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ARTICLE
Feeding success and selectivity of larval anchoveta
Engraulisringensin afjord-typeinlet from
northern Patagonia (Southeast Pacific)

Exito alimentarioy selectividad en larvas de anchoveta Engraulisringens
en un canal tipo fiordo de Patagonia norte (Pacifico Suroriental)

Mauricio F. Landaetal, Maria J. Ochoa-M ufioz*? and Claudia A. Bustost

1L aboratorio de Ictioplancton (LABITI), Facultad de Ciencias del Mar y de Recursos Naturales, Universidad de Valparaiso,
Avenida Borgofio 16344, Refiaca, Vifia de Mar, Chile. mauricio.landaeta@uv.cl

’Programa Maestria en Ciencias en Manegjo de Recursos Marinos, Centro Interdisciplinario de Ciencias Marinas (CICIMAR),
Departamento de Plancton y Ecologia Marina, Av. Instituto Politécnico Nacional s/n Col. Playa Palo de Santa Rita, La Paz,
Baja California Sur, CP. 23096, México

Resumen.- Se investig6 la dieta y selectividad de larvas de anchoveta Engraulis ringens durante 4 dias consecutivos
(primavera) en el canal Hornopirén, un ambiente tipo fiordo del sur de Chile. Este ambiente estuvo caracterizado por una
marcada haloclina alrededor de los 10 m de profundidad, separando aguas salobres y saladas. La oferta potencial de
presas, microzooplancton, fue recolectada a 4 profundidades (0, 5, 10 y 30 m), mientras que el ictioplancton fue recolectado
en 2 estratos, superficial (0-10 m) y profundo (10-45 m). Los nauplii y copepoditos fueron los principales componentes del
microzooplancton. El andlisis de 487 contenidos estomacales de larvas de anchoveta indicé que se ingirieron volimenes
similares de presa en ambos estratos y durante ambas mareas. Sin embargo, en la capa superficial, salobre y mas célida,
las larvas de E. ringens ingirieron significativamente menos presas pero de mayor tamafio, como nauplii y copepoditos
como presas principales. En la capa subsuperficial, en aguas més frias y saladas, las larvas ingirieron mas presas de menor
tamafio, con mayor selectividad por los nauplii. La incidencia alimentaria de E. ringens se incrementd 2 veces durante la
marea llenante, cuando la abundancia de los copepoditos también se incrementd. Por lo tanto, es posible detectar
interacciones biofisicas complejas en los fiordos Patagonicos durante el proceso de alimentacion de los estados larvales
de esta especie de importancia comercial, en estrecha relacion con la distribucion espacio-temporal de las presas.

Palabras clave: Dieta, microplancton, Chile austral, mareas, estratificacion

Abstract.- The diet and selectivity of larval anchoveta Engraulis ringens was studied during 4 consecutive days (austral
spring) in Hornopirén inlet, a fjord-like environment of southern Chile. This environment was characterised by sharp
halocline around 10 m depth, separating brackish and saltier waters. The potential prey field, microzooplankton, was
collected at 4 depths (0, 5, 10 and 30 m), while the ichthyoplankton was collected at 2 strata, surface (0-10 m depth) and
deep (10-45 m depth). Nauplii and copepodites were the major components of microzooplankton. The analysis of 487 gut
contents of larval anchoveta indicates that similar volume of prey was ingested in both layers and during both tides.
However, in the upper, brackish and warmer water, larval E. ringens ingested significantly less prey but of larger size,
selecting nauplii and copepodites as the main prey items. In the deep, saltier and colder water, larvae ingested more prey
of smaller size, showing only selectivity for nauplii. The feeding incidence of E. ringens increased twice during the flood,
when the abundance of copepodites in the field also increased. Therefore, complex biophysical interactions occur in
Patagonian fjords during the feeding process of larval stages of this commercially important species in tight relationship
with the spatio-temporal distribution of prey.

Key words: Diet, microplankton, southern Chile, tides, stratification

INTRODUCTION

Availability of suitable prey in sufficient quantities during
the shift from endogenous to exogenous feeding is an
important factor determining survival and growth of larval
fish (Hinrichsen et al. 2005). The success of fish larvae
feeding in the surface layer of the ocean is dependent of

complex meteorological, oceanographic, ecological and
morphological interactions, and it is species- specific in
the requirements and responses to the physical
interactions. For example, an increase in turbulence
decreases the prey ingestion of larvae of an estuarine



species (Mahjoub et al. 2012), but increases the feeding
and growth performance of an oceanic fish larvae (Kato
et al. 2008). In herring, the feeding activity of medium size
larvae is mainly related to water transparency, while in
large larvae elevated copepod densities increase the
feeding activity, and the increase of wind speed and
temperature decreases the feeding activity (Arula et al.
2012).

