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Abstract. A group of small pelagic fish captured between
1981 and 2012 within El Nifio area 1-2 by the Ecuado-
rian fleet was correlated with the oceanographic Multivariate
ENSO Index (MEI), and the Oceanographic El Nifio Index
(ONI) referred to El Nifio region 3—4. For the period 1981—
2012, total landings correlated poorly with the indexes, but
during 2000-2012 (cold PDO) they proved to have a 14—
29 % association with both indexes; the negative slope of the
curves suggested higher landing during cold events (La Nifia)
and also indicated a tendency to decrease at extreme values
(> 0.5 and < —1.0). Round herring (Etrumeus teres) fourth-
quarter (Q4) landings were related to the MEI in a nonlin-
ear analysis by up to 80 %. During moderate or strong La
Nifia events landings noticeably increased. Bullet tuna (Auxis
spp.) catches showed a negative gradient from cold to warm
episodes with an R? of 0.149. For Chilean jack mackerel
(Trachurus murphyi) irregular landings between 2003 and
2007 were observed and were poorly correlated (R < 0.1)
with ONI or MEI. Anchovy (Engraulis ringens) captured in
Ecuadorian waters since 2000 had an R? of 0.302 and 0.156
for MEI and ONI, respectively, but showed a higher correla-
tion with the cold Pacific Decadal Oscillation (PDO). South
American pilchard (Sardinops sagax) was higher than —0.5
for the ONI and MEI, and landings dramatically decreased;
however, Q4 landings correlated with ONI and MEI, with R?
of 0.109 and 0.225, respectively (n = 3). Linear correlation
of Q4 indexes against the following year’s Q; landings had a
linkage of up to 22 %; this species could therefore be consid-
ered a predictor of El Nifio. Chub mackerel (Scomber japon-

icus) landings did not have a significant linear correlation
with the indexes for 1981-2012 and therefore could not be
considered a valid predictor. Chuhueco (Cetengraulis mys-
ticetus) is a local species with high landings during El Nifio
years and, conversely, remarkably low landings during La
Nifa years. Additionally, chuhueco availability and landings
were negatively affected by cold PDOs. Pacific thread her-
ring (Opisthonema spp.) showed a 24 and 36 % relationship
between landings (Qp) and the MEI and ONI (Qg4). There-
fore, results suggest that the South American pilchard and
Pacific thread herring could be considered good species to
use as predictors of El Nifio in region 1-2 (Ecuador), espe-
cially when average Q4 MEI / ONI is used against the next
trimester Q1 landing. All species were prone to lower land-
ings and/or fishing availability during strong—extreme events
(ONI/MEI, > 1.0 and < —1.0), and were also shown to be
affected by the PDO. In the long term, landings decreased
under warm PDO and vice versa, and therefore PDO fluctua-
tions could be used to help manage these fisheries and to help
the industry in long-term planning.

1 Introduction

Oceanographic events of high and low frequencies such as
El Nifio and La Nifia and Pacific Decadal Oscillation (PDO)
have been studied for some decades, generating a huge
amount of research literature (e.g., Wirtky, 1965; McPhaden,
1993, 1999; Trenberth, 1997; Clarke, 2008; Khider et al.,
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2011), a vast number of webpages (see, e.g., NOAA), long-
period projects (e.g., TAO-TRITON), more than 20 statistical
and dynamics prediction models (ENSO-NOAA) and dozens
of institutions and laboratories with hundreds of marine sci-
entists (Ormaza-Gonzalez et al., 2014a).

