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The highly productive Gulf of California exhibits high biodiversity and an abundance of small pelagic, schooling
fishes, important both to the ecosystem and to fisheries. These fishes show wide fluctuations in abundance
due to oceanographic–atmospheric phenomena such as El Niño-Southern Oscillation, constituting a problem
for effective fisheries management. In this work we propose several parameters in the diet of three seabird spe-
cies as useful predictors of the eventual commercial catch per unit effort (CPUE) of Pacific sardine (Sardinops
sagax) and northern anchovy (Engraulis mordax) in the Midriff Island Region of the Gulf of California. We
found that seabirds are sensitive to fluctuations in the abundances of these fishes, their proportions in the diet
becoming suitable predictors of future commercial CPUE. The precision of our prediction is high because the
birds feed on pre-recruit fish, and the time between the sampling of the diets and the initiation of the fishing sea-
son is short, minimizing stochastic effects on recruitment and subsequent abundance due to environmental
fluctuations.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Diverse measures have been designed to implement fishery man-
agement, inmany cases based on evaluations of absolute and relative
abundance of fish stocks, as well as predictions of future abundance
of the stock. Included are several models for evaluating the abun-
dance of the population, size of the stock, and related parameters
such as total allowable catch and catch per unit effort (CPUE).
Many of thesemodels are based on age-structure of the fish population,
geographic distribution, spawning biomass, yield and other parameters
(Abramson and Tomlinson, 1972; Arreguín-Sánchez, 1996; Caswell,
1988; Cisneros-Mata et al., 1996; De Anda-Montañez et al., 1994; Fox,
1974; Gulland, 1983; Harley et al., 2001; Hilborn and Walters, 1992;
Megrey, 1989; Shepherd, 1987; Winters and Wheeler, 1985). Some of
these models combine information from multiple sources to increase
management effectiveness. For instance, some common indirect
methods are based on correlations between parameters such as growth
rates, age, sexualmaturity and environmental variation, such as sea sur-
face temperature. In other studies, based on predator parameters, sig-
nificant correlations between their diet and fishery parameters, such
as total catch and CPUE, have demonstrated the value of this informa-
tion as a tool to indirectly monitor the condition of the respective fish
stocks (Anderson et al., 1980; Bailey et al. 1989; Barrett, 1991;
Velarde).
Crawford and Dyer, 1995; Furness and Barrett, 1991; MacCall, 1984;
Montevecchi and Myers, 1995; Sánchez-Velasco et al., 2000; Sunada
et al., 1981; Velarde et al., 2004).

Most small pelagicfishes are key commercial species inmany coastal
marine ecosystems, due to their high biomasses and availability. Many
also are part of “wasp-waist” food webs (Bakun et al. 2009), in that
they feed at lower trophic levels (mainly phyto- and zooplankton),
but are important prey for higher trophic level species, such as marine
mammals, seabirds, and larger fish species (Anderson and Gress,
1984; Bakun, 2006; Cury et al. 2000; Furness and Barrett, 1991;
Montevecchi and Berruti, 1991, Velarde et al., 1994). In upwelling re-
gions, such as the Gulf of California (GoC), and the eastern boundary
current systems such as the California, Humboldt and Benguela, an
important conflict often occurs as fisheries target the same pelagic fish
species on which predators importantly feed.

Unfortunately, most fisheries have not been managed sustainably.
Many regional economies have been or are threatened by fishery col-
lapse (Botsford et al., 1997; Radovich, 1982; Schwartzlose et al., 1999;
WRI [Worl Resources Institute]., 1994). At present, most of the world's
fisheries are overexploited, or very close to it, and small pelagic fish com-
prise about 25% of the world's fishery landings (Botsford et al., 1997;
Christensen et al., 2003; Clover, 2006; Froese, 2004; Myers and Worm,
2003; Sadovy, 2001). These latter fisheries show wide fluctuations in
their catches, because their exploitedfish populations are strongly affect-
ed by oceanographic phenomena such as the El Niño-Southern Oscilla-
tion (ENSO; Schwartzlose et al., 1999; Sánchez-Velasco et al., 2000),
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the Pacific Decadal Oscillation (PDO; Sydeman et al. 2001, Mantua and
Hare 2002), and other short- tomedium-term environmental variations.
Without frequent fishery-independent data acquisition, it is hard to ob-
tain robust indicators of the abundance and availability of these fish pop-
ulations to inform commercial fishery management strategies and
regulatory decisions to safeguard future catches and the ecosystem. On
the other hand, CPUE has traditionally been used as an indicator of the
abundance of exploited fish. However, recently, two severe problematic
implications of this application have been demonstrated: 1) CPUE is not
constant, nor directly proportional to abundance, and 2) severe reper-
cussions from the assumption of proportionality in the methods to eval-
uate stock abundance have been demonstrated, particularly for small
pelagic fish (Arreguín-Sánchez, 1996; Martínez-Aguilar et al., 1997,
2009). To mitigate this complexity, the use of a constant quota has
been recently suggested for fishery management (Martínez-Aguilar
et al., 1997; Walters and Parma, 1996), seemingly having important im-
plications for fish stock sustainability depending on what that quota
might be relative to the ecosystem needs, i.e. effective ecosystem-based
fisheries management.