Prey distribution and their characteristics, such as size,
pigmentation and motion, also play an important role in
the detection of prey for visual foraging by fish (O’ Keefe
et al. 1998). During the larval stage, most species feed on
similar prey (nauplii and early life-history stages of
copepods) (Pepin & Penney 1997, Landacta et al. 2011).
The microzooplankton and other potential prey items for
fish larvae aggregates near fronts and clines in highly
stratified marineand estuarine areas (Landaeta et al. 2013).
Because of this, it is expected that biophysical
interactions occur within the pycnocline during the
feeding activity (McManus & Woodson 2012). Then,
oceanographic observations must be conducted at spatial
and temporal scales relevant to the determination of
species composition of distributions to elucidate
appropriate driving mechanisms (Woodson & McManus
2007). A biological model that shows high phenotypic
plasticity during early life stages along its latitudinal
distribution is the anchoveta, Engraulis ringens (Jenyns,
1842) (Llanos-Rivera & Castro 2004, 2006; Castro et al.
2009).

Engraulis ringens is subject to an intense (40,000-
100,000 ton/year in the last decade, Gutiérrez et al. 2012)
and economically important fishery in the south-eastern
Pacific from Zorritos, Peru (4°30’'S) to Chiloé, Chile
(42°30'S) (Claramunt et al. 2012, Gutiérrez et al. 2012).
The larval diet is based on phytoplankton, nauplii and
copepodites off central Chile (Llanos et al. 1996, Llanos-
Rivera et al. 2004, Y &fiez-Rubio et al. 2011), showing a
fast-growing strategy (0.40-0.57 mm d?, Hernandez &
Castro 2000) but high mortality rates (96-98% daily, Castro
& Hernandez 2000).

This southernmost coastal environment, the northern
Patagonian fjords, has different environmental forcing
and structure compared with those of upwelling areas
from Peru and central Chile. This area is characterised by
complex marine-terrestrial -atmospheric interactions that
result in high biological production, which increases in
austral spring and summer (>1 g C m? d?; Iriarte et al.
2007, Gonzélez et al. 2010). Freshwater inputs from river
run-off, glacial meltwater, and heavy rains loaded with
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silicic acid currently generate a positive estuarine
circulation, with a brackish upper 10-30 m layer of the
water column. This layer is separated from a marine water
layer loaded with nitrate and orthophosphate by a strong
pycnocline, resulting in overlapping limnetic and marine
characteristics in the inner seas (Gonzalez et al. 2010).
The complex fjord coastline is sheltered and increases
the influence of the semi-diurnal tidal forcing (amplitudes
from 1.5t08.0 m; Valle-Levinson et al. 2007, Letelier et al.
2011).

For the southern population of E. ringens, larger eggs
and spawning and early nursery zones associated to areas
with stronger vertical stratification has been recently
described (Bustos et al. 2008). However, there is no
information about larval feeding strategies or growth in
the area. For the southernmost population of E. ringens,
can oceanographic conditions affect the diet and
selectivity of larvae in a fjord? Our hypothesis is that 2
major oceanographic features of the area, a two-layer
water column and the tides, may affect the trophic
interactions of fish larvae in a short-term scale of time
(from hours to days). The prediction is that the prey field
(microzooplankton), the feeding success (expressed as
prey composition and size) and selectivity will vary
between vertical layers (brackish and marine layers) and
between tidal phases (flood and ebb).

M ATERIALSAND METHODS

FiELDWORK

During 10-13 December 2010 (austral spring) an intensive
cruise was carried out in Hornopirén inlet (42°05’S,
73°35'W), a fjord-type environment. This area is
characterised by the influence of the freshwater inputs of
Rio Blanco (average annual river discharge: 37 m® s?) and
Rio Cuchildeo (17 m® s?), and it has a maximum depth of
230 m (Fig. 1). The tidal regime in the area is mainly
semidiurnal, with a tidal range between 6 and 7 m during
spring tides and decreases to 1 m in neap tides (Valle-
Levinson et al. 2007). The location of the station was
selected because it represents a site with the influence of
atwo-layer water column, with freshwater runoff in surface
and saltier water below 30-40 m depth, and it is influenced
by tidal forcing. Also, it has lower density of sea cages of
salmon farming than other sectors of the inlet. Each
sampling set consisted in a vertical cast of a CTD Seabird
SBE-19 from surface to 60 m depth to characterise the
vertical structure of temperature, salinity and density of
the water column, sampling of seawater at 4 discrete
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Figure 1. The sampling location of Engraulis ringens larvae during the austral spring cruise in the northern Patagonia of South
Pacific Ocean. The cross indicates the station studied in the Hornopirén inlet during four consecutive days of December
2010. The gray scale corresponds to the bathymetry (m) / La ubicacién del sitio de muestreo de larvas de Engraulis ringens
durante primavera en la Patagonia norte del Océano Pacifico Sur. La cruz indica la estacion estudiada en el canal
Hornopirén durante 4 dias consecutivos de diciembre de 2010. Escala en gris corresponde a batimetria (m)