Apart from physical impacts, there are also chemical and
biological variations in the ocean. The impact data and/or
information on the chemistry of the ocean due to these
events are scarce; a few reports indicate that dissolved oxy-
gen, nitrate and phosphate and salinity in the water column
and surface during a cold event (La Nifia, 1996) followed
up by a warm one (El Nifio, 1997-1998) were higher in
1996 than 1997-1998 (Sievers and Vega, 2000). Addition-
ally, during El Nifio the water bodies from Panama Bay
move south; these have thermal anomalies as high as 6 °C
(surface temperature > 27 °C, e.g., Trenberth, 1997), lower
salinity (around 32 psu, D’Croz et al., 1991), nutrient con-
centration much lower and primary production productivity
(Chévez et al., 2003), which in turn affects higher trophic
levels (Ormaza-Gonzélez et al., 2014a, b). Conversely, dur-
ing La Nifla occurrence, the Humboldt and Cromwell cur-
rents emerge at the surface in front of Ecuador and Peru,
bringing cold and nutrient-rich waters that cause primary
production to increase, so energy is transferred to higher
levels of the trophic chain. Changes in water temperature,
both higher and lower, may cause a redistribution of fish
in the sea, making those less available for capture by fish-
eries; furthermore, these changes generate modifications to
fish growth, survival and reproduction rates (affecting bio-
logical attributes such as size and weight). One earlier work
of Barber and Chavez (1983, 1986) reported changes in pri-
mary production during these events due to variations of nu-
trients, which transit for high (La Nifia) to low (El Nifio)
concentrations. Iriarte and Gonzalez (2004) found a varia-
tion from 80 mg m~3 under normal conditions to 5 mgm™3
during and after El Nifio as well as the presence of differ-
ent species of phytoplankton, and changes from diatoms to
nano- and pico-plankton. Gaxiola-Castro et al. (2010) re-
ported the magnitude of affection to the pelagic system in
the waters of Baja California, demonstrating that a good
relationship between chlorophyll concentration and sardine
(Strangomera betincki) abundance was found during low-
and high-frequency periods in Chile (34—40° S; Gémez et al.,
2012). In addition, Aburto-Oropeza et al. (2007) detected a
decrease in macro-algae Sargassum sp., while the Multivari-
ate ENSO Index (MEI) increased. Sardine and horse mack-
erel exposed to El Nifio conditions had their weight modi-
fied: sardines decreased from 19.3 to 9.86 % and mackerel
increased by 1.32 % (Dioses, 1983). Changes in the stomach
content of anchovies, round sardine (Etrumeus teres), have
been reported by Sdnchez de Benites (1983), demonstrating
that El Niflo, in fact, modifies nurturing in pelagic species.
De la Cuadra (2010) has found a strong relationship between
the high- and low-frequency events with small pelagic-like
round sardine, Chilean jack mackerel (Trachurus murphyi),
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South American pilchard (Sardinops sagax) and others us-
ing sea surface temperature (SST) anomalies in the region
between the Ecuador coast and the Galapagos Islands.

