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INTRODUCTION

Climatic and oceanographic variability can cause
fluctuations in the abundance of commercial fish
stocks (Attrill & Power 2002, Platt et al. 2003). Under-
standing the link between climatic change and these
fluctuations could allow us to forecast the size of stocks
and manage fisheries accordingly. However, the bio-
logical (e.g. growth rates, survivorship and mortality
rates), ecological (e.g. reproduction frequency, distrib-
ution of spawning stocks) and oceanographic mecha-
nisms (e.g. offshore advection, current gyres) (Hol-
lowed et al. 2001, Williams et al. 2007) that explain fish
abundance and how this abundance is reflected in
fisheries catches are poorly understood.

We studied 2 important commercial reef fish in the
Gulf of California, Mexico: the yellow snapper Lut-
janus argentiventris and the leopard grouper Myctero-

perca rosacea. The yellow snapper is a tropical species
that originates from the Panamic province. It inhabits
rocky bottoms down to at least 60 m depth and its dis-
tribution ranges from the Gulf of California to Peru. It
grows up to 1 m in length and 10 kg in weight, reaches
maturity after 3 yr, and can live up to 19 yr (Martinez-
Andrade 2003). The leopard grouper is endemic to
Mexico, and its distribution ranges from Bahía Mag-
dalena on the Pacific coast of Baja California, through-
out the Gulf of California from the northernmost rocky
reefs at Roca Consag to southern Jalisco. This species
grows up to 1.2 m in length and 18 kg in weight,
reaches maturity after 3.5 yr, and can live up to 32 yr
(Aburto-Oropeza et al. 2008).

Both species have complex life cycles: they spawn
around rocky islands (Sala et al. 2003), their larvae
travel to and settle on shallow coastal habitats (yellow
snapper in mangroves and leopard grouper in Sargas-
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sum beds), and juveniles travel to adult habitats over a
2 yr period. We monitored the abundance of these 2
species since 1998, and compiled fisheries landing sta-
tistics for the Gulf of California over 11 yr, to determine
whether it is possible to predict fish recruitment and
landings based on available a priori climate indices.

MATERIALS AND METHODS

Abundance of juveniles. To estimate interannual
variation in yellow snapper and leopard grouper abun-
dance, we surveyed 21 rocky reefs in the central and
southern parts of the Gulf of California (Aburto-
Oropeza et al. 2007). Data were collected every Sep-
tember from 1998 to 2008 by SCUBA divers using 50 ×
5 m line transects (n = 4 to 6 replicate transects site–1

habitat–1). All individuals belonging to different size
classes in a visual range of <2 m (Harmelin-Vivien et
al. 1985) were counted. Total length (TL) of yellow
snappers and leopard groupers was estimated in 5 cm
intervals with the help of a PVC plastic tube. Divers
swam along each transect at a constant speed, count-
ing and estimating the size of all individuals within
2.5 m on either side of the transect line (250 m2 transect
area). The authors were experienced at visually sur-
veying fish assemblages and estimating fish lengths
accurately (Sala et al. 2002).

Although we counted individuals of all sizes, we
included only leopard grouper individuals with a total
length of up to 15 cm, since they were the young of the
year. However, since young of the year for yellow
snapper are present only inside mangroves, we used
individuals with a total length between 15 and 25 cm,
which correspond to the smaller sizes that are seen in

the rocky reefs and are individuals between 1.2 and
2.1 yr old (Aburto-Oropeza et al. 2009). We can then
assume that these size classes of yellow snapper indi-
viduals are at the most 2 yr old after they settle.

Landings data. We considered landings data for the
yellow snapper and the leopard grouper from the
National Fisheries Commission (CONAPESCA) for the
State of Baja California Sur, in the central southwest
part of the Gulf of California. Records for the 400 km
long stretch of the coast of Baja California Sur are pub-
licly available by request. We worked with a database
containing the fishing records from the town of Santa
Rosalia and the city of La Paz. With the exception of the
year 2004, landings were reported from 1999 to 2007.
Although the statistics have specific categories, an
important volume of the landings was registered as
generic categories without species-specific infor-
mation: ‘pargos’ (snappers), and ‘cabrillas’ (groupers).
However, we calculated the proportions of these
generic catches that are accounted for by our 2 target
species, based on a previous study (Randall et al. 2005)
which showed that yellow snapper and leopard
grouper accounted for 40 and 90% of the ‘snapper’ and
‘grouper’ categories, respectively. The converted data
were subsequently added to the species-level data to
give the total landings of these 2 species along the
coast of Baja California Sur.

