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ABSTRACT. In this paper we analyze the standardized monthly anomalies of time series of the gonadosomatic index (GSI, 1986-2008),
spawning fraction (SF, estimated by histological analysis of gonads, 1992-2008), and condition factor (1986—2008) of the Peruvian anchovy
Engraulisringens. Statistical analysis using filters showed, according to their mode of variability, the existence of three distinct periods for GSI
(1986-1989, 1990-2000, and 2001-2008) and two for SF (1995-2001 and 2002-2008). Based on this, we built monthly GSI and SF patterns
for each period, which showed marked and prolonged seasonal reproductive activity. The patterns found have been interpreted as changes in
reproductive strategy. The condition factor showed no significant differences throughout the study period. We discuss changes in these periods
and their implications for fisheries management measures.
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RESUMEN. En el presente trabajo se analizan las anomalias mensuales estandarizadas de las series temporales del indice gonadosomatico
(IGS, de 1986 a 2008), la fraccion desovante (FD, estimada con analisis histologicos de gonadas de 1992 a 2008) y el factor de condicion (de
1986 a 2008) de la anchoveta peruana, Engraulis ringens. El analisis mediante filtros estadisticos mostr6, de acuerdo a sus modos de
variabilidad, la existencia de tres periodos distintos para el IGS (1986-1989, 1990-2000 y 2001-2008) y dos para la FD (1995-2001 y 2002—
2008). Sobre esta base se construyeron patrones a escala mensual de IGS y FD correspondientes a cada periodo, los cuales mostraron una
marcada estacionalidad y prolongada actividad reproductiva. Los distintos patrones encontrados se interpretan como cambios de estrategia
reproductiva. El factor de condicion no registr6 diferencias significativas a lo largo del periodo estudiado. Se discuten los cambios producidos
dentro de estos periodos como parte de la estrategia reproductiva de la anchoveta y sus implicaciones en las medidas de manejo pesquero.

Palabras clave: Engraulis ringens, anchoveta, estrategia reproductiva, manejo pesquero.

INTRODUCTION INTRODUCCION

The Peruvian sea is one of the most important upwelling El mar peruano es una de las areas de afloramiento mas
areas of the world and the base of a large food chain that importantes del mundo, y la base de una inmensa cadena
supports the development of an abundance of fishery trofica que favorece el desarrollo de gran abundancia de
resources (Nixon and Thomas 2001, Agiiero and Claveri recursos pesqueros (Nixon y Thomas 2001, Agiiero y Claveri
2007, Bakun and Weeks 2008). Among these resources, the 2007, Bakun y Weeks 2008). Entre estos recursos, la ancho-
Peruvian anchovy Engraulis ringens (Jenyns 1842) plays a veta peruana Engraulisringens (Jenyns 1842) tiene particular
major role in Peru’s economy as it sustains the world’s largest relevancia para la economia del pais al sustentar la industria
fishmeal industry (Bakun and Broad 2001). In view of its de produccion de harina de pescado mas importante del
economic importance and the dynamics of its environment, mundo (Bakun y Broad 2001). Debido a su magnitud e
this species requires continuous biological monitoring of importancia econdmica y a la dindmica del ambiente donde
aspects such as feeding, growth, reproduction, and distribu- vive, esta especie requiere de estudios permanentes en
tion, among others. There are two anchovy stocks or popula- diferentes aspectos de su biologia como alimentacion, creci-
tion units: one off northern-central Peru (04°30'-16°00" S) miento, reproduccion y distribucion, entre otros. Existen dos
and a shared stock off southern Peru and northern Chile diferentes stocks o unidades poblacionales de anchoveta: el
(16°01'-24°00" S) (Chirichigno and Vélez 1998). Higher del norte-centro que se encuentra frente a Peru desde Zorritos
abundances have been recorded for the northern-central stock (04°30' S) hasta 16°00' S y el del sur que se comparte con el
(Niquen et al. 2000). norte de Chile (16°01'-24°00" S) (Chirichigno y Vélez 1998),

Knowledge of the reproductive cycle of E. ringens is siendo el stock del norte-centro el que registra las mayores
essential to propose management measures aiming to protect abundancias (Niquen et al. 2000).
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the spawning periods. The first studies were carried out
by Einarsson et al. (1966), who based on macroscopic
examinations described the main spawning seasons of the
northern-central stock and determined that E. ringens is a
partial spawner (Mifiano 1968, Jordan 1976, Santander and
Flores 1983), presenting two intense spawning periods, a
main one in winter and spring and a secondary one in
summer (Schaefer 1967, Mifiano 1968). Santander and Flores
(1983), however, mention that there is only one main spawn-
ing season (= 8 months).

