluctuations of anchoveta, e.g., their massive increase from 1984 to 1985, at a time when 
mackerel and horse mackerel within the MAR was very low (Table 16).

From this, and the foregoing results, it appears that mackerel and horse mackerel will have 
to receive far more attention than hitherto in models of the Peruvian ecosystem, in which they 
now appear to be to most important top predators. 
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Abstract 
An exploratory analyzis of monthly anchoveta (Engraulis ringens) recruitment estimates and associated biological and environmentalseries for thn years 1953 to 1981 was performed with the aim of investigating the possibility of forecasting anchoveta recruitment three monthsahead of tb .e.While the high degree of autocorrelation in the monthly recruitment serier prevented the identification of ciusal models, yearlymodels combining pairs of adjacent months were identified which appear promising as a means to forecast future trends in anchoveta recruitment.These models, however, do not appear to conform to any of the conventional hypotheses providing mechanisms to explain recruitment
 

fluctuations.
 

Introduction 

Recruitment is one of the most important but least understood components of fish
population dynamics. Several authors have tried to empirically relate larval survivorship with
environmental parameters (Bailey 1981; Lasker 1981). These efforts to relate recruitment
variability with environmental variability have not been notably successful due to the very short
data series generally available for empirical analysis (Bakun 1986). Major recent studies haveindicated environmental-biological linkages for pelagic and demersal species of the California
Current, Canary Current and Guinea Current (see Bakun 1986). Wind induced Ekman transport,
a turbulent mixing index (wind speed cubed) and temperature also have been used in several
studies of environmental effects on fish stocks (e.g., Collins and MacCall 1977; MacCall 1980;
Bakun and Parrish 1980; Mendelsohn and Cury 1987).

Similar studies have yet to be done for the Peruvian anchoveta (Engraulisringens)which in
the early 1970s generated the highest catch of any single-species fishery in the world
(Tsukayama and Palomares, this vol.; Castillo and Mendo, this vol.), and whose biomass was
well over 20 t x 106 by the end of the 1960s (Pauly, Palomares and Gayanilo, this vol.). Thecollapse of the anchoveta fishery has been attributed both to overfishing and to the influence of
El Niflo which may have changed the usual spawning patterns of the anchoveta (Santander
1980). 

*PROCOPA Contribution No. 53. 
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The biology of the anchoveta is rather well documented (see relevant contributions in this 
vol.). Spawning in anchoveta tends to have two peaks per year - one in the austral winter-spring
and the other in austral summer. The major spawning concentrations usually occur near the coast 
up to around 105 km offshore. Since the 1960s, the Instituto del Mar del Peru (IMARPE) has 
carried out anchoveta egg and larval surveys (see Santander, this vol.), but these data do not
necessarily indicate variations in anchoveta recruitment due to density-dependent egg
cannibalism, otir sources of egg mortality and fluctuations in survival of the larvae (see Pauly,
this vol.).

Several authors (Santander 1980; Mendiola and Ochoa 1980; Tsukayama and Alvarez 1980;
Santander and Flores 1983) have presented evidence showing that during El Niffo years, primary
productivity decreased and the periods of peak spawning changed resulting in lower recruitment. 
These two factors have been thought to be the major environmental influences on recruitment 
variability.

In this paper we perform an exploratory data analysis of the estimated recruitment and 
biomass series of Pauly, Palomares and Gayanilo (this vol.), of the egg production series in
Pauly and Soriano (this vol.) and of several of the various environmental series gathered in this
volume. Our interest is in determining if it is possible to forecast anchoveta recruitment at least 
three months ahead of time, a forecast that would be useful in managing the fishery.

Exploratory data analysis has the advantage in this situation where little is known in that we 
do not try to force the data into models that may not agree with the structure of the observed 
data. Despite the variety of fisheries models available, there is no "physics of fisheries" in the 
sense of known laws that have been experimentally verified. Letting the data lead us to a model 
structure leaves us open to alternative causal explanations as well as providing a check on the 
realism of the estimated series, identifying outliers in the data and flagging data points that may
be overly influential in the analysis. 

The Data 

The anchoveta population data used are the estimates presented by Pauly, Palomares and 
Gayanilo (this vol.). The environmental series consisted of sea surface temperature (SST) and 
oceanic wind speed cubed and offshore transport derived by Bakun (this vol.), as well as hourly
wind direction and intensity recorded at Trujillo and Callao airports by CORPAC (Corporacion
Peruana de Aviacion Comercial). The Trujillo and Callao data are described further in Mendo et 
al. (1987) and Mendo et al. (this vol.).

Offshore transport at both Trujillo and Callao were calculated as in Bakun (1973 and this 
vol.), as was wind speed cubed for both locations. Peterman and Bradford (1987) report using an
index reflecting Lasker's hypothesis (1978) to predict the survival of anchovy Engraulismordax 
larvae off California. A similar index was computed for both Trujillo and Callao; it measures the 
number of 4-day periods during which the wind speed did not exceed 5m/sec. These 4-day
periods are here called "Lasker events", as suggested by D. Pauly (pers. comm.).

Spectral analysis showed that the Trujillo and Callao wind series were not significantly
coherent at all frequencies. The Trujillo wind series were only coherent with the oceanic wind 
series at a frequency of 6 months (though out of phase) and at frequencies longer than a year.
The oceanic series show a pronounced seasonal cycle, the Callao series a smaller seasonal cycle
and the Trujillo series showed essentially no seasonal cycle. The general impression is of strong
local differences suggesting the need for care in choosing what variables to use in the analysis.

The Lasker events were problematic at best. At Callao, the wind always satisfied the 
criteria, while at Trujillo most months had a zero incidence of the necessary periods of calm,
especially during 1955-1970, when recruitment was at high levels (see below and Table 1). The 
estimated recruitment following the periods of zero counts vary grealy, making Lasker events of 
little use for these periods. For the periods where numerous Lasker events occurred, examination 
of the data revealed that a high number of events tended to precede low rather than high
recruitment. Lasker's hypothesis is based on experience in California where turbulence disperses
the food necessary for larval survival; in Peru the food concentration in the mixed layer may be 



296 

high enough for turbulence not to have that great an effect. All that can be said with certainty

from this is that the situation in Peru appears to differ from that in California.
 

Table 1. Monthly occurrence of "Lasker events" near Trujillo, 195 3 .19 85 .a 

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

1953 0 7 2 0 0. 1 6 19 , 0 0 
1954 0 6 20 0 0 0 0 '0. 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 '0 -0
1956 0 0 0 0 0 0 0 0 0 0 .
1957 0 0 0 0 0 0 0 " 0 0 0 0 
1958 0 0 0 0 0 0 O" 0 0 0, O,
1959 0 1 '0 0 0 0 0 0 0 0. 0' 0.
1960 0 0 O 0 .0 0 0 r 0 0 0:o 0 0,
19611 3 2 0 0 0 0 0 0 0 0 0 
1962 0 0 0, 0 O 0, 2' 0 0 0 0 0.
1963 0 1 0 .0 0' -2 1 0 .0 .000 
1964 0, 0 0' 0 00 3 . 0 .0 0 0 " 2
1965 3 0 1 0 o '. 0 0 0 0 0
1966 .0 0 0.' 0 0 0 0 0 0 0 ,0, 0 
1967 0 0 0 0 0 '0 0 0 ,0 -0, 0 0
1968 0 0. 0 0 0 0 .0 0 : 0, 0 -0
1969 0 0 0 0 0 4 140 0. 0 0 .0..
1970 0 0 .10 0 0 0 .0 0 0 . 0 :. 0 

"
1971 0 2 8 0 0,' 0 3 0.' 0 0 0 0
1972 2. , 1 0 0 '0. 0 0. '0 0 0 011 0 
1973' 0 0 0 -0, 0. 0 0 0 , 0 01 0 1. 
1974 '20" 27 22 '6' 3 0 6 .5 0 i 0 . 0. 0
1975 3 6 4 1 0 0 0. 0 0 0 0. 0
1976 0 1 ":0 0 0 0 0 0 0 0 0 1.
1977 0 0 '0 0 1 0 3 0 0 0 4 .0 
1978 0 0 -0 0 12 4 3 3' 0. 4. 11 , 1
1979 0 0 7 6' 2 8 ,7. '2 0 0 0 1'1 
1980 0 0 1 0 0 0 0 .0 , 0 0' 0 0 
1981 0 2 5 0 5 10 8' 1 1 01., 1 6 
1982 14 12 6 1 21 30 30 31 .30 31 30 5
1983 0 0 12 12 4 0 7 0 0 0 0 0 
1984 3 1 0 0 0 1 17 3 0 0 2 1 
1985 6 1 2 6 2 0 0 2 0 0 0 0 

abased on data in Mendo et al. (1987); a "Lasker event" is a period of calm (wind speed below 5 m/s) lasting 4 days; 
periods of 5 days are viewed as two partli overlapping 4-day events, etc. (see Peterman and Bradford 1987, note 16). 

Based on this preliminary analysis of the environmental series, we restricted our attention to 
the wind variables at Trujillo. The Trujillo station has no nearby topographic interference, such 
as mountains, and the coastline from one degree north of Trujillo to one degree south of Trujillo
is almost straight. The area off Trujillo also is one of the major anchoveta spawning areas 
(Santander and Castillo 1973; Santander 1980, this vol.).Localized trends were calculated using the "lowess" algorithm of Cleveland (1979) for 
recruitment, egg and total biomass as well a- for offshore transport and wind speed cubee! at
Trujillo. Both the recruitment and total biomass series exhibit three periods with distinct :+nean
levels. A pre-1960 period with low levels of biomass and recruitment, a period from 1960 to
1972 when both biomass and recruitment were at high levels, and a post-1972 period foil awing
the collapse of the fishery (see Pauly, Palomares and Gayanilo, this vol.). On a log scale, for the
1960-1972 period, the trend line for both recruitment and total biomass is almost flat, suggesting
random variation around a fixed mean level. 
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RecruitmentSeries 

For our initial look at anchoveta recruitment we examined the dynamics of the recruitment
series by decomposing it into three components - localized trend, seasonal and autoregressive
(AR) components (Fig. 1), using an algorithm of Gersch and Kitigawa (1983). The variation in
recruitment is dominated by longer-term behavior captured in the estimated trend, as the AR 
component is an order of magnitude smaller than the recruitment series and the seasonal 
component is almost two orders of magnitude smaller. 

1.2 A 1.2 B 
1.0 1.0 

06 0.8 

0.4 - 0.4

0.2 
.__I_1_______ 

0.2 - / 

05 3 55 57 59 61 63 65 67 69 71 73 75 77 79 81 53 55 57 59 61 
I I I I I I I I".",4,,
63 65 67 69 71 73 75 77 79 81 

C D 

1:
 

" II-i , t t I I l l l I I I I '*
 

53 55 57 5961 6365 67 6971 73 75 77 79 81 53 55 57 59 61 63 65 67 69 71 73 75 77 7981 
Year 
 Year
 

Fig. 1. Decomposition of the anchoveta recruitment time series into its component parts: (A) observed data; (B) nstimated trend;
(C)autoregressive component; (D) seasonal component (see text for details). 

The estimated local trend (Fig. IB) suggests three different periods: a low level of
recruitment from 1953 to 1958, a higher level from 1959 to 1969 or 1970, followed by a sharp
drop in recruitment which preceded:(i) the El Ni-o even to 1972-1973, (ii) the collapse of the
fishery, (iii) and by a year, the drop in total biomass. This suggests that the effects of El Niffos on
the population dynamics of anchoveta may be more complex than previously thought. The 1971
recruitment collapse must have been due to overfishing or environmental effects the previous
years since the collapse of the fishery appears to have begun before the El Nifio. 

The st asonal component (Fig. ID) is very regular but of such small magnitude as to be
almost unnoticeable in the overall variation in recruitment. The autoregressive component (Fig.
1C) alsc suggests three periods: a period from 1953 to 1961 of relatively small variations, a
period from 1961 to 1972 of large variations coinciding with the growth of a large-scale fishery
and a period from 1972 or so onwards following the collapse of the fishery which is also a period
of smaller variations in recruitment. The period of high variability from 1961 to 1972 also is a
period of high estimated total biomass. 

The autocorrelation function of recruitment both on the normal and tie log scale i;s highly
nonstationary and dominated by a value of .95 at a lag of one month. A simple model that
includes an autoregressive term of recruitment on itelf at lags 1,2, 6 and 12 months explains
almost 96%of the variance in the monthly series. This agrees with the decomposition of the time 
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series: monthly estimates of recruitment have not increased our degrees of freedom as the series
is not independent at monthly time spans; rather, the important variation is between years.

The high degree of autocorrelation in the monthly recruitment series is probably caused by
(i) the fact that the sampled length-frequency data may not be accurate enough to resolve 
monthly differences in population structure so that the size information tends to be "smeared" 
across months, (ii) the fact that Virtual Population Analysis (VPA) uses a series of recursive 
equations that estimate the present biomass levels from the data from successive periods; these 
equations will tend to smooth the observed data towards low-order autoregressive behavior,
reducing the independence of the monthly data and (iii) the fact that the version of length
structured VPA used by Pauly, Palomares and Gayanilo (this vol.) increases the inherent 
tendency of VPA to smooth data across months (D. Pauly, pers. comm.).

There are several approaches for analyzing the recruitment series given this high degree of 
autocorrelation. We can low-pass filter the series and then decimate the results to one or two
representative values a year and use these data points as the new time series. Alternatively, we 
can form separate annual series of seasonal segments of the annual cycle and fit separate models 
across years for each of the aggregate series, comparing the results of the different models. This 
second approach has an added advantage that it allows us to check for time-dependent
relationships in the data. In what follows we restrict ourselves to this second approach. 