depths (0, 5, 10 and 30 m depth) with 5-L Niskin bottles,
and 2 oblique trawls with an opening-closing Bongo net
(60 cm diameter, 300 um mesh size, with a TSK flow meter
to estimate the filtered seawater) at 0-10 m (the mixed
layer) and 10-45 m depth (pycnocline and deep layer).
The seawater collected by Niskin bottles was filtered by
a 25 pm mesh and the retained material was fixed with 5%
formaline buffered with sodium borate and stored in
plastic bottles to identify and estimate microzooplankton
abundance, as the potential prey field. Zooplankton
captured by Bongo nets was also fixed with 5% formaline
buffered with sodium borate and stored in plastic bottles.
Filtered seawater by Bongo net ranged from 15.3 to 303.9

m?® (mean + one standard deviation: 84.1 + 51.2 m®). This
sampling set was repeated 20 times, during flooding (10
times) and ebbing conditions (10 times), and mostly during
daytime (75%), to ensure the presence of food in the guts.

L ABORATORY WORK

In the laboratory, microplankton taken from the Niskin
bottles was identified to the lowest possible taxon with
an Olympus® SZ5145A dissecting stereomicroscope, and
their abundance was standardised at individuals per cubic
meter (ind. m®). The zooplankton samples were preserved
in 96% ethanol, and all fish larvae were separated and
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identified to the lowest taxonomic status possible. Larval
anchoveta E. ringens were counted and its abundance
standardised to individuals (ind.) per 1000 m®. Well-
preserved larvae were measured (body length, BL) under
an Olympus® SZ61 stereomicroscope attached with a
camera Motic moticam 2500 (resolution 5.0 M Pixdl) and
the software Motic Image Plus 2.0. The gut of each larva
was dissected from the body and opened length-wise
with fine needles. Prey items were counted and identified
to the lowest possible taxon except for indigestible prey
remains, such as setae, under a Motic BA 310 microscope.
The maximum BL and width of each prey item (maximum
prey width, MPW) were measured with the microscope, a
camera Motic moticam 2500 (resolution 5.0 M Pixdl) and
the software Motic Image Plus 2.0. The volume of each
prey item was estimated using the three-dimensional
shape that most closely resembled the item, following
Cass-Caay (2003) and Sun & Liu (2003). The prosome
length of copepodite prey was measured since the
urosome was often missing.

DATA AND STATISTICAL ANALYSES

Hydrographic data (temperature, salinity, density),
abundance of potential prey field (nauplii and
copepodites), anchoveta larval abundance, and body
length of larvae collected at different strata and tidal
phase were compared with Mann-Whitney U tests,
because data showed no normal distribution (Shapiro-
Wilk test, W > 0.559, P < 0.01). Because of microzoopl ankton
data were collected at 4 discrete depth, while the
ichthyoplankton was collected at 2 integrated depths,
the two shallower (surface and 5 m depth) and the two
deeper (10 and 30 m depth) samples of microzooplankton
were integrated to readily compared the prey field with
the larval distribution and feeding selectivity.

All larvae with identifiable prey in their guts were used
for the analysis. The relationships between BL and
maximum width of the preys (MWP) were determined by
linear regression analysis separately for each sampled
stratum (0-10 m and 10-45 m depth) and between tidal
phases; comparisons of MWP-at-size and slopes were
done with one-way ANCOVA. The feeding incidence (FI)
was calculated as a percentage of the total number of
larvae that had gut contents out of the total number of
larvae examined (Sassa& Kawaguchi 2004). Comparisons
of FI between strata (0-10 m, 10-45 m depth), and tidal
phase (flood and ebb) were carried out with contingence
tables.

Landaeta et al.
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The diet was described using the percent frequency
of occurrence (%F) of a diet item in larvae with food in
their guts, the percent of total number (%N) of diet items
examined and the percent of volume (%V) of each item
out of the total volume of prey items. An index of relative
importance (IRI) was calculated as follows: IRl = (%N +
%V) x %F. To readily allow comparisons among prey
items, the IRI was the standardised to %l RI for each prey
itemi (Cortés 1997).

To determine the variation of feeding success of larval
E. ringens between vertical strata and between tidal
phases, 3 measures were compared: number of prey items
per gut (NPPG number), maximum prey width (M PW, mm)
and total prey volume per gut (TVPG mm?®) (Reiss et al.
2002). Prior to analysis, al measurements were related
with BL by simple regression models. If g of the model
was = 0, then comparisons between strata (0-10 vs. 10-45
m depth strata) and between tidal phase (flood vs. ebb
samples) were carried out by one-way ANCOVA; if g did
not differ from zero, Mann-Whitney U tests were run to
compare the feeding success between treatments of a
factor.

