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Abstract

A brief review is given of Ibe interrelationships and implications of Ibe findings reported in Ibe contributions included in this volume.
Emphasis is given to some questions Ibat now appear crucial, e.g. Ibe cannibalization of anchoveu eggs and biannual cycles in anchoveta
recruitment and their possible cause(s). Some suggestions are made for future research on various elements of Ibe Peruvian upwelling ecosystem.
Steps arc indicated toward an integration of what is now known on Ibe dynamics of Ibe fishes off Peru into a large-scale simulation modcllbat
could be used to help {onnulate 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
con~equences". 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
this volume, I shall have to perform some further analyses and in fact constantly switch between
these two forms of reasoning. However, one limiting factor - time - shall overall limit the
quantity and quality of the analyses and syntheses presented here. The book of which this
contribution represents the final chapter is to be presented at the 2nd Latin American Marine
St:ience 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
contribution, 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.
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Reviewof SomeImportant Questions

On Major Trends in the Data Sets

When referring to the Peruvian upwelling ecosystem, the authors of both popular and
: scientificpapersusuallyuse the 1972~ollapseof the anchoveta.fisheryandsomerelated

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 vo1.)and Mendo et al. (this vo1.),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
ancnoveta recruitment and biomass, improved conditions for the growth of adults) are matched,
overall py 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-
derived41di~es presented in this volume (see Mendelsohn and Mendo, this vo1.).There is on the

..':-.". .other han4 a correlation ofr =0.359 between log upwelling index (mean annual values, from
~:..,~:.:.Table5.in Bakun, this vol.) and the annual values of the anchoveta growth performance index,p'
- . ..(from Table 3 in Palomares et al" this vo1.),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 ofr =0.433 for the
correlation of rjJ'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 perfonnance may be due to more than strict density-
dependence. Further investigatiqns along these lines should consider, moreover, competition
with sardine, whose egg abundance is closely related to anchoveta abundance (Fig. 2), more so
thap suggested by Fig. 1 in Muck et al. (this vol.) which shows untransformed variables.

On Equilibria and Multiple 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 replac~ by a system in which anchoveta and sardine compete for
dominance as regulated by small temperature shifts (Zuzunaga 1985; Villavicencio and Muck
1985) in a fashion reminiscent of the description of Skud (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 I8.50C, 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 2~.50C and egg diameters ranging from 0.6 to 3.4 rom
established, for spherical marine fish eggs, the empirical relationship

log10D =7.10 + 0.60810glQEcp-4.0910glQ(T+26) ...1)
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Fig..1. Selected monthly time serieson the Peruvian up~ellin~ ecosystem, 4 t? 14:5. 1953 to 1982 (see lext for various data sources used). Above: populations ofcormorants("guanay",
Phalacrocoraxbougainvillii-), boubies ("piquero", Sula varlegata- -.- ) and pelicans, ("alcatraz", Pelecanus thagus - .- .- ).Note that change in the relations of the three
species have gone along with the large decline affecting these birds. Center: estimates of anchoveta consumption by cormorants, boobies and pelicans (aggregated from the results of three
species-specific models - >, bybonitos.(Sarda chiliensis - - - )andtwo species of sea mammals ( - .- .- ), the fur seal (Arctocephalus australis) and the sea lion (Otaria flavescens).
The models upon which the consumption estimates are based used among other temperature (and anchoveta biomass for the birds and seals) toregulate food requirementsand anchoveta
accessibility. Hence, they reflect the occurrence of El Niiro events. Below: Withdrawals of anchoveta (Engralilis ringens) by the fishery ( - .- .-), and by the fisherY plus key predators
(seabirds, bonitos and seals -). Note that the fishery, whichatfirst" took an insignificant proportion of total anchovcta production ended up taking the overwhelming part of that
production except, obviousfyin months with no fishing("veda").

This graph, taken from Pauly etal.(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 fishesconsidered,becauseMucket al. (this vol.) found them to haveconsumed moreanchovetainthe 1950s-1960sthan 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 Gayanilo, this vol.). The correlation is much higher
than th:.t obtained by Muck et al. (this vol.) due both to the use of improved biomass estimates and
especially to the logarithmic transformation applied to both variables, which generates normally distn"b-
uted residuals.

Table 1. Whole-systee properties derived from box models in Walsh (1981; Fig. 1: a budget for the flux of
carbon (g C m2 yr- ) through the Peru food web before (~1966-1969) and after (~.1976-1979) overfishlng
ofanchoveta), using the BASIC program in UIanowicz (1986).