Bimonthly Recruitment Series 

As an initial examination of the data by months across years, we constructed box plots
(Velleman and Hoaglin 1981) for each of the series (Fig. 2). A plus marks the median of the 
data, the I's mark the hinges plus or minus 1.5 times the H-spread, where the hinges are the 
medians of the two halves of the series defined by the median and the H-spread is the difference 
between the two hinges. The lines beyond the boxes show the outer normal range of the data
which is defined as the hinges plus or minus 3 times the H-spread. Values somewhat outside this 
range are marked with dots and values far outside this range with open dots. Finally, the 
parentheses denote a confidence limit on the medians. 

Recruitment (Fig. 2A) starts ou: in January at a relatively lower level, increases gradually to 
a recruitment peak around May-July and then slowly decreases to the end of the year. Egg
production, however, has a relative peak around February-March and a much larger peak around 
September-October. Parent biomass (Fig. 2C) has a large peak in February-March concurrent 
with the relative -I'eak in egg production but usually has relatively low value during the 
September-October period. Thus assuming the recruits to be 3-4 months old (see Palomares et 
al., this vol.), the larger recruitment in June-July would stem from the lesser spawning of
February-March, which is based on a large parent biomass. Conversely, the lesser r..cruitment in 
the beginning of the year would stem from the major spawning in September-October, which is 
based on a relatively small parent biomass. The wind-related environmental series (Figs. 2E and
2F) are at a relative minimum during the February-March period, but are at their maxima during
the September-October period and thus generate unfavorable environmental conditions. Parrish 
et al. (1984) also comment on the large austral spring spawning during unfavorable conditions. 
One possible explanation for a large spawning during unfavorable conditions is that the 
conditions during this period are favorable for the adults (it is the upwelling period). A. Bakun
(pers. comm.) has suggested that such a low degree of apparent adaptation of spawning effort to 
the normal seasonality of larval survival prospects might be in some way due to the fact that 
detrimental El Niiio effects may exert strongest impact during the warm austral summer period;
thus the effects of intermittent reproductive failures during summer, associated with El Ninfo 
anomalies may have tended to counter adaptive tendencies to concentrate spawning in the 
normally favorable summer season. 

After examination of the recruitment series and the environmental series we decided on 
bimonthly aggregation of the recruitment series as follows: February-March, April-May, June-
July, August-September, October-November and December-January. Note thai the December-
Januar aggregate crosses years: December 1953 is combined with January 1954, etc. These
pairs of months vary across years in a similar manner and at similar levels (Fig. 3). For 
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Fig. 2. Boxplots of the monthly anchoveta and wind-based environmental series: (A) recruit
ment; (B) log of egg production; (C) parent biomass; (D) total biomass; (E) Trujillo offshore 
transport; (F) Trujillo wind speed cubed (see text for definition of ordinate and data sources). 

predictors we considered parent biomass and egg production lagged 3 and 4 months (the
spawning period) as well as the monthly offshore transport and wind speed cubed at Trujillo.
Spectral analysis of the transport and wind speed cubed at Trujillo shows that these series are
highly coherent (> .9) at all frequencies and thus have essentially the same dynamics due to
limited variability in the wind direction (Mendo et al., this vol.). We therefore arbitrarily restrict 
our attention to offshore transport, though similar results can be found using wind speed cubed,
i.e., turbulence. 

Cross-correlation matrices as well as generalized partial correlations were calculated as in
Tiao and Box (1982). Model and variable selection were also examined using the multivariate
subset autoregression procedure of Akaike et al. (1979). As it is likely that the relationships
between recruitment and the environment is nonlinear, final model selection and identification 
was done using the AVAS procedure (Tibshirani 1987). This procedure is a modification of the
optimal transformation algorithm ACE (Breiman aiid Fxredman 1985) which appears to correct 
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Fig. 3. Monthly anchoveta recruitment across years, 1953 to 1981: (A) February-March; (B) April-May; (C) 
June-July; (D) August-September; (E) October-November; (F) December-January. 

some of the problems with that algorithm, by restricting the transformation of the dependent 
vaiable to be monotone and variance stabilizing (Efron 1982).

Both the approach of Tiao and Box (1982) and the subset autoregression procedure 
suggested the same behavior in all the series. Each of the bimonthly recruitment series had a 
significant relationship with recruitment two years hence. Parent biomass 3 and 4 months earlier 
appears to have no significant effect on recruitment. Except in one case to be discussed below, 
environmental conditions during the spawnhig period also do not appear to be strongly related to 
recruitment. Egg production was not examined for all the bimonthly series; however, for the 
models in which egg production was used as a variable it also was not significantly related to 
recruitment 3-4 months later. 

For all six bimonthly series, offshore transport during the austral spring period September-
November was identified as the important predictoi of recruitment, and that the strongest
relationship appeared to be with September transport. To obtain our models, the AVAS 
algorithm was used on each of the six bimonthly recruitment series, using recruitment two years 
earlier and September-November transport as variables. The variables were selected in a 
stepwise fashion by first identifying the best single variable, then by finding the second variable 
that when added to best single predictor produces the most increase in r-square value, etc. As a 
partial check on our procedure, mon ly transpo;r series were chosen at random for inclusion in 
our analysis; at no point did any of these series produce a significant result. Since AVAS 
produces transformations that can improve the relationship between variables if the relationship 
is nonlinear, we also tested the inclusion of parent biomass and environmental conditions 3-4 
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months previous to recruitment. Again, with one exception, none of these series added 
significantly to our results. 

The models estimated by AVAS all had estimated r-square values in the range of .75 to .80. 
Given the relative short length of our time series as well as the amount of searching we did over
variables, it would not surprise us if this value is inflated as a measure of prediction r-square,
that is of expected error in forecasting future data rather than the error from the data used to 
estimate the models (see also Efron 1986; Hastie and Tibshirani 1986). AVAS finds
relationships by using smoothers to estimate condition expectations, and the parameters for these
smoothers are chosen using generalized cross-validation which at least asymptotically should
reflect prediction error (Friedman and Stuetzle 1982; Breiman and Friedman 1985; Hastie and
Tibshirani 1986). Also, as we discuss below, the models tend to fit the series by measures other 
than r-square, particularly in anticipating turning points in the series. 

The estimated transformations (Fig. 4) are similar for each of the six models for all 
variables. (AVAS calculates empirical transformations so the form of the transformation is
determined by plotting the transformed variable against the original variable. All transformations 
are standardized to have zero mean and variance of 1; this is necessary for identification of the
transformations.) Recruitment at time t is transformed to a form very close to a log
transformation. This agrees with our observation of the decomposed recruitment series that the
series appears to have increased variance at higher levels; the log transformation stabilizes the
variance in this instance. A log transformation also means that environmental effects are on a
proportional rather than an absolute basis, which, apriori,appears to be more sensible. 

The estimated transformation for recruitment at time t-2 suggests two separate regimes -
periods of relatively lower recruitment and periods of higher recruitment. The transformations 
suggest that the behavior is almost like an indicator function - the group, rather than the exact
level, being the important information. At first glance, a 2-year lag in recruitment would seem to
reflect the effect recruitment has on the spawning biomass for the recruits at the present time
period. Howev, r, as previously mentioned, parent biomass during the spawning period is not a 
good predictor and adds little to our model. The mechanistic interpretation of the 2-year lag in 
recruitment therefore is an open question.

The transformation of transport during the previous September generally increases to a peak
at around a value of 2.5, which corresponds to a wind speed of roughly 6 m/sec, decreases to a
minimum with a value of 3, roughly corresponding to a wind speed of 7 m/sec and then increases
again. Note that wind speeds between 6 and 7 m/sec correspond to the transitional level at which 
water changes from being hydrodynamically "smooth" to being hydrodynamically "rough"
(Deacon and Webb 1962).

The transformation of transport in November generally increases, but behaves differently
between the same values of 2.5-3. The model appears to be contrasting the September and
November conditions. Optimal conditions occur when there is some transport in September
followed by a high level of offshore transport in November. Again, the mechanistic 
interpretation of these variables is not clear. 

The model for December-January recruitment also contains a term for September transport
three months earlier, corresponding to the spawning period. The estimated transformation 
decreases monotonically, with a particularly sharper slope as wi. idspeed exceeds the 6-7 m/sec
range. This term appears to explain why the large egg production during the August through
October period does not produce a large number of recruits: egg and larval mortality may be
much higher. It is interesting that this is the only period dit-ing where conditions during
spawning are important to the model. 

On the whole, the model predictions (Figs. 5, 6 and 7) of transformed recruitment appear to
be quite satisfactory. As the estimated transtormations are close to being log transformations, the
values are similar to taking the log of recruitment and then standardizing the variables. This will 
not change relative peaks and troughs and trends in the data. As is clear from both the fits and 
the residuals, none of the models do a very good job for the first five years, 1955-1959. After
that, the models appear to track the major turning points quite well, in particular by anticipating
the major decline in recruitment during the 1969-1971 period and the subsequent increase in
recruitment later on in the 1970s. Apart from the first five years, the residuals are fairly well 
behaved except for the April-May residuals which show a definite trend throughout the model 
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period. The June-July and August-September models, when recruitment appears to be at or near 
a maximum, appear to anticipate changes in recruitment quite well. 

The biomasses and the recruitment estimates for the period 1953 to 1959 were obtained 
through VPA using values of residual natural mortality (Mo) which could not be calibrated 
against independent biomass estimates; moreover, during this period, a large proportion of the 
withdrawals used for the VPA were estimates of anchoveta consumption by birds and bonito (see 
Pauly, Palomares and Gayanilo, this vol.). These appear to be sufficient reasons for differences 
between this period and the succeeding ones and thus cxplain why, in terms of our models, 
recruitment during this time period behaved in a manner different from the rest of the model 
period (see also Pauly, this vol.). 

Discussion and Conclusions 

We have shown that while the high degree of autocorrelation in the monthly recruitment 
data makes it difficult to identify causal models of anchoveta recruitment, we could, however, 
identify yearly models for bimonthly recruitment series. These models tend to have a similar 
structure, predict recruitment with approximately equal success and appear promising as a means 
to forecast future trends in anchoveta recruitment. 

The pattern of the cross and partial correlation matrices, as well as several different 
modelling approaches, have all suggested the same basic models. Thus we feel confident that the 
relationships described in our models reflect the basic structure of the data. However, there is no 
clear biological interpretation of this structure. As we have done an extensive amount of 
searching through different sets of variables and estimating transform,,'ons to increase model fit, 
it is likely that our estimates of the goodness of fit of our models and of the ability of the models 
to predict future data is somewhat inflated. We would therefore recommend to implement the 
following steps before attempting to implement a model similar to the one analyzed here: 
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(1)Attempt to calibrate the estimated recruitment series with independent data (i.e., data not
used in obtaining the estimates) to further verify that the estimated recruitment reflects the actual 
changes in recruitment, at least on a yearly basis;

(ii) Calculate offshore transport and wind speed cubed from other stations near Trujillo to
 
check on the accuracy and consistency of this data set;


(iii) Develop a better mechanistic understanding of the underlying models. We are 
distrustful of forecasting models that do not have a clear biological interpretation and for which
there is no independent evidence for the relationships developed in the exploratory analysis;

(iv) For log recruitment, use techniques that estimate transformations without transforming
the dependent variable, and that allow for greater testing of model parameters, such as GAIM
(Hastie and Tibshirani 1986); and finally

(v) Use generalized cross-validation or related techniques to test the stability of both the
transformations and the degree of fit of the models, in order to get a better idea of the predictive
capability of the models for data to be obtained in the future.

Despite these reservations, we feel we have shown that the series of recruitment estimates
produced by Pauly, Palomares and Gayanilo (this vol.) have properties which enable them to

forecast far enough in advance for consideration in the formulation of management actions.

Further, we have indicated the impc.-tance of including variables that reflect environmental
 
processes. However, the fact that the resulting models do not appear to conform to any of the
conventional hypotheses concerning major influences on recruitment success remains unsettling. 
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Abstract 

This paper presents an overview of the evolution of the Peruvian fisheries from an economic point ofview. 
The consequences of El Ni-io phenomena on Peruvian fleet and processing overcapacity, fluctuations on landings and fish merd production

and the need for tools to assess economic consequences of alternative conditions in the fishery system are outlined. A mathematical, conditional 
programming model structured in terms of a constrained optimization problem is presented. AFisheries Net Benefit Function (FNBF) is proposed
which expresses all activities implying costs and revenues. Assumed functional relationships are based on data obtained from secondary sources 
and extrapolation from similar fisheries. 

Results from the base model representing conditions similar to those prevailing in 1982 show that the Peruvi'n purse seine fishery for 
small pelagics is capable of generating anet benefit of approximately US$173 million per year from a total catch of 3.5 million tonnes. Gross 
annual revenues arc about US$371 million, of which US$300 million could consist of export revenues. However, costs are approximately
US$200 million. The fleet required to harvest this amount is estimated as 364 vessels operating under normal conditions and an average excess 
capacity ofabout 37%. 

A sensitivity analysis of the model is presented. 

Introduction 

Evolution ofPeruvianFisheries 

Archeological findings in the JlIescas peninsula have shown that a number of fishing
communities existed in the pre-ceramic era which already made use of important fishing
techniques for preserving and designing fishing materials (dying, netting, etc.) (Kostritsky 1955).