In 1986 the Peruvian Sea Institute (IMARPE) began
recording gonad weights that are used to obtain the gonado-
somatic index (GSI), and since 1992 the microscopic analysis
of ovaries has been performed uninterruptedly to estimate the
spawning fraction (SF). These are the main indices currently
used in fisheries management. Buitron and Perea (2000)
showed that the environment influences the maturation
process and spawning of E. ringens, a species that due to its
plasticity is able to modify its reproductive strategy based on
fluctuations in spawning intensity, as occurred during the
1997-1998 El Nifio event. Nonetheless, a time series of
microscopic examinations (SF) and gonad weights (GSI) as
long as the one presented herein has not been assessed,
allowing us for the first time to analyze the variations and
seasonality of the reproductive indices of E. ringens on a
decadal time scale using statistical filters of time series that
include approximately three decades of data collected off the
Peruvian coast.

MATERIAL AND METHODS

The biological information was obtained from daily sam-
plings conducted between 1986 and 2008 in the distribution
area of the northern-central stock (4°-14°S, fig. 1) as part of
the IMARPE Pelagic Fishery Monitoring Program under-
taken at coastal stations located at the main landing ports:
Paita (5°S), Chimbote (9°S), Huacho (11°S), Callao (12°S),
and Pisco (14°S). The sampling procedure followed that
established by Bouchon et al. (2002). The following data
were recorded: total length (TL), total weight, gutted weight,
and gonad weight. To obtain the GSI, we examined a total of
252,944 adult anchovy specimens measuring 12.0 cm TL or
more, which is the size at first gonadal maturity (Jordan
1976, Sharp and Csirke 1983, Perea and Roque 2005); of
these, 125,585 were females (monthly average of 455 speci-
mens). The GSI was estimated according to Vazzoler (1982):

GSI = (M’) « 100

T M

where Wy, is the fish gonad weight and W, the gutted weight.

To study the biological factors affecting the GSI, we
studied both the ovarian weight and condition factor (K). The
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El conocimiento del ciclo reproductivo de la anchoveta
peruana es indispensable para proponer medidas de manejo
que protejan sus periodos de desove. Los primeros estudios
fueron realizados por Einarsson et al. (1966), quienes
mediante catalogaciones macroscopicas describieron los
periodos importantes de desove en individuos del stock
norte-centro y determinaron que la anchoveta es un
desovador parcial (Mifiano 1968, Jordan 1976, Santander y
Flores 1983) que presenta dos periodos de desove de alta
intensidad, uno principal en las estaciones de invierno y
primavera, y otro secundario en verano (Schaefer 1967,
Miiiano 1968), mientras que Santander y Flores (1983) men-
cionan la existencia de solo un periodo de mayor desove (=8
meses).

A partir de 1986 el Instituto del Mar del Perat (IMARPE)
inicio el registro de pesos gonadicos con los que se obtiene el
indice gonadosomatico (IGS), mientras que a partir de 1992
se incorpor6 de manera ininterrumpida el analisis
microscopico de ovarios para estimar la fraccion desovante
(FD), siendo actualmente éstos los principales indices usados
en las medidas de regulacién pesquera. En este sentido,
Buitron y Perea (2000) mostraron que el ambiente influye
sobre el proceso de maduracion y desove de la anchoveta,
especie que gracias a su plasticidad es capaz de modificar su
estrategia reproductiva con base en fluctuaciones en la
intensidad de desove como sucedio durante el evento El Nifio
1997-1998. Sin embargo, nunca se ha registrado ni evaluado
una serie de tiempo con analisis microscopicos (FD) ni con
pesos gonadicos (IGS) tan extensa como la presentada en este
trabajo, lo que permite por primera vez analizar fluctuaciones
y estacionalidad de los indices reproductivos de la anchoveta
peruana a escala decadal mediante el uso de filtros estadisti-
cos de series temporales que incluyen aproximadamente tres
décadas de registros frente al litoral peruano.

MATERIALESY METODOS

La informacion biologica provino de muestreos realiza-
dos diariamente en los Laboratorios Costeros del IMARPE
de la region norte-centro (4°—14°S, fig. 1), situados en los
principales puertos de desembarque: Paita (5°S), Chimbote
(9°S), Huacho (11°S), Callao (12°S) y Pisco (14°S), de
19862008 en el marco del Programa de Seguimiento de la
Pesqueria Pelagica, siguiendo la metodologia de muestreo
biologico establecida por Bouchon et al. (2002). Se
registraron los siguientes datos: longitud total (LT), peso
total, peso eviscerado y peso de la gonada. Para obtener el
IGS se analizé un total de 252,944 ejemplares de anchoveta
adulta mayores o iguales a 12.0 cm de LT, que es su talla de
primera madurez gonadal descrita (Jordan 1976, Sharp y
Csirke 1983, Perea y Roque 2005), de los cuales 125,585 fue-
ron hembras, con un promedio mensual de 455 ejemplares. El
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adult fraction of female specimens was divided into two size
groups, one of 12.0-14.0 cm TL or small adults and another
of >14.0 cm TL or large adults, as used by Lam (1968) to
analyze anchovy fat content. This criterion is also used in
reproductive studies of the Peruvian anchovy, in which the
temporal trends of mean annual ovarian weight are analyzed
in both size groups.