For the prey selectivity analysis, the alpha index, o,
(Chesson 1978), was calculated as o, = (r/p) =" _, (r/p)*
(i=1,..,m), wherer, and p. arethe percentage abundances
of prey itemi in thelarval diet and in the plankton samples,
respectively. Only the three most common food organisms
ingested were considered for the purpose of focussing
on preferences for organisms that contributed most to
the larval diet, rather than on absolute prey preference
(Morote et al. 2011). The values of o, range from 0 to 1,
with a critical (neutral) value of 1/m, higher values
indicating preference and lower values rgjection. As the
index incorporates relative abundances of prey, it is
unaffected by prey total abundance (Lechowicz 1982).
Prey sdectivity was calculated for individual larvae by
prey typefor 2 size classes: <7 mm and >7 mm BL.

REsuLTs

PHYSICAL ENVIRONMENT

During the study period, two typical and noticeable layers
wereidentified in the water column of Hornopirén inlet; a
surface one, the mixed layer, characterised by warmer
temperature (10.47-15.63°C, 13.67 + 0.63°C), and lower
salinity (12.67-31.38, 27.32 + 4.46) and density (8.22-23.48
units of sigma-t, 19.60 £ 3.74 units of sigma-t), separated
by a strong thermo- and halocline from the deep layer,



with lower and stable water temperature (10.49-13.97°C,
11.53 + 1.02°C), and saltier (19.83-32.47, 31.81 + 0.95) and
denser waters (14.37-24.90 units of sigma-t, 24.11 + 1.00
units of sigma-t; Fig. 2). Throughout the days, there was
an ascent of the thermocline; the isothermal of 12°C
ascended from 34 to 12 m depth, and periodic warming of
the surface layer occurred during daytime (Fig. 2). Both
salinity and density showed high variation in the first 10
m depth, and they were keep largely stable conditions
below 10 m depth. Fluctuations of the isopycnals were
more evident in the first 10 m of the water column (Fig. 2),
and it can be observed in the zoom image, the 18 units of
sigma-t isopycnal showed near-tidal oscillations in depth,
with vertical excursions of ~2 m depth. The pattern of the
water density field suggests the exit of lighter water
parcels in the surface layer of the inlet during the ebb and

intrusion of denser waters into the inlet during the flood.
Differences of all physical parameters were significant
between strata (temperature: U= 7957, P < 0.001; salinity:
U= 4485, P < 0.001; density: U= 3966, P < 0.001).

M ICROZOOPLANK TON ABUNDANCE AND DISTRIBUTION

The microzooplankton was composed by 27 different taxa.
Suitable potential prey for larval anchoveta are indicated
by asterisks in Table 1 (flood) and Table 2 (ebb). There
were differences in the composition of the
microzooplankton between tidal phases; during flood
conditions, microzooplankton was composed of 27 taxa,
but they reduced up to 24 taxa during ebb (Tables 1 and
2). Most taxa were highly abundant immediately below
low surface sdinity, at 5 and 10 m depth, and showed
high temporal variability and did not show any clear
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Figure 2. Environmental conditions (temperature, salinity and density) of the first 50 m depth of the water column of the Hornopirén
inlet, during 10-13 December 2010 / Condiciones ambientales (temperatura, salinidad y densidad) de los primeros 50 m de
profundidad de la columna de agua del canal Hornopirén, durante el 10-13 de diciembre de 2010
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Table 1. Composition and abundance (ind. m?) of microzooplankton collected at different depths in flood conditions during 10-13 December
2010 at Hornopirén inlet, Chilean Patagonia. SD corresponds to one standard deviation; suitable potential prey for larval anchoveta are
indicated by asterisks (*) / Composicién y abundancia (ind. m-) del microzooplancton recolectado a diferentes profundidades en condiciones
de llenante durante el 10-13 de diciembre de 2010 en canal Hornopirén, Patagonia chilena. SD corresponde a una desviacién estandar;
las presas potenciales de las larvas de anchoveta estan indicadas con asterisco (*)