However, the present fishing industry dates back only to the early 1950s when the purse
seine caught anchoveta began to be processed into fish meal (Schaefer 1967). Fig. IA shows the 
evolution of landings since that time and the spectacular growth of the industry until 1970 when 
total catch of anchoveta reached the world record level for a siagle species of over 12 t x 106. 

Trends in the following decade were equally spectacular, but in the opposite direction as 
also seen in the 5-year smoothed curve of Fig. lB. By 1974, total landings had dropped to 3.8 t x 
106, to 2.5 t x 106 in 1980 and to slightly above 2.8 t x 106 in 1984 (Table 1).

Graphs illustrating aspects of the Peruvian fisheries are usually very "spiky", which is a 
reflection of the instability and dramatic changes that have taken place following the occurrence 
of various El Nifio events (see other contributions in this vol.). Intermediate oscillations due to 
lagged responses of other elements of the altered system also contribute to the observed 
instabilities in curves describing biomass, catches, effort, capacity, production, prices, etc. 

*ICLARM Contribution No. 379. 

307 



308 

,, ,,ooo+ B_ °f~f . "' 
* -Sardine litooI 

1,300
 

9 --- 9 ,100
 

T D0
 

400 4 503. 

1 400/01 . oo 
100 z 

I 196S5 o 70 IM15 3oo 19 0 5 I15tO 1 975 3O 
Year Year 

0, C 2o80 
•260 ,w 

r - 240 
\/'~----2208 K 

200 I 40 

440 
100 -

300 
seo -

I20 

o 
40 C 

10
0 

370 372 074 1970 1970 1910 365 370 175 190 

Year Year 

Fig. 1. Basic trends of biological and economic characteristics of the Peruvian purse-serie fishery for the period1950-1983. A: Annual catch of anchoveta,of sardine and total annual catch, 1950 to 1983. B: Total annual catch
and number of vessels, 1950-1980, in 5-year segments such as used in linear programming model. C: Annual catch 
per vessel and mean vessel hold capacity, 1970 to 1980. D: Currunt price of fishmeal in adjusted US dollars,
1963 to 1983. 

Several institutional changes in public adrnnistration have also influenced the development
of the fishery (Borgo 1966; Malpica 1976; Chaparro 1983; Peralta 1983) generally throughinterventions aiming to counterbalance the short-run effects of environmental fluctuations butinconsistent with a long-run perspective of renewable resource management (see also Castillo
and Mendo, this vol.; Pauly, this vol.).

Technological developments and improvements in harvesting and processing activities havethus produced negative as well as positive results generating forces for subsequent changes (see
Castillo and Mendo, this vol.). 

The ManagementProblem 

If management of fishery resources is to provide the highest possible benefits for society,
economic evaluation of alternative management interventions as well as changes of the basiccharacteristics of the fishery system are needed. This is due to the fact that the renewable,
stochastic and complex nature of the fishery resource system is extremely difficult to apprehendwith simple and elementary conceptualizations. Added feedback loops, such as those created byregulatory measures, makes understanding of a complex system even more difficult.

Nonetheless, methods exist that allow for efficient handling of large, interrelated systems.Programming techniques, simulation and impact analyses are among the available tools which 
are becoming increasingly applicable, especially through the wide availability of microcomputer
hard and software. 

This paper discusses the evolution of the Peruvian purse seine fishery from an economicperspective, in order to represent the basic structure of the fisheries as an.economic activity and
to evaluate the relative costs and benefits of alternative interventions. Following the implicit
suggestion of the Second Panel of Experts on the Economic Effects of Alternative Regulatory
Measures in the Peruvian Anchoveta Fishery in 1974 (IMARPE 1974), a conditional
mathemadca. model structured in terms of an optimization problem is presented as a tool formodelling the; Peruvian purse seine fishery and for assessing possible outcomes of specific
changes of key factors. 
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Table 1. Catches (in t) of the Peruvian purse seine fisherya, 1950-1983. 

Horse Mean anchoveta 
Year Anchoveta Sardineb mackerel Mackerel biomassc 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 

6,500 
20,300 
24,500 
44,800 
52,800 
76,400 

138,500 
335,800 
737,000 

1,953,600 

na. 
n.a. 
n.a. 
n.a. 
na. 
n.a. 
n.a. 
n.a. 

2,100 
na. 

0 
100 
100 

na. 
na.. 
na. 
700 
400 
200 
400 

2,300 
1,100 
3,300 
1,900 
3,500 
1,300 
3,700 
'8,600 

12,600 
9,400 

na. 
n.a. 
n.a. 

"6,099,459 
9,514,038 
8,277,176 
5,072,786 
2,904,439 
3,751,051 
7,418,562 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

3,320,700 
5,010,900 
6,691,500 
6,634,800 
8,863,400 
7,242,400 
8,529,800 
9,824,600 

10,262,700 
8,960,500 

12,277,000 
10,276,800 
4,447,200 
1,768,700 
3,583,476 
3,078,810 
3,863,050 

792,106 
1,187,041 
1,362,763 

720,124 
1,225,168 
1,72Q,437 

118,441 

2,700 
3,000 
2,200 

10,200 
7,400 
1,900 
2,100 
1,800 
1,100 

500 
6,100 
6,200 
9,900 

72,605 
62,851 

174,701 
870,903 

1,257,948 
1,727,201 
1,480,396 
1,620,229 
1,779,782 
2,823,424 
2,571,752 

300 
200 
700 

2,000 
1,700 
2,600 
4,300 
3,100 
2,800 
4,200 
4,700 
9,200 

15,700 
20,200 

129,211 
37,899 
54,155 

504,992 
386,793 
151,599 
123,380 

37,875 
50,013 
76,487 

9,400 
11,700 
13,300 
7,900 
2,000 
3,800 
7,600 

13,400 
7,200 
7,200 
8,800 

10,100 
3,700 

18,900 
63,270 
23,588 
40,172 
46,071 

101,505 
117,953 
59,062 
32,803 
22,072 
22,579 

11,921,758 
16,721,428 
14,858,647 
13,280,715 
14,390,983 
13,274,416 
15,520,737 
18,998,161 
11,946,014 
13,591,293 
14,737,956 
13,745,856 
3,159,524 
3,143,542 
3,458,027 
2,823,968 
4,262,373 
1,254,592 
3,975,838 
1,453,747 
2,709,939 
9,175,206 

n.a. 
na. 

n.a. = not available 
aFAO Yearbook of Fishe:y statistics and unpublished IMARPE data. 

b Prior to 1957 sardines were not separated from anchoveta. 
c From Pauly, Palomares and Gayanilo (this voL). 

An Overview of the Peruvian Fishing Industry 

FI5heryResources 

The Peruvian fisheries are based mainly on the exploitation of pelagic resources occurrring
on 2,800 km of coastline. The resoluce base of these fisheries is very diverse and consists ofabout 500 species (Chirichigno 1974). Of these, the most important are anchoveta (Engraulis
ringens), sardine (Sardinopssagax), horse mackerel (Frachurusmurphyi) and mackerel 
(Scomberjaponicus).

Fishing became an important economic activity in Peru in the early 1950s when anchoveta
began to be processed into fish meal and oil. Since then, fishing activities centered on anchoveta,
grew at spectacular rates until overfishing and unfavorable environmental conditions (i.e., the El
Nihio of 1971-1972) drove the fishery to collapse (Walsh 1981). The period that followed was
characterized by conditions of instability, vulnerability, the occurrer.-ce of more El Niflo events 
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and the buildup of large biomasses of sardines, mackerels and horse mackerels (Jordan et al. 
1978 and see Table 1). 

Although the compensatory phenomena reported by Jordan et al. (1978) imply a shift from 
what was essentially a monospecies to a multispecies fishery, total catches have been fluctuating
around a much lower level than those reached during the anchoveta peak of the late 1960s and 
early 1970s. 

Harvesting and Processing Capacity 

The characteristics and behavior of fish resources define the technology required for their 
exploitation. Peruvian anchoveta are harvested by encircling schools with a purse seine of 
relatively small mesh sizes (10-30 mm) of a length of approximately 300 fathoms and a depth of 
35 fathoms, and which is set by purse seiners of 25-30 t LOA driven by diesel motors ranging
from 300 to 800 hp. Fishing consists of daily trips with 2 or 3 purse seine sets (Engstrom et al. 
1974; IMARPE 1975). 

Important changes in the fleet composition and characteristics have taken place since the 
beginning of the anchoveta fishery. Fig. 1B shows the rapid increase in the number of vessels 
which took place since the early 1950s, in response to favorable market and biological
conditions (Segura 1973), and which began to be reversed after 1964, after a total of 1,623 
vessels was reached (Table 2). 

Simultaneously, technological improvements such as nylon nets, echo sounder, hydraulic 
systems, steel vessels and better information on stock distribution (fishing strategies supported
by planes, radio communication, etc.) have taken place along with changes of fleet size. 
Estimates of excess fleet capacity show that the fleet in 1970-1971 was able, under average
conditions, to harvest 9.5 t x 106 of fish in 130-133 days, which would have amounted to a 
fishing season of 6.5 months (IMARPE 1974). IMARPE (1974) estimated that the excess 
capacity of the fleet during that time was about 30% for an expected catch of 9.5 t x 106. 

Fig. 1C shows, along with the annual catch per vessel, the trends of mean hold capacity in 
the period 1970-1980, illustrating further the increase in potential harvest (and excess) capacity 
of the fleet (Berrios 1983). 

Catches are used primarily as raw material for fish meal production. Efforts to rationalize
 
the industry performance, to increase aggregated value and make better use of fish for direct
 
human consumption have led in the last few years to increased alternative uses of catches, such 
as canning and landing of frozen fish, especially with regard to the "new" pelagic species 
sardine, mackerel and horse mackerel (Blondet 1986, and see also Table 3). 

Processing capacity for fish meal also grew at a disproportionate rate during the "boom" 
period of the anchoveta fishery. Estimates of excess processing capacity for 1970-1971 are of 
similar magnitude than those for the harvesting capacity, creating a feedback force to increase 
effort in order to obtain larger shares of the total catch (IMARPE 1970).

The number of canning plants grew from 16 in 1947 to 69 in 1956, that is, more than 300% 
growth in less than ten years. During the 1976-1982 period, another large increase in the number 
of plants occurred, from 34 to 82 plants. Plant use capacity was low, however, near 26% (Peralta 
1983). 

Products and Market Conditions 

Fish meal is a high protein animal feedstuff obtained by cooking, pressing, drying and 
grinding fish or shellfish. In this process, fish oil and solub!e are obtained as byproducts (Fig. 2)
which are used in the production of shortening, compound oil, margarine, etc. 

Raw material used in manufacturing fish meal and its byproducts is obtained from fish 
(usually small pelagics) harvested for this purpose. Also, incidental catch and offal obtained 
during processing of other fishery products (canning, filleting, etc.) are also used for fish meal 
and related byproducts.

The value of fish meal as feedstuff component is related to several factors of which the 
content of amino acids, minerals and range of B-complex vitamins are among the most 
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Table 2. Basic data on the Peruvian purse seines fleet, 19S 3.1980. 

Estimated of
Vessels Average Total pelagic catch per vessel 

Year (no. units) capacityb catch (t)c (tlyear) 

1953 52 n.a. 46,700 898 
1954 137 n.a. 56,300 411 
1955 192 n.a. 77,700 405 
1956 238 n.a. 142,900 600 
1957 296 na. 344,800 1,165 
1958 354 n.a. 75,190 212 
1959 414 n.a. 1,963,400 4,743
1960 667 n.a. 3,333,100 4,997 
1961 756 n.a. 5,025,800 6,648
1962 1;069 na. 6,707,700 6,275 
1963 1,655 na. 6,654,900 4,021
1964 1,744 na. 8,874,500 5,089
1965 1,623 n.a. 7,250,700 4,467
1966 1,650 n.a. 8,543,800 5,178 
1967 1,569 na. 9,842,900 6,273 
1968 1,490 n.a. 10,273,800 6,895 
1969 1,455 n.a. 8,972,400 6,167 
1970 1,499 161 12,296,600 8,203 
1971 1,473 175 10,302,300 6,994 
1972 1,399 181 4,476,500 3,200 
1973 1,256 188 1,880,405 1,497
1974 795 217 3,838,808 4,829
1975 785 218 3,314,998 4,223
1916 556 256 4,282,280 7,702
1977 514 260 2,601,117 5,061 
1978 504 261 3,402,540 6,751
1979 484 262 3,112,711 6,431
1980 403 254 2,522,795 6,260 

n.a.: -not available.aPerd 1953-1958 (Mills 1969);period 1959-1973 (IMARPE 1974);period 1974-1980 
(Berrios 1983).

b Bergtos(1983). 
cSum of firstfour columns inTable 1. 

aTable 3. Peruvian fish meal and oil exports, revenues and prices, 196 3.19 83 . 

