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Abstract. Hake (Merluccius gayi peruanus) predation plays 
an important role in the dynamics of the Humboldt Cur
rent ecosystem (HCE). Changes in the hake trophic habits 
associated with physical variability are expected to impact 
prey populations and to propagate through the food web. 
Time series (1995-2002) of (a) stomach contents of hake, 
(b) biomass estimations of fish prey species of hake, and (c) 
depth of the 15°C isotherm was analysed with the aim of 
exploring the impacts of El Niño 1997-1998 on the diet of 
hake. Biomass estimations of fish prey species were used to 
indicate resource availability, and depth of the 15°C isotherm 
to represent variability associated with the ENSO cycle in the 
physical environment of hake. The richness of prey species 
increased during the months when 15° C isotherm reached its 
deepest position, supporting the hypothesis of increased bio
diversity (tropicalization) of the HCE during El Niño events. 
An increased variability in stomach fullness of hake was de
tected after 1999 which could indicate high heterogeneity in 
the food supply as a consequence of impacts of the warm 
event in the biotic community structure of the HCE, a phys
iological impairment of hake or an effect of the abrupt re
duction in the mean total length of hake, postulated as a 
compensatory response to fishery pressure. Hake can be 
characterized as an opportunist predator according to the ob
served changes in its diet during 1995-2002. Overall, the 
diet of hake in the northern HCE exhibited transitory (e.g. in
creased richness of prey species in the stomach contents) and 
medium term (e.g. increased variability in feeding activity) 
responses associated with El Niño 1997-1998, which should 
be incorporated both in population dynamics and food web 
analyses.

1 Introduction

Hake (Merluccius gayi peruanus) is a dominant demersal 
fishery resource in the Humboldt Current ecosystem (HCE). 
It occupies a high trophic level in the ecosystem and has been 
subjected to strong fluctuations of the physical environment 
like those associated with the El Niño Southern Oscillation 
(ENSO) cycle (Alheit and Pitcher, 1995). Hake predation 
plays an important role in the dynamics of both the HCE and 
the eastern boundary current ecosystems (Konchina, 1983: 
Ware, 1992). Changes in hake trophic habits associated with 
physical variability are expected to impact prey populations 
and to propagate throughout the food web.

The displacement of warm waters from the tropical Pa
cific to the HCE during the El Niño events has promoted 
transient suitable areas for tropical species that could diver
sify the food supply for local predators (Arntz and Fahrbach, 
1996).

The objective of this paper is to determine the suscep
tibility of hake population to changes in prey abundance 
and composition triggered by the El Niño 1997-1998 event, 
through the analysis of time series (1995-2002) of (a) stom
ach contents of hake, (b) biomass estimations of fish prey 
species of hake, and (c) depth of the 15°C isotherm. Biomass 
estimations of fish prey species were used to indicate re
source availability, and depth of the 15°C isotherm to repre
sent variability associated with the ENSO cycle in the physi
cal environment of hake. The role of feeding changes of hake 
in the ecosystem is discussed.
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Fig. 1. Location of the sampling stations for diet analysis of hake, 
oceanographic coastal station and coverage of scientific cruises for 
biomass estimations and oceanographic profiling in the northern 
Humboldt Current ecosystem (HCE).
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Fig. 2. Size-related groups of hake based on diet composition as 
derived by a cluster analysis (Euclidean distance, average grouping) 
in the Northern HCE. Significant differences between groups were 
confirmed by an ANOSIM procedure. Percentage of contribution of 
characteristic prey taxa to the similarity within each hake size group 
is indicated in brackets.