Propertya Before 1972b After 1972b

Total system throughput
Fun development capacity
Fun ascendency
Overhead on Inputs
Overhead on exports
Overhead on respiration
Internal capacity
Internal ascendency
Tribute to other systems
Dissipation
System redundancy

2,660
5,857
3,595

132
140

1,422
4,446
1,158

380
2,338

569

2,485
5,279
3,408

282
62

930

3,966
597

1,100
1,671

597

aSee Ulanowicz (1986) for defmitions.
bThese numbers imply that the Peruvian upwelling ecosystem was ,before 1972 "better organized" than

thereafter; see footnote a.

,.

where D is the development time, in days, E~ the egg diameter in mm and T the water
temperature in degrees centigrade, Anchoveta eggs are not spherical, however, and hence this
equation cannot be used directly. Rather, the equation can be solved for SOh=2.083 days and
15.90C (=midrange of the temperatures given by Santander and Castillo 1973, see above), i.e.,

(log 102.083-7.1 0+10glO(15.9+26»/0.608=log 100.574 ...2)
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Fig. 3. Time series of an anchoveta prerecruit sur-
vival index (i.e., loge monthly recruitment in month
(i)/egg production in month (i-3», 1953-1981.
Above: original monthly series, based on data in
Pauly and Soriano (this vol.) and Pauly, PalomaIes
and Gayanilo (this vo!.). Below: Smoothed series
(12 months running means), showing major dif-
ference between 1953 and 1969 (.. high values
showing little fluctuations) and 1970 to 1981
(highly vaIiable values).

which gives 0.574 mrn 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 lOD=6.953-4.0910g 1O(T+26) ...3)

which can be used to predict development time in anchoveta eggs at any temperature likely to be
occurring off Peru.

On the Cannibalization of Anchoveta Eggs

That Engrau/is ringens cannibalize their eggs has been demonstrated by a number of authors
(e.g., in Sharp 1980). There 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 (MacCall1980). .

The data in Table 3 of Santander (this vol.) allows quantification of anchoveta egg
cannibalism, via the defInition (from Gulland 1969)

mean age in a stock = IfZ ...4)

------
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where,? is the instantaneous rate ?f mort.ility (t-~)'and the m~ "age" in a stock .of e¥gs is th.e' ,'}~:~Xf:c
me~ f:iJ:I?eeggs have from spawrnng until they eIther hatch or die through predation (mcludirig..::}':~!i~:;~,canmbalism ). . .' '..~..?:';;.:~;.:~:

. .. -~~..~".
Using the data in Table 3 of Santander (this vol.) the mean age of anchoveta eggs can be.. . <,:;:ht.+

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' . -";::~5:t.
numberof eggs observed(i.e., as recordedon H. Santander'smaps)andCOlTectedfor the .-:::,:;;:f
temperature-dependenthatchingtime.Resultsobtainedthroughthisapproachare givenin Table ,.,~~:'.

2. As might be seen, the Z estimates obtained in this fashion range from less than 1 d-l to over 4 '. .
d-1, and, in fact, allow separation of anchoveta egg monality 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 estimates based on egg surveys maps and an egg production model.a

aBased on data in Table 3 of Santander (this vol.).
bMap prod: = egg standing stock/egg development time; thoor. prod. as estimated by Pauly and Soriano

(this vol.). The ratio of the two production estimates expresses mean egg longevity, in days.
~otal egg mortality (Z, d-1) is the inverse of mean egg age.

Mortoilly
due to
parental
connlboll.m

7

Density-
Independent
mortollty

Parent Slock (t .10'" 1

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.

---

A B
Range of parent Mean parent Mapprod./ Apparent
stock (t 0 106) stocks (t 0 106) n theor. prod.b 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

I I

roO.957; df'3

'j 4
I a' 0.386.., b' 0.639'10'6

N

3

0 I .
E
'"'".. 2
0
>0
.t:

I / IEstimates for £. mordox
u .c
<I:

Smith and Losker 119781

01
-- ----------- -----1 Stauffer and Plcquelle 119801
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On Biannual-Cycles of AnchovetaRecruitment

Although Ricker's (1954) theory of recruitment would imply the occurrence of biannual
cycles of anchoveta recruitment (Le., 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

~
u.Co"'

.- I I I I I I I I I I I I
o 6 12 18 24 30 36 42 48 :14 60 66 72

Month.

