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RESUMEN

ARoNEs, K., AYon, P. (2022). Ictioplancton, eufdusidos y biovoliimenes de zooplancton durante el verano-otofio
2015. Bol Inst Mar Perii. 37(2): 234-255.- Entre el 22 de febrero y 31 de marzo 2015, se realizo el crucero
de evaluacién hidroactstica de recursos pelagicos 1502-04. Se recolectaron 144 muestras de zooplancton
empleando red Hensen de 300 um de abertura de malla, en arrastres verticales con el buque parado hasta
50 m de profundidad. Se determinaron 18 especies de eufausidos pertenecientes a los géneros Euphausia,
Nematoscelis, Nematobrachion, Nyctiphanes y Stylocheiron. Predominaron los estadios tempranos calyptopis
y furcilias con frecuencias de 68% y 87%, respectivamente. Se determinaron 63 especies de ictioplancton
distribuidas en 35 familias. La especie mas abundante fue Engraulis ringens “anchoveta”, sus huevos y
larvas oscilaron de 3 a 4.566 huevos/m? y de 3 a 2.574 larvas/m?, distribuidos desde Talara hasta San Juan de
Marcona. Los huevos y larvas de Vinciguerria lucetia fluctuaron de 3 a 4.212 huevos/m? y de 3 a 1.512 larvas/
m?, reportados por fuera de la plataforma continental; los huevos se distribuyeron de Punta Sal a Pimentel,
frente a Salaverry y de Huarmey a San Juan de Marcona, mientras que las larvas se encontraron de Punta
Sal a Punta La Negra, de Pimentel a Salaverry, de Huarmey a bahia Independencia y frente a San Juan de
Marcona, con densidades mayores a 500 larvas/100 m? frente a Punta Sal, Talara y bahia Independencia.
Por frecuencia, fueron importantes otras especies de la familia Myctophidae: Diogenichthys laternatus “pez
linterna”, Lampanyctus parvicauda, Triphoturus oculeus y Myctophum nitidulum, registradas en 35%, 11%,
8% y 6% del total de muestras recolectadas. Los biovolimenes de zooplancton oscilaron entre 0,001 y
5,72 mL/m?, con mediana de 0,62 mL/m?. Los valores menores a 0,26 mL/m?® fueron los mas frecuentes
(47%) y estuvieron distribuidos desde Paita hasta San Juan Marcona, principalmente sobre la plataforma
continental. En particular, entre Punta La Negra y Salaverry se localizaron por fuera de la plataforma
continental a 80 mn de la costa.
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ABSTRACT

ARoNEs, K., AYON, P. (2022). Ichthyoplankton, euphausiids, and zooplankton biovolumes (summer-autumn 2015).
Bol Inst Mar Perii. 37(2): 234-255.- The 1502-04 hydroacoustic research cruise for pelagic resources was
conducted between February 22 and March 31, 2015. 144 zooplankton samples were collected, using
Hensen net of 300 um mesh opening, in vertical trawls with the vessel stationary up to 50 m deep. A
total of 18 euphausiid species belonging to the genera Euphausia, Nematoscelis, Nematobrachion, Nyctiphanes,
and Stylocheiron were determined. The calyptopis and furcilia early stages predominated with frequencies
of 68% and 87%, respectively. Likewise, 63 ichthyoplankton species distributed in 35 families were
determined. Engraulis ringens was the most abundant species. Eggs and larvae ranged from 3 to 4,566
eggs/m? and 3 to 2,574 larvae/m? distributed from Talara to San Juan de Marcona. Vinciguerria lucetia eggs
and larvae fluctuated from 3 to 4,212 eggs/m? and 3 to 1,512 larvae/m? They were distributed mainly
outside the continental shelf, with eggs being found between Punta Sal and Pimentel, off Salaverry, and
between Huarmey and San Juan de Marcona, while the larvae were located between Punta Sal and Punta
La Negra, Pimentel and Salaverry, Huarmey and Independencia Bay, as well as off San Juan of Marcona,
with densities greater than 500 larvae/100 m? off Punta Sal, Talara, and Independencia Bay. In terms of
frequency, other important Myctophidae species were Diogenichthys laternatus, Lampanyctus parvicauda,
Triphoturus oculeus, and Myctophum nitidulum, which were recorded in 35%, 11%, 8%, and 6% of the total
samples collected. Zooplankton biovolumes ranged from 0.001 to 5.72 mL/m?, with a median of 0.62 mL/m?.
Values below 0.26 mL/m? were the most frequent (47%) occurring from Paita to San Juan Marcona, mainly
on the continental shelf. These values were located outside the continental shelf at 80 nm offshore between
Punta La Negra and Salaverry.
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1. INTRODUCCION

Entre el 20 de febrero y 31 de marzo 2015, el
ImarPE efectud el Crucero de Evaluacion Hidroa-
custica de Recursos Pelagicos 1502-04, con el ob-
jetivo de evaluar la distribucion y abundancia
del recurso anchoveta. Como parte integral de
esta evaluacion, se recolectaron muestras de zoo-
plancton para determinar: registros de abundan-
ciay distribucion de huevos y larvas de anchove-
ta asi como de otras especies pelagicas de interés
comercial, las dreas de desove y su posible rela-
cion con variables oceanograficas.

Ante la importancia del zooplancton como prin-
cipal fuente de alimento de peces, especialmente
en especies planctivoras como lo es la anchoveta,
es necesario conocer su biomasa y determinar su
disponibilidad. De otro lado, la informacién de
biovolimenes de zooplancton, se utiliza para ac-
tualizar la serie histdrica de esos datos, disponi-
bles desde los afos 60 (Carrasco y Lozano, 1989;
AYON et al., 2004) y que sirven de manera indi-
recta al conocimiento del estado del zooplancton.

A pesar que se conoce que dentro del zooplanc-
ton los copépodos son los que exhiben mayores
abundancias y diversidad en el ecosistema del
mar peruano, los eufatisidos también son un gru-
po que en determinadas condiciones contribuye
a la biomasa de zooplancton de manera signifi-
cativa, debido a sus niveles de abundancia y fre-
cuencia desde sus estadios tempranos (metanau-
plios, calyptopis y furcilias) asi como juveniles y
adultos que pueden llegar a 3 mm.

El presente informe da a conocer la composicién
especifica, abundancia, frecuencia y distribucién
de eufdusidos, de huevos y larvas de peces asi
como el biovolumen del zooplancton, obtenidos
de las muestras recolectadas en el verano-otofio
2015, en el area comprendida entre la frontera
norte de Tumbes y San Juan de Marcona, desde 2
millas de la costa hasta un promedio de 100 mi-
llas mar afuera del ecosistema del mar peruano.

2. MATERIAL Y METODOS

Durante el Crucero de Evaluacion Hidroacustica
de Recursos Pelagicos, realizado del 20 de febrero
al 31 de marzo 2015, 144 muestras de zooplanc-
ton fueron recolectadas en el drea comprendida
desde la frontera norte en Tumbes hasta San Juan
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1. INTRODUCTION

ImarPE conducted the 1502-04 Hydroacoustic
Research Cruise for Pelagics between February 20
and March 31, 2015, to evaluate the distribution
and abundance of Engraulis ringens. Zooplankton
samples were collected to determine: records of
abundance to determine records of the abundance
and distribution of E. ringens eggs and larvae, as
well as other commercially important pelagic
species, spawning areas, and their possible
relationship with oceanographic variables.

It is important to know the biomass and
availability of zooplankton since it is the
main source of food for fish, especially for
planktivorous species such as E. ringens. The
information on zooplankton biovolumes is also
used to update the historical series of these
data, which have been available since the 1960s
(Carrasco & Lozano, 1989; AYON et al., 2004)
and which indirectly help to understand the
state of zooplankton.

Copepods are known to have the highest
abundance and diversity among zooplankton,
but in the Peruvian marine ecosystem,
euphausiids are also a group that under certain
conditions contribute significantly to the
zooplankton biomass, due to their abundance
and frequency levels from their early stages
(metanauplii, calyptopis, and furcilia) as well as
juveniles and adults that can reach up to 3 mm
in length.