2 Methods

2.1 Sources of information

Stomach contents from commercial landings of hake be
tween October 1995 and November 2002 of the northern 
HCE (5° S-6° S, Fig. 1) were analysed by the Trophic Ecol
ogy Laboratory at IMARPE. Biomass estimations of hake 
and anchovy were obtained from literature (Espino, 1999; 
Gutiérrez, 2000). Monthly data of sea surface temperature 
anomaly (SSTA) measured at a fixed oceanographic station 
off Paita (Fig. 1) and depth of the 15°C isotherm recorded
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Fig. 3. Relative importance of prey categories in the diet of hake. 
Changes in general prey groups with size are shown in the left panel. 
According to discontinuities in RI values, prey categories can be 
characterised as dominant, secondary or occasional in the hake size 
groups derived from the multivariate analysis (right panels).

by scientific cruises carried out in the area were taken by the 
Physical Oceanography Area of IMARPE. The SSTA was 
standardized with a base period from 1995 to 2002.

2.2 Diet analysis

For each individual total length and total weight were 
recorded. Stomach contents were identified to the lowest 
possible taxonomic level. The contribution of each prey item 
was determined by two Relative Measures of Prey Quan
tity (RMPQ) : gravimetric (%W) and frequency of occurrence 
(%F) (Hyslop, 1980). A generalised form of the Relative Im
portance (RI) Index (George and Haley, 1979) was computed 
for each prey taxon as:

RI =  100 ( e : ,
m  \/z

=  1 V;7 /  ^ /  =  1 Z - ^ j = \ (D

where, V/j is the i-th RMPQ of prey j.
In order to avoid the potential influence of size of hake 

as a confounding factor for temporal analyses, size-related 
groups were elucidated using a multivariate analysis of diet 
composition. Thus, the total fish sample was divided in ten 
length class intervals of 5 cm each, and groups were de
fined performing a cluster analysis with average grouping 
technique and using the euclidean distance dissimilarity be
tween size classes. A montecarlo-based ANOSIM procedure 
(Clarke and Green, 1988) was used to test the null hypoth
esis of no differences in the diet structure between the size 
groups elucidated in the cluster analysis. Typifying prey 
items for each size group were determined by the SIMPER 
protocol (Clarke, 1993). For the size group with available 
data throughout the study period (see Results), monthly esti
mations of RI index, prey spectrum diversity (Hill’s N1 and
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Fig. 4. Monthly variability (October 1995 to November 2002) of: (a) Marine physical signal, (b) Biomass estimations of main fish prey 
species, (c) Relative Importance (RI) of most abundant prey taxa in the diet of hake (251-450mm TL size group), (d-e) Prey spectrum 
diversity (Hill’s N1 and N2 numbers), and (f) Number of prey taxa per stomach. Period of highest SSTA is indicated with a shadowed grid. 
Months with less than 30 analysed stomachs were not considered.

N2 numbers; Hill, 1973) and mean number of prey taxa per 
stomach were used to explore changes in the diet associated 
with the physical and resources variability.

Monthly estimations of the Fullness Index (FT) were per
formed:

F I = \ m( S W/ T W)  (2)

where: .SIT is the weight of the stomach content (g) and TW 
is the body weight of the hake (g).

Nonparametric confidence intervals of FI were estimated 
by the t-student bootstrap resampling procedure (Efron, 
1982).

3 Results and discussion

A total of 5563 stomachs were examined during the study 
period, 11.6% of them were empty. Overall, the most im
portant prey species in the stomach content of the total sam
ple were hake, anchovy (Engraulis ringens) and euphausids. 
Three size-related groups of hake were defined based on

diet composition in the cluster analysis. Significant differ
ences (P<0.05) in the diet spectrum between such groups 
were detected by the ANOSIM procedure. SIMPER anal
ysis revealed that the diet of small hake was characterized 
by euphausids, whereas in large hake cannibalism predom
inated. Diet of hake sized between 251 and 450 mm TL is 
characterised by several taxa including anchovy, euphausids, 
cannibalism, pelagic shrimps (Hendrick and Estrada, 1996) 
(.Pasiphaea americana, Plesionika spp.) and cephalopods 
(Loligo gahi, Dosidicus gigas) (Fig. 2).