Fig. s. 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 strong 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, Le.,
a) the biannual oscillations of anchoveta recruinnent are directly linked to

SST or to another physical phenomenon reflected by SST, or
b) cannibalism (Le., 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

-hereand now, and in fact should not before a new time series of ~choveta rel.'TUinnent,
explicitly considering mackerel and horse mackerel predation anq.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 Tsukayama (this vol.) the monthly time series of anchoveta
bi~mass derived in this book may be viewed as a "second iteration", Le., part of a process which
started with a fIrst iteration (represented by the rough biomass estimates in Table 3 of Muck and

I

'.

- - - -
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Fig. 6. Left: Five-month running mean sea surface temperature anomalies (oC) from ship observations between 4
and 80S along the ship track parallel for the South American coast. Right: Same time-series after band-pass
mtering 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-
lewsld, 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 pan of a residual natural mortality (MO),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 drastically declined from the 1950s to the 1980s (see Fig. 5 and 6 in Muck and Sanchez,
this vol.). '

This implies that Virtual Population Analyses for 195310 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
availabilityof independentacousticof biomassestimatesfor thisperiod].Moreoversince .

mackerel and horse mackerel tend to invade the nearshore areas and to feed on anchoveta when
SST are high (Le., during El Nino 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 and 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 growth performance and biom~ss) 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, IInonedo a very good job for the years 1955-1959".

This is quite encouraging; 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 off Peru

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 calm (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 events and recruitment success off Peru 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 due 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 IOClFAO Guiding Group of Experts

Fig. 7. Demonstrating the existence of an ancho-
veta "recruitment window": the smaller spawning

peak in February-March produces the bulk" of
anchoveta recruitment (Le., fish of 3.75-4.75
em) while the huge spawning peale of September-

J F M A M J J A SON 0 J F M November corresponds, threo months later to a
Month recruitment minimum.
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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 Peruvian 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 of 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 (Le., the main food of adult anchoveta) and "new primary
production ". Infonnation on the fonner 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 Unive~ity, North Carolina, pers. comm.).

On Comparative Studies between Areas, Geological Periods and/or Anchovy 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 comparative method to continue to be useful here. however, the subtle differences
between these species must be acknowledged, e.g.,that Engraulis encrasicholus which range

Table 3. Dominant anchovy. pilchard, mackerel, horse mackerel, bonito and hake in the four major eastern
boundary currents.a

aAfter Bakun and Parrish (1980).
bpossiblya synonym of E. encrasicholus (see Whitehead 1981).
~he horse mackerel occurring off Peru was earlier seen as a subspecies, i.e.,.T. symmetricus murphyi (see

e.g., Chirichigno 1974).

from Norway to West Africa (200S and beyond if E. capensis is a synonym) may not be as well-
adapte<:}to upwelling conditions as the more advanced E. ringens/E. mordax species pair (Fig. 8).
It is in this context that phylogenetic studies, encompassing taxonomy, biogeography (of both
recent and fossil forms) and paleontology (Le., analysis of fish scale abundance and ~ize-
frequency distribution in sediment cores) might be most useful. These studies might lead to

'.

Benguela Current Canary Current Peru Current California Current

E r . b E. eflCTasicholllS E. ringens E. mordaxngrau IS capensIs
Sardinops occelatus Sardina pilchardus Sardinops sagax Sardillops sagax
Scomber japonicus S. japonicus S. japonicus S. japonicus
Trachurus trachurus T. trachurus T. murphyiC T. symmetricus
Sarda sarda S. sarda S. chiliensis S. chiliensis

Merluccius capensis M. merluccius M. gayi. M. productus
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£ eurysto/e
£ quineensis
£ encrasicho/us
£ austra/is

£ japonicus
£ mordax

£ rinqens
£ anchoita

C.juruensis

C. edentu/us

C. mysticetus fig. 8. Interrelationships of species assigned to the genera Engraulis
and Cetengraulis; 0-3, groups for which there is evidence of relation-
ships in the form of shared advanced character (from Nelson 1984).

o

further generalizations needed for an understanding of the evolutionary biology of Engraulis
ringens Jenyns (1842) (see Soutar and Isaac 1969; De Vries and Pearcy 1982; Lasker and
MacCal11983; 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 Peru Current System

Our analysis of the predation of the guano birds on the anchoveta stocks off Peru suggests
that these birds may have less of an impact on the fish stock than.proposed by earlier authors
(e.g., Furness 1982 and see MacCalI1982). This is in line with the reassessment performed 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 vo1.),
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 vo1.,Pauly,
Palomares and Gayanilo, this vo1.).