Our paper reports the specific composition,
abundance, frequency, and distribution of
euphausiids, fish eggs, and larvae, as well as the
zooplankton biovolume, obtained from samples
collected in the summer-autumn 2015, in the
area between the northern border of Tumbes
and San Juan de Marcona, from 2 miles from the
coast to an average of 100 miles offshore of the
Peruvian marine ecosystem.

2. MATERIAL AND METHODS

A total of 144 zooplankton samples were collected
during the cruise, which was conducted between
20 February and 31 March 2015, in the area from
the northern border in Tumbes to San Juan de



Bol Inst Mar Perui / Vol 37 / No 2 / Julio-Diciembre 2022

ISSN 2810-868X

de Marcona al sur (Fig. 1). Para la recoleccion, se
emple6 una red Hensen de 300 um de abertura
de malla, operada en lances verticales desde la
superficie hasta 50 m de profundidad. La fijacion
y preservacion de las muestras fue con formalde-
hido al 2%.

Las muestras fueron analizadas en el Laborato-
rio de Zooplancton de Produccion Secundaria
(LZPS) de la sede central del Imarpe. Los biovo-
limenes de zooplancton fueron determinados
mediante el método por desplazamiento (KRaMER
et al., 1972), extrayendo a los organismos gelati-
nosos como medusas o salpas, larvas de peces
numerosas y grandes, ademads de la manida Pleu-
roncodes monodon (H. Milne Edwards, 1837). Se
empled el método del fraccionamiento o Hunts-
man Marine Laboratory (HML) beaker (vAN GUELPEN
et al., 1982) para el conteo rapido de las especies
mas abundantes. Los huevos y larvas de peces
fueron separados, cuantificados e identificados
utilizando los criterios considerados por EiNar-
ssoN y Rojas pE MEnDIoLA (1963), SANTANDER y
SanpovaL pE CastiLLo (1973) y Moskr (1996).
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Figura 1.- Posiciones de las estaciones de muestreo de
zooplancton. Crucero Hidroacustico de Recursos Pelagicos 1502-04

Figure 1. Locations of zooplankton sampling stations. 1502-04
Hydroacoustic Research Cruise for Pelagics
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Marcona in the south (Fig. 1). We used a Hensen
net of 300 um mesh size, operated in vertical
hauls from the surface to a depth of 50 m for the
sample collection. Then, samples were fixed and
preserved with 2% formaldehyde.

Samples were analyzed at the Zooplankton
and Secondary Production Laboratory (IMARPE
headquarters). The displacement method
(KrRaMER et al., 1972), was used to determine
zooplankton  biovolumes, by  extracting
gelatinous organisms such as jellyfish or salps,
large and numerous fish larvae, as well as
Pleuroncodes monodon (H. Milne Edwards, 1837).

The Huntsman Marine Laboratory (HML) beaker
method (vAN GUELPEN et al., 1982) was used for
the rapid counting of the most abundant species.
Fish eggs and larvae were separated, quantified,
and identified using the criteria considered
by EiNarssoN & Rojas pe Menpiora (1963),
SANTANDER & SaNDoOvVAL DE Castirro (1973), and
MoskRr (1996).

We prepared size structure tables of E. ringens
larvae, which were measured to have an
approximate age and distribution in the study
area. The criteria considered by EinarssonN &
Rojas pE MENDIOLA (1963) and Rojas bE MENDIOLA
& Gomez (1981) were used. No battered or broken
larvae were considered for the size structure
analysis. Larval age calculation was assumed
at a growth rate of 0.5 mm.day” (SANTANDER &
Sanpovar, 1973), with a hatching size of 2 mm.

The sampling area was divided into northern
(03°30’S - 05°59’S), central (06°00’S - 13°59’S), and
southern (14°00°S - 18°20’S) zones, according to
the spatial patterns of oceanographic conditions
(Carrasco & Lozano, 1989) for analysis and
comparison purposes. Likewise, clustering was
made inside or outside the shelf, i.e., neritic or
oceanic.

Biovolumes were expressed in mL/m? while
euphausiid and ichthyoplankton abundances
were expressed in ind./m? Community
parameters were estimated following Pielou
(1984), based on the relative frequency greater
than 10% of the total ichthyoplankton. The
Shannon’s diversity index (H" log2), the Equity
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Se elaboraron tablas de estructura de tallas de
larvas de anchoveta, que fueron medidas para
tener una aproximacion sobre edad y distribucion
en el drea de estudio. Para ello fueron empleados
los criterios considerados por EiNARssOoN y Rojas
pE MEenbrora (1963) y Rojas pE MENDIOLA ¥y
GomEez (1981). Para el analisis de la estructura de
tallas no se consideraron las larvas maltratadas
ni rotas. El calculo de la edad de las larvas se
asumio a tasa de crecimiento de 0,5 mm.dia™
(SANTANDER y SanpovaL, 1973), con tamafio de
eclosion de 2 mm.

Para fines de andlisis y comparacion, el 4rea de
muestreo se separ6 en zonas: norte (03°30°S -
05°59’S), centro (06°00°S - 13°59’S) y sur (14°00°S -
18°20’S), de acuerdo a los patrones espaciales de las
condiciones oceanograficas (Carrasco y Lozano,
1989). Asimismo, se hicieron agrupaciones dentro o
fuera de la plataforma es decir neritico u ocednico.

Los biovolimenes fueron expresados en mL/m?
y las abundancias de eufatsidos e ictioplancton
en ind/m? Se calcularon los pardmetros
comunitarios de acuerdo a Pielou (1984) en base a
la frecuencia relativa superior al 10% del total del
ictioplancton. Ademas, se estimaron los indices
de diversidad de Shannon (H" log2), Equidad (J")
y Riqueza especifica (d) empleando el programa
Primer v6. Con el programa Excel se procesd y
graficé la informacidn; los andlisis estadisticos
fueron realizados mediante la plataforma R, y los
mapas de distribucién y abundancia se graficaron
con el programa Surfer v15.

3. RESULTADOS

Biovolumen de zooplancton

Los biovolimenes de zooplancton oscilaron entre
0,001 y 110 mL/m? con mediana de 0,62 mL/m?.
Los valores menores a 0,26 mL/m?fueron los mas
frecuentes (47%) distribuidos desde Paita hasta
San Juan de Marcona, principalmente sobre la
plataforma continental. Entre Punta La Negra
y Salaverry, se localizaron a 80 mn de distancia
maxima de la costa por fuera de la plataforma
continental (Fig. 2).

Los biovolumenes entre 0,26 y 0,52 mL/m? (23%),
fueron registrados frente a Punta Sal, entre Paita
y San Juan de Marcona, al sur de Salaverry se lo-
calizé por fuera de la plataforma continental. Los
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(J'), and the Specific Richness (d) were estimated
using the Primer software v6. Data processing
and graphics were done in Excel, statistical
analyses were performed using the R software,
and distribution and abundance maps were
plotted using Surfer v15.

3. RESULTS

Zooplankton biovolume

Zooplankton biovolumes ranged from 0.001 to
110 mL/m3, with a median of 0.62 mL/m?3. Values
below 0.26 mL/m®were distributed from Paita to
San Juan de Marcona, mainly on the continental
shelf. Between Punta La Negra and Salaverry,
these values were located outside the continental
shelf at a maximum distance of 80 nm offshore

(Fig. 2).

We recorded biovolumes between 0.26 and 0.52
mL/m?® (23%) off Punta Sal, between Paita and
San Juan de Marcona, and off the continental
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Research Cruise for Pelagics
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biovoliimenes de 0,52 a 1,04 mL/m? fueron obser-
vados entre Punta Sal y Paita, de Punta La Negra
a Salaverry, de Chimbote a Callao, entre Pucusana
y bahia Independencia y frente a San Juan de Mar-
cona. Nucleos importantes con valores mayores a
1,04 mL/m?® se observaron bajo dos condiciones,
uno al norte de Punta La Negra en la zona ocea-
nica con una amplia extension entre Punta La Ne-
gray frontera norte, y en el borde de la plataforma
continental frente a Pimentel y Chimbote.