The monthly K was estimated from January 1986 to
December 2008 for the same females measuring >12 cm TL
used to calculate the GSI. To determine K, we used the fol-
lowing expression proposed by Heincke (1908), modified
and expressed as follows:

K = ["‘4;—3%j x 100 @

where W, is the total weight (g), W, the gonad weight (g),
and L the total length of the female.

A microscopic analysis of the ovaries was performed
concurrently. A total of 50,772 adult female ovaries
(>12.0 cm TL), monthly average of 205 ovaries, were histo-
logically processed following the method described by Perea
and Buitrén (2004). The SF was estimated for E. ringens
using data from 1992 (year in which the routine microscopic
analysis of gonads began) to 2008. This microscopic analysis
allowed the identification of different gonadal maturity
stages established in the histological description provided by
Buitrén et al. (1997). The histological processing was based
on two techniques: the conventional technique of paraffin
embedding (Humason 1979) or the freezing technique using
a portable cryostat (Perea and Buitron 2004). The monthly
fraction (proportion) of spawning females was calculated as
follows:

POF +H
SF = ( (day0+1) O)x 100 3)

Ftot

where POF is the number of females showing day 0 and 1
postovulatory follicles per month (Buitréon and Perea 2000),
HO is the number of females with hydrated ovaries per
month, and F is the total number of females >12 cm TL per
month. Note that this definition of the SF is not the one
habitually found in the literature (Parker 1985).

The anomalies in the GSI and SF series were analyzed
using the Matlab program. We applied a 4-7-year low-pass
filter, the outputs showing the large changes, in order to
extract the multidecadal signal (Purca et al. 2010). To
corroborate the periods detected, we calculated the regime
shift index (RSI) described by Rodionov (2004), with 95%
significance level between one regime and another. The RSI
cut-off length was 10 years and the weight parameter for
outliers was 1.
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IGS se estimd seglin la metodologia propuesta por Vazzoler
(1982):

IGS = (%2) x 100 (1)

donde Py es el peso de la gonada y P, el peso eviscerado del
pescado.

Para estudiar los factores bioldgicos que afectan al IGS se
estudio tanto el peso del ovario como el factor de condicion
(K). La fraccion adulta de ejemplares hembras de anchoveta
se dividi6 en dos grupos de talla, uno de 12.0 a 14.0 cm LT o
adultos pequefios y otro de >14.0 cm LT o adultos grandes,
tal como fue utilizada por Lam (1968) para contenido graso
de este recurso. Este criterio se ha extendido a estudios
reproductivos de anchoveta, analizandose las tendencias tem-
porales del peso del ovario medio anual en ambos grupos.

K se estim6 mensualmente desde enero de 1986 hasta
diciembre de 2008 con las mismas hembras utilizadas para el
calculo del IGS que tuvieron una LT superior a 12 cm de LT.
Para determinar K se utilizo la siguiente expresion propuesta
por Heincke (1908), modificada y expresada de la siguiente
manera:

2

K= [&L_;ng x 100
donde P, es el peso total (g), Py el peso de la génada (g) y L la
longitud total de la hembra.

Paralelamente se realizo el analisis microscopico de ova-
rios, para lo cual fueron procesados histolégicamente 50,772
ovarios de hembras adultas (>12.0 cm LT), un promedio
mensual de 205 ovarios, siguiendo la metodologia descrita
por Perea y Buitréon (2004). Con esto se estimo la fraccion
desovante (FD) para la anchoveta peruana con datos entre
1992 (afio en que comenzd el analisis microscopico de
gonadas de forma rutinaria) y 2008. Este andlisis microsco-
pico permiti6 identificar los diferentes estadios de madurez
gonadal establecidos en la descripcion histologica propuesta
por Buitron et al. (1997). El procesamiento histologico se
baso en una de dos técnicas, la convencional de infiltracion
en parafina (Humason 1979) o la técnica de congelacion utili-
zando un criostato portatil (Perea y Buitrén 2004). Se calculd
la fraccion (proporcion) mensual de hembras desovantes
como:

(Fpo(diao +1)

+ OH)
H

FD = x 100 3)

tot

donde FPO se refiere al nimero de hembras de cada mes con
presencia de foliculos post ovulatorios de dia 0 y 1 (Buitréon'y
Perea 2000), OH es el nimero de hembras con ovarios
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Figure 1. Distribution of the Peruvian anchovy Engraulis ringens
fishery stocks: northern-cental stock off Peru and southern stock
off southern Peru and northern Chile.