Fish meal Oil 

Year 
Exports 

t) 
Revenues 

(US$) 
Priceb 

(US$/t) 
CIF price 
(US$/t) 

Exports 
t) 

Revenues 
(US$) 

price 
(US$/t) 

1963 1,041,700 104,755,000 101 145 135,000 9,427,000 70 
1964 1,428,600 143,632,000 101 161 117,400 14,748,000 126 
1965 
1966 
1967 
1968 

1,414,900 
1,304,100 
1,594,800 
2,081,300 

155,700,000 
181,914,000 
173,286,000 
204,670,000 

110 
139 
109 
98 

190 
160 
134 
129 

145,500 
92,200 

194,300 
312,200 

24,142,000 
15,763,000 
19,738,000 
22,676,000 

166 
171 
102 
73 

1969 1,711,200 200,464,000 117 172 157,100 14,879,000 95 
1970 
1971 
1972 
1973 

1,903,400 
1,762,100 
1,625,900 

356,700 

295,514,100 
277,786,300 
234,402,000 
137,375,000 

155 
158 
144 
385 

197 
167 
239 
542 

200,100 
269,000 
294,000 

4,600 

37,849,000 
52,430,000 
37,964,000 

1,281,000 

189 
195 
129 
278 

1974 
1975 

618,000 
783,500 

198,754,000 
161,680,000 

322 
206 

372 
245 

74,800 
133,300 

39,005,000 
37,468,000 

521. 
281 

1976 
1977 
1978 

594,100 
442,251 
484,752 

185,938,000 
183,516,000 
192,280,000 

313 
415 
397 

376 
454 
410 

2,900 
2,788 
2,300 

964,000 
1,967,000 
1,620,000 

332 
706 
704 

1979 
1980 
1981 
1982 

530,868 
463,744 
387,184 
615,880 

199,311,000 
207,214,000 
174,484,006, 
81,418,000 

375 
447 
451 
388 

395 
505 
468 
453 

49,193 
6,151 
3,871 
2,117 

21,392,000 
3,725,000 
496,000 
283,000 

435 
606 
128 
134 

1983 209,601 81,418,000 388 453 2,117 283,000 134

aFrom FAO Yearbooks of Fislery Statistics for 1981 and 1984 and World Bank (1985). 
bEstimated from Exports and Revenues. 
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COSTS REVENUES 
Harvesting Processing Transport Storage Marketing Markets 
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Fig. 2, Schematic representation of major material and money flows in the processing and marketing of Peruvian pelagic fisheries 
(arrows not to scale, see Tables 1-6 for actual numbers). 

important. Fish meal has been shown to have important animal proteins and growth factors (APF
and UGF), superior to other vegetable-based proteins, and also to have excellent nutritional 
balance characteristics (ADB 1983°).Monogastc animals such as pigs and poultry obtain essential amino acids from the 
breakdown of protein during digestion. Inthis, fish meal is very superior to vegetable proteins
and is thus an excellent feedstuff for these animals.

The demand for fish meal therefore, is a derived demand based on raising animals such as
swine and poultry (Capurro 1983). The world feed market is an extremely competitive and
complex one and because of its importance on the final consumer demand for animal protein, the 
outlook for fish meal is favorable over the long run (ADB 1983).

In the pigfeed market, fish meal competes with soymeal as a source of protein; in the poultry
industry fish meal isconsidered a superior product because of its wide spectrum. Finally, in
other minor markets such as commercial fish farming, fish meal has little competition.

The demand for fish meal then depends both on the production of these animals and the 
elasticity of substitution with its competitive products.

Since 1972, the world fish market has undergone dramatic changes. Although the export
market is concentrated in a relatively small number of producing countries with sophisticated
fisheries industries accounting for alarge percentage of the total market, the heterogeneity of the
suppliers prevents this oligopolistic industry to behave as expected. The major exporters, for
example, have not succeeded inestablishing cartels or other tyvpes of mechanism in their favorwith the exceptions of some bilateral arrangements between Chile and Peru.

Imports, on the other hand, although concentrated in a small number of countries with alarge share of the total, do not show the kind of concentration observed in exports and
production. Thus, trading patterns depend greatly on transport costs, supply and demand levels 
as well as quality and traditional buyer/seller relationships (ADB 1983). 
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Fish meal production in Peru is almost entirely for export. Although a major supplier to the
international fish meal market, Peru has been a "price taker" when world market supplies have 
been normal. 

Historically, the prices for Peruvian fish meal have been rather erratic. A dramatic increase
in 1973, as a result of the fall in the world market conditions, created in part from the Peruvian
shortage of supply (Vondruska 1981), was followed by an equally dramatic fall in 1975,
followed by a recovery and fluctuations around a higher average until 1985. The fluctuations
between 1963 and 1983 ranged from US$145 to 542/t, which, in constant prices of 1980,
corresponds to a range between US$527 and 1,204, the latter value being the peak of 1973.
Fig 1D shows the relative instability of Peruvian fish meal prices. 

The Mathematical Conditional Model 

The analyses and evaluation of the performance of a particular fishery require examination
of the key variables expressing dynamic interacrions of a set of complex elements of varying
importance. Taken as whole, these elements are like links of a chain, with the performance of the
chain depending on the strength of each of the components. Information for management
purposes must therefore not only identify, describe and quantify these elements (lirks) but also
establish the functional relationships among them. Only in this way is it possible to describe,
explain and predict the outcome of specific interventions. 

A biocconomic model, structured in terms of a constrained optimization linear programming
problem is presented below. Constraints are of biological, technological and economic nature.
Fundamental relationships between biological characteristics of the resource and the technology
of capture are incorporated along with relationships between market conditions and fishing
effort, processing techniques and harvest levels, product type and demand levels (Fig. 3). 

Model Implementation 

A Fisheries Net Benefit Function (FNBF) has been established. Each activity of the fishery
process impacts the FN!1F in a negative or positive way according to whether that activity
generates costs or revenues. The absolute difference between total costs and revenues is the net 
benefit that the fishery generates.

The management problem then is to make FNBF, as great as possible (i.e., to maximize
FNBF) without violating the restrictive conditions imposed by the system (i.e., the constraints).

The model is structured into six sequential blocks (Table 4) defining the different activities
invr ved in the fishery within a time period consistent with the validity of the various 
parameters, functional relationships and constraints. The objective function summarizes all 
relevant activities into a single value. Thus we have: 

FNBF = TOTAL REVENUES - TOTAL COSTS 

or mathematically: 

3 .. .. 36 2 236 :
 
(*Ql) Z 

4=1 J-1 b-1 duI 
-

d1 
FNBF= f ZE (C-PYdb*Xdb) ,(*Xd) 

3. 2 iin n 
(P d*Qdd)di E TUC*Q)t*)U (CU 1 E(CUM*Q~ 
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subject to: 

(Yield)ib £ (BIOMASS)ib 
b -l ..... 36 

(1/y/f).* Yield* < Total vessel days available (VDA) 

Qdt: • Total available processing (tonnage) capacity (APC) 
<• Available total transport capacity (ATT) 

<-Available total storage capacity (ATS) 

Qd "'dXdb 

",,non-negativity constraints: 

IQdi,Q1 , dIdbIt .

Convex set equations: 

I/Biomass< 1: 
I/QI 

Balance equations: 

Harvest to Pivot : ad Xb- Xd. 0 

Pivot to Processing 

Processing to Transport 
Transport to Storage 

Storage to Marketing 

Storage to Sales . 

: 
: 
: 
: 

Xd 
Qdi 

QI 

-

-

k• Qd 

Q 

Q 

"Qij 

=0 

= 0 
= 0 

0 

=0 

ai= % of species group d going into product type i (0.5). 
k -'reduction coefficient of species group d at produtittype i(4.166). 

where.: 

i -:type of:product 

l -fishmeal 
iV -fish oil 
i - canned fish 

= demand segment 

J =1 ........ n
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b = yield segments 

b, = first segment < 250 t
 
b2 = second segment < 500 t
 
b3 = third segment < 1,500 t
 

b36  36th segment < 9x 106 t 

d. species group composition 

-411 =:mix of anchoveta and sardine, 

d2 = mix of mackerel and horse mackerel 

S = stock size of species mix 

SI = first segment
 
S2 = second segment
 
S3 = third segment
 

S9 = ninth segment 

PII = Unit price of product type Iat demand segment/ 

= Total quantity of product type i at demand segment I 
SCPYdb = Cost per unit of yield of species group d at yield segment b 

Xdb = Total quantity harvested of species group d at yield segment b 

Xd = Total quantity of species group d transferred into processing 

a i Xdb) where adi = is reduction coefficient 

PUCdi = Processing unit cost of fish of species group d into product type I 

Qdi = Quantity of species group d processed into product type i 

TUCI = Transport unit cost of product type i to market place 

CUS = Storage unit cost of product type i 

Qt = Quantity of product type i transported
 
iQ = Quantity of product type i stored
 

QM = Quantity of product type i marketed
 

CUM i = Marketing unit cost of product type I
 

Harvesting Block 

Variables in this blcrk represent catches (in t) as segments of the hypothetical sustained 
yield function (SY) of the exploitable stock. To each level of sustained yield there is an 
associated yield per unit of effort (Y/f) which defines a cost per unit of catch (C[Y) coefficient in 
the objective function. 

This block contains the effort capacity constraint defined in terms of available vessel/days 
(VDA). 



Table 4. L.P. tableau for Peruvian fishing industry. 
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Table 4. (Continued) LP. tableau for Peruvia fishing industry. 
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Fig. 3. Fundamental relationships between biological characteristics of fish 
resources and technology of capture and various cost factors. A: Relationships 
between yield and the underlying fish biomass (note that Bf > B2 > B3). 
B: Relationships between yield, effort and the quotients cost per unit of yield 
and yield per unit of effort. C: Relationships between yield per effo,.t, effort 
and cost per unit of yield. 

The functional relationship between sustained yield, effort and cost per unit of effort is 
consistent with standard bionomic theoretical concepts, as represented -An . g. 3A and 3B. Note 
that throughout this contribution, the terms "catch" and "catch per effort" are replaced by "yield" 
(Y) and "yield per effort" (Y/f) such as to avoid confusion with costs (C) and costs per effort 
(C/f). Note also that using "yield" for catch in weight corresponds to the standard notation 
compiled by Holt (1960). 

ProcessingBlock 

Variables in this block represent tonnes of fish processed into different product lines with 
associated yield coefficients and processing unit costs (PUC) in the objective function. This 
block also contains processing capacity constraints expressed in terms of total available 
processing capacity (APC, in hours). PUC do not include costs of raw material since these have 
been incorporated into the harvesting block coefficients of the objective function. 

TransportBlock 

Variables in this block represent tonnes of final products transported from processing plants 
to storage facilities. Coefficients in the objective function are the transport unit cost per tonne of 
final product (TUC). Available total transport facilities (AT') set the constraint for the 
maximum transport of products per unit time. 
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Storage Block 

Variables in this block represent tonnes of final products stored. Coefficients in the 
objective function are cost per unit storage (CUS) per tonne of product stored. This block also 
contains restrictions on available total storage (ATS) in terms of storage per unit of time. 

Marketing Block 

Coefficients in the objective function associatcd with this block represent the average cos 
per unit marketed (CUM) per tonne of final product sold. Balance constraint- force all stored 
products to be sold in order to avoid modelling inventory behavior and accidental losses. 

Sales Block 

Variables in this block represent total tonnes of products sold into different markets. 
Coefficients in the objective function associated with this block are the unit prices (UP) per 
,cnne of product. 

Balance Equations, Auxiliary Activities and Convex Sets 

Balance equations are included in the block structure in order to assure flow of product 
throughout the matrix while avoiding unaccounted losses. 

Auxiliary activities are also used to allow transit and distribution of products throughout the 
matrix without impacting the objective function. Convex set equations are included as means of 
assuring compliance with segmentation and grids defined by the piecewise linearization 
technique used in incorporating nonlinear functions. 

Optimal Value 

The structure of the problem in terms of activities performed allows for the computation of 
total expenditures and revenues. All activities implying costs have negative signs in the objective
function while activities generating revenues have positive signs. The summation of negative
and positive values is the net benefit derived from the fishery. 

!rmiplementation of the Model 

Data for the conditional model has been obtained from different secondary sources 
(IMARPE, unpublished data; various FAO statistical yearbooks and extrapolation from similar 
fisheries, such as the Chilean northern pelagic fisheries (Aguero and Adriasola 1983). The base 
model was specified to represent the situation prevailing in 1982, which is here used as the 
reference year (see Table 5). 

Several alternative data configurations are presented to represent alternative possible 
scenarios (Table 6). 

The linear programming algorithm in the SOFPES program of Aguero and Lampe (1986),
implemented on an IBM PCXT microcomputer was used to run the model. 

Theoretical Issues and Devices 

Harvesting Block 

A hypothetical yield curve was used to simulate alternative levels of sustained yield for the 
stock of Peruvian pelagics. Linetarly decreasing yield per effort coefficients with increasing 
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Table 5.Summary of data used for base conditional programming model for Peruvian pelagic fisheries (see text for sources). 

Variables Values Variables Values 

Prices: 
Yield rateAssumed demand functions: -Fishmeal:Fishmeal P=644 - 1,360 Q [ Q 4 0.1 x 10' *Anchoveta/sardine: 19% 

= 562 - 248 Q [0.1.x 10' < Q < 1.5 24%x 10' * Mackerel/horse mackerel 
=559- 246 Q [ Q>1.5xl0']x1 

Fishoil P=463 - 700 Q [ Q(U.o75xlO'] -Fishoil: 

=116 - 14 Q I0.07 Sx10Q 0.5 x1o' I 

6%
 

=493 - 710 Q [ Q>0.5x10'1
 
Canned fish 
 =660 -1,080 Q -Canned fish: 60%
 

Costs 
Harvest sector: 

Restrictions- Biomassrange(tx 106): 0.5 .. ,. 8.5 - No. of boat:- Yield per effort (t per - No. of fishing days/yr: .240thousand boat-days): 55 ..... , 8.0 - Total boat-days/yr: 139,200
 
- Range of cost per tonne (US$):' 25 ... :140
 

Processing sector: - Processing, transport and 
storage capacity arbitrarily 4t xiO',Fishmeal (Us$/t) set at unbinding levelsAnchoveta/surdine: 75.00 - Catch composition:•Mackerel/horse mackerel 60.00 * Anchoveta/sardine 80%.- Fish oil (USS/t) 0 * Mackerel /horse mackerel -20% 

- Canned fish (US$/t) 75.00 

Transport sector: - Product line:* Anc-hovie/sardine: Fishmeal& oil (100%)
 
- Fishmeal (USS/t): 
 5.00 * Mackerel/horse Fishmeal& oil (50%) - Fish oil (US$/t) 10.00 mackerel Canned fish (50%) - Canned fish (US$/t) 
 15.00' 

Storage sector: 
- Fishmeal (US$/t): '5.00 
- Fish oil (US$/t) 8.-:800,.
- Canned fish (US$/t) 6.00. 