IcTioPLANCTON

Composicion y frecuencia

Dentro del ictioplancton se determinaron 63 es-
pecies pertenecientes a 35 familias de peces (Ta-
bla 1 - Anexo, Fig. 3). La especie mas abundante
fue Engraulis ringens “anchoveta”, perteneciente
a la familia Engraulidae. Los huevos y larvas de
esta especie se registraron en 46% y 44% del to-
tal de las muestras, respectivamente y juntos co-
rrespondieron al 40% de la abundancia total del
ictioplancton.

La segunda especie mas frecuente y abundante
fue Vinciguerria lucetia “pez luminoso” de la fami-
lia Phosichthyidae, con huevos y larvas presentes
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Figura 3.- (a) Abundancia relativa de familias del ictioplancton.
(b) Boxplot de abundancias de especies mas importantes del
ictioplancton. Crucero Hidroactstico de Recursos Pelagicos 1502-04

Figure 3. (a) Relative abundance of ichthyoplankton families. (b) Boxplot
of abundances of the most important ichthyoplankton species. 1502-04
Hydroacoustic Research Cruise for Pelagics
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shelf, south of Salaverry. Biovolumes from 0.52
to 1.04 mL/m?® were observed between Punta Sal
and Paita, from Punta La Negra to Salaverry,
from Chimbote to Callao, between Pucusana
and Independencia Bay, and off San Juan de
Marcona. Important nuclei with values greater
than 1.04 mL/m3 were observed under two
conditions, one north of Punta La Negra in the
oceanic zone, with a wide extension between
Punta La Negra and the northern border, and
the other on the edge of the continental shelf off
Pimentel and Chimbote.

ICHTHYOPLANKTON

Composition and frequency

We determined 63 ichthyoplankton species
belonging to 35 families (Table 1 - Annex, Fig.
3). Engraulis ringens, belonging to the family
Engraulidae, was the most abundant species. Its
eggs and larvae were recorded in 46% and 44%
of the total samples, respectively, and jointly
accounted for 40% of the total ichthyoplankton
abundance.

Vinciguerria lucetia, belonging to the family
Phosichthyidae, was the second most frequent
and abundant species, with eggs and larvae
present in 43% and 36% of the samples,
accounting for 19% of the total ichthyoplankton
abundance. The species belonging to the family
Myctophidae such as Diogenichthys laternatus,
Lampanyctus parvicauda, Triphoturus oculeus, and
Myctophum nitidulum were also important given
their high frequencies values of 35%, 11%, 8%,
and 6% of the total number of samples collected,
respectively. Likewise, we recorded species from
the family Scombridae such as Scomber japonicus,
Sarda chilensis, Auxis sp., as well as other species
from the family Triglidae represented by
Prionotus stephanophrys.

Abundance and distribution
Engraulis ringens

E. ringens eggs and larvae recorded the highest
densities during this cruise, ranging from 3 to
4,566 eggs.m™?and 3 to 2,574 larvae.m™. Eggs were
distributed from Talara to San Juan de Marcona,
with higher concentrations between Pimentel
and Huarmey, inside the continental shelf, and
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en el 43% y 36% de las muestras, los que represen-
taron 19% de la abundancia total del ictioplancton.
Otras especies importantes por sus valores altos
de frecuencia fueron las pertenecientes a la fami-
lia Myctophidae “peces linterna” como Diogenich-
thys laternatus, Lampanyctus parvicauda, Triphoturus
oculeus' y Myctophum nitidulum, con frecuencias del
35%, 11%, 8% y 6% del total de muestras recolec-
tadas, respectivamente. Asimismo, se reportaron
especies de la familia Scombridae como Scomber
japonicus, Sarda chilensis, Auxis sp., asi como otras
especies de la familia Triglidae representada por
Prionotus stephanophrys.

Abundancia y distribucion
Engraulis ringens “anchoveta”

Los huevos y larvas de anchoveta registraron
las mayores densidades durante este crucero,
variando de 3 a 4.566 huevos.m? y de 3 a 2.574
larvas.m?. Los huevos se distribuyeron desde
Talara hasta San Juan de Marcona, con mayores
concentraciones entre Pimentel y Huarmey den-
tro de la plataforma continental y entre Callao y
Cerro Azul por fuera de ella (Fig. 4).

between Callao and Cerro Azul, outside the
continental shelf (Fig. 4).

Larvae were distributed similarly to eggs, mainly
within the continental shelf between Talara and
Huarmey, and outside the continental shelf
between Huarmey and San Juan de Marcona.
The highest abundance was located 30 nm
off Huarmey, with values between 1 and 500
larvae.m? predominating (Fig. 4).

Vinciguerria lucetia

V. lucetin eggs and larvae ranged from 3 to
4,212 eggs.m-* and from 3 to 1,512 larvaem?,
being recorded mainly off the continental shelf.
Latitudinally, the eggs were distributed in 3
groups between Punta Sal and Pimentel, off
Salaverry, and from Huarmey to San Juan de
Marcona, with important nuclei greater than 500
eggs/100 m? occurring off Punta Sal and Pisco.

Larvae were distributed from Punta Sal to
Punta La Negra, from Pimentel to Salaverry,
Huarmey to Independencia Bay, and off San
Juan de Marcona, with densities greater than
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Figure 4. Distribution of abundances of E. ringens eggs and larvae. 1502-04 Hydroacoustic Research Cruise for Pelagics
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Las larvas presentaron distribucién similar a los
huevos principalmente dentro de la plataforma
continental, entre Talara y Huarmey y, por fuera
de ella entre Huarmey y San Juan de Marcona.
La mayor abundancia se localizé a 30 mn frente
a Huarmey, predominando los valores entre 1y
500 larvas.m? (Fig. 4).

Vinciguerria lucetia “pez luminoso”

Los huevos y larvas del pez luminoso fluctuaron
de 3 a 4212 huevos.m-? y de 3 a 1.512 larvas.m-?,
reportados principalmente por fuera de la plata-
forma continental. Latitudinalmente, los huevos
se distribuyeron en 3 grupos entre Punta Sal y
Pimentel, frente a Salaverry y de Huarmey a San
Juan de Marcona, con nticleos importantes mayo-
res a 500 huevos/100 m? frente a Punta Sal y Pisco.

Por otro lado, las larvas se distribuyeron de Pun-
ta Sal a Punta La Negra, de Pimentel a Salaverry,
Huarmey a bahia Independencia y frente a San
Juan de Marcona, con densidades mayores a 500
larvas.100 m-? frente a Punta Sal, Talara y bahia
Independencia (Fig. 5).

84w B2wW B0'W T8W T6°W TawW T2°W oW

500 larvae.100 m-?> off Punta Sal, Talara, and
Independencia Bay (Fig. 5).

Family Myctophidae
Diogenichthys laternatus

Larvae of this species were the most
representative, being recorded in 35% of the
stations sampled. Their densities ranged from
3 to 738 larvae.m? representing 5% of the
total ichthyoplankton abundance. They were
distributed mainly in two nuclei; the first one
was located between Punta Sal and Punta la
Negra, with maximum density at 5 nm from
Talara, while the second occurred between Pisco
and San Juan de Marcona (Fig. 6).

Lampanyctus parvicauda

These larvae were located in 11% of the stations
sampled. Their densities ranged from 3 to 21
larvae.m? accounting for 0.2% of the total
ichthyoplankton abundance. Its distribution
pattern was similar to that of D. laternatus, located
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Figure 5. Distribution of abundances of V. lucetia (a) eggs and (b) larvae. 1502-04 Hydroacoustic Research Cruise for Pelagics
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Familia Myctophidae “peces linterna”
Diogenichthys laternatus

Las larvas de esta especie fueron las mas
representativas, registradas en 35% de las
estaciones muestreadas. Sus  densidades
oscilaron de 3 a 738 larvas.m™ representando el
5% de la abundancia total del ictioplancton. Se
distribuyeron principalmente en dos nucleos. El
primer ntcleo se localizé entre Punta Sal y Punta
la Negra, con maxima densidad a 5 mn de Talara,
mientras que el segundo, entre Pisco y San Juan
de Marcona (Fig. 6).