Figura 1. Distribucion de la anchoveta peruana Engraulis ringens
segun unidades de pesca: stock del norte-centro frente a Pert y
stock sur frente a Peru y el norte Chile.

REsSULTS

Analysis of the monthly GSI and SF values verified the
seasonal fluctuation and behavior of both indices (fig. 2) and
revealed the occurrence of annual reproductive cycles with
one or two spawning peaks (table 1). The GSI, which acts as
an indicator of the degree of gonadal maturity, shows the
periods of greater reproductive activity of E. ringens
(fig. 2a), whereas SF, estimated based on the detection of
postovulatory follicles in the ovarian stroma, is a direct
indicator of spawning. The SF values showed marked fluctu-
ations due to spawning pulses (fig. 2b), ranging from very
low values, close to zero, during the periods of low spawning
activity, to high values, even reaching 45%, during the main
winter-spring spawning periods.

Though the differences in the peaks of winter and sum-
mer spawning activity are not clearly shown by the GSI due
to the nature of this index, and though it does not have the
resolution that the SF does have to show the variations in
spawning, five years with one spawning peak and four years
with two spawning peaks can be observed during the period
2000-2008; however, the SF shows that there are more years
with two spawning peaks than with one spawning peak
(table 1).

The filtered series of GSI and SF standardized anomalies
(4-7 years) allowed us to pool the interannual variability of
both series (fig. 3). The GSI series showed three distinct
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Table 1. Number of spawning peaks per year estimated from the
gonadosomic index (GSI) and spawning fraction (SF) of the
Peruvian anchovy Engraulis ringens from 1986 to 2008.

Tabla 1. Numero de picos de desove por afo estimados a partir del
indice gonadosomatico (GSI) y la fraccion desovante (SF) de la
anchoveta peruana Engraulisringens de 1986 a 2008.

Year GSI SF

1 peak 2 peaks 1 peak 2 peaks
1986 X
1987 X
1988 X
1989 X
1990 X
1991 X
1992 X
1993 X X
1994 X X
1995 X x
1996 X X
1997 X X
1998 X X
1999 X x
2000 X X
2001 X x
2002 x X
2003 X x
2004 X X
2005 X x
2006 X X
2007 X X
2008 X X
Total 10 13 5 11

hidratados por mes, y H; es el nimero total de hembras adul-
tas mayores de 12 cm por mes muestreado. Es importante
notar que esta definicion de fraccion desovante no corres-
ponde con la habitual en la literatura (Parker 1985).

Los datos de las series de IGS y FD fueron estandarizados
y estudiados a partir de sus anomalias con el paquete mate-
matico Matlab. Se aplic6 un filtro de paso bajo, de una banda
temporal de 4 a 7 afios, cuyas salidas mostraron los grandes
cambios, con el objetivo de extraer la sefial multidecadal
(Purca et al. 2010). Con la finalidad de corroborar los perio-
dos detectados se calcul6 el indice de cambio de régimen
(regime shift index, RSI) descrito por Rodionov (2004) con
una significancia de 95% entre un régimen y otro. La longi-
tud de corte del RSI fue de 10 afios y el parametro de peso
para los valores atipicos fue de 1.



Mori et al.:

Interannual variation in Peruvian anchovy reproduction

9
a
8_
—~ 1A
£
5 6
=
£
o 5 l M
=
£
o 41
72}
S
g 3- U v
o
(O] 2
14
0 T T T T T T T T T T T T T T T T T T T T T T
© ~ 0 D o = o [50] <t [Te) © N~ o o2} o i o ™ < [Te} © ~ ©
Ise) © I5<) jse] 152 =23 D o2} (o2} o2 o2 (o3} > o2} =} =3 o =} (=} o o o o
3} 3} 3} 3} 2} 2} <2} 3} 2} I3} 3} s3] s3] s3] = <] = = = S S S =]
— — — — — — — — — — — — — — ~N N N ~N ~N N ~N N N
601 b Year
504
—
S
<
= 40-
i=] | n
‘% '|| | I h l]
= |l ||I| [ Il ! | |||| | I
> 301 i "" |||| i I |i | | | 1 ] i i [
<= || | ||| I‘ | |I «"
5 ] [ |‘| 5l I ! |||..[ 1 A J: e ol R |
Q. I |-\ A i o I 8y
@ il ",' ST Do E"" |||"'! I I" |r i
10+ y ‘ | y hd ¢ !“l il ;-i
! | s | X 3 'qn s
rI I j i
0 ————— .= ® -
© ~ [eo) [=2] o = N 2] < [Tel © ~ [e<] [=2] o p=] [s] [s2] < [Te] © ~ [e°]
© © <<} <<} [} o} [} o) o} o) [} o) o] > S = o = o S =] o S
<3} <3} <3} I3} S 2 S S S S S > > > S =] = =1 = S S S S
— — — — — — — — — — — — — — N N N N N N N N o~
Year