Marketing costs (US$/t): 5.00 . 
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levels of effort account for the renewable but exhaustible nature of the fishery (Schaefer 1957).
The relevant portion of the curve was segmented into discrete steps (grids) of 250,000 t each of 
which was associated witn yield per effort and effort levels as shown in Fig. 3C. Since cost per
unit of effort was assumed constant, cost per unit of yield will be an inverse function of yield per
unit of effort (Fig. 3D), which in turn will be an increasing function of output.

This technique, derived from piece-wise linearization methods (Duloy and Norton 1975),
has been successfully used in integrating nonlinear sustained yield functions using linear 
programming (Aguero 1983). 

ProcessingBlock 

Harvested fish were transferred into the processing block through auxiliary activities (which
have zero impact on tie objective function). Within this block, yield leads to alternative product
lines (fish meal and/or canning), each one bearing different processing yields and unit costs. 

Balance equations assured that all harvested fish were transferred and processed. Loss 
factors such as those identified by Castillo and Mendo (this vol.) could easily be added in this 
block to account for leakage, in the system.

Estimates of PUC obtained from a detailed analysis conducted for the northern pelagic
Chilean fishery and fish meal industry (Aguero and Adriasola 1983) were used whenever data
from the Peruvian fisheries were unavailable assuming that reduction plants operated at half their 
normal capacity.

Two levels of yield coefficients for fish meal ranging from 19 to 24% were used to allow for 
variations between the different species groups used as raw material; more species groups could 
be easily incorporated. Fish oil yield level was estimated at 4%, i.e., the average throughout the 
industry. 

Transport Block 

Transport cost coefficients have been determined based on cost estimates of the various
 
means of transport operating between plant and storage/port facilities. Coefficient in the
 
objective function reflect the average cost of transporting 1 t of final product.
 

Storage andMarketingBlock 

Both blocks have similar structures and the corresponding coefficient in the objective 
function represent estimates of average costs incurred in storing and selling 1 t of product. The
marketing block does not need to have constraints since its level can be assumed to be indirectly
proportional to total production. 

Sales Block 

This block contains the unit price (free on board or FOB) estimated as an average for a 10
yerr period (1973-1983) for each product line. It is the only coefficient bearing positive sign in 
the objective function. It represents gross returns (revenues) to the country.

Although Peru is generally a "price taker" at the international market, the possibility exists 
that, at very low or very high levels of demand, Peru's share in the world market might have an 
impact on prices. To reflect this possibility, a hypothetical downward sloping demand curve 
faced by Peru was assumed and linearized piece-wise. Thus, prices are assumed highly elastic 
throughout a large portion of the hypothetical demand curve but relatively inelastic at very low 
and very high levels of supply, specially for fish meal and oil. 
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Table 6. Sensitivity or Base Progzamming Model of the Peruvian pelasc fishery to charges of key Input. 

LP results BASE MODEL Model I Model 2 Model 3 Model 4 ModelS 

25% increase in 25% decrease in J00%Increase in 

Remarks 
Results of Base 
Programmisg 

Model 

vessel technology 
accompanied by 
decrease in Y/f 

vessel technology 
accompanied by 
increase in Y/f 

25% Increase 
in product 

prices 

25% decrease 
in product 

prices 

vessel technology 
accompanied by 
decrease in CIY 

- Net benefit (US$ x 106): 
- Total revenues (US$ x 106): 

* Fish meal: 
* Fish ol 
* Canned fish: 

172.90 
371.40 
201.62 

29.33 
140A5 

204.40 
371.40 
201.62 
29.33 

140.45 

152.36 
301.00 
150.23 

31.58 
119.19 

271.34 
469.84 
252.31 
42.00 

175.53 

97.47 
202.67 
96.77 
23.10 
82.80 

287.46 
525.81 
304.81 
37.61 

183.39 
- Totale"port revenues: 301.18 

(assuming 50%local sale of canned fish) 
- Total costs (US$ x 106): 198.50 167.00 148.64 198.50 105.20 238.35 
- Total catch (t x 106): 
- Total products (t x 106): 

* Fish meal: 
* Fish oil: 
* Canned fish: 

3.50 
0.9515 
0.6157 
0.1259 
0.2099 

3.50 
0.9515 
0.6157 
0.1259 
0.2099 

2.50 
0.68 
0.44 
0.09 
0.15 

3.50 
0.9515 
0.6157 
0.1259 
0.2099 

2.08 
0.5669 
0.3669 
0.0750 
0.1250 

5.50 
1.4968 
0.9686 
0.1980 
0,3302 

- Boat capacity used: 
* No. of boats: 
* Total boat-days (x 103): 

364.00 (63%) 
87.42 

291 (50%) 
69.93 

278 (48%) 
66.68 

364.00 (63%) 
87.J2 

170 (29.26%) 
40.73 

382 (66%) 
91.70 

- Product processing capacity
used (t x 106): 

- Market prices (US$/t): 
0.95 (35%) 0.95 (35%) 0.68 (25%) 0.95 (35%) 0.57 (21%) 1.50 (55%) 

'Fish meal: 
* Fish oil: 
* Canned fish: 

327.00 
267.00 
670.00 

327.00 
267.00 
670.00 

341.00 
351.00 
794.00 

410.00 
334.00 
836.00 

264.00 
308.00 
662.00 

315.00 
190.00 
556.00 

Results and Discussion 

Base Model 

Conditions assumed in the base model for the Peruvian pelagic fisheries are described in
Table 5. Prices and cost structure resemble those of the early 1980s. A summary of the results
(LP solution) for the base model is presented in Table 6 under the column heading BASE 
MODEL. It shows that (given the conditions in Table 5) the Peruvian pelagic fishery is capable
of generating'a net benefit of approximatly US$173 million per year from a total catch of
3.5 t x 106. Gross annual revenues are about US$371 million of which US$300 million would be 
export revenues. However, it costs about US$200 million to harvest the corresponding yield
(3.5 t x 106) and to send it to the market as final product through processing, transporting and 
storage intermediaies. 

The fleet capacity required is 87,000 boat-days of fishing. This is equivalent to 364 vessels,
operating full time for 240 days per year, i.e., reflecting an excess capacity of about 37%. 

Sensitivity Analysis 

In order to foresee possible outcomes of alternative conditions, five different scenarios were 
modeled (Table 6).

Two types of changes were assumed: 
"increase/decrease in vessel technology with related changes in cost structure. 
*increase/decrease in product prices.

Results obtained are presented in Table 6 under the column heading Model 1 to Model 5.

The results of Model I indicate that a 25% improvement in vessel technology (accompanied


by a decrease in cost per unit of yield) would bring an increase in net benefit from the fishery of
about 18%, while harvesting the same amount of fish as in the base model. The entire increase of
the net benefit in this case would come from the decrease in total cost of aproximatly 16%.
However, this would create more idle fleet capacity (50%) as compared to 37% in the base 
model. 
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On the other hand, results of Model 2 (25% decrease in vessel technology, accompanied by 
increase in C/Y) would reduce total catch to 2.5 t x 106 (29% decrease) per year. This would 
reduce net benefit to US$152 million (a decrease of 12%) and fleet size to 278 boats. Total costs 
would also be 25% lower (US$120 million). 

Models 3 and 4 show the effects of a change in prices by 25% (increase and decrease, 
respectively). Price increase has no effect on total catch, fleet size or cosis. The only effect 
observed (for Model 3) is an increase in net benefit of 56%. 

The fact that vessels and catch do not respond to increase in price is probably due to the 
range of optimal values for prices in the objective function. This suggests that the model should 
incorporate a finer segmentation in the harvesting and processing blocks to allow the algorithm 
to find a cost/price combination consistent with the proposed price change. Otherwise, a larger 
increase would be necessary to generate a response of fleet size and yields. 

Price decrease, on the other hand, shows an impact on number of vessels, yield, revenues 
and costs, as shown in Table 6. This shows that the model will respond if the price change is 
large enough to be located outside the range of optimality. 

In Model 5, the results of a substantial increase in vessel technology (300% over the base 
model) are shown. This change would enable an increase of catch by 57% from the level in the 
base model, using a total of 382 vessels. Net revenues would increase by 66%. 

Conclusion 

The model presented reflects rather closely the basic behavior of the Peruvian fishing 
industry. Total catch, total revenues, number of vessels, catch rates, final products, yield 
coefficients, prices and export revenues are similar to the values of these variables for the 1982 
year as obtained from the sources consulted (Blondet 1986, FAO 1986 Catch and Landings 
Statistics Vol. 58, 59). 

Simulated changes in the input values showed movements in expected directions, reflecting 
consistency and accuracy of the model structure as a tool to predict outcome under alternative 
simulated scenarios. 
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Abstract 

A brief review is given of the iiterilatio.nhip; and implications of the findings reported in the contributions included in this volume. 
Emphasis is given to some questions that now appear crucial, e.g. the cannibalization of anchovota eggs and biannual cycles in anchoveta 
recruitment and their possible cause(s). Some suggestions are made for future research on various elements of the Peruvian upwelling ecosystem.
Steps ae indicated toward an integrationr, f what is now known on the dynamics of the fishes offPeru into alarge-scale simulation model that 
could be used to help formulate a comprehensive fishery management plan for that system. 

Introduction 

The Oxford English Dictionary provides, as one of its definitions for the word "synthesis",
the "action of proceeding in thought from causes to effects, from laws or principles to their 
consequences". The Dictionary points out, however, that "different logicians and philosophers,
though severally applying the term only in a single sense, are still at cross purposes with each 
other. One calls Synthesis what another calls Analysis; and this both in ancient and modem 
times." 

And so also here: while attempting to present a synthesis of the preceding contributions in 
tLis volume, I shall have to perform some further analyses and ir fact constantly switch between 
these two forms of reasoning. However, one limiting factor - tie - shall overall limit the 
quantity and quality of the analyses and syntheses presented bcre. The book of which this 
contribution represents the final chapter is to be presented at the 2nd Latin American Marine 
Science Congress to be held from 17 to 21 August in Lima, Peru. It is also to provide a 

:background to a workshop on "Models for Yield Predictions in the Peruvian Upwelling
Ecosystem", to be held immediately following the Congress. Some of the contributions included 
in the present volume had been available to the editors in early 1986; the bulk of them became 
available in early 1987, however, with a few coming in as late as mid-May. The present

centribution, written under considerable time pressure could thus not consider more than a few
 
obvious items; I hope the workshop itself and interested readers will fill the gaps using the time
 
series and other data included in this book.
 

*ICLARM Contribution No. 390. 
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Review of Some Important Questions 

On Major Trends in the Data Sets 

When referring to the Peruvian upwelling ecosystem, the authors of both popular and 
scientific papers usually use the 1972 collapse of the anchoveta fishery and some related
phenomena (e.g., the collapse of the bird populations) as illustrations of the key changes that 
occurred in that system (see Fig. 1 and Walsh 1981). However, as demonstrated by the
contributions of Bakun (this vol.) and Mendo et al. (this vol.), the winds off Peru have intensified
since the 1950s, resulting in increased turbulence ("bad" for first-feeding larvae?) and increased 
upwelling ("good" for adult anchoveta?). These trends, and their possible consequences (reduced
anchoveta recruitment and biomass, improved conditions for the growth of adults) are matched,
overall by our findings regarding the biology of anchoveta - but the mechanisms are not obvious. 

Thus, mean annual anchoveta recruitment does not correlate directly with any of the wind
derived indices presented in this volume (see Mendelsohn and Mendo, this vol.). There is on the
other hand a correlation of r = 0.359 between log upwelling index (mean annual values, from
Table 5 in Bakun, this vol.) and the annual values of the anchoveta growth performance index 0' 
(from Table 3 in Palomares et al., this vol.), which, with 27 d.f. is close to being significant
(critical value is r = 0.367 for 5% level). This is much less than the value of r = 0.433 for the
correlation of 0' against anchoveta biomass discussed in Palomares et al. (this vol.), but indicates 
the possibility - which should be followed up - of interactions between various trends, and that 
decadal increase in anchoveta growth performance may be due to more than strict density
dependence. Further investigations along these lines should consider, moreover, competition
with sardine, whose egg abundance is closely related to anchoveta abundance (Fig. 2), more so 
than suggested by Fig. 1 in Muck et al. (this vol.) which shows untransformed variables. 