To determine the size structure of the individuals
that were caught in the region, we monitored 4 fishing
cooperatives and 10 fishing towns from March 2007 to
January 2009. Total length (to the nearest mm) and
weight (to the nearest g) data were collected from yel-
low snappers and leopard groupers that were caught
by artisanal fishers. To calculate the mean age of the
catch, we used the mean size of the catch (Fig. 1) and
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Fig. 1. Lutjanus argentiventris and Mycteroperca rosacea. Size-frequency distributions of collected (A) yellow snappers (n = 497)
and (B) leopard groupers (n = 705) from fishery catches in the southern Gulf of California. Dashed lines are mean sizes and num-
bers above are the corresponding ages (yr). Age was calculated using age at length zero (t0), asymptotic length (L∞), and growth

rate (k) taken from the literature (Díaz-Uribe et al. 2001, Martinez-Andrade 2003)
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calculated the age of an individual within this size
using the Bertalanffy growth model. For yellow snap-
per, the variables used (age at length zero (t0), asymp-
totic length (L∞), and growth rate (k)) were obtained
from Martinez-Andrade (2003); for leopard grouper,
the variables were obtained from Díaz-Uribe et al.
(2001).

The same CONAPESCA database included the
amount of money that was paid for the catch (kg) of
yellow snapper and leopard grouper landed by fisher-
men in Santa Rosalia and La Paz in 1999 to 2003 and
2005 to 2007. Using these economic values, we calcu-
lated the increases in revenue between the best and
the worst years in terms of fisheries landings.

Climate variability. We explored the relationship
between the reef fish species and their fisheries using
the Multivariate El Niño/Southern Oscillation (ENSO)
Index (MEI; NOAA Cooperative Institute for Research
in Environmental Sciences) as a measure of climate
variability. MEI is a positive correlate of water temper-
ature and a negative correlate of nutrient availability.

El Niño years (warmer, nutrient poor waters) are asso-
ciated with strong positive values of MEI, whereas La
Niña years (colder, nutrient-rich waters) are associated
with strong negative values of this index. Bimonthly
values for MEI are available from 1950 to the present
(www.esrl.noaa. gov/psd/enso/).

RESULTS AND DISCUSSION

The MEI, which is a positive correlate of water tem-
perature and a negative correlate of nutrient availabil-
ity in the Pacific Ocean, explained the abundance of
juveniles and fisheries landings (Fig. 2) for the yellow
snapper (Fig. 2A, p = 0.024, R2 = 0.45; Fig. 2B, p =
0.033, R2 = 0.56) and the leopard grouper (Fig. 2C, p <
0.001, R2 = 0.88; Fig. 2D, p = 0.041, R2 = 0.53). For both
species, years with higher abundance of juveniles
translated into greater fisheries landings once individ-
uals recruited into fishery stocks (the average age of
the yellow snapper and leopard grouper from fishing
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Fig. 2. Lutjanus argentiventris and Mycteroperca rosacea. Relationships of juvenile abundance (mean ± SE) and landings in the
Gulf of California with the multivariate ENSO index (MEI). Each point represents the annual average of juvenile abundance esti-
mated using underwater surveys (note the log scale for leopard grouper in panel C), and the annual average of landings recorded
in the official fisheries statistics. We used a time lag in the MEI for the yellow snapper juvenile abundance since surveys were
conducted outside the settlement habitat (Aburto-Oropeza et al. 2009), and for the landings of both species because individuals
recruit to the fishery several years after their nursery stage (Fig. 1). Regression lines for juvenile abundance and landings are as
follows: (A) abundance = 0.8670 + 0.3672 MEI (p = 0.024, R2 = 0.45); (B) landings = 105.9584 + 10.1548 MEI (p = 0.033, R2 = 0.56); 