Figure 2. Annual variability of (a) the gonadosomatic index from 1986 to 2008 and (b) the spawning fraction from 1992 to 2008
of the Peruvian anchovy Engraulis ringens (northern-central stock). Vertical bars show standard deviation.

Figura 2. Variabilidad anual de (a) el indice gonadosomatico de 1986 a 2008 y (b) la fraccion desovante de 1992 a 2008 de la
anchoveta peruana Engraulis ringens (stock norte centro). Las barras verticales indican la desviacion estandar.

reproductive periods, 19861988, 1989-2001, and 2002-
2008 for GSI (fig. 3a), whereas the shorter SF series showed
only two periods, 1995-2001 and 2002-2008 (fig. 3b), coin-
ciding with the beginning of the last period detected with the
GSI. Analysis of the RSI corroborated these results as the
highest values (fig. 4) coincided with the changes or periods
detected by the filtered, standardized anomalies (fig. 3). This
coincidence observed around 2000 indicates that a regime
shift occurred during that year, corroborated by the RSI
which showed that the most significant value was recorded
after 2000 (fig. 4a).

For each of the defined periods, the monthly variation of
GSI (averaged for all the years of each period) differed
(fig. 5a). In the period 1986-1988, the highest GSI value was
recorded in September, corresponding to the austral spring. In
the period 1989-2001, the highest value was also recorded in
September, but there was slightly greater spawning activity in
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RESULTADOS

El analisis de los valores mensuales de los indicadores
IGS y FD verificod el comportamiento y fluctuacion estacio-
nal de ambos indices (fig. 2) y reveld la presencia de ciclos
reproductivos anuales con uno o dos picos (tabla 1). El IGS,
que se comporta como un indicador del grado de madurez
gonadal, permite observar el periodo de mayor actividad
reproductiva de esta especie (fig. 2a). Mientras que la FD,
estimada sobre la base de la deteccion de los foliculos post-
ovulatorios en el estroma ovarico, es indicador directo de
desove. Los valores de la FD tuvieron marcadas fluctuacio-
nes debido a las pulsaciones del desove (fig. 2b), con
estimados muy bajos, cercanos a cero, correspondientes a
periodos de menor actividad desovante, hasta estimados
altos, llegando inclusive alrededor de 45% durante los perio-
dos principales de desove de invierno-primavera.
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Figure 3. Standardized anomalies of (@) the gonadosomatic index and (b) the spawning fraction of the Engraulisringens data series.
Figura 3. Anomalias estandarizadas de las series de (@) el indice gonadosomatico y (b) la fraccion desovante de Engraulis ringens.
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Figure 4. Regime shift index (RSI) of (a) the gonadosomatic index (GSI) and (b) the spawning fraction (SF) of
Engraulis ringens.

Figura 4. indice de cambio de régimen (RSI) de (a) el indice gonadosomatico (GSI) y (b) la fraccién desovante
(SF) de Engraulisringens.
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Figure 5. (a) Seasonal cycle of the mean gonadosomatic index of Engraulis ringens for three interannual periods. (b) Seasonal
cycle of the mean spawning fraction of E. ringens for two interannual periods. Vertical bars show standard deviation.

Figura 5. (@) Ciclo estacional del indice gonadosomatico medio de Engraulis ringens para tres periodos interanuales. (b) Ciclo
estacional de la fraccién desovante media de E. ringens para dos periodos interanuales. Las barras verticales muestran las

desviaciones estandar.

the preceding months and lesser in the following months. The
period 2002-2008 was notably different since constantly
higher values were recorded in nearly all the months and
there was no marked peak but rather a “meseta-like” varia-
tion even extending to the austral spring and summer months
(fig. 5a). Conversely, the monthly SF for each of the periods
defined in terms of their anomalies showed the occurrence of
one broad spawning season in the period 1994-2001 and
another characterized by two peaks in the period 2002-2008
(fig. 5b).