The GoC produces close to 50% of Mexico's fishery landings: small
pelagic fish contribute 40% to total landings with the GoC contributing
70% of this value. The Pacific sardine (Sardinops sagax) has been the
most important species in the GoC catches (particularly in the north,
where mainly vessels from Sonora state are active), followed by north-
ern anchovy (Engraulis mordax), Pacific mackerel (Scomber japonicus),
thread-fin herring (Opistonema libertate), and other species in lesser
proportions (Cisneros-Mata et al., 1996; Sánchez-Velasco et al., 2000).
This fishery is multi-specific and is locally-known as the “sardine fish-
ery.” The total Pacific sardine landings increased between 1970 (about
the time when the fishery started in the GoC) and 1989, and collapsed
abruptly in the 1991/1992 fishery season (Cisneros-Mata et al., 1995).
During this first period there was a strong significant correlation be-
tween fishing effort and total catch, but after 1989 this correlation dis-
appeared, indicating that the catches in this second stage were not
related to the invested effort, particularly when the effort was high
(Velarde et al., 2004). For the next two decades landings did not
Fig. 1.Midriff Island Region in the Gulf of California (mapmodified from C.M.Marlett inMoser
pelican diet was sampled at Puerto Refugio, Islas Piojo, Las Ánimas and San Lorenzo Sur.
increase in proportion to the increment in effort, indicating that the
stock was overexploited.

The GoC, being one of the most productive natural ecosystems on
the planet (Álvarez-Borrego, 1983; 2002), contains as well some of
the most important seabird concentrations in the world, particularly
in the Midriff Island Region, this is the case for species such as most of
the world populations of Least and Black Storm-Petrels (Oceanodroma
microsoma, O.melania), California Brown Pelican (Pelecanus occidentalis
californicus), Heermann's and Yellow-footed Gulls (Larus heermanni, L.
livens), Elegant Terns (Thalasseus elegans), and Craveri's Murrelet
(Synthliboramphus craveri) (Anderson, 1983; Anderson et al. 2013;
Tershy and Breese, 1997; Velarde and Anderson, 1994; Velarde et al.,
2005). Most of these seabirds feed on small pelagic fish and are highly
sensitive to fluctuations in their availability.

The nesting status of piscivorous seabirds that nest in theMidriff Re-
gion (Fig. 1) is strongly tied to the availability of small pelagic fish pop-
ulations as well as the trophic complexities of the region's ecosystem.
For this reason, it seems worthy of consideration to assess the utility
of using the information obtained from piscivorous seabirds to inform
managers about the availability of the resource to the fleet. In 2004,
Velarde et al. developed a predictive model for Pacific sardine total
catch and CPUE for the commercial fleet of the state of Sonora, which
operates mainly in the Guaymas Basin and the Midriff Island Region
(Fig. 1). One of the main predictive components was the proportion of
Pacific sardine in the diet of elegant terns. Velarde et al. (1994) demon-
strated that the proportion of Pacific sardine in the diet of the studied
seabirds was highly correlated with the proportion of this fish species
in the commercial fleet landings; they also showed that seabirds are
more sensitive than the fleet to the reduction in sardine availability be-
cause the consumption of sardine by the seabirds decreasesmuch earli-
er than when the commercial fleet registers a substantial decrease in
their catches (see also Anderson and Gress, 1984). This seems to be
the result of the changes in the behavior of the fish with the variation
on their abundance. Some authors (Csirke, 1988; Fox, 1974; Harley
et al., 2001; MacCall, 1976; Martínez-Aguilar et al. 1997, 2009;
Radovich, 1982; Ulltang 1980, 1986) have studied the effect of the
andMarlett, 2004). Elegant tern and Heermann's gull diet was sampled at Isla Rasa. Brown