Om Sm 10 m 30m

Median Mean SD Median Mean SD Median Mean SD Median Mean SD
Acartia tonsa 1200 1511 1338 8000 8543 4595 8600 8086 4217 3800 6167 4657
Calanoides patagoniensis 200 200 - - - - - - - 400 400 -
Centropages brachiatus - - - - - - 1000 1000 - - - -
Eucalanus sp. - - - - - - 1200 1200 - - - -
Paracalanus sp. 1600 1750 1330 2000 2400 2582 1500 1533 891 1200 1920 1653
Pleuromamma sp. 200 200 - 200 200 - 400 400 - 1400 1400 -
Rhincalanus nasutus - - - 600 600 283 600 600 - - - -
*Qithona spp. 200 400 400 3200 4133 3590 2600 2567 1113 2200 2467 1484
*Microsetella sp. 200 200 - - - - - - - - - -
*Oncaea sp. 200 200 0 - - - - - - - - -
*Calanoid copepodites 600 833 528 5800 6943 3487 8600 10086 7316 8400 6943 2274
* Nauplii 500 500 424 800 1067 1001 1000 840 518 800 1000 909
Copepod moults 1500 1467 787 1200 1257 1031 1500 1933 1950 800 1120 687
Hydromedusa - - - 200 200 0 500 500 115 400 400 -
Siphonophora - - - - - - 200 333 231 - - -
Sagitta spp. - - - - - - 200 200 0 200 200 -
*Cladocera - - - 200 200 - - - - 1000 1000 -
*QOstracoda 200 200 - 200 467 462 200 200 0 200 200 -
Amphipoda 200 200 0 200 200 - - - - - - -
*Qikopleura sp. - - - 1600 1943 1355 1400 1520 701 600 680 335
Stomatopoda 200 200 0 200 200 - - - - - - -
*Bivalvia larvae 300 300 141 600 533 207 1000 1000 548 400 450 300
*Pluteus larvae - - - 200 200 0 200 300 200 400 333 115
*Zoea 600 600 566 500 550 191 200 267 103 200 200 0
*Polychaeta larvae 400 400 0 200 250 100 200 267 115 300 300 141
Fish eggs (Clupeidae) 400 400 200 400 400 200 200 1267 1848 300 300 141
Fish eggs (Engraulis ringens) 200 200 - 200 200 - - - - - - -

pattern associated to the tidal cycle (Fig. 3). Copepods
(adults, copepodites and nauplii) dominated the
composition of microzooplankton. Total nauplii varied in
abundancefrom 0 to 2800 ind. m*(822 + 736 ind. n®), and
reduced its abundance when denser waters occurred in
surface and subsurface waters (Figs. 3 and 4). However,
non parametric tests did not detect significant differences
between strata (U= 41.5, P= 0.543) nor between tidal
phases (U= 33, P= 0.321). Copepodites were largely
abundant throughout the studied period and among
depths (range: 0-26200 ind. m3; 5930 + 4737 ind. m?3),
except in the surface (Fig. 4); its abundance was larger in

Landaeta et al.
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the deep layer (U= 20, P=0.001) and during flood (U= 39,
P=0.045).

DISTRIBUTION, ABUNDANCE AND LENGTH OF LARVAL
ANCHOVY

Engraulis ringens larvae were the most abundant taxon
in the plankton samples from Hornopirén inlet during
December 2010. A total of 1090 larvae were collected during
10-13 December (31.91% of the whole ichthyoplankton),
varying from 14.93 to 781.56 ind. 2000 m® (mean + standard
deviation, 199.78 + 159.78 ind. 1000 m3, median: 173.33



Table 2. Composition and abundance (ind. m*) of microzooplankton collected at different depths in ebb conditions during 10-13 December
2010 at Hornopirén inlet, Chilean Patagonia. SD corresponds to one standard deviation; suitable potential prey for larval anchoveta are
indicated by asterisks (*) / Composicién y abundancia (ind. m-) del microzooplancton recolectado a diferentes profundidades en condiciones
de vaciante durante el 10-13 de diciembre de 2010 en canal Hornopirén, Patagonia chilena. SD corresponde a una desviacién estandar;
las presas potenciales de las larvas de anchoveta estan indicadas con asterisco (*)

0Om Sm 10m 30m
Median ~ Mean SD Median Mean SD Median  Mean SD Median  Mean SD

Acartia tonsa 900 950 661 3300 4100 1949 6200 5667 2248 1700 1750 1330
Centropages brachiatus 1000 1000 1131 - - - - - - 200 200 0
Eucalanus sp. - - - - - - - - - 200 200 -
Paracalanus sp. 400 400 163 800 1867 2386 400 467 115 2600 2800 1523
Pleuromamma sp. - - - - - - 200 200 - 500 500 424
Rhincalanus nasutus 1800 1800 2263 - - - - - - 200 200 -
*Qithona spp. 900 900 990 1600 2067 987 2000 2133 1804 1700 1700 1065
*Microsetella sp. 200 200 - 200 200 - - - - 800 800 -
*Oncaea sp. 1600 1600 - - - - - - - 600 600 566
*Calanoid copepodites 400 533 416 8200 7500 4190 5600 5067 1474 5600 5867 643
* Nauplii 400 333 115 200 867 1155 200 600 693 1200 1200 -
Copepod moults 1800 2480 2508 1200 1200 800 1400 1400 1131 500 700 476
Hydromedusa 200 200 0 200 200 0 200 200 - 200 200 -
Siphonophora - - - - - - 200 200 - 200 200 -
Sagitta spp. - - - - - - 600 600 - - - -
*Ostracoda 200 200 0 200 200 0 - - - 200 200 -
Amphipoda 200 200 - - - - - - - - - -
*Qikopleura sp. - - - 800 850 300 400 400 0 300 300 141
Stomatopoda 200 200 - - - - - - - - - -
*Bivalvia larvae 200 200 - 200 200 0 1000 1000 283 1100 1100 990
*Pluteus larvae 200 200 - - - - 200 200 0 200 200 -
*Zoea 400 400 200 400 333 115 600 600 566 400 400 -
*Polychaeta larvae 200 200 - 200 200 - 200 200 - - - -
Fish eggs (Clupeidae) 200 200 - - - - - - - - - -

