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RESUMEN

DEeLcapo E, SANCHEZ S, CHANG F, BERNALES A, Jacoso N. 2018. Cambios del fitoplancton en el mar peruano durante
el verano 2017. Crucero 1703-04, BIC José Olaya y Luis Flores. Bol Inst Mar Perii. 34(1): 61-79.- Este estudio
permite conocer volumenes de plancton (mL.m?), composicion, densidades, distribucién del fitoplancton,
indicadores bioldgicos de masa de agua para el verano 2017, cuando las condiciones oceanograficas
estuvieron influenciadas por El Nifio Costero. Se analizaron 183 muestras recolectadas con red estandar
de fitoplancton y 25 muestras obtenidas con botellas Niskin a 10 m de profundidad. El volumen promedio
de plancton fue 0,68 mL.m? variando entre 0,045 y 12,82 mL.m?, localizados frente a Punta La Negra y
Huacho, respectivamente. La predominancia del fitoplancton fue 37%, conformado por diatomeas de las
primeras fases de la sucesion fitoplanctonica destacando Chaetoceros spp., Ditylum brightwellii, Skeletonema
costatum, Coscinodiscus spp., Thalassiosira subtilis y Lithodesmium undulatum. Latitudinalmente, el plancton
registré valores medios entre 0,045 mL.m> (11-12°S) y 2,71 mL.m™ (16-17°S), por fuera de las 60 mn y entre
30-60 mn, respectivamente. Fue evidente el incremento en densidad del grupo de fitoflagelados (673x10°
cel.L). Protoperidinium obtusum indicador de Aguas Costeras Frias (ACF) se distribuy¢ a lo largo del litoral
dentro de las 40 mn y con mayor incidencia en la zona sur (Pisco — Callao).

PaLaBRrAs cLAVE: fitoplancton, composicidn, distribucién, indicadores bioldgicos, verano 2017

ABSTRACT

Dercapo E, SANcHEz S, CHANG F, BERNALEs A, JacoBo N. 2018. Changes in phytoplankton in the Peruvian Sea,
summer 2017. Cruise 1703-04, R/V Jose Olaya and R/V Luis Flores. Bol Inst Mar Peru. 34(1): 61-79.- This paper
makes it possible to know plankton volumes (mL.m), composition, densities, phytoplankton distribution,
as well as biological indicators for water mass in summer 2017 when oceanographic conditions were
influenced by the El Nifio Costero. A total of 183 samples collected with standard phytoplankton net, and
25 samples, which were obtained with Niskin bottles at a depth of 10 m, were analyzed. The mean plankton
volume was 0.68 mL.m? ranging between 0.045 and 12.82 mL.m™3, which were located off Punta La Negra
and Huacho, respectively. Phytoplankton predominance was 37%, integrated by diatoms in the first
stages of phytoplankton succession, including Chaetoceros spp., Ditylum brightwellii, Skeletonema costatum,
Coscinodiscus spp., Thalassiosira subtilis, and Lithodesmium undulatum. At latitude level, plankton recorded
mean values between 0.045 mL.m? (11-12°S) and 2.71 mL.m?* (16-17°S), outside 60 nm and between 30-
60 nm, respectively. It was evident the increase in density of the phytoflagellate group (673x103 cel.L™).
Protoperidinium obtusum, an indicator of Cold Coastal Waters (CCW), was distributed along the coast within
40 nm and with greater incidence in the southern zone (Pisco - Callao).

Keyworps: phytoplankton, composition, abundance and distribution, biological indicators, summer 2017
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INTRODUCCION 1. INTRODUCTION

The surface oceanographic conditions

Fitoplancton en el mar peruano, verano 2017

del mar peruano durante el verano 2017
manifestaron predominio de masas de aguas
calidas, considerandolo como un Evento El
Nifio segin el Comité Multisectorial del Estudio
Nacional del Fenomeno El Nifio (ENFEN N°
4-2017), alcanzando en febrero la categoria de El
Nifio Costero, que produjo fuertes anomalias de
la Temperatura Superficial del mar (TSM) de +10
en la zona norte (Huanchaco).