Fig. 2. Proportion (%) of regurgitations containing Pacific sardine (a) or northern anchovy
(b) in the diets of the Heermann's gull (■), California brown pelican (◆) and elegant tern
(▲) and percentage in the fleet catch (o).
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abundance of the sardine on its behavior, and have demonstrated that,
within a certain size range of individuals, there is a higher tendency to
aggregate into schools when abundance is low. This phenomenon has
been called “hyperstability,” and results in a higher “catchability”
when the abundance of the resource is low. These same authors
describe an inverse relationship for the anchovy, which they call
“hyperdepletion.”

In thiswork, for important small pelagic fishes in their diets, we pro-
pose the use of dietary parameters from seabirds that nest in theMidriff
Island Region in the GoC (Fig. 1) as “tools” to help predict the subse-
quent total catch and, particularly, CPUE of the fleet from the state of
Sonora. We also propose that this information be considered as impor-
tant and used for themanagement of thefishery, integrating the seabird
information with parameters proposed by other authors in other sys-
tems (Ainley et al 2014, Ianelli et al. 2006, Leet et al. 2001, Wells et al.
2013). The potential ecological and management importance of these
parameters, in the case of the GoC especially, is related to the fact that
they are derived during the seabird breeding season well before the
start of the fishing season. The specific objectives of the present analysis
are to further examine and clarify the demonstrated relationships
between the diets of three picivorous seabird species – elegant tern,
Heermann's gull and California brown pelican – and the commercial
capture of Pacific sardine and northern anchovy for the Sonora fleet.

2. Methods

2.1. Data acquisition

We analyzed the relationship between total catch and CPUE of the
small pelagic fishing fleet based on the ports of Guaymas and Yavaros,
Sonora, Mexico, and the dietary composition of three seabird species
mentioned above. We used information on commercial captures from
Cisneros-Mata et al. (1995) and Velarde et al. (2004). These data were
extracted from the monthly and annual reports of the Centro Regional
de Investigacion Pesquera (CRIP) in Guaymas. The fleet of Sonora
operates mainly in the northern part of the central GoC (Guaymas
Basin and Midriff Island Region) (Fig. 1).

The proportion of each fish species in the diet of the three seabird
species was obtained from regurgitations collected on several islands
of the region (Fig. 1). We assumed that each regurgitation was com-
prised of a single species of fish (generally true), and only the relative
frequency or proportion of each fish species, but not their weight in
the regurgitation, was considered in this analysis. The proportion of
each fish species in each bird species' diet was defined as the number
of regurgitations containing each fish species, divided by the total num-
ber of regurgitations. These proportions were compared with the fleet
landings. Due to the consistency of the results, regardless of the seabird
species analyzed,we considered these proportions to be a reliable index
of the availability of sardines and anchovies in seabirds' foraging ranges
(several 10's of km outward from nesting islands), rather than a reflec-
tion of individual seabird species preferences.

Fish identification was based on easily-distinguishable external
characteristics if a particular prey item was in good condition or only
slightly digested. In the case of heavily digested boluses by terns and
gulls, otoliths were identified to determine these relative proportions.
The pelican food samples were obtained from chick regurgitations dur-
ing banding operations by D.W.A. on the Midriff islands Ángel de la
Guarda, Piojo, Las Ánimas and San Lorenzo (also known as San Lorenzo
Sur), during the months of May and June of 1986–1988, 1992, 1993,
1996 and 1997 (Fig. 1). Heavily digested Brown Pelican boluses were
not recorded but were rare. Not all sites were collected in all years
but, due to the great mobility of these birds, we assumed that there
are few differences in the diet of the birds between islands in the region.
The food samples for Heermann's Gull and Elegant Tern were collected
during the same years, in the way described in Velarde et al. (1994), all
at Isla Rasa (Fig. 1).
2.2. Statistical analysis