Throughout the series, the mean annual GSI values
increased significantly (r2 = 0.508, P < 0.001), and the mean
values for the three defined periods (1986—1988, 19892001,
and 2002-2008) were 3.4, 3.8, and 4.5, respectively (fig. 6a).
Mean ovary weights per size group (12.0-14.0 cm TL and
>14.0 cm TL) showed, in both cases, a significant
(P<0.001) and increasing temporal trend (fig. 6b). The K
values, however, did not show a defined trend (decreasing
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Aunque las diferencias en los picos de actividad repro-
ductiva de invierno con verano usando el IGS no es muy
clara por la propia naturaleza de este indice, y no tiene la
resolucion que si posee la FD para mostrar las variaciones del
desove, se observa, durante el periodo de 2000 a 2008, 5 y 4
afios con uno o dos picos de desove, respectivamente. Sin
embargo, las variaciones de FD muestran que hay mas afios
con dos picos que con un pico de desove (tabla 1).

Las series filtradas de las anomalias estandarizadas del
IGS y FD, con pasos de 4 a 7 afios, permitieron agrupar la
variabilidad interanual de ambas series (fig. 3). La serie del
IGS mostr6 tres periodos diferentes en la respuesta reproduc-
tiva: 1986—1988, 1989-2001 y 2002—2008 (fig. 3a); mientras
que, en la serie mas corta de FD se evidenciaron solo dos
periodos, el primero de 1995 a 2001 y otra a partir de 2002
hasta 2008 (fig. 3b), que coincidi6é con el inicio del ultimo
periodo detectado con el IGS. El analisis del RSI corrobord
estos resultados, ya que sus valores mas altos (fig. 4)
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slightly and not significant, P 0.05), discarding the
influence of fish body weight on the GSI estimate (fig. 7).

DiscussioN

Analysis of the standardized anomalies of the GSI and SF
time series revealed different medium-term periods, which
were corroborated by the RSI, another type of time series
analysis (Rodionov 2004). The identification of these periods
allowed us to construct, for the first time, GSI and SF pat-
terns for coherent time periods. This type of analysis proves
to be more realistic compared with traditional ones that only
chronologically group five or ten years without taking into
account the variability modes of each series. In this study,
GSI and SF showed increasing trends in all the periods. This
trend was also shown by Bouchon et al. (2010), who ana-
lyzed GSI using generalized additive models and observed a
monthly increase from 1986 to 2008, though the value of K
did not show an interannual variability trend.

It is interesting to note that even though GSI and SF are
entirely different reproductive indices in terms of concept
and calculation, both recorded changes around the year 2000.
The standardized anomalies of GSI and SF show similar
patterns to those obtained by indices of environmental vari-
ability based on temperature, oxygen, and thermocline data
estimated and treated for the same area (Swartzman et al.
2008, Chavez et al. 2009; fig. 8). These results may indicate
that the regime shift observed around 2000 for physical
parameters of the marine environment influenced biological
aspects of the resources, in this case, the reproductive indices
of the Peruvian anchovy. Fish population dynamics is
affected by environmental variability and retrospective
studies help to distinguish between the environmental and
biological effects (Chavez et al. 2009). Changes in the repro-
ductive cycles of species are always related to or influenced
by changes in the environment (Agostini and Bakun 2002,
Basilone et al. 2006, Brochier et al. 2010) and the results of
the long time series presented here indicate this. Nonetheless,
it remains to be confirmed whether such convergence in the
regime shifts of environmental and reproductive variables are
causal and not merely coincidental.

After the 19971998 El Nifio event and using a shorter SF
time series (1992-2000), Buitrén and Perea (2000) showed
that E. ringens varied its reproductive strategy in three ways:
a lag in the reproductive cycle, an up to 50% decrease in
fecundity, and a decrease in spawning frequency. This con-
firms the ability of the species to change its spawning period
under very anomalous conditions. Our study covers a longer
time scale and allows us to analyze, based on the long-term
behavior of the indices, the different reproductive cycles,
which may be strategies leading to reproductive success
based on a single, longer spawning season or a shorter season
with two peaks of activity.

It is clear that the environment is one of the factors influ-
encing how E. ringens defines its reproductive cycle each
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coinciden cercanamente con los cambios o periodos detecta-
dos con las anomalias estandarizadas y filtradas (fig. 3). Esta
coincidencia observada alrededor de 2000 nos indica que en
ese afio se habria producido un cambio de régimen, corrobo-
rado con el RSI que mostr6 que el valor mas significativo se
registra a partir de 2000 (fig. 4a).

