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Relationships between sea surface temperature, salinity, and
pelagic fish distribution off northern Chile
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Geographic Information System techniques were used in the analysis of the distri-
bution of three pelagic resources: anchovy, sardine, and jack mackerel. The data were
derived from hydroacoustic estimations obtained during four seasonal cruises in
1993–1994 in the region off northern Chile. The spatial distribution of these resources
was analysed relative to the surface temperature and salinity distributions, the latter
two variables being measured concurrently during these cruises. Results indicated the
occurrence of a stratified distribution of the three species together with a high
variability in the distribution pattern between cruises. The distribution of the three
species was associated with the occurrence and intensity of thermal and haline fronts.
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Introduction
The Humboldt Current ecosystem, dominating the east
coast of South America, shows environmental vari-
ability with important changes at short, medium (such
as the ‘‘El Niño’’ phenomenon; annual seasonality and
daily variations), and long-term time scales (geological
scale) (Guillén et al., 1985; Alheit and Bernal, 1993).
Although El Niño has been widely studied to analyse its
impact on fisheries (Arntz et al., 1985; Sanhueza, 1985;
Martínez et al., 1985), there are few papers describing
the spatial distribution of the resources relative to the
environmental variables (Castillo and Guzmán, 1985;
Swartzman et al., 1994).
One of the advantages of acoustic methods is the

possibility of studying the spatial distribution of
resources (Baussant et al., 1993; Simard et al., 1993) and
the inter-relationships of environmental conditions, for
example the influence of the thermocline in the vertical
sense (Swartzman et al., 1994), or the horizontal fronts
in the horizontal sense, which becomes a powerful tool
for understanding the ecosystem and resource dynamics
(Simard et al., 1993; Boudreau, 1992; Scalabrin and
Massé, 1993).
Geographic Information System (GIS) techniques are

widely used in processing satellite images. However,

these techniques, with some exceptions, have had
little application in marine sciences (Barbieri et al.,
1989; Yañez et al., 1994), although information from
hydroacoustic surveys conforms quite well with GIS
requirements.
This paper analyses acoustic information on the

geographical distribution of sardine (Sardinops sagax
Girard), anchovy (Engraulis ringens Jenyns), and jack
mackerel (Trachurus murphyi Nichols), relative to
physical oceanographic conditions, mainly surface
temperature and salinity off northern Chile.

Materials and methods

Surveys

Information was taken from four seasonal acoustic
survey cruises: winter and spring in 1993; summer and
autumn in 1994, conducted in northern Chile, between
18)20*S and 24)00*S latitude, and up to 100 nautical
miles (nmi) off the coast. The first of these cruises was
conducted aboard the RV ‘‘Carlos Porter’’ (27 m length,
500 hp); the stern trawler RV ‘‘Abate Molina’’ (43.2 m
length, 1400 hp), was used for the other cruises.
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Figure 1. Distributions of anchovy (Engraulis ringens), sardine (Sardinops sagax), and jack mackerel (Trachurus murphyi) in winter
and spring of 1993, summer and autumn of 1994 off northern Chile. (The coast on the right of each map is from 24)S to 18)S.)
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Acoustic information

Hydroacoustic information was obtained with SIMRAD
EK-500 38 kHz split beam echo-sounders, intercon-
nected to GPS systems. The acoustic equipment was
calibrated at the beginning of each cruise (Foote et al.,
1987).
Echo integration was carried out between the surface

and 250 m depth and the sounder was operated with
1 ms pulse length and 2 KW transmitter. An ESDU of
1 nmi was defined. A systematic sampling design was
applied with parallel transects perpendicular to the
coast, separated by 20 nmi in winter and 35 nmi at other
times.
Species recognition was done by means of purse seine

fishing hauls during the winter survey and by midwater
trawls by the RV ‘‘Abate Molina’’ during other surveys.

Oceanographic information

The oceanographic information was collected at discrete
stations over the acoustic transects of 1, 5, 10, 20, 40, 70,
and 100 nmi off the coast. At each station the geo-

graphic position (lat., long.) was recorded. The tempera-
ture and salinity information between surface and 600 m
was registered by a SEABIRD CTD in winter and a Neil
Brown CTDO during the other cruises. For this paper,
surface level information was used.