All statistical analyses were done using the R package (R Core Team
2013). A Pearson correlation test was run comparing the proportion
of sardine and anchovy among all the food samples for the three
seabird species, and the significance of the correlation was tested
through a t-test (Sokal and Rohlf 1994). Besides the correlation test, a
simple exponential function model (y = axb) was adjusted between
the proportion of sardine and anchovy in the diet of the three seabird
species (x variable) and the CPUE of the commercial fleet (y variable)
using a non-linear estimation. The logic and assumptions of this
model were: the proportion of sardine in the diet is a direct function
of the abundance of sardine in the ocean (Z) and, by definition,
the “catchability” of the sardine for the birds, is defined by the equation
dz / dt= kaz, that may be rewritten as d(ln(za)) / dt= ka. Similarly, we
define the “catchability” of the sardine for the fleet as d(ln(zf)) / dt= kf .
If we divide these two equations it may be deduced that d(ln(zf) /
d(ln(za) = kf / ka. In order to simplify kf / ka = b it is clear that if b N 1
then kf N ka, if b b 1 then kf b ka, and if b = 1 then kf = ka. Similarly,
the proportion of sardine in the diet of the seabirds (variable x of the ini-
tial model) is directly proportional to the amount of sardine that is
catchable for the birds (za). Besides, the CPUE (variable y of the initial
model) is also proportional to the amount of sardine that is catchable
for the fleet (zf). Then, the model may be re-parameterized as the
initially described exponential equation: y = axb.

There are several ways to adjust this model to the data, but, in
order to keep the original structure of the data and avoid its transfor-
mation just for the sake of the adjustment, we used a simple method
of non-linear programming, searching for the combination of parame-
ters (a and b) that produced a minimal function of square deviations
as an estimation of the error (Himmelblau 1972). The resulting curves
provided an estimation of the values of the CPUE for sardine and ancho-
vy during the following fishing season, based on the proportion of each
of these species in the diet of the seabirds, during the previous breeding
season. This value does not pretend to be an indicator of the abundance
of the resource, but rather of its availability to the fishing fleet (and by
the previous definition, availability to the birds).
3. Results

The proportions of Pacific sardine and northern anchovy in the diet
of the seabirds, as well as proportions in the catch, were inversely relat-
ed for each year (Fig. 2). Also, the diets of the three seabird species were
remarkably similar for both species of fish. However, the diets of



Fig. 3. Proportion of Pacific sardine in the diets of the elegant tern (a), Heermann's gull
(b) and California brown pelican (c), in relation to CPUE of the commercial fleet.
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pelicans and gulls were more similar to one-another than to the catch,
but the diet of terns was closer to the fleet catch for the years with
matching data (Table 1, Figs. 2a, b).

Few significant correlations (only five of 15) were found between
the proportions of the two pelagic fishes when compared within and
among the three seabird species. These were mostly negative correla-
tions between the proportions of sardine and anchovy when compared
within each of the three seabird species. These negative correlations
were to be expected, because as one increases, the other decreases
very significantly in the diet of the pelican (r = −0.989, t = 6.634,
p = 0.009), to a lesser degree for the gull (r = −0.969, t = 3.911,
p = 0.03) and finally the tern (r = −0.961, t = 3.453, p = 0.041).
Also, a negative and highly significant correlation was found between
the proportion of sardine in the diet of the pelican, and the anchovy in
the diet of the gull (r = −0.986, t = 5.987, p = 0.007). Only one
positive significant correlation was found between the proportion of
the anchovy in the diet of the pelican and that of the gull (r = 0.975,
t = 4.392, p = 0.022).

The results of the exponential regression analysis showed that the
functional relationship between the proportion of sardine in the diet
of the three seabird species with the values for CPUE of the commercial
fleet is significantly convex (b b 1; see Fig. 3a, b and c), showing a signif-
icantly non-linear relationship between both variables (Table 2).

These data demonstrate that small increments of sardine in the diet
of the birds are associated with a large increment in commercial CPUE,
or that the fleet is more efficient capturing sardines than the seabirds
when the availability of this small pelagic fish is low. Thus, if the propor-
tions of Pacific sardine in the seabird diets are known, particularly for
the elegant tern (p b 0.0001), it is possible to estimate sardine CPUE
for the commercial fleet for the subsequent fishing season.

In the case of the northern anchovy (Fig. 4a, b and c), the same expo-
nential function produced a significantly concave curve, quite different
from that for the Pacific sardine (b N 1). This implies that in order to ob-
serve a small increment in the anchovy CPUE of the fishing fleet, it is
necessary to observe a large increment in the proportion of this fish in
the diet of the birds or, conversely, either the fleet is less efficient than
the seabirds at capturing anchovy or the fleet is unwilling to pursue
this species when its availability is low. In the case of the anchovy anal-
ysis, compared to that of the sardine, statistical significanceswere lower
both for the gull and the tern. However, in the case of the pelican, the
proportion of anchovy in its diet was not a suitable parameter for the
prediction of the anchovy CPUE of the commercial fleet during the
following fishing season (b = 1; Table 1), unlike the case for the other
two seabird species.