Para cada uno de los periodos asi definidos, la variacion
mensual del IGS (promediado para el conjunto de afios de
cada periodo) difiri6 (fig. 5a). En el periodo 1986—1988 el
mayor valor de IGS se registrd en septiembre, correspon-
diendo a la primavera austral, mientras que en el periodo
1989-2001 el valor méaximo fue también en septiembre, pero
con una actividad reproductiva ligeramente mayor en los
meses precedentes y menor en los siguientes. Notablemente
diferente fue el periodo 2002-2008, en que se observaron
valores constantemente mas altos en casi todos los meses y
sin un pico marcado sino con una variaciéon en forma de
“meseta” que abarco inclusive los meses de primavera y
verano australes (fig. 5a). Al contrario del IGS, la FD men-
sual para cada uno de los periodos definidos en funcién de
sus anomalias mostr6 la presencia de un primer periodo
amplio de desove en 1994-2001 y otro caracterizado por dos
picos de desove en el periodo 20022008 (fig. 5b).

Por otro lado, a lo largo de toda la serie los valores
medios anuales de IGS mostraron un incremento significa-
tivo (r2 = 0.508, P < 0.001), y dentro de cada periodo
definido (1986—1988, 1989-2001 y 2002-2008) los valores
medios fueron 3.4, 3.8 y 4.5, respectivamente (fig. 6a). Los
pesos medios anuales de los ovarios por grupos de talla (de
12.0 a 14.0 cm LT y mayores de 14.0 cm LT) mostraron, en
ambos casos, una tendencia temporal significativa (P <
0.001) e igualmente creciente (fig. 6b). Sin embargo, los
valores de K no registran una tendencia definida; tan s6lo una
ligeramente decreciente, pero no significativa (P = 0.05), lo
que descarta la influencia del peso corporal del pez en el
estimado de IGS (fig. 7).

DiscusiON

El analisis de las anomalias estandarizadas de las series
temporales de IGS y FD permitido determinar diferentes
periodos de medio plazo, los cuales fueron corroborados con
otro tipo de analisis de series temporales, como el RSI
descrito por Rodionov (2004). La identificacion de estos
periodos permitié construir por primera vez patrones de IGS
y FD por periodos temporales coherentes. Este tipo de
analisis resulta ser mas real en comparacion con los tradicio-
nales donde sdlo se agrupan cronoldgicamente cada 5 6 10
afios, sin considerar los modos de variabilidad propios de
cada serie. En el presente trabajo se observaron tendencias
crecientes de IGS y FD a lo largo de todos los periodos.
Esta tendencia ya ha sido mostrada por Bouchon etal.
(2010), quienes mediante analisis de modelos aditivos
generalizados (GAM, por sus siglas en inglés) del IGS com-
probaron el incremento mensual desde 1986 a 2008, aunque
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year. Bouchon et al. (2010) showed an inverse relationship
between GSI and sea surface temperature anomalies for the
period 19862008, where reproductive success occurs in the
years considered normal and cold, which influenced spawn-
ing intensity and recruitment.

According to the literature, two spawning periods have
been identified for E. ringens, a main one in winter-spring
and another one in summer; however, in this study the
evolution of the reproductive index since 1986 showed an
alternation of cycles with one or two peaks in spawning
activity. A histological analysis of adult size groups indicated
that the larger-sized individuals continue spawning through-
out the year, whereas the smaller individuals that achieve
sexual maturity and spawn for the first time (Perea et al. this
issue) are responsible for the occurrence of other spawning
peaks (Kjesbu 1990, Trippel et al. 1997, Perea and Buitron
2001, Mori et al. 2007, Cubillos and Claramunt 2009). The
occurrence of one or two spawning peaks is likely linked to
the incorporation in summer of first-time spawners, but this
was not examined in this study. Mathisen (1989), based on
post-spawn catch data, identified two spawning events for E.

contrariamente el valor de K no tuvo una tendencia en la
variacion interanual.

Resulta interesante comprobar que siendo IGS y FD
indices reproductivos totalmente distintos en su concepto y
calculo, ambos registraron cambios alrededor del afio 2000.
Las anomalias estandarizadas de IGS y FD siguen patrones
similares a los indices de variabilidad ambiental basados en
datos de temperatura, oxigeno y termoclina estimados y trata-
dos para la misma zona (Swartzman et al. 2008, Chavez et al.
2009; fig. 8). Estos resultados podrian indicar que el cambio
de régimen ocurrido alrededor de 2000 en los parametros
fisicos del ambiente marino, repercuti6 en los aspectos
biologicos de los recursos, en este caso, en los indices repro-
ductivos de la anchoveta. La dindmica de las poblaciones de
peces se ve afectada por la variabilidad ambiental, y los estu-
dios retrospectivos ayudan a distinguir entre estos dos efectos
(Chavez et al. 2009). Los cambios en el ciclo reproductivo de
las especies siempre estan relacionados o influenciados por
cambios en el ambiente (Agostini y Bakun 2002, Basilone et
al. 2006, Brochier et al. 2010) y los resultados de series lar-
gas presentadas en este trabajo asi lo indican. Sin embargo,
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Figure 6. (a) Increase in the gonadosomatic index of Engraulis ringens during the period 1986—2008. (b) Annual variation
(1986-2010) of mean ovary weight for two female anchovy size groups: 12—-14 cm TL and >14 cm TL.