Low-frequency events — PDO — were first reported and
named by Mantua et al. (1997) in a paper about Alaskan
salmon (Oncorhynchus sp.). The PDOs are warm and cold
periods of around 20 and 25-30 years; the latest warm PDO
spanned from 1977 to 1999, and the present cold period will
go from 2000 to around 2025/2030. A recent paper sum-
marizes and provides good insight into the PDO (Mantua
and Hare, 2000). More recently, Hsieh et al. (2009) stud-
ied 34 dominant species in larval state in Baja California
using 50-year series in which superficial and sub-superficial
(200 m) water temperature varied, finding that species had
changed geographical distribution from cold to warm peri-
ods and noticing the abundance of 25 more taxa during cold
periods; even species like the salpas (Salpa maxima, Pegea
socia, Cyclosalpa bakeri, and Cyclosalpa affinis) are influ-
enced by the PDOs. Lavaniegos and Ohman (2003) deter-
mined the presence of these species in the cold period be-
tween 1951 and 1976, an absence from 1981 to 1999 as a
result of the warm PDO, and finally a return in 2000, con-
sidered the beginning of the present cold period. Important
commercial fisheries like tuna are also impacted by these
events in diverse manners: distribution, reproduction, recruit-
ment and growth rate (e.g., Lehodey et al., 1997, 1998, 2003,
2006; Lehodey, 2004). Considering one of the most abundant
and important small pelagic species, anchovy (Engraulis
ringens), it was found that the fluctuation between warm
and cold periods (every 10 years) determines the sequence
of replacement anchovy—sardine—anchovy corresponding to
cold—warm—cold periods (Yafiez et al., 2008; Rodriguez-
Sanchez et al., 2001). Concurrently, according to Niquen and
Bouchon (2004), prior to a warm event, a mono-species habi-
tat is found, and, after its occurrence, a multi-species habi-
tat is established. Warm events have negative impacts on the
biomass, size, recruitment and distribution (Cahuin et al.,
2013) of some species but positively affect species like sar-
dine (Sardinops sagax), mackerel (Trachurus murphyi), pa-
cific mackerel (Scomber japonicus) and long-nose anchovy
(Anchoa nasus). Sanchez-Velasco et al. (2000) reported sim-
ilar results with anchovy (Engraulis mordax), which was ab-
sent during El Nifio 1997-1998 but became abundant after it
ended. Dioses (1983) found a drop in corporal weight of sar-
dine (Sardinops sagax), jurel (Trachurus murphyi) and ca-
balla (Scomber japonicus peruanus) during El Nifio in the
Peruvian sea in 1982-1983 in comparison to normal condi-
tions (1981).

The present work attempts to elucidate whether it is pos-
sible to use small pelagic landings as a sort of predictor to
determine the presence or not of high-frequency events (El
Nifio and La Nifia) on the Ecuadorian coast (area 1-2, Fig. 1)
when they are declared by indexes like the Oceanographic
El Nifio Index (ONI) and Multivariate ENSO Index (MEI)
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Figure 1. The regions of El Nifio (NOAA 1, http://www1.ncdc.
noaa.gov).

in area 3—4 (Fig. 1). Also, the impacts of the low-frequency
events (PDO) on these landings are examined.

2 Material and methods

The ONI and MEI are oceanographic indexes presently ac-
cepted as establishing whether El Nifio or La Nifia is oc-
curring or not. The ONI (Smith et al., 2008; Null, 2013)
is based on SST anomalies in the so-called El Nifio 3—
4 region (Fig. 1) that is delimited by 5°N-5°S, 120—
170° W; on the other hand, the MEI (Wolter and Timlin,
1998, 2011) is a multivariable index (SST, zonal and merid-
ional components of surface winds, total cloudiness frac-
tion of the sky, surface air temperature and sea-level pres-
sure) in the same El Nifio region; both indexes are avail-
able from http://www.cpc.ncep.noaa.gov/products/analysis_
monitoring/ensostuff/ensoyears.shtml and http://www.esrl.
noaa.gov/psd/enso/mei/, respectively. The data series from
1981 to 2012 was yearly averaged.

Annual landings of round herring (Etrumeus teres),
chilean jack mackerel (Trachurus murphyi), bullet tuna
(Auxis thazard or spp.), anchovy (Engraulis ringens),
South American pilchard (Sardinops sagax), chub mack-
erel (Scomber japonicus), chuhueco (Cetengraulis mystice-
tus), and pacific thread herring (Opisthonema spp.) have been
monitored and registered on a monthly basis by the National
Institute of Fisheries (INP) of Ecuador since 1981; catching
effort, measurement of size, length, weight, sexual genera
and other biological parameters have also been recorded. The
monitoring also includes fleet classification and active or in-
active fishing boats during the month sampled. These data
were provided by the INP and are obtained in order to man-
age the fisheries. The activities of the fleet are mainly coastal
with limited freezing or refrigerating chambers, so fisher-
men go for 1 working day and the catch is immediately used
by canneries or fish meal plants upon landing. The tempo-
ral series 1981-2012 was analyzed first, species by species;
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second, due to the fact that this series included both warm
(1977-1999) and cool (2000—present) PDO, they were split
into two series, namely, 1981-1999 and 2000-2012. The in-
dexes were taken as independent variables, and the landings
and other biological data as dependent ones in order to cor-
relate them in time. The time was on a yearly and/or quar-
terly basis: Q; (January—March), Q2 (April-June), Q3 (July—
September) and Qs (October—December). Statistical linear
and polynomial (up to n = 6) regressions were used.