Information processing

Information was processed using GIS techniques. The
geographic distribution for the different species was
determined taking into account the Sa per ESDU
assigned to each species and the oceanographic informa-
tion. Data were interpolated using the inverse-square
distance method. For each cruise, surface temperature
and salinity as well as the species distribution images
were generated by this procedure.
Within and between cruises, species coincidence was

analysed by correlation and cross-classification analysis
between associated images. These images were arranged
to have the same number of cells using the interpolation
process. Interrelationships between species distribution
and oceanographic variables was similarly analysed.
Four categories of densities in species distribution

were established for this procedure. Temperature
categories were defined for every 1)C and salinity every
0.1.
Association between species distribution images and

oceanographic variables was checked by Cramer’s V
correlation coefficient (Larson and Mendenhall, 1983),
which ranges from 0 for no correlation and 1 for perfect
correlation. Cramer’s V correlation coefficient signifi-
cance was tested by Chi-square at the 95% confidence
level.
Species distributions were analysed by the Kappa

Index of Agreement (KIA) (Rosenfield and Fitzpatrick,
1986). This index also ranges between 0 and 1, and
is interpreted in the same way as the Cramer’s V
coefficient.
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Figure 2. Numbers of cells where species occurred by surveys.
=Jack mackerel; =sardine; =anchovy.

Table 1. Cells of coincidence for the occurrence of pairs of species and between surveys.

Winter Spring Summer Autumn

A S J A S J A S J A J

Autumn A 192 4010 10 114
S 1438 253 2379 3965 831
J 1306 1147 148 942

Summer A 200 4414
S 2009 11 3577 601
J 4042 1051 732

Spring A 80
S 265 698 1478
J 4197 1199

Winter S 403 4216
J 1171

A=Anchovy; S=Sardine; J=Jack mackerel.
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Results and discussion
Geographic distribution
Species distribution maps were based on 43 686 cells.
Results indicated (Figs 1 and 2), in general, a highly
aggregated pattern, occupying small sectors with rela-
tively high densities, particularly in the case of anchovies
and sardines.
Table 1 gives the number of coincident cells between

species within a cruise and between cruises. It can be
observed that, within a cruise, species were stratified.
This situation was even more evident in winter and
spring, when anchovies were clearly distinguished
from other species. Thus, in winter, anchovies shared
only 403 cells with sardines and 1171 with jack

mackerels. A greater degree of mixing occurred
between sardines and jack mackerels, with which 4216
cells were found to be shared while in spring anchovies
shared 698 cells with sardines and 1199 with jack
mackerel.
Mixing between anchovy and sardine increased

in summer and autumn; 3577 cells were common in
summer and 3965 in autumn. These results concur with
the observations of Yañez et al. (1994), who also regis-
tered stratification of the fishing zones, depending on the
captured species.
Analysis between cruises enables one to perceive the

high dynamism present in the areas occupied by each
species, which are relatively low in coincident sectors.
Only in the case of anchovy, in summer and autumn, is
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Figure 3. Sea surface temperature and salinity in winter and spring of 1993, summer and autumn of 1994 off northern Chile. (From
24)S to 18)S.)
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it possible to observe a high coincidence in the occupied
areas, with 10 114 cells in common.
These results suggest a very high variability in the

geographic distribution of a species between different
seasons of the year, making it very difficult to establish a
pre-stratification sampling criteria.

Oceanographic conditions and resources
distribution

Figure 3 shows the surface oceanographic conditions of
temperature and salinity for the four cruises under
consideration. Temperatures gradually increased from
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Figure 4. Numbers of cells where species occurred in relation to temperature (a to d) and salinity (e to h) in winter and spring
of 1993, summer and autumn of 1994. (. . . .)=anchovy; (– – –)=sardine; (——)=Jack mackerel; =thermal front; =haline
front.
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17–18)C in winter to 24–26)C in summer, decreasing in
autumn to 20)C. Along with this process, towards the
coast, an increase in the thermal gradient was observed.
Salinity, too, showed an increment ranging from 34.7–
35.3 in winter to 34.7–35.5 in summer, decreasing in
autumn almost to winter levels. In this case, coastal
gradients did not show greater variations, indicating the
presence of permanent upwelling events all year round.
In general, the temperature pattern that limited the

species distribution was unimodal (Fig. 4a–d), except for
the anchovy in winter, which showed a secondary mode.
An increasing trend in the upper limit of the temperature
ranges in the warmer seasons was also observed, varying
from 14 to 19)C in winter, 15 to 22)C in spring, reaching
24)C in summer, and 15–20)C in autumn.
In all cases, it was observed that the anchovies

remained in temperature and salinity ranges lower than
those of sardines and mackerels, especially in summer
and autumn.