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. Studies 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 considered in future management plans.

The impact of mackerel and horse mackerel on anchoveta, and the euor we initially
committed of not considering them to be important was discussed above. This euor now leads to
the question as to which other species may have been neglected.

Hake have been discussed in Pauly and Tsukayama (this vo1.)and should be included in
future iterations. It is difficult to imagine other fishes (Le., fishes other than mackerel, horse
mackerel, bonito and hake) as having a major impact on anchoveta. This leaves squids
(especially Dosidicus gigas) as the only fish predators with a potential impact on anchoveta. As
mentioned in Pauly and Tsukayama (this vo1.)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 that anchoveta in the 1960s ranged further offshore than they presently do, and
hence may have been accessible to squid, see Muck and Sanchez, this vo1.).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 mammal presently being conducted in Peru.a

Species name
Scientific Common Focus of studyb (investlgator(s»

'.

Otaria byronia

[= O. flavtsctns (B1ainville 1820)]

Sea Lion population dynamics (IMARPE)

Arctoctphalus australis
(Zimmerman 1783)

Fur Seal reproductive biology, feeding habits (P.
MajluOC,pop. dyn. (lMARPE)

life history (A. Read)d, feeding habits (J.

McKinnon)e,po~ulation discreteness(K.
Van Waerebeek) , parasites (J. Reyes~

Phocotna spinipinnls
(Bunnclster 1865)

Burmeister's porpoise

LAgenorhynchus obscurus
(Gray 1838)

Dusky dolphin life history (A. Read), feeding habits (J.
McKinnon), population discreteness (K.
Van Waerebeek), parasites (1. Reyes)

Tursiops truncatus
(Montagu 1821)

Bottlenose dolphin feeding habits (J. McKinnon), parasites
(J. Reyes) "

Delphinus delphi
(Linnaeus 1748)

Common dolphin parasites (J. Reyes)

aBased on information provided by P. Majluf, J. McKinnon and P. Muck.
bNot listed throughout are life "histories, and the impact of the fishery on population size and structure,

although these are important for all species.
"atricia 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, Ont.ario, 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, Le., "lantern fishes, crustaceans,
other cephalopods, coelenterates and fish eggs". Thus, we have possibly reached here the limit of
what needs to be considered in a model of the dynamics of anchoveta.

On Modelling the Peruvian Upwelling 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 diff~rential equation models such as Kremer and
Sutinen (1975 see Fig. 9) or Aivazyan and KIapivin (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 vo!.).

On Information for Fishery 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

- - -
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OSforaQe
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T

S tll-lhodlno

Phyloplonkton

Fig. 9. Flow diagram oC the major elements oC a simple model oCthe Peruvian upwell-
ing ecosystem (Crom Kremer and Sutlnen 1975). Note that even In this single model.
plankton.dynamics are simulated with Carmore details than the fish. here represented
by the "anchovy".

~e sense that events are described which are all unique, however much we w~t to generalize. In
our field, this makes the availability of historical infonnation a far more crucial factor than say in
chemistry. Indeed, numerous insights, e.g., on the variability of fish stocks or of the inten.sityof
EI Nffio events, could be gained only because of the availability of old written records (see
Cushing 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 givenin Table5. .

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 aI. (1985) misses a large fraction of the literature cited in this volume, including
classics such as, e.g., 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 thafonly a small part thereof was translated into
Spanish or English (see, e.g., Aivazyan and Krapivin, 1984 and references therein). Clearly, an
effort 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 modeHers do.

-----
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Table' S. Some suggestions toward increasing the scientific output of a nshery research institution.

· Produce an Annual Report, with brief accounts of the work in each researchgroup, their rmdingsand pu~
Iishedoutput;

· Produce an annual set of Conected Reprints for exchangewith other institutions;

· Give .active. support to young scientists to publlih 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-
dinate's,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 (e.g., Aquatic Science and Fisheries
Abstract or Current Contents)-cancelling other subscriptionsif necessary-and use the titles and addresses
in this journal to obtain (free) reprints, which are then circulated to staff;

· Avoid t.he production of anonymous reports, which give no credit to their author(s);

· Reduce as much as possible (preferably to zero) the production of technical reports that are meant to remain
co.nfKiential;

· Release data and reports as soon as they have outlived their usefulness to real-time management decisions;

· 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.n.: the author's fust 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 oceanographiclbiological 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
associated.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 environmentalvariability 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 "WorId Model" of the Club of Rome
(Meadows et al. 1972).
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