the Peruvian sea in summer 2017 showed a
predominance of warm water masses, which was
considered an El Nifo Event according to the
Multisectorial Committee of the National Study
of the El Nifo Phenomenon (ENFEN N° 4-2017)
and in February it reached the category of the El
Nino Costero, which produced strong anomalies
in Sea Surface Temperature (SST) of +10 in the
northern zone (Huanchaco).
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Entre marzo y abril, la temperatura superficial
del mar varié de 24 a 26 °C al sur de Callao y de
24 a 27 °C entre Punta Bermejo y Chimbote. Al
sur de Pisco se registraron anomalias negativas
de la TSM hasta 10 mn, debido a procesos de
afloramiento y mayor descarga de los rios.
Hacia el norte las masas de aguas costeras
frias (ACF) se encontraron entre Huacho y
Callao hasta 40 mn de la costa, aguas sub
superficiales (ASS) fueron dominantes entre
Casma y Punta Bermejo; aguas de mezcla
(ACF y ASS) se registraron frente a Salaverry
y las aguas ecuatoriales superficiales (AES)
se encontraron hasta 15 mn de Morrope y por
fuera de las 30 mn, frente a Punta La Negra-
Talara (IMARPE 2017).

Frente a estas condiciones se realiz6 el Crucero
de Evaluacion Hidroacustica de Recursos
Pelagicos con el objetivo de conocer la situacion
de la anchoveta Engraulis ringens Jenyns, especie
importante en la pesqueria del pais; asi como
las condiciones oceanograficas, asociadas con
el primer nivel trofico. La evaluacion de esta
comunidad constituye una fuente de informacién
como alimento disponible e indicadora de
cambios ambientales.

Para complementar este estudio se considerd
estimar la biomasa plancténica, caracterizar la
composicién, abundancia y distribucion de la
comunidad de fitoplancton y la distribucion de
indicadores bioldgicos de masas de agua en el
verano 2017.

2. MATERIALY METODOS

El area de muestreo del Crucero de Evaluacion
Hidroactstica de Recursos Pelagicos, realizado
entre el 3 de marzo y 13 abril de 2017 a bordo
de los BIC José Olaya Balandra y Luis Flores,
comprendié desde Morro Sama (Tacna) hasta
Los Organos (Piura) a lo largo de la franja
costera (40 mn) y frente a Paita se extendid
hasta las 100 mn, aproximadamente. Las
muestras fueron colectadas con red estandar
de fitoplancton tipo cénica (75 um) en arrastres
superficiales durante 5 minutos y a 3 nudos de
velocidad y la preservacion de las muestras fue
con formalina neutralizada al 20% (THRONDSEN
1978), obteniéndose 183 muestras (Fig. 1).
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Between March and April, sea surface
temperatures ranged from 24 to 26 °C south
of Callao and from 24 to 27 °C between Punta
Bermejo and Chimbote. There were negative SST
anomalies up to 10 nm south of Pisco, due to
upwelling processes and greater river discharges.
Northward, cold coastal water masses (CCW)
were found between Huacho and Callao up to 40
nm from the coast, subsurface waters (SSW) were
dominant between Casma and Punta Bermejo;
mixing waters (CCW and SSW) were recorded
off Salaverry and the surface equatorial waters
(SEW) were found up to 15 nm from Morrope
and outside 30 nm, off Punta La Negra-Talara
(IMARPE 2017).

In response to these circumstances, the Pelagic
Resources Hydroacoustic Assessment Cruise
was carried out with the objective of knowing
the status of the anchoveta Engraulis ringens
Jenyns resource, an important species in the
country’s fisheries, as well as the oceanographic
conditions associated with the first trophic level.
The assessment of this community is a source of
information as available food and an indicator of
environmental changes.

As a complement to this survey, we considered
estimating the plankton biomass, characterizing
the composition, abundance, and distribution
of the phytoplankton community and the
distribution of biological indicators of water
masses in summer 2017.

2. MATERIAL AND METHODS

The sampling area of the Pelagic Resources
Hydroacoustic Assessment Cruise, which was
carried out between March 03 and April 13,
2017 on board R/V José Olaya Balandra and R/V
Luis Flores Portugal, covered from Morro Sama
(Tacna) to Los ()rganos (Piura) along the coastal
strip (40 nm) and off Paita it was extended to
approximately 100 nm.