Lampanyctus parvicauda

Estas larvas se localizaron en 11% de las estacio-
nes muestreadas. Sus densidades oscilaron de 3 a
21 larvas.m? representando 0,2% de la abundan-
cia total del ictioplancton. Su patrén de distribu-
cion fue similar a D. laternatus, localizandose al
norte entre Punta Sal y Punta La Negra, frente a
Malabrigo, Salaverry, Casma, bahia Independen-
cia y San Juan de Marcona (Fig. 6).
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to thenorth between Punta Sal and Punta LaNegra,
off Malabrigo, Salaverry, Casma, Independencia
Bay, and San Juan de Marcona (Fig. 6).

Myctophum nitidulum

We recorded these larvae in 6% of the stations
sampled. Their densities ranged from 3 to
42 larvae/m* representing 0.2% of the total
ichthyoplankton abundance. Its distribution
pattern was focused in the northern zone,
between Punta Sal and Paita (Fig. 6).

Triphoturus oculeus

These larvae were found in 8% of the stations sam-
pled. Their densities ranged from 3 to 39 larvae/
m?* accounting for 0.2% of the total ichthyoplank-
ton abundance. Its distribution pattern was only
in the northern zone between Punta Sal and Punta
La Negra, similar to that of M. nitidulum (Fig. 6).

Family Scombridae

Scomber japonicus larvae were recorded in 3%
of the stations sampled, with densities ranging
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Figura 6.- Distribucion de abundancia de larvas de familia Myctophidae: Diogenichthys laternatus y otros
myctophidae. Crucero Hidroactstico de Recursos Pelagicos 1502-04

Figure 6. Distribution of abundance of Myctophidae larvae: Diogenichthys laternatus, and other myctophidae. 1502-04
Hydroacoustic Research Cruise for Pelagics
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Myctophum nitidulum

Las larvas de esta especie se registraron en 6%
de las estaciones muestreadas. Sus densidades
oscilaron de 3 a 42 larvas/m? representando
0,2% de la abundancia total del ictioplancton. Su
patrén de distribucion estuvo focalizado en la
zona norte, entre Punta Sal y Paita (Fig. 6).

Triphoturus oculeus

Estaslarvas se encontraron en 8% de las estaciones
muestreadas. Sus densidades oscilaron de 3 a 39
larvas/m? representando el 0,2% de la abundancia
total del ictioplancton. Presentaron un patréon de
distribucién solo en la zona norte entre Punta Sal
y punta La Negra, similar a M. nitidulum (Fig. 6).

Familia Scombridae

Las larvas de caballa se registraron en 3% de las
estaciones muestreadas, con densidades de 3
a 42 larvas.m?, distribuidas frente a Punta Sal,
Huarmey y bahia Independencia (Fig. 7). Las
larvas de bonito estuvieron presentes en 1% de
las estaciones muestreadas con densidades bajas
de 3 larvas.m?, localizadas frente a Pisco (Fig.
7). Las larvas de Auxis sp. se registraron en 4%

from 3 to 42 larvae.m™, distributed off Punta Sal,
Huarmey, and Independencia Bay (Fig. 7). Sarda
chilensis larvae occurred in 1% of the sampled
stations with low densities of 3 larvae.m?, located
off Pisco (Fig. 7). Auxis sp. larvae were recorded
in 4% of the stations sampled, with densities of 3
to 15 larvae.m™ and distribution pattern focused
in the northern zone between Punta Sal and
Paita. Scombrids, which could not be determined
at the species level, were recorded off Malabrigo,
Salaverry, Huarmey, Supe, Huacho, and
Independencia Bay (Fig. 7).

Other species
Cubiceps paucirradiatus

This species was found in 7% of the stations
sampled, with densities ranging from 3 to 24
larvae.m?, between Salaverry and San Juan de
Marcona (Fig. 7).

Prionotus stephanophrys

These larvae were recorded in 5% of the stations
sampled, with densities of 3 to 9 larvae.m?, and
were found mainly in the northern zone between
Paita and Salaverry (Fig. 7).
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Hidroactstico de Recursos Pelagicos 1502-04

Figure 7. Distribution of abundance of larvae of the families: Scombridae, Nomeidae, and Triglidae. 1502-04 Hydroacoustic
Research Cruise for Pelagics
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de las estaciones muestreadas, con densidades
de 3 a 15 larvas.m? y patrén de distribucion
focalizado en la zona norte entre Punta Sal
y Paita. Se registraron scémbridos frente a
Malabrigo, Salaverry, Huarmey, Supe, Huacho y
bahia Independencia, los cuales no se pudieron
determinar a nivel de especie (Fig. 7).

Otras especies
Cubiceps paucirradiatus “pez medusa”

Esta especie se encontrd en 7% de las estaciones
muestreadas, sus densidades oscilaron de 3 a 24
larvas.m?, se registr6 entre Salaverry y San Juan
de Marcona (Fig. 7).

Prionotus stephanophrys

Las larvas de esta especie se registraron en 5% de
las estaciones muestreadas, con densidades de 3
a 9 larvas.m?, se encontraron principalmente en
la zona norte entre Paita y Salaverry (Fig. 7).

Estructura de tallas de larvas de “anchoveta”

Se midieron 4.194 larvas, que fluctuaron de 1,1
a 15,5 mm LT, que corresponde a un rango de
edad entre 1 y 27 dias; la moda de 3 mm (42%)
corresponde a 2 dias de edad (Fig. 8). Analizando
las tallas por zonas, en el norte el rango fue
estrecho de 5,0 a 8,5 mm, en el centro y sur el
rango de tallas fue mas amplio, de 2,0 a 15,5 mm.

Evaluando por zonas norte, centro y sur, se
registr6 que la talla de 5 mm representd 50% en el
norte, la talla de 3 mm en la zona centro fue 30%
del total de las larvas y la talla de 2,5 mm destaco
en la zona sur, que represento el 30% del total de
las larvas (Fig. 9).
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Figura 8.- Distribucién de rangos de talla de anchoveta. Crucero
Hidroactstico de Recursos Pelagicos 1502-04

Figure 8. Distribution of E. ringens size ranges. 1502-04 Hydroacoustic
Research Cruise for Pelagics
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Figura 9.- Distribucién de rangos de talla de anchoveta, zona
norte (03°30’S — 05°59’S), centro (06°00’S — 13°59’S) y sur
(14°00S-18°20’S). Crucero Hidroacustico de Recursos Pelagicos
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Figure 9. Distribution of E. ringens size ranges, northern (03°30'S - 05°59'S),
central (06°00'S - 13°59'S), and southern (14°00'S-18°20'S) zones. 1502-04
Hydroacoustic Research Cruise for Pelagics

Size structure of Engraulis ringens larvae

A total of 4,194 larvae were measured, ranging
from 1.1 to 15.5 mm TL, which corresponds to
an age range between 1 and 27 days; the mode
of 3 mm (42%) corresponds to 2 days of age
(Fig. 8). When analyzing the sizes by zones, in
the north the range was narrow from 5.0 to 8.5
mm, in the center and south the size range was
wider, from 2.0 to 15.5 mm TL.

For zones (north, central, and south), we recorded
that the 5 mm size represented 50% of the larvae
in the north, the 3 mm size in the central zone
was 30% of the total larvae, and the 2.5 mm size
in the south zone accounted for 30% of the total
larvae, while the 2.5 mm size represented 30% of
the total larvae (Fig. 9).

Regarding the size distribution associated with
the neritic and oceanic zones, the size range was
very similar in both cases. There was greater
evidence of size continuity in the oceanic zone,
while in the neritic zone the largest sizes were
found to be less represented (Fig. 10).

Euphausiids

A total of 18 species were determined within
this group, with Euphausia being the genus that
stood out for its frequency and abundance values,
although, most of the species recorded were in
some early stage, predominantly calyptopis and
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Sobre la distribucion de tallas asociadas con la
zona neritica y ocednica, se observo que en ambos
casos el rango de tallas fue muy similar. Sin
embargo, hubo mayor evidencia de continuidad
de tallas en la zona océanica, en tanto que en la
neritica las tallas mayores se encontraron menos
representadas (Fig. 10).