3 Results

As a response to variable-frequency oceanographic fluctua-
tions, pelagic species change their distribution, which in turn
affects fish availability for capture, thus ultimately impacting
on landings. Results are presented for eight species whose
landings were examined in time and against the indexes ONI
and MEI from 1981 until 2012; the series was split into
1981-1999 (warm PDO) and 2000-21012 (cold PDO).

A historical maximum landing was observed in 1985 af-
ter the 1982 El Nifio. From this point, volume captured de-
creased consistently until 1990, and from then on it remained
at about 190 000 metric ton (mt, except for peaks in 1995—
1997). In general terms, fisheries registered a constant fall
for total and individual species landings (Fig. 2).

When correlating total landings (1981-2012) against the
ONI and MEI linear regression was poor (R2 < 0.01,
Fig. 3a), but using polynomial regression (n =5) an R? of
0.171 and 0.149 (Fig. 3b) was obtained for the ONI and
MEI, respectively. Most landings were registered between
values from —0.5 to 0.5 of both indexes, showing that the
highest registered peak was when the indexes were around
—0.5, indicating that under cold conditions (La Nifia) there
was higher availability for fishing (Fig. 2). The slope for the
linear regression was negative, suggesting there was more
available biomass under moderate negative anomalies; also,
the curves suggest that under extreme events, cold or warm,
capture tends to decrease (Fig. 3b, ¢, d), as fish move to less
stressful water masses.

For the period 2000-2012, which corresponds to a cold
PDO (Fig. 3d), the linear regression rendered R? values of
0.143 (MEI) and 0.291 (ONI), which are higher when the
correlation is executed in the period 1981-2012; also, the
negative slope of the curve indicates consistency with what
is said above. Linear regression indicates around 14-29 %
direct dependence on or association of landing with these in-
dexes; likewise, the slope of the curve was negative in the
whole analysis period, reaffirming the fact that there is less
biomass under warm conditions.

This exercise also would suggest that statistical analysis in
the continuous series is affected by the change from a warm
to a cold PDO, as the complete period includes both inter-
decadal periods and the remnant noise for a period affects
the next one.

Adv. Geosci., 42, 61-72, 2016
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Figure 2. Total landings of pelagic fish (1981-2012) registered by the Ecuadorian fleet. Sardine (sardinas), chub mackerel (macarela), round
sardine (sardina redonda), Pacific thread sardine (pinchagua), bullet tuna (botella), Chilean jack mackerel (jurel), and anchovy (anchoveta).
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Figure 3. Total landings vs. the ONI and MEI for periods (a) 1981-2012, (b) 1981-2012, n =5, (¢) 1981-1999, n = 6, and (d) 2000-2012.

Figure 4 shows regression between landings against ONI
and MEI using quarterly data for the variables (Q4) of the
same year for 1981-2012. Linear regression obtained an R>
of 0.299 (MEI) and a 0.237 (ONI) mean that showed about
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24-30 % of the total pelagic fish captured is affected by ONI
and MEI, and that there is higher biomass under cold con-
ditions (La Nifia and cold PDO); the highest catch occurred
around —0.5. If polynomial regression (n = 3) is considered,
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Figure 4. Total landings in Q4 vs. the ONI and MEI (2000-2012). Polynomial regression, n = 3.

association reaches 30 % for ONI and 33 % for MEI, increas-
ing the degree (n) of the polynomic function, R? did not im-
prove. Total landing using Q3, Q2 and Q; did not perform
better. Thus, Q4 for landings and the same quarter for MEI
and ONI were considered for correlative analysis for each
species.