The samples were collected with a conical
phytoplankton standard net (75 um) in surface
trawls for 5 minutes and at a speed of 3 knots and
the preservation of the samples was done with 20%
neutralized formalin (TarONDSEN 1978), which
resulted in 183 samples (Fig. 1).
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Figura 1.- Carta de posiciones. Crucero de Evaluacion Hidroactstica
de Recursos Pelagicos 1703-04

Figure 1. Plotting chart. Pelagic Resources Hydroacoustic Assessment
Cruise 1703-04
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Los voltmenes de plancton se obtuvieron por el
método de centrifugacion (2400 rpm) durante 5
minutos. Se utilizé la férmula del volumen del
cilindro:

V=V/K, donde:

V =volumen de plancton

Vc = volumen de plancton centrifugado (mL)

K = 6,6273 m® (constante, indica el agua filtrada
por la red).

Los resultados se expresan en mililitros de
plancton por metro cubico de agua de mar
filtrada (mL.m?).

Las muestras de red fueron analizadas semicuanti-
tativamente, considerando los volimenes de planc-
ton y las abundancias relativas de las especies del
total de fitoplancton (Rojas bE MENDIOLA ef al. 1985).
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Plankton volumes were obtained by the
centrifugation method (2400 rpm) for 5
minutes. The formula of the cylinder volume
was used:

V=Vc/K, where:

V = plankton volume

Ve = centrifuged plankton volume (mL)

K = 6.6273 m® (a constant which indicates the
water filtered by the net).

The results are expressed in milliliters of
plankton per cubic meter of filtered seawater
(mL.m3).

Net samples were analyzed semi-quantitatively,
by considering plankton volumes and relative
abundances of total phytoplankton species
(Rojas pE MEnDIOLA et al. 1985).



Bol Inst Mar Perui / Vol 34 / No 1/ Enero-Junio 2019

ISSN 0458-7766

La variabilidad de los volimenes de plancton
(transformados Logx+1l) se analizd6 mediante
pruebas de hipdtesis para determinar las
diferencias significativas entre las distancias a
la costa (DC) (0 - 30 mn, 30 — 60 mn y > 60 mn)
y areas geograficas (Norte-Centro y Sur). Para
determinar la significancia de dichas diferencias
se ejecutaron pruebas de hipotesis, basados
en el analisis de varianza de una via (ANOVA)
con un nivel de significancia a <0,05 (Zar 1997)
utilizando el programa Minitab ver. 16.

El analisis cuantitativo se realizé en 25 muestras
de agua obtenidas con botellas Niskin a 10 m
de profundidad, procedentes de los perfiles
hidrograficos de Paita, Malabrigo, Callao, Pisco,
San Juan de Marcona e Ilo, con una cobertura
de 70 mn. El analisis de las muestras se realiz6
seguin la metodologia de UTERMOHL (1958), cuyos
resultados se expresan en N° celx10%.L™".

Para el analisis comunitario de clasificacion entre
estaciones de muestreo basado en las especies,
se utilizé el indice de similaridad de Bray Curtis
con el programa PRIMER 6, transformando
previamente los valores de concentracion celular
a Log (x+1) segin IBANEZ & SEGUIN (1992).

La determinacién taxonémica de la comunidad
de fitoplancton se realizo con los trabajos de
Hustept (1930), Curp (1943), HenpeYy (1964),
Sournia (1967), ScuiLrer (1971), SUNDSTROM
(1986), THRONDSEN (1993), HaSLE & SYVERTSEN
(1996) y STEIDINGER & TANGEN (1996).

En la elaboracion de gréficos tales como cartas de
posicion, distribucion de volimenes de plancton,
abundancia relativa e indicadores de masas de agua
se utilizaron los programas Surfer (ver.13) y Excel.

3. RESULTADOS

CARACTERISTICAS DE LAS CONDICIONES FISICAS
EN LA SUPERFICIE DEL MAR

Temperatura.- La temperatura superficial del
mar (TSM) entre Morro Sama y Los Organos
fluctud entre 16,1 y 27,9 °C con valor promedio
de 23,01 °C para toda el area evaluada.