4. Discussion

According to our analysis, three species of dominant, piscivorous
seabirds in the GoC exhibited similar, although not identical, trends in
their relative consumptions of Pacific sardine and northern anchovy.
The lack of positive correlation between the proportions of each fish
species in the diet of the three seabirds may be indicative of different
prey preferences among the three seabird species.
Table 1
Percentages (%) of Pacific sardine (S.s.) and northern anchovy (E.m.) in the diets of the elegant te
sizes (n), t-value and calculated binomial confidence limits (s.e.).

1992 1996 1997

n % t s.e. n % t s.e. n

T.e. S.s. 55 9 2.00 5.5 109 64 1.98 6.5 107
E.m. 55 76 2.00 8.2 109 34 1.98 6.4 107

L.h. S.s. 50 2 2.01 2.8 95 64 1.99 6.9 76
E.m. 50 96 2.01 3.9 95 29 1.99 6.6 76

P.o. S.s. 8 55 2.31 0.0 40 55 2.02 11.2 14
E.m. 8 43 2.31 0.0 40 43 2.02 11.1 14
It is evident that the proportion of these small pelagic fish in the sea-
bird diet, particularly that of the elegant tern, are suitable indicators of
fish-availability to the fishery. This is a useful prediction because the
birds feed on the fish during their pre-recruit stage and the time be-
tween the diet sampling and the start of the fishing season (which sup-
posedly targets recruits) is relatively short, minimizing the stochastic
effects of changed oceanographic factors on recruitment. Indeed, sea
surface temperature, depth of the thermocline, and upwellings, have
been shown to play an important role on the final catches (Velarde
et al. 2004). The proportion of Pacific sardine in the diet of the three sea-
bird species is thus a suitable variable for predicting fishery CPUE for
sardine (Table 2), as indicated in the years when matching data were
available. In the case of the California brown pelican, the lack of signifi-
cance between the proportion of anchovy in its diet and fleet CPUEmay
be due to the fact that the pelican may be catching anchovies that are
the same size and age as the ones caught by the fleet during the same
season, but not pre-recruits such as is done by the gull and tern.
rn, Heermann's gull and California brown pelican in the study area, also indicating sample-

2004 2005

% t s.e. n % t s.e. n % t s.e.

47 1.98 6.8 59 1 2.00 1.8 83 0 1.99 0.0
42 1.98 6.7 59 80 2.00 7.4 83 100 1.99 0.0
77 1.99 6.8 49 0 2.01 0.0 38 0 2.02 0.0
8 1.99 4.4 49 75 2.01 8.8 38 100 2.02 0.0

93 2.14 10.0 22 23 2.07 12.9 3 0 3.18 0.0
7 2.14 10.0 22 64 2.07 14.7 3 100 3.18 0.0



Table 2
Results of the exponential regression test between proportion of Pacific sardine and north-
ern anchovy in the diets of the three seabird species to predict the CPUE of these two for-
age fish species by the commercial fleet (see Figs. 3, 4 for details). The numbers in
parentheses are the standard errors of the estimates, and the probability values corre-
spond to the null hypothesis that the exponent is equal to one (H0: b = 1; see details in
the text).

Sardine Anchovy

r2 b (se) P r2 b (se) P

Pelecanus occidentalis 0.47 0.16
(0.12)

0.0004 0.41 7.20
(14.9)

0.69

Thalasseus elegans 0.34 0.19
(0.11)

b0.0001 0.53 7.00
(2.3)

0.009

Larus heermanni 0.22 0.22
(0.15)

0.0001 0.50 2.82
(1.1)

0.02
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In the model, the relationship between the proportion of sardine in
the bird diets and that of the commercial CPUE is strongly non-linear
so that when the dietary proportion of sardine is relatively low (sar-
dines are less accessible to the surface feeding birds examined here),
the sardine CPUE is proportionately much higher. The proportion of Pa-
cific sardine in the seabird diet is thus a suitable variable for predicting
fishery CPUE for sardine (Table 2). In contrast, it is interesting that the
model for the anchovy predicts a high CPUE only when the proportion
of this small pelagic in seabirds' diet is extremely high. This is evident
in our models, when the sardines are captured by the fleet in a larger
proportion than captured by the seabirds, particularly when their avail-
ability is low (therefore resulting in an exponential, instead of a linear,
relationship — convex for the sardine and concave for the anchovy).
Fig. 4. Proportion of northern anchovy in the diets of the elegant tern (a), Heermann's gull
(b) and California brown pelican (c), in relation to the CPUE of the commercial fleet.
This is probably partly due to the higher commercial value of sardines
and their being targetedmore intensely than anchovies by the commer-
cial fishery.