Figura 6. (a) Incremento del indice gonadosomatico de Engraulis ringens durante el periodo 1986-2008. (b) Variacion anual
(1986-2010) de los pesos medios de los ovarios de hembras de anchoveta de dos grupos de talla: 12-14 cm LT y >14 cm LT.
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ringens, one in the austral spring and another in summer, the
spring broodstock consisting mainly of large, mature fish and
the summer broodstock of small, immature fish; this supports
our assumption. Concerning the effect of the environment on
the occurrence of two spawning peaks, the environmental
factors producing the summer spawning peak are probably
different, or the same, as those producing the winter-spring
spawning peak, but do not act in the same synergistic manner.
Spawning is likely triggered by photoperiod (Bromage et al.
2001) or sea surface temperature in summer (wWarm season),
given the influence of temperature on the timing of spawning

queda por confirmar que tales convergencias en los cambios
de régimen de las variables ambientales con las reproductivas
tengan una relacién causa-efecto y no sean s6lo meras coinci-
dencias.

Tras el evento El Nifio 1997-1998 y utilizando una serie
de tiempo mas corta de FD (1992 a 2000), Buitrén y Perea
(2000) mostraron que la anchoveta peruana variaba su
estrategia reproductiva principalmente en tres aspectos: un
desfase en el ciclo reproductivo, una disminuciéon de la
fecundidad de hasta en un 50% y una disminucién en la fre-
cuencia de desove, verificaindose la capacidad del recurso
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Figure 7. Interannual variability and linear regression of the gonadosomatic index (GSI) and condition factor (CF) of Engraulis ringens.
Figura 7. Variabilidad interanual y regresiones lineales del indice gonadosomatico (GSI) y el factor de condicion (CF) de Engraulis ringens.
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Figure 8. Interannual variations of the standardized anomalies of sea surface temperature (SST), thermocline,
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Figura 8. Variaciones interanuales de las anomalias estandarizadas de la temperatura superficial del mar (SST),

termoclina y oxigeno disuelto de 1960 a 2008 (de Chavez et al. 2009).
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of small clupeids (Ettahiri et al. 2003), whereas it is probably
triggered by the abundance of food in winter and spring,
when upwelling blooms coincide with peak spawning
activity and provide food for larvae, as has been documented
for other clupeids (Chesney and Alonso-Noval 1989,
Hernandez-Vasquez 1994, Castro et al. 2000). Bakun (1996)
proposed that recruitment is controlled by three main classes
of physical oceanographic processes (the “ocean triad”):
enrichment, retention, and concentration; when they combine
they provide a favorable breeding habitat for coastal pelagic
fish (Bakun 1996, Agostini and Bakun 2002).

The identification of a reproductive cycle with only one
annual spawning event in the past few years has implications
for the Peruvian anchovy fishery management plan. Current
legislation (463-91-PE) contemplates ranking criteria that
include two breeding-related closed seasons based on the
occurrence of two spawning periods described in the past.
The GSI time series obtained by grouping the years accord-
ing to regime shifts revealed only one spawning period,
which means that a revision of the regulation criteria may be
necessary, contemplating a single, longer spawning period
with only one closed fishing season that would begin and end
depending on the bahavior of the reproductive indices. The
SF time series, however, showed that a second spawning
period occurs in summer but is less intense than in winter and
spring and, as already discussed, it only occurs at certain
times. This aspect thus requires a more thorough examination
for the proper management of the resource and its closed
seasons (Perea €t al. this issue).

The patterns obtained show that, on a decadal time scale,
E. ringens changes its reproductive strategy, alternating
spawning periods with one or two peaks in activity due to
population and environmental factors. The last few years
show only one prolonged spawning period, probably related
to the increase in reproductive activity as shown by the
increase in mean gonad weights and the stability of the
condition factor. The increase in reproductive activity of
Peruvian anchovy is interpreted as an effort to extend the
spawning periods.

In summary, E. ringens is able to adapt to changing envi-
ronmental conditions by extending, delaying, or prolonging
its spawning season or by producing one or two peaks in
spawning activity, a strategy that is related to population
structure. The reproductive strategies employed always result
in reproductive success, as proven by the sustained presence
in the population of different modal groups of recruits that
ensure the renewal of the population and the sustainability of
the fishery.

English translation by Christine Harris.
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