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Resumen - La anchoveta, Engraulis ringens, ha mostrado
fluctuaciones en su abundancia y distribucion a escala
interdecadal a lo largo del Pacifico Sur. Sin embargo, la
variabilidad espacial y temporal reciente de los eventos
reproductivos es desconocida en su distribucion geografica
mas austral. Por ello, se analiz6 la variabilidad espacial y
temporal del desove de E. ringens en la region de los fiordos
del sur de Chile, entre 1995 y 2005. EI ictioplancton
recolectado con redes Bongo en el mar interior de Chile austral
entre 42°S y 47°S mostré un incremento en la abundancia
promedio de huevos desde 38 huevos por 10 m* durante
octubre de 1995 hasta >14.000 huevos por 10 m? durante
noviembre de 2005. Ademas, al comparar nuestros resultados
con informacion previamente publicada de tamafio de huevos
de anchoveta a lo largo de la costa chilena (Llanos-Rivera &
Castro 2004), los huevos recolectados durante noviembre de
2005 fueron mas largos, anchos y con mayor volumen que los
huevos de anchoveta recolectados frente al norte y centro de
Chile. Durante noviembre de 2005, el desove de la anchoveta
se localizé principalmente dentro de fiordos (estuario
Reloncavi y fiordo Comau); la abundancia de huevos y larvas
en preflexion notocordal (i.e., <9 mm) fue mayor (>5.000
huevos por 10 m?; hasta 2.178 larvas por 10 m?
respectivamente) comparado con las aguas someras frente a
la isla de Chiloé (<100 huevos por 10 m?; hasta 65 larvas por
10 m?). Ademas, se recolectaron larvas en postflexion (i.e.,
>9 mm) exclusivamente dentro de fiordos (10505 larvas por
10 m?). La frecuencia de Brunt-Viiséld (N?) se correlaciono
positivamente en forma significativa con la abundancia de
huevos y larvas de anchoveta; esto significa que las mayores
abundancias de huevos y larvas fueron obtenidas en areas con
columnas de agua mas estables. La estabilidad de la columna
de agua podria estar relacionada con una mayor tasa de
supervivencia de los estados tempranos de anchoveta y podria
estar relacionada con el reciente incremento en el desembarco
de otros peces pelagicos pequefios como la sardina fueguina
(Sprattus fuegensis).

Palabras clave: Ictioplancton, estratificacion, mar interior

ADbstract.- The anchoveta, Engraulis ringens, has shown
fluctuations of their abundance and distribution at interdecadal
scale along the South Pacific. However, the recent spatial and
temporal variability of the reproductive events are unknown in
their southernmost geographic distribution. Therefore, the
spatial and temporal variability in the spawning of E. ringens
in the fjord region of southern Chile between 1995 and 2005
was analysed. The ichthyoplankton samples collected in the
inland sea of southern Chile between 42°S and 47°S during
1995-2005 with Bongo nets showed an increase in the mean
abundance of anchoveta eggs, varying from mean values of 38
eggs per 10 m? during October 1995 to >14,000 eggs per 10 m?
during November 2005. Moreover, comparing our data with
previously published information on anchoveta egg size along
Chile (Llanos-Rivera & Castro 2004), the eggs collected during
November 2005 in the inland sea were larger, wider and with
higher volume than eggs collected from northern and central
Chile. In the inland sea during November 2005, the anchoveta
spawning was located mainly inside deep fjords (Comau and
Reloncavi fjords); in such deep fjords abundance of both, eggs
and preflexion larvae (i.e., <9 mm) were higher (>5,000 eggs
per 10 m% up to 2,178 larvae per 10 m?, respectively) than at
shallow waters of Chiloe Island (<100 eggs per 10 m?; up to 65
larvae per 10 m?). Additionally, postflexion larvae (i.e., >9 mm
larval length) were collected exclusively in the fjord region
(10-505 larvae per 10 m?). The Brunt-Viisila frequency (N?)
showed positively significant correlations with anchoveta eggs
and larvae abundance, meaning that higher abundance of both
eggs and larvae were collected in areas with more stable water
columns. This stability may induce higher survival rates of early
life stages of anchoveta and may be related with the recent
increasing in the landings of other small pelagic fishes such as
the Falkland sprat (Sprattus fuegensis).