Range limits for salinity in winter varied between 34.6
and 35.3 (Fig. 4e–h), with three modes for the jack
mackerel centred at 34.7, 35.0, and 35.3; bimodal for
anchovy centred in 34.8 and 35.2; and unimodal for
sardine at 35.0. In spring, the lowest salinity range limits
increased to 34.7 with a unique major mode for the three
species centred at 34.9. In summer and autumn, modes
for anchovy were 34.7 and 34.9, whereas sardine was
located at 34.9 and 35.0 modes, repectively. In summer,
the jack mackerel occupied a wider range of salinities
than the other species, with a mode at 35.2.
The spatial distribution of the species was influenced

by the presence and intensity of coastal thermal and
haline fronts. Thus, the anchovy was associated with the
anterior zone of the thermal front, and therefore pushed
towards the coast during the spring and summer seasons
when the front becomes stronger. In winter, the thermal
gradient weakened and the anchovy broadened its
western distribution limit. Sardines were mainly located

Table 2. Cramer’s V correlation of the comparison of the distributions of the different species and
between surveys.

Winter Spring Summer Autumn

A S J A S J A S J A J

Autumn A 0.45 0.48 0.50
S 0.44 0.45 0.45 0.46 0.58
J 0.58 0.58 0.58 0.58

Summer A 0.46 0.48
S 0.45 0.45 0.45 0.46
J 0.45 0.45 0.46

Spring A 0.45
S 0.45 0.46 0.47
J 0.45 0.45

Winter S 0.45 0.46
J 0.45

A=Anchovy; S=Sardine; J=Jack mackerel.

Table 3. Kappa coefficient of the comparison of the distributions of the different species and between
surveys.

Winter Spring Summer Autumn

A S J A S J A S J A J

Autumn A 0.39 0.45 0.57
S 0.44 0.49 0.43 0.39 0.52
J 0.33 0.55 0.45 0.37

Summer A 0.41 0.48
S 0.45 0.45 0.38 0.29
J 0.31 0.34 0.17

Spring A 0.59
S 0.55 0.64 0.55
J 0.31 0.46

Winter S 0.50 0.37
J 0.28

A=Anchovy; S=Sardine; J=Jack mackerel.
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to the west side of the thermal front; their distribution
therefore became wider towards the ocean compared
with that of the anchovies.
Because of the jack mackerel’s broad bathymetric

distribution, the relationship of this species relative to
the surface environmental conditions is not considered
further here.

Statistical analysis

The statistical analysis for comparison of the species
distribution indicates that there is enough evidence to
reject the null hypothesis of equal distributions, with
chi-square in all cases greater than 50 000. Cramer’s V
coefficients varied between 0.44 and 0.58 (Table 2),
indicating some degree of correlation between images.
This confirms with what has already been said, since, in
all cases, there is some degree of overlapping in those
cells occupied by more than one species. Kappa indexes
varied between 0.17 and 0.64 (Table 3), being greater in
cases in which there is a higher number of cells shared by
more than one species and near zero when the number of
shared cells of equal category was fewer.
Similarly, the statistical analysis for the association

of species distribution and oceanographic conditions
rejected the null hypothesis of equality between distri-
butions and temperature or salinity conditions, with
chi-squared figures between 5153 and 38 400. Cramer’s
index figures varied between 0.16 and 0.39 (Table 4),
thus indicating a low correlation between species distri-
butions and oceanographic variables. This seems to be
logical if one considers that the process associates each
density category with each category of the oceano-
graphic variable (1)C for temperature and 0.1 for
salinity). Therefore, these results lead one to consider
that the analysis should be done with temperature and
salinity categories such that either thermal or haline
gradients are included, because they are the factors
which may greatly affect the species distribution.
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