On Equilibria andMultiple Steady States 

None of the contributions included in this volume is structured around the assumption that 
the Peruvian ecosystem is in "equilibrium", or had reached at some point a "steady state"
(although this assumption has been used in some cases to estimate ancillary variables, e.g., the 
gear selection curve for anchoveta, see Palomares et al. (this vol.) or fishing effort on bonito in
Pauly, Vildoso et al., this vol.). It is apparent, on the other hand, that the period from 1972 to the 
present differs from the period say from 1958 to 1971: not only were the anchoveta egg standing
stocks, the survival of the prerecruits (Fig. 3) and the biomasses different, but the structure of the 
ecosystem itself appears to have changed (Walsh 1981). Thus, a system overwhelmingly
dominated by anchoveta was replaced by a system in which anchoveta and sardine compete for 
dominance as regulated by small temperature shifts (Zuzunaga 1985; VillavK icio and Muck
1985) in a fashion reminiscent of the description of S.ud (1982). This suggests the existence of 
at least two possible "states" for the Peruvian ecosystem, each with its own "ascendency" and 
related properties (Ulanowicz 1986 and see Table 1). 

Temperature Dependence of Development Time in Anchoveta Eggs 

Santander and Castillo (1973) reported that, at temperature between 14.9 and 16.90C,
fertilized anchoveta eggs need 50 hours to develop and hatch; they also noted that off the
Peruvian coast, anchoveta eggs occurred from 13.5 to 18.50C, with a pronounced maximum 
from 15 to 170C. 

In fishes, egg development time depends on temperature (see Hempel 1979) and egg size, 
among other things. Pauly and Pullin (1987), based on a data set covering 84 species of teleost 
fishes, temperatures ranging from 2.8 to 29.50C and egg diameters ranging from 0.6 to 3.4 mm 
established, for spherical marine fish eggs, the empirical relationship 

logloD = 7.10 + 0.608log1oEO-4.09log1o(T+26) 
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Fig. 1. Selected monthly time series on the Peruvian upwelling ecosystem, 4 to 14 0 S 1953 to 1982 (see text for various data sources used). Above populations of cormorants ("guanay",Phalacrocorax bougainvihlii ), boobies ("piquero", Sua van egata - -- ) and pelicans ("alcatraz", Pelecanus thagus -....species ). Note that change in the relations of the threehave gone along with the large decline affeiting
species-specific models -), 

these birds. Center: estimates of anchoveta cnsumption by cormorants, boobies and pelicans (aggregated from the results of threeby bonitos (Sana chiiensis  - - ) and two species of sea mammals ( ..... ), the fur seal (Arctocephalusaustrais) and the sea lion (Otariaflavescens).The models upon which the consumption estimates are based used among other temperature (and anchoveta biomass for the birds and seals) to regulate food requirements and anchovetaaccessibility. Hence, they reflect the occurrence of El Nilo events. Below: Vit drawals of anchoveta (Engrauhis ningens) by the "fishery(- ....(seabirds, bonitos and seals ), and by the fishery plus key predators). Note that the fishery, which at first tool an insignificant proportion of total anchoveta prouction ended up taking the overwheming part of thatproduction except, obviously in months with no fishing ("veda").This graph, taken from Pauly et al. (1986) does not consider predation by mackerel and horse mackerel; the absolute values (note log scales!) would be higher, but the trends similar,were these two fishes considered, because Muck et al. (this vol.) found them to have consumed more anchioveta in the 1950s-1960s than in the 1970s-1980s. 
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Fig. 2. Relationship between sardine egg density and anchoveta biomass of Peru (based on data in Table 1
of Muck et al., this voL and Pauly, Palomares and Gayanlo, this vol.). The correlation is much higher
than that obtained ty Muck et al. (this vol.) due both to the ,jse of improved biomass estimates and 
especially to the lopuithmic transformation applied to both variables, which generates normally distrib
uted residuals. 

Table 1. Whole-systepn properties derived from box models in Walsh (1981; Fig. 1: a budget for the flux of2
carbon (g C m yr ) through the Peru food web before (- 1966-1969) and after ( 1976-1979) overfishing 
of anchoveta), using the BASIC program in Ulanowicz (1986). 

Propertya 	 Before 19 72 b After 1972b 

Total system throughput 	 2,660 2,485
Full development capacity 5,857 	 5,279 
Full ascendency 3,595 	 3,408Overhead on inputs 132 282 
Overhead on exports 140 62
Overhead on respiration 1,422 930
 
Internal capacity 
 4,446 3,966
Internal ascendency 1,158 	 597
Tribute to other systems 380 	 1,100
Dissipation 2,338' 	 1,671
System redundancy 569 	 597 

bSee Ulanowicz (1986) for definitions. 
These numbers imply that the Peruvian upwelling ecosystem was befoie .1972 "better organized" than 

thereafter; see footnote a. 

where D is the development time, in days, E0 the egg diameter in mm and T the water 
temperature in degrees centigrade. Anchoveta eggs are not spherical, however, and hence thisequation cannot be used directly. Rather, the equation can be solved for 50h =2.083 days and15.90C (--midrange of the temperatures given by Santander and Castillo 1973, see above), i.e., 

(loglo2.083-7. 10+log1o( 15 .9 +2 6))/0.608=log1oO.574 	 ...2)
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which gives 0.574 mm as the diameter of a sphere equivalent - in terms of equation (1) and of
the data available here - to an oblong anchoveta egg. Solving equation (1) for 0.574 mm and 
simplifying gives 

log 10D=6.953-4.O9log10(T+26) 

which can be used to predict development time-in anchoveta eggs at any temperature likely to be 
occurring off Peru. 

On the Cannibalizationof Anchoveta Eggs 

That Engraulisringenscannibalize their eggs has been demonstrated by a number of authors
(e.g., in Sharp 1980). Tnere is too some evidence that anchoveta also cannibalize their larvae, the reason for the scarcity of evidence concerning the latter probably being that they are digested
faster than eggs (MacCall 1980).

The data in Table 3 of Santander (this vol.) allows quantification of anchoveta egg
cannibalism, via the definition (from Giulland 1969) 

mean age in a stock = 1/Z .. 4) 
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where Z is the instantaneous rate of mortality (t-) and the mean "age" in a stock of eggs is the 
mean time eggs have from spawning until they either hatch or die through predation (including 
cannibalism).

Using the data in Table 3 of Santander (this vol.) the mean age of anchoveta eggs can be 
estimated, for different ranges of parent stock sizes, as the slope linking the estimated number of 
eggs produced by the anchoveta stock (as estimated by Pauly and Soriano, this vol.) and the 
number of eggs observed (i.e., as recorded on H. Sanlander's maps) and corrected for the 
temperature-dependent hatching time. Results obtained through this approach are given in Table 
2. As might be seen, the Z estimates obtained in this fashion range from less than 1 d-1 to over 4 
d-1, and, in fact, allow separation of anchoveta egg mortality into density-dependent and density
independent components. Fig. 4 suggests an extremely strong impact of parent stock size on 
anchoveta egg survival, and may thus provide a mechanism for the two-year cycles of anchoveta 
recruitment detected by Mendelsohn and Mendo (this vol.) and further discussed below. 

Table 2. Estimates of apparent mean longevity (A) and daily mortality of anchoveta eggs (B) in comparison 
to their daily egg production estiniates based on egg surveys maps and an egg production model.a 

A B 
Range of parent Mean parent Map prod./b Apparent
stock (t * 106) stocks (t * 106) n theor prod. mortalityc 

0 -1.49 0.71 41 1.337 0.75 
1.50- 2.99 2.13 17 0.8325 1.20 
3.00-4.49 2.64 9 0.3738 2.68 
4.50-5.99 5.08 4 0.2516 3.98 

> 6.00 6.77 3 0.2273 4.40 

bBased on data in Table 3 of Santander (this vol.).
Map prod. = egg standing stock/egg development time; theor. prod. as estimated by Pauly and Sorano 

(this vol.). The ratio of the two-oroduction estimates expresses mean egg longevity, in days. 
'Total egg mortality (Z, d - 1 ) Is ihe inverse of mean egg age. 

r-O.957; df-3 e 

4. a00386 0 

b-0.639-10-6 

0 Mortality
due to

Sparental
2 cannlballsm 

I[-- -- - - - - - - Smith and Losker 119781 

- ------- Stauffer and Plcquelle(1980) Density-
IndependentL mortality 

Parent stock (t10'l ) 

Fig. 4. Relationship between anchoveta egg mortality and parent stock off Peru (based on data 
in Table 2), with values for the northern anchovy added for comparison. Note extremely high 
impact of parent stock, and similarity, for low parent stock values, of estimates for Peru and 
California. 

http:4.50-5.99
http:3.00-4.49


331 

On BiannualCycles ofAnchoveta Recruitment 

Although Ricker's (1954) theory of recruitment would imply the occurrence of biannual 
cycles of anchoveta recruitment (i.e., two times the mean generation time), the first evidence for 
a two-year lag in the egg-to-recruit relationship was provided, in an entirely non-Rickerian 
context, by Mendelsohn and Mendo (this vol.). This correspondence of independent evidence 
(see also Fig. 5), along with the mechanism provided by cannibalism (see above) would be very 

t. 

0 6 12 18 24 30 36 42 48 54 60 66 72 

Months 

Fig. 5. Spectral analysis of the monthly recruitment time 'series of Pauly, Palo
mares and Gayanilo (this vol.) showing (expected) peak at 12 months and (un
expected) peak near 24 months. The analysis was performed using the SPECTRA 
Procedure in Helwig and Council (1979). 

gratifying, were it not for the fact that sea surface temperature (SST) fluctuations off Peru also
have recently been shown to include a s,ng biannual component (Fig. 6).

Two possibilities, not mutually exclusive, come here to mind: 
i) biannual cyclicity has been artificially introduced into the recruitment data 

because these were computed based (in part) on anchoveta consumption estimates 
by predators that are themselves affected by SST, 

ii) there are "real" biannual oscillations in anchoveta recruitment. 

Obviously, option (ii) can itself be subdivided, i.e., 
a) the biannual oscillations of anchoveta recruitment are directly linked to 

SST or to another physical phenomenon reflected by SST, or 
b) cannibalism (i.e., a Rickerian density-dependent process) generates

biannual fluctuations of anchoveta recruitment. 
Which of these options (or combination of options) is more realistic cannot be investigated

here and now, and in fact should not before a new time series of anchoveta recruitment,
explicitly considering mackerel and horse mackerel predation and including missing years (1982
to 1986) has been (re)computed, as discussed below. 

On Biases in the Recruitment Time Series 

As explained in Pauly and Tsukayarna (this vol.) the monthly time series of anchoveta 
biomass derived in this book may be viewed as a "second iteration", i.e., part of a process which 
started with a first iteration (represeairud by the rough biomass estimates in Table 3 of Muck and 
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Fig. 6. Left: Five-month running mean sea surface temperature anomalies (°C) from ship observations between 4
and 81S along the ship track parallel for the South American coast. Right: Same time-series after band-pass
filtering to reveal the biennial component of variability. Filter has full response at 24 months, with one-half 
power points at 18 and 30 months (E. Rasmussen, University of Maryland, Dept. of Meteorology and C. Rope
lewski, Climate Analysis Center, NOAA, pers. comm.). 

Pauly, this vol.) and which will eventually lead to reliable series. In this second iteration, the
predation by mackerel and horse mackerel was not explicitly considered and its effects were 
assumed to be part of a residual natural mortality (M0), set constant for the period 1953 to 1970. 

As it turned out, mackerel and horse mackerel consumption of anchoveta during this period 
was not only substantial (much higher than that of the predators that were explicitly considered)
but also drasically declined from the 1950s to the 1980s (s& Fig. 5 and 6 in Muck and Sanchez, 
this vol.).

This implies that Virtual Population Analyses for 1953 io the 1980s that would account for
horse mackerel and horse mackerel predation would lead to estimates of biomass (and of
recruitment!) higher, for the period 1953 to 1963 than those of Pauly, Palomares and Gayanilo
(this vol.). [There would be little change for 1964 to 1982, on the other hand, because of the
availability of independent acoustic of biomass estimates for this period]. Moreover since 
mackerel and horse mackerel tend to invade the nearshore areas and to feed on anchoveta when 
SST are high (i.e., during El Niifo events, see Muck et al., this vol.), there would be a mechanism 
to (partly) compensate (or overcompensate, as the case might be) for the reduced consumption of 
anchoveta by birds and seals during warm anomalies (see Muck and Pauly, this vol., and Muck 
and Fuentes, this vol.).

It can thus be hypothesized that the recruitment .,nd biomass time series that would be
obtained would be somewhat smoother, and that the relatively low biomasses and recruitment 
estimated for the mid- to late 1950s would be closer to the values estimated for the 1960s. This
would bring the present outlying point for 1957 in Fig. 6 of Palomares et al. (which illustrates 
the strong negative relationship between anchoveta growLh performance and biomass) in line 
with the rest of the points. Even more interestingly, it would improve the fit of the models for 
predicting anchoveta recruitment developed by Mendelsohn and Mendo (this vol.), of which as 
they write, "none do a very good job for the years 1955-1959". 

This is quite encouragiig; indeed the specific structure of the bias in our recruitment time 
series suggests that a third iteration, incorporating mackerel and horse mackerel predation will
markedly improve our descriptions and models, although the questions raised above in 
conjunction with biannual cycles will probably remain. 
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On Lasker Events, Anchoveta Food and the Plankton offPeru 

Fig. 7 shows that, during the years 1953 to 1981, on the average, the anchoveta spawning
peak of February to March resulted, three months later, in more recruits than the larger spawning
peak of September-November. In terms of Lasker's hypothesis, this would imply that the
February-March spawning usually occurs during a period of low turbulence, while September-
November should be a period with very few of the well defined periods of calim (see Peterman 
and Bradford 1987 and Mendelsohn and Mendo, this vol.) which I suggest should be called
"Lasker events". As might be seen from Table 1 in Mendelsohn and Mendo (this vol.) this is
indeed the case on the average.However, as the latter authors point out, the relationship between
Lasker evenis and recruitment success off Pcru evanesces upon closer examination. None of the
major turning points in the available recruitment time series can be predicted from the available 
time series of Lasker events. 