Key words: Ichthyoplankton, stratification, inland sea
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Introduction

The anchoveta Engraulis ringens Jenyns, 1842 is a small
pelagic fish distributed in coastal waters from Peru (4°S)
to southern Chile (42°S) in the southeast Pacific Ocean.
It sustains one of the largest fisheries of the world (Nixon
& Thomas 2001), showing important fluctuations at a
multidecadal scale, associated with large-scale changes
in ocean temperatures (Chavez et al. 2003). Along central
Chile (33°S-40°S) the spawning activity of these fishes
occurs in surface waters from 2 to 80 km offshore during
austral winter, when north winds produce an onshore
Ekman layer which advects the early life stages to
nearshore waters, away from gelatinous predators (Castro
et al. 2000, Hernandez-Miranda et al. 2003, Cubillos et
al. 2007). The reproductive event produces large amounts
of small spheroid eggs (between 0.10 and 0.44 mm?,
Llanos-Rivera & Castro 2004). From these eggs, after
two to three days hatch small larvae from 2.5 to 2.7 mm
larval length which feed endogenously for 50-200 h
(Llanos-Rivera & Castro 2004, 2006). Afterwards, larvae
feed exogenously on dinoflagellates and copepods eggs
and nauplii, growing at rates of 0.47-0.50 mm day"!
(Llanos et al. 1996, Hernandez & Castro 2000, Llanos-
Rivera et al. 2004). On the other hand, there is scarce
knowledge on the spatial patterns and dynamics of early
stages of anchoveta in their southernmost distribution,
particularly in the inland sea of southern Chile.

The fjords zone of Chile is characterized by heavy
rainfall (2-5 m year™, Strub et al. 1998) and freshwater
input from rivers draining from the Andes which produces
an estuarine-type circulation of the coastal ocean, with a
sharp halocline at ~20 m depth (Silva et al. 1998, Davila
etal. 2002). Chlorophyll-a and primary production show
increases in their values during austral spring and autumn
seasons (Iriarte et al. 2007). The area is also utilized by
several marine fish species as a spawning and nursery
zone (Balbontin & Bernal 1997, 2005, Bernal & Balbontin
1999, Cordova & Balbontin 2006, Landaeta & Castro
2006a, 2006b, Bustos et al. 2007, 2008). Recently, several
changes in fish community of southern Chile (42°-47°S)
have been detected, including the reduction of biomass
of southern hake Merluccius australis and hoki
Macruronus magellanicus and the increase of the
abundance and landings of pelagic fishes including the
Falkland sprat Sprattus fuegensis and anchoveta E.
ringens (Sernapesca 2006, Aranis et al. 2007). Using
available data on oceanographic cruises in the region, we
describe the recent presence of large spawning sites and
early nursery zones of anchoveta E. ringens, associated
to stratified zones in fjords of southern Chile. Therefore,
the main goal of this work is to show the spatial and

temporal variability of the reproductive events and larval
distribution of this key pelagic species in southern Chile
during the last decade.

Material and methods

To establish the recent variability (1995-2005) in the
abundance and spatial distribution of early life stages of
anchoveta in southern Chile, a series of five oceanographic
cruises carried out between 41°30°S and 47°S were
analysed (Table 1, Fig. 1). These cruises are part of the
CIMAR projects, funded by the Comité Oceanografico
Nacional (CONA) to study the oceanography and marine
biodiversity of remote areas of Chile. During the surveys,
temperature (°C), salinity and density (units of sigma-t)
profiles of the water column were registered employing a
Seabird SB-19 CTD (conductivity-temperature-depth
profiler). Plankton samples were obtained in all cruises
using a standard Bongo net with 0.28 m? mouth area, 300
pm mesh nets, and two TSK flowmeter placed in the
mouth of the nets to estimate the volume filtered. At each
station, oblique tows were performed down to 200 m
depth or near the bottom in shallower stations during day
and night hours. Towing speed was 2-3 knots. After the
completion of each tow, nets were washed and the samples
preserved with 5% formalin buffered with sodium borate.

At laboratory, ichthyoplankton was separated from all
samples; eggs and larvae of anchoveta E. ringens were
identified using descriptions by Orellana & Balbontin
(1983), and larval stages were categorized as preflexion
and postflexion (flexion and postflexion pooled together)
according to the bending of the notochord. Standardized
abundance was expressed as individuals per 10 m?. Width
and length of formalin-preserved anchoveta eggs were
measured and the volume was estimated considering the
egg an ellipsoid, (V=4m x ax b x ¢/3, where a, b and ¢
are the radii of an ellipse). All measurements were carried
out to the nearest 0.01 mm, utilizing a calibrated ocular
micrometer fitted to a Nikon stereomicroscope.