In general terms, total landings of small pelagic fish were
affected by as much as 58 % by oceanographic conditions
on a nonlinear basis (n = 6) from 2000, but under the influ-
ence of linear regression reach ca. 24 and 30 % for the MEI
and ONI, respectively. This global analysis demonstrates that
time series 1981-2012 needs to be separated into 1981-1999
and 2000-2012 to avoid “noise” from a full hot interdecadal
period over the following cold one; the latter is roughly in
the middle of its complete period.

3.1 Round herring (Etrumeus teres)

Round herring proved to be negatively affected by cold
PDO, as there was a noticeable decrement of landings af-
ter 2000; thus, the annual landing average during 1981-2000
was 38 548 mt, whilst for 2000-2012 it was 2039 mt, i.e.,
a fall of 95 % (Fig. 2). Linear regression analysis (without
considering the extraordinary landing in 1981) showed a de-
pendence on the ONI and MEI of 12 and 21 %, respectively.
R? values of 4.3% (n =5) and 14.3 % (n = 4) are obtained
with the polynomial regression, considered poor correlations.
Landings for the second period were more associated with
the MEI / ONI, denoting that during negative MEI periods
(< 0.1) its availability is higher but decreases dramatically in
an intense cold event or moderately severe hot event (Fig. 5).
Correlation with the ONI during moderate or intense La Nifia
periods shows that round herring availability increases but
also eventually falls into a moderate—hot event.

3.2 Bullet tuna (Auxis spp.)
Bullet tuna began to be reported in 1998 in increasing vol-

umes, except in 2004 and 2005, during an El Nifio event.
The correlation of landings vs. MEI (Fig. 5) gave a negative
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slope (R? = 0.149), indicating that the resource decreases as
the index increases. The nonlinear correlation (n = 3) results
in an R? of 0.367 (Pearson r = 0.606). The linear and nonlin-
ear regression (n = 3) was low with ONI, but the slope was
the same.

3.3 Mackerel (Trachurus murphyi)

Mackerel landings were reported for the first time in 1990,
and then continuously until 2002. After that, it is reported
only in 2007 and 2009 (19 834 mt); the peaks occurred dur-
ing or after cold periods (1996 and 2000). The regression
analysis for the period did not gave R? results higher than
0.10; therefore, this species cannot be considered a possible
index.

3.4 Anchovy (Engraulis ringens)

Ecuador started registering Peruvian anchovy landings
(Fig. 6) in 2001 (at the end of the strong La Nifia of 2000);
by 2001 they peaked up to 71013 mt, but immediately af-
ter decreased to 11273 mt, bouncing back in 2006 with a
record value of 76 606 mt, and then fell again. This behav-
ior is similar to a sine/cosine function or a polynomial n =4
with an R? of 0.438, with a negative slope. Low values ob-
tained from landings during La Nifia 2010-2011 could be
related to a displacement of the resource towards the open
sea, and were not available to be captured by the fishing fleet
(which operates near the coast); by contrast, higher catches
were reported by Peruvian fishermen in 2011 (8.3 million mt,
FAO, 2014). MEI had a negative slope for this period (Fig. 6),
implying that a lower SST had a higher production of Peru-
vian anchovies; in 2012 there was an important diminution
of 4.7 million mt (FAO, 2014) as a response of a “Modoki”
El Nifio (Ormaza-Gonzalez, 2012); also in 2012 the MEI in-
creases from —0.93 (2011) to 0.14, showing a swift response
of anchovy to SST fluctuations.