Eufausidos

Dentro de este grupo, se determind 18 especies,
Euphausia fue el género que destacd por
sus valores de frecuencia y abundancia. Sin
embargo, la mayoria de las especies registradas
se encontraban en algun estadio temprano,
predominando calyptopis y furcilias con
frecuencias en las muestras de 68% y 87%,
respectivamente (Tabla 2 Anexo).

Estadios tempranos de eufausidos

Los calyptopis y furcilias presentaron
abundancias de 3 a 337.920 ind/m?y de 3 a 11.352
ind/m? Calyptopis fue el estadio temprano mas
abundante representando 77% de la abundancia
total de los eufdusidos. Se distribuyeron entre
Punta Sal y San Juan de Marcona, con mayor
densidad de Punta Sal a Chimbote, sobre la
plataforma.
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Figura 10.- Distribucién de rangos de talla de anchoveta dentro (plataforma)
y fuera (océano) de la plataforma continental. Crucero Hidroactstico de
Recursos Pelagicos. 1502-04

Figure 10. Distribution of E. ringens size ranges inside (shelf) and outside
(ocean) the continental shelf. 1502-04 Hydroacoustic Research Cruise for
Pelagics

furcilias with frequencies in the samples of 68%
and 87%, respectively (Table 2 Annex).

Early stages of euphausiids

Calyptopis and furcilia had abundances ranging
from 3 to 337,920 ind/m? and 3 to 11,352 ind/m?,
respectively. Calyptopis was the most abundant
early stage, representing 77% of the total
euphausiid abundance. They were distributed
between Punta Sal and San Juan de Marcona,
with higher density from Punta Sal to Chimbote,
on the continental shelf.
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Figure 11. Distribution of juveniles, furcilia, calyptopis, metanauplii and nauplii of undetermined euphau-
siids. 1502-04 Hydroacoustic Research Cruise for Pelagics
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Figure 13. Distribution of Euphausia mucronata: juveniles, and adults. 1502-04 Hydroacoustic Research Cruise for Pelagics

Se registraron nauplios frente a San Juan de
Marcona, metanauplios frente a Chimbote,
Huarmeyy Cerroazul. Lasdensidades de furcilias
representaron 15% del total de eufausidos (Figs.
11, 12).

Nauplii were recorded off San Juan de Marcona
and metanauplii occurred off Chimbote,
Huarmey, and Cerro Azul. The densities of
furcilia accounted for 15% of the total number of
euphausiids (Figs. 11, 12).
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Euphausia mucronata

Los juveniles y adultos de esta especie se
registraron en 53% y 30%, respectivamente. Los
juveniles mostraron abundancias de 3 a 1.728
juveniles/m?. Su distribucion fue principalmente
fuera de la plataforma, entre Punta Sal y San Juan
de Marcona, encontrandose sobre la plataforma
entre Punta Sal y Huacho.

Los adultos presentaron abundancias de 3 a 1.743
individuos/m? Su distribucién fue mas dispersa
en relacién a los juveniles, que se localizaron
entre Paita y San Juan de Marcona, dentro y fuera
de la plataforma continental (Fig. 13).

Euphausia eximia

Los juveniles y adultos de esta especie alcanza-
ron frecuencia de 15% y 20%. Las abundancias
registraron valores de 3 a 234 ind/m?y de 3 a 690
ind/m? respectivamente. Los juveniles se regis-
traron de Punta Sal a Pimentel y frente a Callao,
bahia Independencia y San Juan de Marcona. Los
adultos se encontraron de Punta Sal a San Juan
de Marcona (Fig. 14).

Euphausia distinguenda

La abundancia de esta especie se registrd de 3 a
252 ind/m?(juveniles) y de 3 a 96 ind/m? (adultos).
Losjuveniles se distribuyen entre Punta Sal y norte

Euphausia mucronata

Juveniles and adults of this species were recorded
at 53% and 30%, respectively. Juveniles had
abundances ranging from 3 to 1,728 juveniles/
m? It was distributed mainly outside the shelf,
between Punta Sal and San Juan de Marcona, and
was found on the shelf between Punta Sal and
Huacho.

Adults presented abundances ranging from 3 to
1,743 individuals /m?. They were more scattered
compared to juveniles, which were located
between Paita and San Juan de Marcona, inside
and outside the continental shelf (Fig. 13).

Euphausia eximia

Juveniles and adults of this species reached fre-
quencies of 15% and 20%. Abundances ranged
from 3 to 234 ind/m?and 3 to 690 ind/m? respec-
tively. Juveniles were recorded from Punta Sal to
Pimentel and off Callao, Independencia Bay, and
San Juan de Marcona. Adults were found from
Punta Sal to San Juan de Marcona (Fig. 14).

Euphausia distinguenda

This species recorded abundances from 3 to
252 ind/m? (juveniles) and from 3 to 96 ind/m?
(adults). Juveniles were distributed between Pun-
ta Sal and north of Pimentel, between Callao and
Cerro Azul, and off Independencia Bay. Adults

80°W 76°W 72°W
4 A 2°S
° .:_.'L‘: Euphausia distinguenda
9
L] % 114
6°S
. . \
Y 28 10°S
P
L .1 14°S
P N =
e e S individuo/m2 S
individuo/m? - 3 e, o jolendo
juvenil adulto : individuofm2 = j:w ';'_'1:: "'": g 18°S
® 1-100 o 1 juvenil adulto ® 101500 @
® 101-500 ® | @ 1100 e 501-1000 @
501-1000@ ! @ 101-500 et
80°w T6°W 72°W

Figura 14.- Distribucion de juveniles y adultos de: Euphausia eximia, Euphausia distinguenda,
Euphausia lamelligera. Crucero Hidroacustico de Recursos Pelagicos. 1502-04

Figure 14. Distribution of juveniles and adults of: Euphausia eximia, Euphausia distinguenda, Euphausia
lamelligera. 1502-04 Hydroacoustic Research Cruise for Pelagics
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de Pimentel, entre Callao y Cerro Azul y frente a
bahia Independencia. Los adultos se localizaron
frente a Huarmey, entre Chancay y Pucusana y al
sur de bahia Independencia (Fig. 14).

Euphausia lamelligera

Los juveniles y adultos de esta especie se encon-
traron en 19% y 7% de las estaciones muestrea-
das. Los juveniles registraron densidades que
fluctuaron de 3 a 4.095 ind/m?, se localizaron en
la zona norte entre Punta Sal y Pimentel, mien-
tras que los adultos, se encontraron frente a Pun-
ta Sal, de Pimentel a Salaverry, de Chimbote a
Huarmey y frente a Pucusana, con densidades
entre 3 y 684 ind/m?* (Fig. 14).

Nyctiphanes simplex

Las furcilias, juveniles y adultos de esta especie
presentaron frecuencias de 8%, 13% y 4%, respec-
tivamente. Las furcilias registraron densidades
entre 3 y 129 ind/m? localizdndose entre Pun-
ta Sal y Paita y al norte de Pimentel, con mayor
densidad frente a Talara. Los juveniles registraron
abundancias que fluctuaron entre 3 y 1.920 ind/
m?, localizandose en la zona norte entre Punta Sal
y Pimentel, con mayor densidad frente a Paita. Las
abundancias de adultos de esta especie oscilaron
entre 3 y 27 individuos/m?, distribuyéndose frente
a Paita y entre Malabrigo y Casma (Fig. 15).

were located off Huarmey, between Chancay
and Pucusana, and south of Independencia Bay
(Fig. 14).

Euphausia lamelligera

Juveniles and adults of this species were found
in 19% and 7% of the stations sampled. The
juveniles recorded densities ranging from 3 to
4,095 ind/m? and were located in the northern
area between Punta Sal and Pimentel, while the
adults were found off Punta Sal, from Pimentel
to Salaverry, from Chimbote to Huarmey, and off
Pucusana, with densities ranging from 3 to 684
ind/m? (Fig. 14).