Table 1

Summary of the main characteristics of the surveys
carried out

Resumen de las principales caracteristicas de los
cruceros llevados a cabo

Cruise Survey date Latitude range  Samples

CIMAR 1 18 October - 11 November 1995 41°30'S - 47°S 89
CIMAR 4-1 26 September - 9 October 1998 43°30'S - 46°30'S 40
CIMAR 4-2 25 February - 8 March 1999 43°30'S - 46°30'S 37
CIMAR 8 15 - 28 November 2002 43°30'S - 46°S 44
CIMAR 11 11 - 21 November 2005 41°30'S - 44°S 37
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Figure 1

Study area where oceanographic cruises were carried out
during 1995-2005. The solid and dotted lines indicate
the longitudinal and latitudinal sections showed
in Figure 4, respectively

Area de estudio donde se 1levaron a cabo los cruceros

oceanograficos durante 1995-2005. Las lineas continua

y punteada indican las secciones longitudinal y latitudinal
mostradas en la Figura 4, respectivamente

To establish if there were significant changes in the
abundance of eggs and larvae among cruises (i.¢., years),
non-parametric tests were run (Mann-Whitney U-test,
Mann & Whitney 1947), using Statistica 6.0 software
package.

Latitudinal and longitudinal vertical sections of
temperature and salinity were constructed for the
November 2005 cruise by using Surfer 8.0 and kriging as
interpolation method.

Stratification of the water column during the survey
carried out in November 2005 was calculated using the
Brunt-Viisild frequency

N? = [(g/p) x (Op/0z)],

where g = gravity (9.8 m s?) and p = sea water mean
density.

The Brunt-Viisdld frequency (rad s')?, is the
frequency at which a vertically displaced parcel will
oscillate within a statically stable environment. To
establish potential relationships between the mean value
of N? of the whole water column (log-transformed) and
the abundance of early stages of anchoveta in southern
Chile, linear regression models by least squares (y=o.+[3x)
and Pearson correlations (r) (Pearson 1896) were
calculated by using the software Statistica 6.0.

Results

Anchoveta eggs were collected only during two cruises,
in October 1995 at only three stations located inside Aysen
Fjord (mean=+SD, 37.9 = 12.5 eggs per 10 m? not shown),
and during November 2005 in the inland sea of Chiloé
Island (14,696.9 + 47,780.2 eggs per 10 m? Fig. 2).
Larvae were absent during the survey carried out in
September—October 1995, and were collected only in one
station located in the Guafo Mouth during November 1998
(5.8 larvae per 10 m?, Fig. 2). During February 1999,
preflexion larvae were collected along the Moraleda
Channel and Corcovado Gulf with a maximum value of
297 individuals per 10 m? (mean + SD, 58.4 & 85.7 larvae
per 10 m?, Table 2). A mean value of 49.5 larvae per 10
m? was found during November 2002 and larvae were
collected inside the Moraleda Channel and off Darwin

Table 2

Mean larval abundance and range (ind per 10 m?) of
anchoveta Engraulis ringens in the fjord region of
southern Chile. SD = one standard deviation

Abundancia larval promedio y rango (ind por 10 m?) de
anchoveta Engraulis ringens en la region de fiordos
del sur de Chile. SD = una desviacion estandar

Year Mean SD Min Max

1995 0 0 0 0
1998 5.81 0 5.81 5.81
1999 58.36 85.66 6.25 297.56
2002 49.48 11.55 41.32 57.65

2005  368.44 707.69 43 2640.06
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Figure 2

Integrated abundance (ind per 10 m?) of eggs, preflexion and postflexion larvae of anchoveta in southern Chile between 1998 and 2005

Abundancia integrada (ind por 10 m?) de huevos, larvas en preflexion y postflexion de anchoveta en Chile austral entre 1998 y 2005

Channel (Fig. 3). Compared with the cruise of 1999, a
significant increase in the abundance of larvae was found
during November 2005 (Mann-Whitney U-test, U= 2301,
P<0.001).

During November 2005 pre- and postflexion larvae
of anchoveta were collected in high abundance in the
inland sea of southern Chile (Fig. 2, Table 2). The
horizontal distribution of early life stages was aggregated
inside fjords of the area (Reloncavi Estuary and Comau
Fjord), where horizontal density fronts occurred and
vertical stratification was high, because of vertical
gradients of temperature (from 14 to 11°C in the top 50
m depth) and salinity (15 to 32 in surface waters) (Fig.

3). On the other hand, the oriental shore of Chiloe Island
was well mixed throughout the water column, with a
narrow range of temperature (10 to 11.5°C, Fig. 3¢) and
homogeneous values of salinity throughout the water
column (~32 units of salinity, Fig. 3d). This area showed
scarce abundance of early stages of anchoveta (Fig. 3a,
b). The area influenced by oceanic waters at the Guafo
Mouth showed a deep entrance of cold (~9°C) and saltier
(>33) waters (Fig. 3g, h); however, neither eggs nor larvae
of E. ringens were collected in that area (Fig. 3e, f).