Mendelsohn and Mendo (this vol.) suggest that this is du, to plankton concentration being,
off Peru, generally so high that anchoveta larvae may always have enough food, whether
 
plankton-rich microlayers can establish themselves or not, i.e., independently of turbulence.


Their statement clearly implies the need for a re-examination of the available, published
information on Peruvian plankton, the re-sorting and re-analysis of the long time series of
plankton samples held at IMARPE (as recommended by the IOC/FAO Guiding Group of Experts 
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on Ocean Science and Living Resources in its 2nd session in Rome, 6-12 June 1987), as well as 
new data, sampled to specifically address this issue. Haydee Santander's bibliography (p. xi to 
xii) provides an excellent entry into the Peruvian literature on Peruvia,, zooplankton, while 
additional references on this topic, as well as thoughtful analyses may be found in Calienes et al.
(1985), Barber and Chavez (1983), Walsh (1975, 1981) and Muck et al. (1984).

Plankton densities affect recruitment not only through their impact on the survival of larvae,
however, but also through their effect on the somatic and gonadal growth ,.f the adults, and 
hence on quantity and quality of spawning products (Nikolskii 1969). Reports on anchoveta 
stomach contents are available, (see, e.g., Rojas 1953; Mendiola 1966, 1971, 1980; Mendiola 
and Ochoa 1973; Mendiola et al. 1969; Sanchez et al. 1985) documenting that anchoveta 
stomachs have been sampled off Peru since the early 1950s. In fact, at the time this is written,
the raw data used for the papers cited above are being entered into computer files such that they,
too, can be turned into standardized time series similar to those presented in this volume. 
Hopefully, it will then be possible to address some of the questions left open by our analyses,
notably in relation to growth changes, to parental egg cannibalism, as well as to establish links 
between observed plankton densities, adult anchoveta stomach and fat contents and the survival 
of anchoveta early stages.

These studies should be complemented, however, by an analysis of the link between 
phytoplankton standing crop (i.e., the main food of adult anchoveta) and "new primary
production". Information on the former is available in the form of numerous maps, both quasi
synoptic and for "average conditions", (see, e.g., Mendiola 1966 and Calienes et al. 1985). The 
latter can be computed from SST, an upwelling index and a few well-established empirical 
constants (R. Barber, Duke University, North Carolina, pers. comm.). 

On ComparativeStudies between Areas, GeologicalPeriods andlorAnchovy Species 

Bakun (1985) has recently reviewed the comparative approach as a framework for the 
interpretation of time series and other data on the recruitment of fish, particularly in Eastern 
Boundary current systems. Such systems indeed resemble each other both in the physical as in 
the taxonomic sense, as most dominant species in eastern boundary currents belong to the same 
genera or even species (Table 3).

For the comparqive method to continue to be useful here, however, the subtle differences 
between these species must be acknowledged, e.g.,that Engraulisencrasicholuswhich range 

Table 3. Dominant anchovy, pilchard, mackerel, horse mackerel, bonito and hake in the four major eastern 
boundary currents.a 

Benguela Current Canary Current Peru Current California Current 

Engrauliscapensisb E. encrasicholus E. ringens E. mordax 
Sardinopsoccelatus Sardinapilchardus Sardtnops sagax Sardinopssagax 
Scomberlaponicus S. japonicus S. japoncus S. japonicus 
Trachurustrachurus T. trachurus T. murphyic T. symmetricus 
Sardasarda S. sarda S. chiliensis S. chiliensis 
Merlucciuscapensis M. merluccius M. gayl. M.productus 

aAfter Bakun and Parrish (1980).
 
Possibly a synonym of E. encrasicholus(see Whitehead 1981).
 

el'he horse mackerel occurring off Peru was earlier seen as a subspecies, l.e.,.T. symmetricus murphyi (see 
e.g., Chirtchigno 1974). 

from Norway to West Africa (200S and beyond if E. capensis is a synonym) may not be as well
adapted to upwelling conditions as the more advanced E. ringenslE.mordax species pair (Fig. 11).
It is in this context that phylogenetic studies, encompassing taxonomy, biogeography (of both 
recent and fossil forms) and paleontology (i.e., analysis of fish scale abundance and size
frequency distribution in sediment cores) might be most useful. These studies might lead to 
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C mysticetus Mg. 8.Interrelationships of species assigned to the genera Engraulis 

and Cetengraulls;0-3, groups for which there is evidence of relation
ships in the form of shared advanced character (from Nelson 1984). 

further generalizations needed for an understanding of the evolutionary biology of Engraulis
ringensJenyns (1842) (see Soutar and Isaac 1969; De Vries and Pearcy 1982; Lasker and 
MacCall 1983; Nelson 1984, 1986; Grande and Nelson 1985; Whitehead, in press and references 
therein for an entry into the relevant literature). 

Some Concluding Remarks on Anchoveta Predators and Other Elements 
of the PeruCurrentSystem 

Our analysis of the predation of the guano birds on the anchoveta stocks off Peru suggests
that these birds may have Jess of an impact on the fish stock than'proposed by earlier authors 
(e.g., Fumess 1982 and see MacCall 198?). This is in line with the reassessment peiformed by
Bailey (1986) who showed that seabirds may take 5-8%, rather than 20-30% of North Sea fish 
production. This theme will, in any case, need some re-analyses possibly based on a different 
model of bird energetics and feeding dynamics than the one used by Muck and Pauly (this vol.), 
e.g., using some of the new data compiled in Furness and Monaghan (1987).

Sea mammals off Peru - at least as far as sea lions and fur seals are concerned - appear to
have a negligible impact on Peruvian pelagic stock (see Muck and Fuentes, this vol., Pauly,
Palomares and Gayanilo, this vol.).

Thus, it is not the sea mammals which threaten the Peruvian pelagic fisheries, but rather the 
converse and indeed more will have to be done toward the conservation of the lesser species of 
sea mammals. Studics presently conducted in Peru toward this aim are listed in Table 4. Optimal
results will be obtained here if those conducting such studies continue to interact with"modellers", thus guaranteeing that their inputs will be considercd in future management plans.

The impact of mackerel and horse mackerel on anchoveta, and the error we initially
committed of not considering them to be important was discussed above. This error now leads to 
the question as to which other species may have been neglected.

Hake have been discussed. in Pauly and Tsukayama (this vol.) and should be included in 
future iterations. It is difficult to imagine other fishes (i.e., fishes other than mackerel, horse 
mackerel, bonito and hake) as having a major impact on anchoveta. This leaves squids
(especially Dosidicusgigas) as the only fish predators with a potential impact on anchoveta. As
mentioned in Pauly and Tsukayama (this vol.) this impact should be limited, however, because 
the squid in question tend to occur in offshore waters, outside of the range of anchoveta (there 
are indications ,hat anchoveta in the 1960s ranged further offshore than they presently do, and
hence may have been accessible to squid, see Muck and Sanchez, this vol.). A. recently available 
contribution by Benites and Valdivieso (1986), confirms this, both in terms of the distribution of 
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Table 4. Studies on the biology of small sea mammel presently being conducted in Peru.a 

Species name b
 
Scientific Common Focus of study (investigator(s))
 

Otariabyronia Sea Lion population dynamics (IMARPE)
 
[= 0. Jkvescens (Blainvilie 1820)]
 

Arctocephalusaustralls Fur Seal reproductive biology, feeding habits (V. 
(Zimmerman 1783) Majluf)c, pop. dyn. (IMARPE) 

Phocoena spinipinnis Burmeister's porpoise life history (A. Read)d, feeding habits (Q. 
(Burvteister 1865) McKinnon) e, poulation discreteness (K. 

Van Waerebeek) , parasites (J. Reyes), 

Lagenorhynchusobscurus Dusky dolphin life history '(A. Read), feeding habits (J. 
(Gray 1838) McKinnon), population discreteness (K. 

Van Waerebeek), parasites (J. Reyes) 

Tursiopstruncatus Bottlenose dolphin feeding habits (J. McKinnon), parasites 
(Montagu 1821) (J.Reyes) 

Delphinusdelphi Common dolphin parasites (J.Reyes)
 
(Linnaeus 1748)
 

aBased on information provided by P. Majluf, J. McKinnon and P. Muck. 
Not listed throughout are life histories, and the impact of the fishery on population size and structure," 

although these are important for all species.
 
CPatricia Majluf, Large Animal Research Group, University of Cambridge, Cambridge, UK.
 
dAndrew Read, Dept. of Zoology, University of Guelph, Guelph, Ontario, Canada.
 
eJeff McKinnon, Dept. of Zoology, University of Guelph, Guelph, Ontario, Canada.
 

fKoen Van Waerebeek, Museum voor Dierkunde, Rijksuniversiteit Gent, Gent, Belgium.
 
gJulio Reyes, Universitad Ricardo Palma, Lima, Peru.
 

squid biomass off the Peruvian coast and of their observed diet, i.e., "lantern fishes, crustaceans, 
other cephalopods, coelenterates and fish eggs". Thus, we have possibly reached here the limit of 
what needs to ib considered in a model of the dynamics of anchoveta. 

On Modellingthe PeruvianUpwelling Ecosystems 

Numerous models of the Peruvian ecosystem as a whole exist (in addition to models of parts
of the system, such as presented in this volume). If one disconsiders oceanographic/
meteorological models, they range from conceptual box models (Vogt 1964) to weighted graphs 
such as in Walsh (1981), simple coupled differential equation models such as Kremer and 
Sutinen (1975 see Fig. 9) or Aivazyan and Krapivin (1984), all the way to the complex spatial
model of Walsh (1975). Whatever their overall complexity, all these models betray, however, 
through the part that is most detailed, the area of expertise of their maker (e.g., plankton in J.J. 
Walsh's case), and usually include extremely simplified functions to represent the "lower" (e.g., 
oceanographic) and "upper" (e.g., fish and/or fishery) interfaces. 

We hope that the information presented in this volume will allow the construction of a 
model of the Peruvian ecosystem in which fish are modelled more realistically than has hitherto 
been the case, and thus provide, among other things, a basis for refining the bioeconomic model 
of the Peruvian fisheries presented by Aguero (this vol.). 

On Information forFishery Management 

For what it is worth, this volume documents what can be achieved when historical data on a 
given system are accessed and shared amongst authors. Fishery science is an historical science in 



337 

Q Energy source Multiplier 0 Animal 

= Plant < Storage Respiration 

" Herbivore 

nutrient excretion 

D"P ost'11M~Ing 

water. - nsch 

Fig. 9. Flow diagram of the major elements of a simple model of the Peruvian upweUl
ing ecosystem (from Kremer and Sutinen 1975). Note that even inthis single model, 
plankton ,dynamics are simulated with far more details than the fish, here represented
by the "anchovy". 

the sense that events are described which are all unique, however much we want tro generalize. In 
our field, this makes the availability of historical iniormation a far more crucial factor than say inchemistry. Indeed, numerous insights, e.g., on the variability of fish stocks or of the intensity of 
El Niio events, could be gained only because of the availability of old written records (seeGushing 1982 and Woodman 1985, respectively). For this reason, an explicit policy to encourage
its staff to publish is crucial for any fishery research institution, and some suggestions to this 
effect are given in Table 5.Important also are bibliographies, which, while remaining well focused, should be as 
complete as possible. While having a clear focus, the recently produced bibliography of 
Mariategui et al. (1985) misses a large fraction of the literature cited in this volume, includingclassics such ase, e Bini (1952), which, however, one finds cited in works such as De Buen 
(1960) and listed in the bibliography of Stephenson and Hicks (1975).

Equally problematic is the fact that a significant fraction of the literature on the Peru Current 
was originally published in Russian, and that only a small part thereof was translatedinto 
Spanish or English (see, e.g., Aivazyan. and Krapivin, 1984 and references therein). Clearly, aneffort should be made to have the bulk of this literature translated, e.g., through some 
cooperative agreement between IMARPE and its sister institution in the USSR, or as part of the 
"package" enabling Soviet vessels to operate in Peruvian waters. This would both help Peruvian 
fishery science and management and provide a larger audience for the important work that 
Soviet fishery scientists and modellers do. 
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Table 5. Some suggestions toward increasing the scientific output of a fishery research institution. 

Produce an Annual Report, with brief accounts of the work in each research group, their findings and pub

lished output; 

Produce an annual set of Collected Reprints for exchange with other institutions; 

* 	 Give .active support to young :cientists to publish the results of'studies they have carried out under their 

own authorship; 

Give adequate credit to supervisors and scientific administrators for the scientific output of their subor
dinates, not only their own; 

* 	 Delay as long as possible the promotion of recent Ph.D. recipients to administrative positions; 

* 	 Always build reporting and publication costs into the budget of a proposed study; 

Encourage scientific staff to learn the international language of science (English),a and to read scientific 

literature as widely as possible; 

Encourage each scientific staff to submit at least one contribution (however short) a year to an international 

Journal; 

* 	 Make sure that library has at least one of the current awareness journals (eg., Aquatic Science and Fisheries 
Abstract or Current Contents)-cancelling other subscriptions if necessary-and use the titles and addresses 
in thisjournal to obtain (free) reprints, which are then circulated to staff; 

* 	 Avoid the production of anonymous reports, which give no credit to their author(s); 

Reduce as much as possible (preferably to zero) the production of technical reportsthat are meant to remain 

confidential; 

Release data and reports as soon as they have outlived their usefulness to real-time management decisionsi 

* 	 Encourage cooperation, within and between institutions, of staff working on similar or related topics; 

* 	 Cooperate with other institutions, e.g., Universities within the country and abroad, partner institutions' 
in neighboring countries, etc.
 

aN.B.: the author's first language is French.
 