Nyctiphanes simplex

Furcilia, juveniles, and adults of this species
showed frequencies of 8%, 13%, and 4%, res-
pectively. Furcilia recorded densities between
3 and 129 ind/m? being located between Punta
Sal and Paita and north of Pimentel, with higher
densities off Talara. Juveniles recorded abun-
dances that fluctuated between 3 and 1,920 ind/
m?, found in the northern zone between Punta
Sal and Pimentel, with the highest density oc-
curring off Paita. Adults recorded abundances
ranging between 3 and 27 individuals/m? dis-
tributed off Paita and between Malabrigo and
Casma (Fig. 15).
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Figura 15.- Distribucién de adulto, juvenil y furcilias de Nyctiphanes simplex. Crucero Hidroactistico
de Recursos Pelagicos 1502-04

Figura 15. Distribution of adult, juvenile, and furcilia of Nyctiphanes simplex. 1502-04 Hydroacoustic Research
Cruise for Pelagics
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Nematoscelis

Nematoscelis gracilis se distribuyd frente a Pu-
cusana, Cerro Azul y al sur de bahia Indepen-
dencia con abundancia de 3 ind/m? Nematoscelis
tenella se localizé al sur de Punta La Negra con
3 ind/m? (Fig. 16). Los juveniles y adultos de Ne-
matoscelis sp. registraron frecuencias de 24% y
2%. Las densidades de juveniles fluctuaron en-
tre 3 y 234 ind/m?, distribuidos entre Punta Sal
y Pimentel, frente a Huarmey, Chancay, Callao,
Pucusana, Cerro Azul y bahia Independencia,
con mayor densidad frente a Punta Sal. La den-
sidad de adultos fue de 3 ind/m? frente a Punta
La Negra y Huarmey (Fig. 16).

Stylocheiron

Los juveniles y adultos de Stylocheiron affine se
localizaron en 22% y 7% del total de las muestras,
respectivamente. Los juveniles presentaron
abundancias entre 3 y 78 ind/m?, localizadas de
Punta La Sal a Punta La Negra, entre Pucusana
y Cerro Azul y frente a bahia Independencia.
Los adultos presentaron abundancias de 3 a 69
ind/m? y se registraron frente a Talara, Punta
La Negra, entre Huarmey y Huacho y, frente a
Pucusana.
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Nematoscelis

Nematoscelis gracilis was distributed off Pucusana,
Cerro Azul, and south of Independencia Bay
with an abundance of 3 ind/m? Nematoscelis
tenella was observed south of Punta La Negra
with 3 ind/m? (Fig. 16). Juveniles and adults of
Nematoscelis sp. recorded frequencies of 24% and
2%. Juvenile densities ranged from 3 to 234 ind/
m?, distributed between Punta Sal and Pimentel,
off Huarmey, Chancay, Callao, Pucusana, Cerro
Azul, and Independencia Bay, with higher
densities occurring off Punta Sal. Adults had
a density of 3 ind/m? off Punta La Negra and
Huarmey (Fig. 16).

Stylocheiron

Juveniles and adults of Stylocheiron affine were
found in 22% and 7% of the total samples,
respectively. Juveniles had abundances between
3 and 78 ind/m? and were recorded from Punta
La Sal to Punta La Negra, between Pucusana
and Cerro Azul, and off Independencia Bay.
Adults presented abundances from 3 to 69 ind/
m? and were recorded off Talara, Punta La
Negra, between Huarmey and Huacho, and off
Pucusana.
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Figura 16.- Distribucion de juveniles y adultos de: Nematoscelis gracilis, N. tenella y adultos y juveniles
de Nematoscelis sp. Crucero Hidroacustico de Recursos Pelagicos.1502-04

Figure 16. Distribution of juveniles and adults of: Nematoscelis gracilis, N. tenella, and adults and juveniles of
Nematoscelis sp. 1502-04 Hydroacoustic Research Cruise for Pelagics
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Figura 17.- Distribucion de juveniles y adultos de: Stylocheiron sp., S. carinatum, S. elongatum 'y S, summi'y S. affine.
Crucero Hidroactstico de Recursos Pelagicos. 1502-04

Figure 17. Distribution of juveniles and adults of: Stylocheiron sp.,

S. carinatum, S. elongatum, and S, summi and S. affine. 1502-04

Hydroacoustic Research Cruise for Pelagics

La especie S. carinatum se localizo al norte
de Huarmey con abundancia de 6 ind/m? Se
determinaron furcilias, juveniles y adultos de
S. elongatum. Las furcilias se localizaron frente a
Punta Sal con densidad de 9 ind/m?, los juveniles
se encontraron entre Punta Sal y Pimentel con
abundancias de 3 a 12 ind/m® Los adultos se
ubicaron al norte de Huarmey con densidad de
3 ind/m? (Fig. 17).

ANALISIS COMUNITARIO

Respecto al ictioplancton, el mayor niimero de
especies se registro6 a 60 mn de Punta Sal y la
mayor abundancia a 60 mn del Callao. El indice
de riqueza especifica (d) varié de 0,110 a 1.960;
la mayor riqueza se localiz6 a 55 mn de Talara.
El indice de diversidad de Shannon (Hlog?2)
presento valores entre 0,008 y 2.656 bits.Ind™, con
mayor valor a 50 mn al norte de Punta Sal. La
equidad de Pielou (]J’) varié de 0,008 a 1.000 con
el mayor valor a 50 mn y 100 mn de Cerro Azul y
a 10 mn de Pisco.

La mayor densidad de los eufausidos se registré
a 5 mn de Punta Falsa. El indice de riqueza
especifica (d) vario entre 0,103 y 1.720. El indice
de diversidad de Shannon (Hlog2) presento
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S. carinatum was located north of Huarmey
with an abundance of 6 ind/m? Furcilia,
juveniles, and adults of S. elongatum were
determined. Furcilia were located off Punta
Sal with a density of 9 ind/m? juveniles were
located between Punta Sal and Pimentel with
abundances varying from 3 to 12 ind/m?. Adults
were located north of Huarmey with densities
of 3 ind/m? (Fig. 17).

COMMUNITY ANALYSIS

Regarding ichthyoplankton, the highest number
of species was recorded at 60 nm from Punta
Sal while the highest abundance was at 60 nm
from Callao. The specific richness index (d)
ranged from 0.110 to 1,960; the highest richness
was located 55 nm from Talara. The Shannon
diversity index (Hlog2) showed values between
0.008 and 2,656 bits.Ind, with the highest value
found 50 nm north of Punta Sal. Pielou’s equity
(J') ranged from 0.008 to 1,000 with the highest
value at 50 nm and 100 nm from Cerro Azul and
10 nm from Pisco.

Euphausiids recorded their highest density at
5 nm from Punta Falsa. The specific richness
index (d) varied between 0.103 and 1,720.
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valores entre 0,019 y 2.995 bits. Ind™, los maximos
indices de riqueza especifica (d) y diversidad (H")
se evidenciaron a 60 mn de Punta La Negra. La
equidad de Pielou (]J’) varid entre 0,012 y 1.000,
con mayor valor a 5 mn de Callao.

4. DISCUSION

En marzo 2015, la temperatura superficial del
mar (TSM) registré anomalias de hasta +1,5 °C.
La evolucion de la TSM en el océano Pacifico
ecuatorial indic6 un marcado incremento de
las temperaturas en la segunda quincena del
mes en la zona sudoriental y en la region Nino
1+2. Hacia finales del mes, las anomalias de
TSM alcanzaron valores +1,2 °C en la region
Nifio 1+2; de +0,6 °C en la region Nino 3, de
+0,6 °C en la region Nino 3.4 y de +1,1 °C en la
region Nino 4 (ENFEN, 2015).

Los biovoliumenes mads bajos de zooplancton
estuvieron conformados por especies de
zooplancton como Acartia sp., Paracalanus
parvus, caracterizadas por presentar tamanos
menores a 2 mm, asociadas a Aguas Costeras con
temperaturas frias, mientras que, los mayores
valores de biovolimenes estuvieron integrados
basicamente por especies de mesozooplancton
con tamanos mayores a 2 mm asociadas por el
norte a AES y ATS y por el este a las ASS.