The abundance of eggs and preflexion larvae was
significantly higher inside fjords compared with the
nearshore area off Chiloe Island (for eggs: U = 25,
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Longitudinal and latitudinal sections from Figure 1 showing a, e) abundance of eggs and b, f) pre- and postflexion larvae
(ind. per 10 m?), ¢, g) temperature (°C), and d, h) salinity in the inland sea of southern Chile, during November 2005.

Crosses indicate data from CTD utilized for constructing the vertical sections

Secciones longitunal y latitudinal de la Figura 1, indicando a, ¢) abundancia de huevos y b, f) larvas en pre y postflexion (ind. por

10 m?), ¢, g) temperatura (°C), y d, h) salinidad en el mar interior de Chile austral, durante Noviembre de 2005.

Las cruces indican los datos de CTD utilizados en la construccion de las secciones verticales
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Table 3

Frequency of Brunt-Vaisala (N?) range of values and
depth of maximum value (m) for different areas surveyed
in the inland sea of Chiloe during November 2005

Rango de valores y profundidad de valor maximo (m) de la
frecuencia de Brunt-Viisdld (N?) para diferentes areas
muestreadas en el mar interior de Chiloé durante
noviembre de 2005

Zone Range Depth of maximum

(rad sy value (m)

Reloncavi estuary 3.54x10%-6.48 4
Hornopirén - Comau fiord  4.06 x 10 - 2,64

Dalcahue 6.03x107-1.67x 107 6
Quellén 3.64x10%-255x 107 26
Queilén 593x107-3.91x 10" 4
Calbuca 3.98x 10%-0.0071 6
Castro 6.06x 107-2.57x 107 8
Guafo Mouth 3.79x10%- Lex 107 24
Gulf of Ancud 6.32x107-0.014 6
Table 4

Width, length and volume of anchoveta eggs collected at
different latitudes along the coast of Chile. SD = standard
deviation, n = number of eggs measured. Modified from
Llanos-Rivera & Castro (2004)

Ancho, longitud y volumen de huevos de anchoveta
recolectados en diferentes latitudes a lo largo de la
costa de Chile. SD = desviacion estindar, n = nimero
de huevos medidos. Modificado de
Llanos-Rivera & Castro (2004)

Width (mm) Length (mm) Volume (mmi’)
Latitude and area ~ mean 5D mean SD mean sD n
207 lquique 0.563  0.032  1.201 0076 0201 0.031 1670
23 Antofagasta 0,597 0.030  1.293 0.083 0.243  0.034 425
33" Valparaiso 0.643 0023 1373 0.064 0208 0.026 62
36° Talcahuano 0657 0.027 1377 0.063 0312 0.030 1833

*42° Puerto Montt 0.662  0.033 1432 0.078 0329  0.040 562

* This study

P<0.001; for larvae: U =3, P<0.001). Larvae larger than
9 mm standard length (SL) or postflexion larvae were
collected exclusively inside Comau Fjord (Fig. 2) ranging
between 10 and 505 larvae per 10 m?.

High heterogeneity of stratification was detected
during November 2005 in the inland sea of Chiloe. The
highest values of N? were detected inside fjords such as
Reloncavi and Comau Fjords, and off Calbuco (Table 3).
The Brunt-Viisilé frequency was lower in coastal areas
along the Chiloe Island (Dalcahue, Quellon, Queilen and
Castro, Table 3).
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Figure 4

Relationship between log-transformed values of N2 and a)
log-transformed abundance of eggs of anchoveta and
b) log-transformed abundance of larval anchoveta

Relacion entre los valores log-transformados de N? y a)
abundancia log-transformada de huevos de anchoveta y
b) abundancia log-transformada de larvas de anchoveta

Log-transformed abundance of eggs of anchoveta were
positively associated to log-transformed values of N?
(r = 0.46, P=0.011), as well as log-transformed
abundance of larvae (r = 0.83, P<0.0001). This means
that in areas showing higher values of vertical
stratification, higher abundance of early stages of
anchoveta were collected. Least-square simple regression
models showed significant relationships among variables
(for eggs: B =0.39, standard error of = 0.096, P<0.001;
for larvae: 3=0.41, standard error of = 0.046, P<0.001)

(Fig. 4).
A total of 562 anchoveta eggs were measured from
the collections carried out during November 2005. Egg

volume ranged between 0.214 and 0.478 mm’®, with a
mean (+ SD) of 0.329 + 0.040 mm? (Table 4).