Annual landings correlated with the MEI and ONI gave
R? values for polynomials (n = 4) of 0.25 and 0.156, respec-
tively, denoting a relation to cold and warm events (Fig. 7)

Adv. Geosci., 42, 61-72, 2016
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of between 25 and 16 %, in that order. Linear correlation
showed a positive slope with an 11 to 8 % association with
the indexes, respectively. Quarterly (Q4) landings had a lin-
ear correlation of 7-9 % (Fig. 7). Anchovy fishing proved
to be strongly related to low-frequency fluctuations or cold
PDO; during warm periods (1981-1999) it was not reported
in Ecuador and began to appear in the cold PDO period. Its
tendency during long periods increases to lower SST or cold
interdecadal PDO. This species could be considered a fishing
index associated with the ONIL

3.5 South American pilchard (Sardinops sagax)

In Ecuador, it is reported with important landings from 1981
(perhaps before it was captured, but not registered). In gen-
eral, it seems to have two periods of 10 years each (1981—
1995 and 1994-2003), with a record landing > 1.2 million mt
in 1985, but it disappeared or had not been captured since
2006. Figure 8 shows landings in association with the MEI
and ONI during the entire period (1981-2006). Whenn =1,
R? were lower, at 0.052 (MEI) and 0.058 (ONI) with a neg-
ative slope; this means they decrease towards positive values
for both indexes.
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When landings were related by quarter Q4 to similar MEI
and ONI, the results maintained low RZ, but when Q; of the
next year was analyzed with Q4 of MEI / ONI of the pre-
vious year (Fig. 8), a linear R? of 0.225 (MEI) and 0.109
(ONI) was observed; i.e., landings in the first quarter of the
year are going to be attached by up to 22 % of the MEI aver-
age from the last quarter. This correlation also indicates that
when MEI is higher than —0.5, there will be low or null cap-
tures, thus suggesting South American pilchard is positively
associated with La Nifia and cold PDO. This exercise indi-
cates that South American pilchard “feels” what happens in
El Nifio 3—4 with around a month later in Q; of the following
year, and therefore it could be considered a possible predic-
tor.

3.6 Chub mackerel (Scomber japonicus)

In 1981, landings of < 0.45 million mt were reported, reach-
ing a maximum peak of 0.59 million mt in 1982 (EI Nifo
event), and then dropped steadily with smooth highs and lows
to 25600mt (1992); then landings went up to an average
of 255400 mt till 2009, from there sustaining a median of
60000 mt till 2012 (Fig. 9). Landings are a quasi mirror re-
lation between landings and the MEI-ONI; however, linear
and nonlinear correlations gave low R? with both the ONI
and the MEL

3.7 Chuhueco (Cetengraulis mysticetus)

Since 1981, landings have averaged 41 240 mt year~!, with a
minimum (2007) of 1079 mt year_l and a maximum (1987)
of 126420 mt year~!. Total landings for the study period ex-
ceeded 1.19 million mt, which represents 8 % of total cap-
tures. Figure 10 shows that landing peaks reflect a high MEI
and vice versa. In the years 1983, 1987, 1992 and 1997 (El
Nifio), significant peaks can be noted, whilst during La Nifia
events notable falls are registered. Linear regression coeffi-
cients of landings against the ONI was about 0.16, whilst for
the MEI they were up to 0.200 (Fig. 10), i.e., a 20 % asso-
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ciation with a positive slope, indicating that this species is
linked to warm events when the highest landings are regis-
tered. In the long run, it is affected by the PDOs; from 2000,
landings were down to 20 000 mt.

Separating time series into 1981-1999 and 2000-2012
gave a better R? (0.16 to 0.18) for the linear regression,
with a positive slope, indicating again that warm periods
and El Nifio favor the population and availability of fish.
For the polynomial functions of n =5 (ONI), R? =0.522
(r = 0.722) was obtained during the period (1981-1999).

The regression coefficients obtained with the fourth quar-
ter for both variables (Fig. 11) were not that good, as with
other species. The slope was slightly negative (ONI) and pos-
itive (MEI); R% =0.272 (n = 6) for ONI, while the linear
function for MEI was poor (0.0022). Chuhueco cannot be
used as a short-term associated index for El Nifo.