There are several factors that influence decisions for conducting the
fishery, such as the price of the product in the market, the mesh size of
the nets, how well the product is preserved in the vessels, and how ad-
equate the product is for processing for canning or reduction for
fishmeal (pers. comms. with industry personnel). It is interesting that
catchability and related models (Csirke, 1988; Fox, 1974; Harley et al.,
2001; MacCall, 1976; Martínez-Aguilar et al. 1997, 2009; Radovich,
1982; Ulltang 1980, 1986) predict a relationship between CPUE and
the real fish stock abundance, which is practically identical to that ob-
tained in our work, that is, the relationship between CPUE and sardine
abundance follows a convex exponential function, and that of the
anchovy follows a concave function. The similarity of these statistical
behaviors, derived from totally different models, corroborates the
strength of the observed seabird pattern and the importance of the
proportion of fish in their diet as a robust indicator of their abundance
in the ocean (schematically represented in Fig. 5).
4.1. Sustainability of the fishery

Recently, the multi-species fishery of Sonora was certified as being
sustainable by theMarine Stewardship Council (MSC, 2011). The verac-
ity of this certification will depend on the capacity to demonstrate that,
in fact, the fishery will continue into the future, and that industry com-
plieswith a series of requirements related to by-catch and the conserva-
tion of higher trophic level species. The MSC will ratify the certification
when industry demonstrates achievement of the corresponding MSC
goals. Goals that apply to the health of the ecosystem are intended to
maintain a sustainable fishery and a continuing rich and productive
food web, i.e. effective ecosystem-based management, a universal goal
of FAO (FAO1996).Without sustainable use of the commercial resource,
its abundance will almost certainly decrease and induce a long-term
ecosystem-change throughout the Midriff Region.

If this fishery is to be sustainable, avoiding both economic and eco-
logical collapse, it will be necessary formanagers to have reliable indica-
tors of the availability of the target species. In the North Sea, for
example, when trying tomanage thefishery of the sand eel (Ammodytes
hexapterus), it was found that the breeding success of a seabird, the
black-legged kittiwake (Rissa tridactyla), was a reliable indicator of the
eel abundance. When the breeding success of this seabird dropped
below a certain level, the eel fisherywas stoppedwithin the species fair-
ly large foraging area until breeding success recovered (ICES 2000,
2001; Lewis et al., 2001). In our case, the proportion of sardine in the
diet of the seabirds, particularly that of the elegant tern, is the best pa-
rameter fromour data set to be used as a reliable predictor of Pacific sar-
dine CPUE, fortunately several months in advance of the fishing season.
Fig. 5. Tendencies of CPUE for the Pacific sardine and northern anchovy by the commercial
fleet in relation to the proportion (%) of these forage fish species in seabirds' diets.
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Such information could be used to more effectively and sustainably
manage the GoC fishery.

5. Conclusions

Wehave demonstrated the significant potential of using the propor-
tions of Pacific sardine and northern anchovy in the diet of three seabird
species, but particularly the elegant tern for effective prediction of com-
mercial CPUE in the following fishing season in the Gulf of California. If
the goal of fishery management is for the fleet to indefinitely operate
within sustainable ecological and economic limits (ecosystem-based
fishery management), the fishing effort must adjust to the predicted
catch, minimizing costs to industry and ecosystem that produce little
or no gain. If the relationship between CPUE and the proportion of sar-
dine in the tern diet is known, it is possible to predict the former based
on the latter and adjust fleet's activities. The lack of positive correlation
between the proportions of each fish species in the diet of the three sea-
birds may be indicative of different prey preferences among the three
seabird species. However, the significant correlations of all three seabird
species diets with CPUE are indicative of patterns in sardine abundance
in the ocean. Other parameters, or a combination of several of them,
such as using the model proposed by Velarde et al. (2004), which also
considers the Southern Oscillation Index, sea surface temperature
anomaly, and clutch-size and breeding success of the Heermann's gull,
with very accurate results, also could be integrated into future, effective
sardine management. However, we believe that the most simple, but
still realistic model, such as seen here for elegant terns, will have the
best likelihood of being used to inform fishery management.
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