ind. 1000 m?) (Fig. 4). Therewas no significant differences
in the abundance between strata (Mann-Whitney U test,
U= 188, P=0.745) nor between tides (U= 170, P= 0.446).
Larval size ranged from 2.54 to 15.07 mm BL (6.00 + 1.72
mm BL, n=572). Larvae collected in the mixed layer (0-10
m depth) were significant larger (6.25 + 1.80 mm) than
those collected in the deep layer (10-45 m depth, 5.76 +
1.59 mm) (U= 34992, P= 0.002), but body length did not
vary during both tidal phases (U= 35026, P= 0.117).

FEEDING INCIDENCE AND LARVAL DIET

The diet of larval E. ringens was based in the analysis of
486 gut contents (sizerange 2.54-15.02 mm BL ). From those,
only 95 larvae had any content in its guts (FI= 19.51%).
There was no differences in the FI between strata (0-10 m:
Fl=19.69%; 10-45 m: FI= 19.31%; %2 = 0.011, P= 0.918);

however, FI was higher in larvae captured during flood
(FI= 25.09%) than ebb (FI= 11.94%, y*= 12.9, P < 0.001).
Also, larvae fed mostly during day hours (FI= 26.66%)
than night (FI= 2.11%, %?=38.6, P < 0.001). The diet of E.
ringens larvae collected during 4 consecutive days was
composed of 13 different prey items, mainly nauplii,
calanoid and harpacticoid copepodites, and dinoflagellate
cysts (Table 3). Numerically, nauplii, chitinous remains and
dinoflagellate cysts were the most important prey items;
volumetrically, nauplii and copepodites of the large
calanoid copepod Rhincalanus nasutus were the most
relevant taxa (Table 3). The most frequent prey itemsin the
guts were nauplii, chitinous remains and Microsetella
copepodites. In al conditions (flood, ebb, mixed and deep
layers), nauplii represented more than 70% of the gut
content, followed by copepodites (Fig. 5).
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Table 3. Diet of the larval Engraulis ringens collected during 10-13 December 2010 in Hornopirén inlet. %N correspond to the percent of the
total number of prey items, %V correspond to the percent of the total volume of prey items, and %F the percent frequency of the occurrence
of a diet item among larvae with food in their guts. %IRI correspond to the index of relative importance as percentage / Dieta de larvas de
Engraulis ringens recolectadas durante el 10-13 de diciembre de 2010 en el canal Hornopirén. %N corresponde al porcentaje del namero
total de items presa, %V corresponde al porcentaje del volumen total de items presa, y %F a la frecuencia porcentual de la ocurrencia de
un item dietario entre las larvas con contenido en sus estdmagos. %IRI corresponde al indice de importancia relativa como porcentaje

Taxa %N %V %F  %IIR Taxa %N %V %F  %IIR
Ceratium furca 167 034 185 0.052 Copepodite (Pleurommama gracilisy 056 246 093  0.027
Dinoflagellate cyst 10.56  0.11 093  0.155 Calanoid copepodite 0.56 089 093 0.014
Nauplii 60.00 47.63 60.19 91.878 Copepodite (Microsetella sp.) 333 629 556 0561
Copepodite 222 230 278 0.160 Crustacean zoea 0.56 0.14 093  0.008
Copepodite (Rhincalanus nasutus) 0.56 2586 093 0211 Crustacean remains 278 1.10 463 0226
Copepodite (Acartia tonsa) 0.56 050 093 0011 Chitinous remains 16.11 10,65 1852  6.675

Copepodite (Centropages brachiatus) 056 171 093  0.021
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Figure 3. Abundance of potential prey field (microzooplankton) (ind. m*) during the study period in Hornopirén inlet, northern
Patagonia. e= ebb, f= flood / Abundancia del campo de presas potencial (microzooplancton) (ind. m?) durante el periodo de
studio en canal Hornopirén, Patagonia norte. e= vaciante, f= llenante
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FEEDING SUCCESS AND SELECTIVITY