3.8 Pacific thread sardine (Ophistonema sp.)

This species, as others, registered a continuous fall from 1983
(328000 mt) to 1992 (31 000 mt); a year later an increase to
69 000 is recorded, and then a decrease till 2012, reaching a
minimum of 6900 tm in 2003. Figure 12 shows that warm—
hot events make landings decrease.

Figure 13 displays a poor linear regression for 1981-1999,
showing a negative slope; however, for series 2000-2012, R?
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is 0.242 (Pearson r = 0.492) with a negative slope as well;
i.e., in this period up to 24 % of the landings are affected
by oceanographic fluctuations. The correlations also indicate
that this species is negatively affected by warm—hot events,
and the opposite is true for cool—cold ones. The highest as-
sociation was achieved with a polynomial regression (n = 5)
that gave an R? of 0.444 (r = 0.666).

Correlation using quarters (Qp, Q2, Q3) and ONI/MEI
data gave R? < 0.20, but with Q4 for the series 2000-2012
(Fig. 14), R? improved to 0.242 (linear regression) and 0.359
(polynomial function, n = 3); i.e., Q4 landings are affected
24-36 % by oceanographic conditions.

The catch effort of the small pelagic fleet was estimated
by the trip of the fleet (boats of less than 35 mt); they fish
very close to the coast (1-day travel) with maximum sails of
22 per month. The boats do not have any cooling system ca-
pacity. The catch effort per month landing was normalized
by the numbers of sails per month. Canales et al. (2013)
have estimated that there is overfishing of this species, as
the catch effort has continuously decreased from 1983 to
2009, to a slight increase to the present. Poor correlations
(R? < 0.001) of catch effort and MEI / ONI were found. One
possible reason for this is that sails are dependent on many
other variables completely unassociated with oceanographic
conditions.
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4 Discussion and conclusions

The total landings registered a historical maximum in 1985
after the 1982 strong El Nifio. From this point, landings
decreased consistently until 1990; then, it is somehow an-
nually kept around 190 000 mt (except for peaks for 1995—
1997) till the present. In general terms, fisheries recorded a
constant fall in time for total and individual species land-
ings (Fig. 2). The total landings did not show strong corre-
lation (Fig. 3) in the whole time series (1981-2012), espe-
cially with high-frequency events (EI Nifio), but they were
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stronger during the period 2000-2012 (14-29%,), when La
Nifia events prevailed. On the other hand, total landings did
correlate better with PDOs; this sort of synchrony between
landings of pelagic species and oceanographic conditions
has been reported by, e.g., Chavez et al. (2003), Lehodey et
al. (2006), and Ormaza-Gonzalez et al. (2014b). The weak
correlation with high-frequency events is because landings
are affected by numerous factors, from environmental condi-
tions to lacking/deficient economical resources for fleet oper-
ation, high coastal variability, maintenance of vessels, skip-
per skillfulness, legal bans, and even luck or reasons beyond
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its relationship with MEI in time.

understanding, and, on top of that, sampling, which could
be flawed by different circumstances, like a deficient skipper
log book, absence of samplers, and unsuitable conditions for
sampling.

Analysis of yearly landings per species could be used as a
sort of predictor knowing that the association with oceano-
graphic conditions could be around 24 % on a linear ba-
sis; this sort of correlation (R2) could be considered high in
view of what was said above. Using trimestral averages, the
Q4 (October-December) analysis especially showed an im-
proved R? on a linear regression basis, especially the South
American pilchard and pacific thread herring up somewhere
around 22 %. In all cases when nonlinear regression was
used, the R? increased notably, particularly when using Qg4
analysis. The species affected positively by El Nifio were
basically chuchueco and bullet tuna, and, negatively, round
herring, anchovy, pacific thread herring and South American
pilchard, and the species that did not show good enough cor-
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relations with the MEI and ONI were Chilean jack mack-
erel and chub mackerel. Preliminary exercises using bio-
logical (length and weight) data for the Pacific thread her-
ring showed almost double association up to 46 %; i.e., the
weights of female individuals are affected directly up to 46 %
by the MEI.