En general, los adultos de anchoveta dominaron
el sistema costero asociado a aguas costeras
frias, mientras que la vinciguerria se localizé por
fuera de la plataforma continental dominando la
zona ocedanica, asociado a Aguas Subtropicales
Superficiales, conforme a estudios previos
(Garcia y RosLes, 2000). Para el ictioplancton,
se observd un patrén similar al de adultos en
la distribucién de huevos, ya que en el caso de
las larvas de anchoveta se localizan también por
fuera de la plataforma continental; sin embargo,
pocas veces se sobreponen a la distribucion de
larvas de vinciguerria (Fig. 18). La estructura de
tallas de las larvas de anchoveta disminuy6 de
norte a sur, registrandose en la zona norte moda
de 5 mm, en la zona centro de 3 mm y sur de 2,5
mimm, evidenciandose recientes desoves en esta
ultima zona.
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Shannon’s diversity index (Hlog2) had
values between 0.019 and 2,995 bits. Ind,
the maximum indices of specific richness (d)
and diversity (H’) were evident at 60 nm from
Punta La Negra. Pielou’s equity (J') varied
between 0.012 and 1,000, with the highest
value at 5 nm from Callao.

4. DISCUSSION

Sea surface temperature (SST) anomalies of
up to +1.5 °C were recorded in March 2015.
The evolution of SST in the equatorial Pacific
Ocean indicated a noticeable increase in
temperatures during the second fortnight of
the month in the southeastern zone and the
Nifio 1+2 region. In late March 2015, SST
anomalies reached values of +1.2 °C in the
Nifio 1+2 region, +0.6 °C in the Nifio 3 region,
+0.6 °C in the Nifio 3.4 region, and +1.1 °C in
the Nino 4 region (ENFEN, 2015).

Zooplankton species such as Acartia sp.
and Paracalanus parvus, characterized by
sizes smaller than 2 mm, showed the lowest
zooplankton biovolumes, associated with
coastal waters with cold temperatures, while
the highest biovolume values were composed
of mesozooplankton species with sizes larger
than 2 mm, associated to the north with ESW
and TSW and to the east with SSW.

Engraulis ringens adults generally dominated
the coastal system associated with CCW,
while V. lucetia were located outside the
continental shelf, dominating the oceanic
zone, associated with Subtropical Surface
Waters, according to previous studies (GArcia
& RosLEs, 2000). Regarding ichthyoplankton,
a pattern similar to that of adults was observed
in the distribution of eggs since the E. ringens
larvae are also located outside the continental
shelf, although they rarely overlap with the
distribution of V. lucetia larvae (Fig. 18). The
size structure of E. ringens larvae decreased
from north to south, with 5 mm in the northern
zone, 3 mm in the central zone, and 2.5 mm in
the southern zone, with recent spawning in
the latter.
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Figura 18.- Distribucién de huevos y larvas de anchoveta y vinciguerria. Crucero
Hidroactstico de Recursos Pelagicos 1502-04

Figure 18. Distribution of E. ringens and V. lucetia eggs and larvae. 1502-04 Hydroacoustic Research
Cruise for Pelagics

Dentro del zooplancton, eufausidos fue el grupo
que mas contribuye a la biomasa zooplanctonica
(ARONEs et al., 2019), registrando mayores den-
sidades por fuera de la plataforma continental
(Avon et al., 2011). Durante el verano-otonio 2015,
se determin6 predominancia de eufdusidos en
sus primeros estadios de desarrollo (caliptopis y
furcilias) en la capa superior de 50 m. Esto, de
acuerdo con HARrRINGTON & THOMAS (1987), co-
rresponde a un tipo de migracion ontogénica, ya
que afirman que algunas especies registran los
primeros estadios sobre los 50 metros debido a
las bajas velocidades de hundimiento de sus hue-
vos. Este tipo de migracion fue registrado para
especies como Euphausia mucronata (OLIVARES,
2000), que ha sido la especie de mayor abundan-
cia registrada para este periodo. Los juveniles y
adultos de Euphausia y Nematoscelis se registra-
ron en la zona ocednica; sin embargo, para las
especies de Stylocheiron los adultos se localizaron
principalmente dentro de la plataforma conti-
nental mientras que los juveniles dentro y fuera
de la plataforma.

Euphausiids were the group that contributed
most to zooplankton biomass (ARONEs et al.,
2019), with the highest densities recorded
outside the continental shelf (Ayon et al.,
2011). We determined a predominance of
euphausiids in their early developmental
stages (calyptopis and furcilia) in the upper
50 m layer during the summer-autumn 2015.
According to HarRrRINGTON & THomas (1987),
this corresponds to an ontogenetic migration,
as they state that some species record the
first stages above 50 m due to the low sinking
velocities of their eggs. This type of migration
was recorded for species such as Euphausia
mucronata (OLivares, 2000), which has been the
most abundant species recorded during this
period. Juveniles and adults of Euphausia and
Nematoscelis were recorded in the oceanic zone.
Nonetheless, for Stylocheiron species, the adults
were mainly located within the continental
shelf while the juveniles occurred inside and
outside the continental shelf.
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5. CONCLUSIONES

Durante el verano-otofio 2015, los biovoltimenes
de zooplancton oscilaron entre 0,001 y 5,72 mL/
m?, con mediana de 0,62 mL/m? Los menores
biovolimenes estuvieron asociados a especies
costeras de tamafos menores a 2 mm Yy los
mayores se caracterizaron por presencia de
especies relacionadas con ASS y AES, de tamarios
mayores a 2 mm.

Se registraron 18 especies de eufausidos perte-
necientes a los géneros Euphausia, Nematoscelis,
Nematobrachion, Nyctiphanes y Stylocheiron. Pre-
dominaron los estadios tempranos calyptopis y
furcilias con frecuencias de 68% y 87%, respecti-
vamente.

Se determinaron 63 especies de ictioplancton
siendo la especie mas abundante Engraulis ringens
“anchoveta”, cuyos huevos y larvas oscilaron
de 3 a 4.566 huevos/m* y de 3 a 2.574 larvas/
m? distribuidos desde Talara hasta San Juan de
Marcona. Los huevos y larvas Vinciguerria lucetia
fluctuaron de 3 a 4.212 huevos/m* y de 3 a 1.512
larvas/m? reportados principalmente por fuera
de la plataforma continental. Ambas especies
tuvieron un patron de distribuciéon similar a
la de adultos, la anchoveta asociada a ACF y
vinciguerria a ASS.
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5. CONCLUSIONS

Zooplankton biovolumes ranged from 0.001 to
5.72 mL/m® during summer-autumn 2015, with
a median of 0.62 mL/m?. The lowest biovolumes
were associated with coastal species smaller
than 2 mm in size and the highest ones were
characterized by the presence of SSW- and
ESW-related species larger than 2 mm.

We recorded 18 euphausiid species belonging
to the genera Euphausia, Nematoscelis,
Nematobrachion, Nyctiphanes, and Stylocheiron.
The calyptopis and furcilia early stages
predominated with frequencies of 68% and
87%, respectively.