(C) abundance = 0.0001 e–29.3147MEI (p < 0.001, R2 = 0.88); and (D) landings = 137.6180 – 20.1253 MEI (p = 0.041, R2 = 0.53)
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catches is 4 and 7 yr, respectively; Fig. 1). Years with
higher abundance of juveniles can be predicted based
on MEI values at the time of settlement; we used MEI
values from September–October for the yellow snap-
per (Aburto-Oropeza et al. 2009) and from May–June
for the leopard grouper (Aburto-Oropeza et al. 2007).

After yellow snapper larvae settle in mangroves,
juveniles move to shallow rocky habitats where they
mature. Adults then move to deep rocky reefs (Aburto-
Oropeza et al. 2009). The abundance of yellow snap-
pers in rocky islands and in fisheries catches increased
with increasing MEI at 2 and 4 yr post-settlement
respectively (Fig. 2A,B). In contrast to the yellow snap-
per, leopard grouper larvae settle in shallow Sargas-
sum seaweed beds in rocky coasts and move to deeper
habitats as they grow. Because the seasonal nursery
habitat (Sargassum beds) is virtually nonexistent in
warmer, nutrient-poor years (Aburto-Oropeza et al.
2007), recruitment of the leopard grouper decreased
exponentially with increasing MEI (Fig. 1C; plotted on
a log scale). Leopard grouper landings were signifi-
cantly correlated with MEI values with a 7 yr time lag
(Fig. 1D).

Recruitment appeared to be modulated by El Niño/
La Niña events, as has been observed for algal beds
(Pacheco-Ruíz et al. 2003), small pelagic fishes
(Sánchez-Velaso et al. 2000), and sea bird populations
(Velarde et al. 2004) in the region. Colder La Niña
years that are characterized by high nutrient concen-
trations in seawater enhance algal growth (Dayton et
al. 1992, 1999) with a consequent increase in leopard
grouper recruitment. During warm El Niño years, rain-
fall dramatically increases in the region (Holmgren et
al. 2001), increasing nutrient concentrations inside
mangrove estuarine habitats and hence yellow snap-
per recruitment. Analogous examples could be the sci-
aenid species (the corvinas Totoaba macdonaldi and
Cynoscion othonopterus) that spawn and recruit in the
Colorado River estuary (Flanagan & Hendrickson
1976); their populations increased during years with
more rainfall (Rowell et al. 2005, 2008). Although the
mechanisms are not very clear, subsidies from land to
the ocean during the warm/cold decadal periods seem
to influence entire food webs (Polis et al. 1997) and
have a positive effect on the fitness of individuals. In
the case of other corvinas that were affected by ENSO
events (Williams et al. 2007), juveniles grew at signifi-
cantly different rates, and these differences appeared
to be related to water temperature variations and food
supply. The mechanisms underlying this population
increase may include enhanced larval transport, en-
hanced local reproductive success, or improved larval
and juvenile survival.

Fisheries of yellow snapper and leopard grouper
represent an important income for several hundred

fishers in the region. During ‘good fishing years’, fish-
ing revenue increased from a conservative estimate of
US$ 70 000 to US$ 270 000 and US$ 370 000 for yellow
snapper and leopard grouper respectively. Predicting
the magnitude of fisheries catches based on environ-
mental variables is relatively straightforward when the
time lag between the former and the latter is only a few
months (e.g. pelagic migratory species such as sar-
dines [Velarde et al. 2004], or mackerels [Arcos et al.
2001]). For species with complex life cycles that
include ontogenetic habitat shifts that last for years,
predicting abundance and catch years in advance is
more problematic. The present study, however, shows
that standard underwater visual surveys, combined
with traditional fisheries statistics, can provide a
methodology to predict fluctuations in abundance over
time. More importantly, such simple measurements
could be used to adapt artisanal fisheries management
ahead of time, allowing regulation of effort or setting of
quotas based on expected climate-mediated recruit-
ment of fish into adult populations.
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