Under neutral conditions (MEI / ONI > —0.5 and < 0.5)
there is an important dispersion of fish landings; however, at
extreme values of MEI / ONI (< —1.0 and > 1.0), the non-
linear (n = 3 to 6) analysis showed that landings tend to im-
portantly decrease; the nonlinear (n > 3) statistical analysis
gave R? values of between 0.4 and 0.8, showing the high as-
sociation of landing and oceanographic events.

On the other hand, the negative slopes found in long-
term behavior of landings clearly indicated that during cold
periods (e.g., 2000-2025/2030), there should be smaller
pelagic species (except chuhueco) biomass in the water col-
umn, which in warm periods should be less. During cold
decadal periods, upwelling processes prevail as the under-
current water mass increases in volume as southern trade
winds take the central-eastern Pacific surface waters off to
the central-western Pacific, provoking intense upwelling of
the Humboldt and Cromwell currents. Thus, there is input
of inorganic nutrients, thereby increasing photosynthesis at
the surface; then, phytoplankton biomass (the base of the
trophic chain) will increase, so species at higher trophics
will have more energy available. The opposite occurs un-
der warm PDO. Under the latter circumstance small or big
pelagic species will have to redistribute themselves, look-
ing for colder and biologically richer waters, as warm waters
have relatively lower dissolved oxygen, which is less soluble
at higher temperatures, and there is an absence of, or weak,
photosynthesis; thus, at the end fish become less available to
be captured.
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Even though landings are not the best parameter to be
correlated with oceanographic conditions, it was found that
there is a consistent 20-30 % of direct influence on linear
regression analysis. These results show that management of
commercial fish must be analyzed in the light of oceano-
graphic conditions, those occurring over short (El Nifio) as
well as longer time periods (PDO). Slight oceanographic
fluctuations may particularly impact the maximum sustain-
able yield (MSY), especially when managers are working
with only half of the carrying capacity of the fish popu-
lation (K/2, Ormaza-Gonzilez et al., 2014b). The analysis
presented provides a first effort in predicting the impact
of oceanographic conditions on fishing and vice versa over
short and long intervals of time.

Finally, results would suggest that the South American
pilchard and Pacific thread herring could be considered
good species to use as predictors of El Nifio in region 1-2
(Ecuador), especially when average Q4 MEI / ONI is used
against the next trimester Q; landings. All species were
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prone to have lower landings and/or fishing availability dur-
ing strong—extreme events (ONI/MEIL, > 1.0 and < —1.0),
and were also shown to be affected by the PDO. In the long
term, landings decreased under warm PDO and vice versa,
and therefore PDO fluctuations could be used to help manage
these fisheries and for the industry for long-term planning.

Future work for more informed correlation work could in-
clude using length, weight, and diet content (to determine
medium trophic level); working with data on a quarter or
monthly basis would give perhaps better and higher corre-
lation coefficients, and much clearer information that would
help managers to improve their assessment tools.
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5 Data availability

Oceanographic El Nifio Index (ONI) data are avail-
able at: http://www.cpc.ncep.noaa.gov/products/
analysis_monitoring/ensostuff/ensoyears.shtml. Mul-
tivariate ENSO Index (MEI) data are available at:
http://www.esrl.noaa.gov/psd/enso/mei.ext/table.ext.html.
Data one pelagic fish landings are available on request to:
Mario Hurtado (mhurtadodominguez@gmail.com), Manuel
Peralta (mperalta72@gmail.com), and Viviana Jurado
(vjurado @institutopesca.gob.ec).
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