A total of 63 ichthyoplankton species were
identified, with Engraulis ringens being the most
abundant and whose eggs and larvae ranged
from 3 to 4,566 eggs/m? and 3 to 2,574 larvae/m?
distributed from Talara to San Juan de Marcona.
Vinciguerria lucetia eggs and larvae ranged
from 3 to 4,212 eggs/m* and 3 to 1,512 larvae/
m?, mainly outside the continental shelf. Both
species were similarly distributed as adults,
with E. ringens associated with CCW while V.
lucetia was associated with SSW.
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ANEXOS

Tabla 1.- Composicioén, abundancia (Ind./m?) y frecuencia (%) del ictioplancton por especie y estadio. Crucero
Hidroactstico de Recursos Pelagicos 1502-04

Table 1. Composition, abundance (Ind./m?), and frequency (%) of ichthyoplankton by species and stage. 1502-04

Hydroacoustic Research Cruise for Pelagics

ORDEN INFRAORDEN/FAMILIA ESPECIE Estadio | ccuenda Abundancia Abundandia vy, i, Abundancia
relativa minima maxima relativa
Clupeiformes Engraulidae Engraulis ringens huevo 46.04 3 4566 51 46.20
larva 43.88 3 2574 15 12.67
adulto 1.44 3 3 3 0.01
No determinado huevo 4.32 9 1512 48 3.78
larva 8.63 3 399 21 1.04
Clupeidae No determinado larva 1.44 3 3 3 0.01
Sardinops sagax sagax huevo 0.72 33 33 33 0.05
Stomiiformes Gonostomatidae Cyclothone sp. larva 0.72 3 3 3 0.00
Phosichthyidae Vinciguerria ?ucetia huevo 42.45 3 4212 18 17.39
larva 35.97 3 1518 33 10.90
juvenil 1.44 3 3 3 0.01
Myctophiformes Myctophidae Diogenichthys laternatus larva 34.53 3 738 18 5.40
Gonichthys sp. larva 0.72 3 3 3 0.00
Gonichthys tenuiculus larva 1.44 3 3 3 0.01
Lampanyctus parvicauda larva 10.79 3 21 9 0.20
Lampanyctus sp. larva 1.44 3 9 6 0.02
Myctophum aurolaternatum  larva 1.44 3 3 3 0.01
Myctophum nitidulum larva 5.76 3 42 9 0.16
No determinado larva 1.44 3 3 3 0.01
Triphoturus oculeus larva 7.91 3 39 9 0.24
Argentiniformes Bathylagidae Bathylagus sp. larva 0.72 6 6 6 0.01
Bathylagus wesethi larva 4.32 3 18 3 0.05
Leuroglossus urotranus larva 11.51 3 72 10.5 0.45
No determinado huevo 0.72 9 9 9 0.01
Scombriformes Nomeidae Cubiceps pauciradiatus larva 7.19 3 24 3 0.09
Psenes sio larva 2.16 3 3 3 0.01
No determinado huevo 0.72 3 3 3 0.00
Scombridae Auxis sp. larva 4.32 3 15 7.5 0.08
Sarda chilensis larva 0.72 3 3 3 0.00
Scomber japonicus larva 2.88 3 27 135 0.09
No determinado larva 4.32 3 15 6 0.07
Perciformes Blenniidae No determinado larva 0.72 3 3 3 0.00
Chiasmodontidae Chiasmodon niger larva 1.44 3 3 3 0.01
Coryphaenidae Coryphaena hippurus larva 0.72 3 3 3 0.00
Cottidae No determinado larva 0.72 3 3 3 0.00
Gobiidae No determinado larva 2.88 3 6 3 0.02
Labridae Halichoeres sp. larva 144 3 9 6 0.02
Pomacentridae Chromis sp. larva 0.72 3 3 3 0.00
Sciaenidae Larimus sp. larva 0.72 3 3 3 0.00
No determinado larva 7.19 3 198 10.5 0.49
Sciaena deliciosa larva 0.72 3 3 3 0.00
Serranidae Paranthias sp. larva 2.16 3 3 3 0.01
Triglidae No determinado larva 0.72 6 6 6 0.01
Prionotus stephanophrys larva 5.04 3 9 3 0.04
PleuronectiformesParalichthyidae Citharichthys sp. larva 2.16 3 3 3 0.01
Etropus sp. larva 0.72 3 3 3 0.00
Hipoglossina sp. larva 1.44 3 3 3 0.01
No determinado larva 0.72 12 12 12 0.02
Scyacium ovale larva 0.72 3 3 3 0.00
Sternoptychidae Maurolicus sp. huevo 0.72 3 3 3 0.00
Stomiidae No determinado larva 0.72 3 3 3 0.00
Anguilliformes  No determinado No determinado huevo 1.44 3 9 6 0.02
larva 0.72 3 3 3 0.00
Aulopiformes  Paralepididae Lestidiops pacificum larva 2.16 3 6 3 0.02
No determinado larva 0.72 3 3 3 0.00
Scopelarchoides Scoperlarchoides nicholsi larva 0.72 3 3 3 0.00
Synodontidae No determinado huevo 2.16 3 18 3 0.04
Synodus sp. larva 2.16 3 9 6 0.03
Beloniformes Exocoetidae o determinado huevo 0.72 3 3 3 0.00
Hemiramphidae Oxyporhamphus micropterus huevo 5.04 3 3 3 0.03
Oxyporhamphus sp. huevo 0.72 3 3 3 0.00
Beryciformes Melamphaidae Melamphaes sp. larva 0.72 3 3 3 0.00
Scopelogadus sp. larva 0.72 6 6 6 0.01
Carangiformes  Carangidae Selena peruviana larva 0.72 3 3 3 0.00
Gadiformes Merlucciidae Merluccius gayi larva 4.32 3 15 7.5 0.08
Lophiiformes Oneirodidae No determinado larva 1.44 3 3 3 0.01
Oneirodes sp. larva 1.44 3 3 3 0.01
Mugiliformes Mugilidae No determinado larva 144 3 3 3 0.01
Ophidiiformes ~ Carapidae Echiodon rendolni larva 0.72 3 3 3 0.00
Echiodon sp. larva 0.72 3 3 3 0.00
Ophidiidae Cherublemma sp. larva 0.72 3 3 3 0.00
No determinado larva 0.72 6 6 6 0.01
No determinado No determinado No determinado huevo 46.76 3 867 15 8.31
No determinado larva 24.46 3 168 9 1.42
No determinado adulto 0.72 3 3 3 0.00
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Tabla 2.- Composicién, abundancia (Ind./m?) y frecuencia (%) del Grupo Euphausiacea por especie y estadio.
Crucero Hidroacustico de Recursos Pelagicos 1502-04

Table 2. Composition, abundance (Ind./m?), and frequency (%) of Euphausiids by species and stage. 1502-04 Hydroacoustic
Research Cruise for Pelagics

ESPECIE Estadio Frecuencia Frecue.ncia Abundancia  Abundancia o q.o Abundancia
absoluta relativa minima maxima relativa

Euphausia diomedae adulto 1 0.74 6 6 6 0.00
Euphausia distinguenda juvenil 16 11.85 3 252 16.5 0.11
adulto 7 5.19 3 9% 6 0.04
Euphausia eximia juvenil 19 14.07 3 234 24 0.16
adulto 26 19.26 3 690 225 0.39
Euphausia lamelligera juvenil 25 18.52 3 4095 108 1.27
adulto 9 6.67 3 684 15 0.18
Euphausia mucronata juvenil 72 53.33 3 1728 54 2.26
adulto 41 30.37 3 1743 48 114
Euphausia mutica adulto 1 0.74 6 6 6 0.00
Euphausia tenera juvenil 12 8.89 3 222 13.5 0.09
adulto 6 4.44 3 66 3 0.02
Nemastocelis sp. juvenil 33 24.44 3 234 12 0.17
adulto 3 2.22 3 30 18 0.01
Nematobracion flexipes adulto 1 0.74 3 3 3 0.00
Nematoscelis gracilis adulto 3 2.22 3 3 3 0.00
Nematoscelis tenella adulto 1 0.74 3 3 3 0.00
Nyctiphanes simplex furcilia 1 8.15 3 129 15 0.06
juvenil 17 12.59 3 1920 12 0.66
adulto 5 3.70 3 27 3 0.01
Stylocheiron affine juvenil 28 20.74 3 90 9 0.10
adulto 9 6.67 3 69 3 0.02
Stylocheiron carinatum adulto 1 0.74 6 6 6 0.00
Stylocheiron elongatum furcilia 1 0.74 9 9 9 0.00
juvenil 6 4.44 3 12 6 0.01
adulto 1 0.74 3 3 3 0.00
Stylocheiron sp. furcilia 65 48.15 3 1110 27 1.08
juvenil 21 15.56 3 117 21 0.10
adulto 1 0.74 3 3 3 0.00
Stylocheiron suhmi juvenil 1 0.74 6 6 6 0.00
adulto 1 0.74 3 3 3 0.00
No determinado nauplio 1 0.74 12 12 12 0.00
metanauplio 4 2.96 3 12 4.5 0.00
calyptopis 92 68.15 3 337920 37.5 76.98
furcilia 117 86.67 3 11352 216 15.13
juvenil 3 222 15 24 21 0.01
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