A total of 181 prey items were identified in the gut
contents. The smallest prey item recorded in larval E.
ringens was small nauplius (15.18 um width) in a larva
measuring 6.43 mm BL, and the largest prey was a
Rhincalanus nasutus copepodite (267.37 um width) in a
larvathat measured 10.46 mm BL (Fig. 6). The number of
prey items per gut ranged from 0 to 19 (1.89 + 2.07,
excluding zeros). There was no significant increase or
decrease of NPPG during the larval development (one-
wayANCOVA, F=3.42, P=0.067) (Table4, Fig. 6). Larval
anchoveta collected in the deep stratum had higher
number of prey items per gut (2.35 + 2.79 prey) than those
collected inthemixed layer (1.48 + 0.89 prey) (U=771,P=
0.008), but it did not differ between tidal phases (U= 652,
P=0.086).
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Total volume per gut varied from 6.85 x 10° to 0.029
mm?e (Fig. 6). There was a slight but significant increasein
the TVPG aong larval growth (F= 14.76, P < 0.001, Table
4). Adjusted linear models for each stratum and tidal phase
are showed in Table 4. No significant effects of the
hydrographic features of the water column structure (one-
way ANCOVA, F=1.01, P=0.317) nor the tidal phase (F=
1.48, P= 0.227) over the TVPG were detected.

There was a significant increase in the prey size during
the larval development (F= 37.05, P < 0.001, Table 4),
although the model only explained 17.2% of the data.
When the relationship between prey size and body length
was compared between strata, those larval anchoveta
collected in the mixed layer predates over larger preys
than those coll ected in the deep strata (one-way ANCOVA,



Number of prey per gut

Table 4. Linear regressions of body length (BL) of larval anchoveta in relation to their feeding success. NPPG= number of
prey per gut; TVPG= total volume of prey per gut; MPW=maximum prey width. a= intercept, = slope, SE= standard error.
For TVPG and MPW, models are given by stratum and tidal phase; significant regressions (P) indicated by bold numbers /
Regresiones lineales de la longitud corporal (BL) de larvas de anchovera en relacién a su éxito alimentario. NPPG=
numero de presas por estémago; TVPG= volumen total de presas por estémago; MPW= ancho maximo de la presa. o=
intercepto, B= pendiente, SE= error estandar. Para TVPG y MPW, los modelos son entregados por estrato y fase mareal;
las regresiones significativas (P) son indicadas con negrita

o SE B SE I F P
BL vs NPPG 3.69 0.99 3.00 0.16 0.035 342  0.067
BL vs TVPG -0.004 0.001 8.01x10* 231x10* 0.137 1476 <0.001
Mixed layer ~ -0.0061 0.0022 0.0012  366x10* 0200 12.02  0.001

Deep layer 1.0x 107 759x10™*
Flood 4.72x10*  487x10™

159x10* 123x10™*
73x10°  81x10°

0.037 1.65 0.205
0.011 0.81 0.373

Ebb -0.011 0.004 0.0021 649x10* 0316 10.17  0.042
BL vs MPW 10.63 9.53 9.91 1.63 0.172  37.05 <0.001
Mixed layer 34.28 18.31 6.84 3.06 0.065 5.01 0.028
Deep layer 2.59 9.83 11.53 1.70 0306 45.83 <0.001
Flood 17.31 9.81 8.35 1.71 0.141 2377 <0.001
Ebb 247 30.11 12.56 4.67 0.188 7.22 0.011
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Figure 7. Prey selectivity (Chesson index, a) of larval Engraulis ringens in Hornopirén inlet, southern Chile. Dotted line corresponds to the
neutral selectivity / Selectividad de presas (indice Chesson, a) de larvas de Engraulis ringens en el canal Hornopirén, sur de Chile. La linea

punteada corresponde a la selectividad neutral

F=4.99, P= 0.026), but no differences arose between tides
(F=3.76, P=0.054). Becausetherelati onship between prey
size and BL was weak, more experiments should be done
in the future for a robust result.

Prey selectivity of larval anchoveta change between
layers of the water column and tides (Fig. 7). Larva E.
ringens of all sizes positively select nauplii and
copepodites in the mixed layer during flood, but during
ebb conditions, large larvae tend to select copepodites
as the preferred prey. On the other hand, in the deep layer
only nauplii were positively selected during flood and
ebb tidal phases (Fig. 7), although during flood the
Chesson valuefor nauplii wasnear to the limit value (0.33).

DiscussionN

In a fjord-like environment of the Chilean Patagonia, the
two most important oceanographic features, the
hydrographic conditions of the 2 vertical layers, and the
tides, affected the composition of microzooplankton, and
the feeding incidence, success and selectivity of the larval
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anchoveta Engraulis ringens, but not their vertical
distribution or abundance. Of both oceanographic factors,
the hydrographic conditions of the vertical layers seem
to have more biological consequences than tidal
variations. Only abundance of copepodites in the field
and the feeding incidence of E. ringens varied
significantly within thetides, being larger during the flood.