On Managing the Peruvian Pelagic Fishery 

Fig. 10 gives an integrated summary of what was covered by the studies presented in this 
book, while areas not dealt with are indicated as such (shaded box). As might be seen, we have 
covered rather comprehensively the oceanographic/biological side of things, while our coverage 
of the social and economic aspects of fishery management was very limited. 

Various contributions in Glantz and Thompson (1981) have highlighted the problems 
as~:ociated with formulating and carrying through a fishery policy with a fixed target (e.g.,
"MSY") in the face of environmental variability. Clearly, any plan for the management of the 
Peruvian upwelling ecosystem will have to take environmental variability explicitly into 
account. 

I have termed "Fourth Level of Integration" the level of research and management 
sophistication required to do this (see Fig. 10). However, Dr. Max Aguero (ICLARM, pers.
comm) feels that few studies have been conducted to date which would correspond to this 
"Fourth Level", one of the few exceptions being the "World Model" of the Club of Rome 
(Meadows et al. 1972). 
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Species Indexa 
alcatraz, 209, 212, 213 see also pelican 

Anchoa, 4

Anchovia, 4 

Arctocephalus australis,see seal, fur 

Austramenidaregia,260,261 


Balaenopteraedeni, see whale 

bonito, vi, vii, 4, 9, 87, 143, 145, 149, 154, 155, 248-


253, 255-267, 289, 305, 327, 334, 335, 338 

see also Sardachiltensis


booby, 143 155, 212-216, 219,222,223, 226,228,

230, 231,232, 327 


Brevoortia,4 


caballa, xi, 276, 292, 293, 324 

Callorhinusursinus,see seal, northern fur:

Carangidae, 276 

Cephalopoda, 9

cerrajon, 249, 263, see also Sardachiliensis 

cetacean, 9
 
Cetengraulis,335, 342

chauchilia, 249, see also Sardachiliensis
Cichlidae, 139 

Clupcoidei, 5, 341, 342 

Clupeomorpha, 5 

cod, 266, 280, 292, 293 

copepod, 277-279
cormorant, 91, 143, 155, 212-217, 219, 220, 223, 226,


228, 231-233, 327, see also guano bird 

Crustacca, 260,278 


Delphinusdelphi, see dolphin 

dolphin, 336 

Dosidicusgigas?35 see also squid 

Dusycyon sechurae,see fox 


Engraulidae, 5, 139, 141, 171, 342 

Engraulis, 136, 137 172, 178, 306,335,341 


anchoita, 335 

australis, 335 

capensis, 139, 334 

edentulus, 335 

encrasicholus,128, 131, 136, 141, 334, 335 

encrasicholus naeoticus, 139 

encrasicholusponticus, 140 

eurystole, 335
 
guineensis,335 

japonicus,281, 335

juruet.sis,335 

mordax, xii, 12, 87, 119, 136, 139, 140, 171,

173, 177, 178, 219, 245, 295, 306, 330, 334,

335, 342 


mysticeus, 335 

euphausid, xi, 261,277, 278, 279 


apdge numben for "Engraulisringens," "Anchoveta" and
"anchovy" are omitted due to their occurrence throughout the book. 

fox, 213
 

Gadusmorhua, see cod 
gannet, 222, see also booby
 
guanay, 209, 212, 213,218, 233,327, see also
 

cormorant
 
guano bird, vi, vii, 2,4, 5, 9, 10,89, 91, 208-211, 213

217, 219, 221-233,249, 291,335, 339, see
 
also seabird
 

haddock, 293
 
hake, 10, 11, 87, 245, 246, 305, 323, 335, see also
 

Merluccius
 
pacific, see Merlucciusproductus

silver, see Merlucciusbilinearis
 

herring, 233,247, 342
 
Hildebrandichthyssetiger,342
 

jurel, see Trachurusmurphyi 

Katsuwonuspelamis,see tuna, skipjack 

Lagenorhynchusobscurus,see dolphin
Loligo, 261
 
Loligo opalescens,261
 
Lycengraulis,4
 

mackerel, vi, vii, 4, 9, 87, 111, 113, 139, 225, 245, 266,

268-293,309, 310, 315, 320, 332, 334, 335,
 
338
 
horse, 4, 9, 111, 113, 225, 245, 268-272, 274 277, 279-292, 309, 310, 315, 320, 332,334,

335,338 
3ack, 338, see also Trachurus
 

Macrocystispyrifera,44
 
Melanogrammusaeglefinus,see haddock

Merlangiusmerlangus,see whiting

Merluccius bilinearis,266
 

capensis, 334
 
gayi, xi
 
gayiperuanus,10, 11, 334
 
merluccius, 334
 
productus, 87, 305, 334
 

mollusk, 278
 
Munida cokeri, 260, 261
 

Normanichthyscrokeri,261
 

Octopus,261
 
Odontestes regia,see Austramenidaregia

Oncorhynchusnerka, see salmon
 
Otariabyronia, 247, 336, see also sea lion
 
Otariaflavescens,9, 11, 12, 234, 245, 247, 327, 336,
see also sea lion
 
Pelecanidae, 208
 
Pelecanus, 222, see also pelican

occidentalis,219, 232
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occidentaliscalifornicus,219 

onocrolatus,222,232 

thagus,208, 219,222, 231, 327 

pelican, 143, 155,212-217,219,221,223,226,228, 


231-233, 327, see also guano bird 

penguin, 247 

Perciformes, 267 

Phalacrocoracidae, 208 

Phalacrocorax,222,233, see also cormorant 


africanus,222 

auritus,222 

bougainvillii,208, 218,219, 222, 229,231-

233,327 

capensis,222 

carbo,222 

carbon lucidus, 222 

fuscicolli,222 

niger,222 

penicilatus,222 


Phocaenaspinnipinis,see porpoise 

Physeter catodon,9, 13 

Physetermacrocephalus,see Physetercatodon 

pilchard, 334, 342 

pinniped, 9,234-237, 238,240,241,244-246 

piquero, 209,212, 213, 327, see also booby 

plankton, xi, xii, 5,7, 14, 132, 133, 138,269, 273,276, 


277,284, 333,334, 336,337
 
Pneumatophorudjaponicus,292,293 

porpoise, 9, 10,336 

Prionotusquiescens,260, 261 


Rastrelligerkanagurta,139 


salmon, 292 

Sarda, 254, 259, 265-267 


chiliensis,vi, 155,248, 249, 252, 254, 262, 

264,266,267,334 

chiliensischiliensis,249-255, 258, 260-262 

chiliensislincolata,249-252, 259, 262 

orientalis,249,250,262, 267 

sarda,252, 254, 33.4,
 
sardachiliensis,266,293 

sardaperuanus,293
 

sardine, vi, vii, xii, 9, 49, 111,113, 141, 184, 225, 245, 

268-275,289, 308,310, 315, 320, 338, 342 


Sardiniapilchardus,334
 
Sardinops,4 


occelatus,334
 

sagax,xii, 111, 141,260, 268, 275, 289, 309,
 
334,341,342
 

Scomberjaponicus,111, 113,268,276,278,281,289, 
290,309,334
 
japonicusperuanus,xi, 292,293
 
scombrus, 264
 

Scombridae, 248,259, 264, 266, 267, 276
 
sea lion, vi, 9, 11, 12, 155,234-239,241-247,335,336,
 

see also pinniped
 
sea lion, California, see Zolophus californianus
 
seabird, 9, 10, 95, 143, 145, 149, 151, 154,155,217,
 

224, 226-228, 232,233, 240, 246, 264,265,
 
289,272,327,332,335,338,341
 

seal, 9, 10, 143, 145, 149, 154, 265,289, 332, 338, see
 
also pinniped
 
fur, vi, vii, 9 11, 12, 155, 234-239, 241-246,
 
327, 335, 336
 
grey, 245
 
northern fur, 241-247
 

squid 9,239, 335
 
Sula, 222, set. also booby
 

capensis,222
 
dactylatra,222
 
leucogaster, 222
 
sula, 222
 
variegata,208,219,222,230, 232,327.
 

Thunnus albacares,264,267, see also tuna, yellowfin
 
Tilapia,see Cichlidae
 
Trachurusmurphyi, 268, 276,289, 290, 293,309, 334
 

trachurus, 334
 
symmetricus, 111,261,334
 
symmetricus murphyi, xi, 293, 3 31
 

tuna, 263, 266
 
albacore, 267
 
bluefin, 267
 
skipjack, 259-261, 266, 280,293
 
yellowfin, 266,267,324
 

tunny, 267, see also tuna
 
Tursiopstruncatus,see dolphin
 

Vinciguerria,9
 

whale, 9
 
whiting, 293
 

Zolophus californianus,245
 

Geographic Index
 
Asia (Peru), 210,211
 
Atico (Peru), 4
 
Atlantic, 24,78,47
 
Australia, 17, 18
 

Ballestas (Peru), 210, 211
 
Benguela, 76
 

Africa, 222,334 

Alaska, 26 

America, North, 26,47 


South, 4, 5,14, 15, 16, 26 

Anapaca Island, 221, see also California
 
Arequipa (Peru), 2 

Arica, 121, 128, 131, see also Chile 
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Black Sea (USSR), 131 Iquique, 121, 128, see also Chile 
Blanca Norte (Peru), 210, 211 Isleta (Peru), 210, 211 
British Columbia, 222 

Japan, 262 
Cabo Blanco (Peru), 185,207 
California, 3,6, 17, 76,219,221,245,252,262,295, Kyushu, see Japan 

296 
Callao (Peru), y, xi, 8, 14, 21, 27,47, 75-78, 80-86, 91, La Cruz, see San Lorenzo 

94-98, 111, 116, 121, 131, 169, 172, 185-207, La Punta, 14, 16, 18, 21, 22, 23, 27, 43 see also Callao 
211, 250, 253,256, 257, 262, 274, 277-280, Lima (Peru), 325 
287, 295 Litera (Peru), 210, 211 

Canary Islands, 76 Lobos de Afuera (Peru), 210, 211 
Casma (Peru), 91, 94-98 Lobos de Tierra (Peru), 210, 211 
Cavinzas (Peru), 210,211 
Cerro Azul (Peru), 185-207 Macabi (Peru), 210, 211 
Chancay (Peru), 185-207 Mazorca (Peru), 210, 211 
Chao (Peru), 210,211 Monterey, 3, see also California 
Chicama (Peru), 111, 185-207 
Chile, 4, 5, 9, 26, 121, 128, 131,251,265, 277, 312, North Sea, 3, 245, 335 

319 Norway, 334 
Chimbote (Peru), xi, 8, 21,47, 77, 80, 83, 84, 86, 91, 

94-98, 116, 121, 131, 169, 172, 173, 185-207, Oregon 245 
211,255,277-280,287
 

Chincha (Peru), 208 Pacharnac (Peru), 210,211 
Chincha Centro (Peru), 210, 211 Pacific, 8, 15, 16, 71,249, 250, 264 

Norte, 210, 211,213 Paita (Peru), 185-207, 211,250, 253,257, 277,279-,, 
Sur, 210, 211,212,213,220 281 

Chiquitanta, see Huampanu y Chiquitanta Palominos (Peru), 210, 211 
Colorado (Peru), 210,211 Pescadores (Peru), 210, 211 
Coquimbo (Peru), 86 Pimentel (Peru), 185-207 
Corcarado (Peru), 210, 211 Pisco (Peru), 47,94-98, 169, 185-207,211,278-280. 
Culebras (Peru), 210,211 Pucusana (Peru), 185-207 

Punta Falsa (Peru), 185-207 
Darwin, see Australia 
Don Martin (Peru), 91, 94-98, 169, 210. 211f Salaverry (Peru), 185-207 

Salinas (Peru), 210, 211 
Easter Island, 16, 18 Samanco (Peru), 91, 94-98 
Ecuador, 4, 16 San Diego, 17, 250, see also California 
Europe, 47 San Juan (Peru), 47, 80, 86 

San Lorenzo (Peru), 210, 211 
Ferrol Norte (Peru), 210,211 Santa Barbara Island, 221, see also California-
French Frigate Shoal, see Hawaii Sri Lanka, 222 

Supe (Peru), 185-207 
Georges Bank, 264 
Guanape Norte (Peru), 210, 211 Tacna (Peru), 80 
Guanape Sur (Peru), 210, 211 Talara (Peru), 8, 14, 16, 18, 20,21, 23,27,43,47.77. 
Guayaquil, 10, see also Ecuador 80, 185-207 

Talcahuano (Peru), 86, 128 
Hawaii, 222 Tambo de Mora (Peru), 185-207 
Huacho (Peru), 91, 94-98, 169 Tortugas (Peru), 210, 211 
Huampanu y Chiquitanta (Peru), 210,211 Trujillo (Peru), v, 75-78, 80-86,295,296, 299,305:. 
Huarmey (Peru), 185-207 

Valparaiso, 128, see also Chile 
Iberian Peninsula, 47 Vancouver, 250 
Illescas (Peru), 307 
Ilo (Peru), 4, 211,279, 280 Washington, 245 
Indian Ocean, 250 
Indonesia, 16 Yugoslavia, 222 

Zimbabwe, 222 

http:23,27,43,47.77
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