Relative Importance (RI) of crustaceans in the diet of hake 
decreased with size while prey fishes showed the inverse 
tendency. Feeding strategy of hake shifts with size from a 
pelagic crustacean predator at small sizes, and a carnivo
rous generalist at intermediate sizes to a piscivorous, special
ist which is strongly cannibalistic at large sizes (Espinoza, 
2001) (Fig. 3). Most of the analysed hake specimens ranged 
between 251 and 450 mm TL, thus the subsequent monthly 
diet analyses are restricted to this size group.

SSTA off Paita increased during El Niño 1997-1998, 
while the 15°C isotherm deepened during the same period,
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Fig. 5. Temporal changes of mean total length and fullness index 
(FT) of hake. Error bars are 95% confidence intervals.

with a strong inverse relationship between both variables. 
With this consideration, in the subsequent analyses, the 
SSTA was used to explore the association between the phys
ical habitat variability and the changes in the diet of hake 
(Fig. 4a).

Although anchovy is the dominant prey of the analysed 
size range of hake, the reduction of its availability during El 
Niño 1997-1998 (Chavez et al., 2003) (Fig. 4b) would not 
generate a resource or bottom-up control on the hake. Tem
poral variation of the importance of different prey in the diet 
of hake showed that the reduction of anchovy consumption 
generated a significant increase in the consumption of other 
prey, including shrimps, Sciaena deliciosa, myctophids and 
hake (Espinoza, 2000) (Fig. 4c). These evidences support 
the idea that hake is an opportunist predator of the HCE (Es
pinoza, 2001; Muck, 1989), so it would not be significantly 
affected by the reduction of anchovy.

An increase of prey spectrum diversity during the El Niño 
1997-1998 event was observed at population level, as con
firmed by the higher values of the RI index for the “others” 
prey category which grouped rare items (Fig. 4c) and by the 
increase of the diversity indices, considering both rare (N1 
index) and common (N2 index) species (Figs. 4d and e). At 
individual level, an increment of prey taxa per stomach was 
observed during El Niño and persisting for two more years 
(Fig. 4f). In fact, tropical species (e.g. Bregmaceros bathy
master and Euphylax dovii) were recorded in the stomach 
contents during El Niño conditions, in concordance with the 
increase of fish and macrobenthic diversity observed during 
El Niño (Sanchez et al., 1985). This result supports the hy
pothesis of diversification (tropicalization) of the HCE dur
ing the warm phases of ENOS cycle (Arntz and Fahrbach, 
1996). Predation has been proposed as a stabilizing factor 
of communities (Bax, 1998) and in this sense, hake seems 
to play such a role considering its opportunistic behaviour 
predating on several species.

The feeding activity (measured by the FT) seemed to be 
much more variable from one month to another in the period 
after El Niño 1997-1998, suggesting a higher heterogeneity 
in the food supply as a consequence of the warm event, a 
physiological impairment of hake or an effect of the abrupt

reduction in mean total length of hake that occurred in 1999 
(Fig. 5) and was postulated as a compensatory response to 
fishery pressure (Wosnitza-Mendo and Guevara, 2000). Dur
ing the months of ocean warming, the FI presented very low 
values but they increased rapidly, exceeding the values ob
served before El Niño, although with higher variability, as 
indicated by the large confidence intervals (Fig. 5).

4 Conclusions

The increase in the prey spectrum diversity of the diet of 
hake (251-450 mm TL) at population and individual levels 
supported the hypothesis that the southern shift of tropical 
waters in the north of the HCE diversifies their food sup
ply. Hake can be characterized as an opportunist predator 
according to the observed changes in its diet associated with 
El Niño events, thus it would not be significantly affected by 
population reductions of anchovy.

The feeding activity of hake had a higher variability in the 
period after El Niño 1997-1998, which could indicate high 
heterogeneity in the food supply as a consequence of impacts 
of the warm event on the biotic community structure of the 
HCE.

Overall, the diet of hake in the northern HCE exhibited 
transitory (such as the increased diversity of prey species 
in the stomach contents) and medium term (such as the in
creased variability in feeding activity) responses associated 
with El Niño, which should be incorporated both in popula
tion dynamics and food web analyses.
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