Discussion

The analysis of the oceanographic cruises carried out
between 1995 and 2005 showed the presence of spawning
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and early nursery areas of Engraulis ringens in fjords of
southern Chile, associated to zones with highly stratified
waters.

Between 1995 and 2005, an increase in the entrance
of freshwater to the coastal sea of southern Chile was
observed (Davila et al. 2002), strongly decreasing the
surface salinity from 32-33 between 1998 and 2001 to
27-28 during 2002 (Iriarte et al. 2007). The reduction of
surface salinity increases the vertical stratification of water
column, helping to keep algal cells within the photic zone
and increasing chlorophyll-a (Gregg et al. 2005). These
major environmental changes match with an increase of
the landings of anchoveta in southern Chile (Sernapesca
2006), and according to Chavez et al. (2003) correspond
to a regime shift from sardine to anchoveta.

An increase in the abundance and/or the increase of
the reproductive success of the southern population of
Engraulis ringens may explain the presence of the large
abundance of eggs and larval anchoveta found recently
(i.e., 2005) in the inland sea or fjord zone of southern
Chile (Fig. 2, Table 2), previously found in scarce density
in the area (e.g., Balbontin & Bernal 1997). The density
of early life stages of E. ringens was similar to those
collected in central Chile during austral winter season in
the spawning areas off Talcahuano (37°S) and Valdivia
(38°45°S-39°30’S) (Castro et al. 2000, Cubillos et al.
2007). Also, anchoveta eggs were larger than those from
northern and central Chile (Table 4). This result agrees
with the latitudinal increase of the egg size of anchoveta
found by Llanos-Rivera & Castro (2004). They
hypothesized that the strong latitudinal gradient in egg
size of the anchoveta may be an adaptive measure, if
different egg sizes are favored at different latitudes or if
there is a correlation between egg size and adult life
history traits that maximize net reproductive output.

The fjord zone of Chile has also an ocean dynamics
quite different from the coastal area of northern and central
Chile, where upwelling events dominate the coastal
ecosystem and marine organisms have developed several
adaptive tactics (Castro et al. 2000, Hernandez & Castro
2000, Giraldo et al. 2006, Landaeta et al. 2006). In the
inland sea of Chile there is a strong seasonality in the
phytoplankton abundance, increasing their concentration
and the primary productivity during austral spring and
autumn (Toro et al. 1999, Iriarte et al. 2007). This
seasonality also is observed in the reproduction of several
marine fish species, reflected in the different larval fish
assemblages detected between austral winter and spring
(Cordova & Balbontin 2006, Landaeta & Castro 2006a,b).
Additionally, the water column has a shallow mixed layer
with low surface salinity (<28, Silva et al. 1998) and high
stratification (Molinet et al. 2006, Landaeta & Castro
2006b).

A stratified water column may increase the vertical
aggregation of plankters (Heuch 1995, Molinet et al.
2006, 2008), promote feeding success of fish larvae and
increase larval growth, reducing mortality rates (Reiss et
al. 2002, Landaeta & Castro 2006b). In the present study,
the areas which showed higher vertical stratification were
located in the oriental side of the inland sea, where the
fjords are the more important topographic feature.
Interestingly, the highest abundances of eggs, pre and
postflexion larvae of anchoveta were located in the fjord
area (Figs. 3, 4, Bustos et al. 2008). On the other hand,
the occidental shore of the inland sea showed a well-mixed
water column and lower abundances of eggs and larval
E. ringens. The tidal wave entering through Guafo Mouth
moves to the left (because of Coriolis effect) and
northward producing mixing in the shallow waters off
Chiloe Island (Caceres et al. 2003). The tidal front may
affect the horizontal and vertical distribution of fish larvae
(Lough & Manning 2001) and the turbulence generated
by tides and wind effect may produce avoidance of
plankton (Pringle 2007), reducing significantly their
abundance in the shallower waters along Chiloe island.

Finally, the presence of these spawning and early
nursery areas of anchoveta inside fjords in the past years
coincides with the finding of dense schools of Falkland
sprat (Sprattus fuegensis) in the same area (Aranis et al.
2007), and the reduction of the abundance of demersal
fishes, such as southern hake and hoki which previously
used the fjord area as spawning grounds (Bustos et al.
2007). Although longer time series of physical data are
needed to establish a shift in the environmental variables,
the modification of the fish fauna from demersal to small
pelagic fishes may be indicative of major changes at
ecological scale in southern Chile.
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