The most important prey for larval E. ringens, the
copepod nauplii, was collected in similar abundance
throughout the study period. Also, the feeding incidence
and the total prey volume ingested by larvae were the
same in the brackish, mixed layer and the saltier, deep
layer. Nonetheless, trophic interactions were different in
order to obtain similar prey volume in the guts of larval E.
ringens. In the upper, brackish and warmer water, larval
E. ringens ingested less prey but of larger size, selecting
nauplii and copepodites as the main prey items. On the
other hand, in the deep, saltier and colder water, larvae
ingested more prey of smaller size, showing only
selectivity for nauplii.



Low feeding incidence was found in the guts of larval
E. ringens (~20%). This pattern also has been observed
in larval anchovies and sardines (Engraulis
encrasicolus, 20-30%, Conway et al. 1998, Catalan et al.
2010, Morote et al. 2010, E. anchoita, 29-52%, De
Ciechomski 1967, Vasconcellos et al. 1998, Sardina
pilchardus, 31.7%, Morote et al. 2010), irrespective of
the environment where they were collected. This may be
due because clupeoid larvae are particularly susceptible
to evacuation (regurgitation or defecation) in their gut
contents during sampling and preservation (Arthur 1976).
Additionally, clupeoid larvae have short gut evacuation
rates. For example, Herrera & Balbontin (1983) estimated
agut evacuation time of 3-10 h for larval Sardinops sagax,
with a reduction in time along the larval development.
Conway et al. (1998) suggested for larval E. encrasicolus
a rapid gut clearance to explain the high percentage of
empty guts. In our case, although low, the feeding
incidence increased twice during the flood. This pattern
is not affected by time of the day, because most larvae
studied in the gut content analysis were collected during
day hours (92 out of 95 larvae with content in its guts).
Indirectly, change of tides may vary the water column
turbidity, and suspensions may enhance feeding by
providing visual contrast of prey items on the small
perceptive scale used by the larvae (Boehlert & Morgan
1985).

Larval stages of Engraulis fed mostly on a mixture of
phytoplankton and copepod stages (eggs, nauplii,
copepodites) (Tudela et al. 2002, Morote et al. 2010, Sato
et al. 2011). The prey composition and size range of
ingested prey by larval E. ringensin this study was similar
to those described by Llanos et al. (1996) and Y afiez-
Rubioet al. (2011) for larval E. ringensfrom central Chile.
Larvae at both locations predate mainly over copepod
nauplii and copepodites and dinoflagellates (Ceratium
furca); nevertheless, larval anchoveta from the upwelling
areas (central Chile) aremorediversein prey items (bivalve
larvae, grain pollen, copepod eggs, Diplopsalis,
Protoperidinium sp.) than those from the fjord areas.
Therefore, prey size preferences during larval stage of
the anchoveta are similar in upwelling and fjord
ecosystems of the South Pacific.

Differences in sea water density between vertical layers
may have some effects in the selection of prey for larval
E. ringens, because of the swimming capabilities of
microzooplankton. Microzooplankton in lighter sea water

parcels may increase their locomotory patterns because
it is less viscous. Naupliar stages of calanoid copepods
swim in an irregular pattern with rapid jumps covering
several body lengths separated by several seconds of
slow swimming behaviour or non-swimming periods
during which they sink slightly. In contrast, naupliar
stages of cyclopoid copepods have a swimming pattern
that is characterised by much longer periods of non-
swimming (up to 30-40 s) (Buskey et al. 1993). In general,
the prey becomes more easily detected, either visually or
vibrationally, with increased activity. The type of motion
(e.g., pulsed vs. constant swimming) may also be
important as a clue (Govoni et al. 1986). Therefore, these
behaviours may have impact on prey selectivity of larval
E. ringens.

Previous reports have shown changes in prey
selectivity of fish larvae along ontogeny (Llanos-Rivera
et al. 2004, Morote et al. 2010), associated to changes in
prey density (Schmitt 1986) and prey visibility (Peterson
& Ausubel 1984), but there are scarce reports about
changes in selectivity associated to oceanographic
features. In our study, selectivity was large for nauplii in
the mixed layer compared to the deep layer. When fish
larvae are eating mainly the prey type that is more highly
available, like nauplii seem to bein this case, that doesn’t
mean that there is an actual preference towards that prey
type, but simply it is more convenience. Fish larvae prefer
bigger and/or more energetic prey, in order for the larvae
to optimize their efforts. However, whenever there are not
highly energetic prey available, larvae would feed on
anything that is easy to catch, i.e., the most abundant
prey. Similarly, Dower et al. (1998) described that larval
radiated shanny (Ulvaria subbifurcata) contained
significantly fewer items in their guts on high-turbulence
days, and these prey items were significantly larger that
those found on low-turbulence days. Then, turbulence
and sea water density may affect the size selectivity of
larval E. ringens.
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