Valores mayores a 25 °C se registraron hasta 60
mn, desde Pacasmayo (7°S) hasta Huacho (11°S)
desplazandose a la costa entre Punta Chao y
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The variability of plankton volumes (transformed
Logx+l) was analyzed by hypothesis tests
to determine significant differences between
distances from the coast (DC) (0 - 30 nm, 30 - 60
nm, and > 60 nm) and geographical areas (North-
Central and South). In order to determine the
significance of these differences, hypothesis tests
were performed, based on the one-way analysis
of variance (ANOVA) with a level of significance
a <0.05 (Zar 1997) by using the Minitab software
ver. 16.

A quantitative analysis was carried out on
25 water samples which were collected with
Niskin bottles at a depth of 10 m, from the Paita,
Malabrigo, Callao, Pisco, San Juan de Marcona,
and Ilo hydrographic profiles, covering 70 nm.
The analysis of the samples was carried out
following UTERMOHL methodology (1958), whose
results are expressed in N° celx10°.L".

The Bray-Curtis similarity index, along with the
PRIMER 6 software, was used for the community
analysis of classification between sampling
stations based on species, by previously
transforming the cell concentration values to Log
(x+1) as described in IBANEZ & SEGUIN (1992).

The works of Hustepr (1930), Curp (1943),
HenbpEY (1964), SournNia (1967), ScHILLER (1971),
SunpsTROM (1986), THRONDSEN (1993), HasirE
& SyVERTSEN (1996), and STEIDINGER & TANGEN
(1996) were used for the taxonomic determination
of the phytoplankton community.

Surfer (ver.13) and Excel software were used
in the elaboration of graphs such as plotting
charts, distribution of plankton volumes, relative
abundance, and indicators of water masses.

3. RESULTS

CHARACTERISTICS OF THE PHYSICAL CONDITIONS
ON THE SEA SURFACE

Temperature.- Sea surface temperature (SST)
between Morro Sama and Los Organos oscillated
between 16.1 and 27.9 °C with a mean value of
23.01 °C for the whole surveyed area.

Values greater than 25 °C were recorded up
to 60 nm, from Pacasmayo (7°S) to Huacho
(11°S) moving towards the coast between
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Huarmey; en la zona sur se observaron en Cerro
Azul y por fuera de las 30 mn de Pisco y de San
Juan a Ilo. Los valores mas bajos (>20 °C) se
localizaron en la franja costera frente a Morro
Sama y de Atico a bahia Independencia (IMARPE
2017) hasta aproximadamente 20 mn (Fig. 2).

Anomalia Térmica superficial del mar (ATSM).-
Las ATSM variaron de -3,3 a +7,2 °C con promedio
para el 4rea evaluada de +2,40 °C. Anomalias de
+4 a +6 °C se observaron entre Pta. Bermejo y
Chimbote, anomalias de +4,0 °C se visualizaron
en la zona costera entre Pisco y Cerro Azul, por
fuera de las 30 mn desde Punta Caballas hasta
Bahia Independencia.

Las zonas costeras (10 mn) frente a Atico e Ilo
registraron anomalias negativas con valores
de hasta -2 °C. En general, las anomalias en la
zona norte descendieron conforme se avanzaba
hacia el Ecuador, es asi que frente a Chimbote,
Pimentel y Paita se observaron anomalias de
+6 °C, +3 °C y +1 °C, respectivamente (IMARPE
2017) (Fig. 2).

Punta Chao and Huarmey. In the southern
zone, these values were observed in Cerro Azul
and outside 30 nm from Pisco and San Juan
to Ilo. The lowest values (>20 °C) were in the
coastal strip off Morro Sama and from Atico to
Independencia Bay (IMARPE 2017) (Fig. 2) up
to 20 nm, approximately.

Sea Surface Temperature Anomalies (SSTA).-
SSTA ranged from -3.3 to +7.2 °C with a mean
+2.40 °C for the surveyed area. Anomalies
of +4 to +6 °C were observed between Pta.
Bermejo and Chimbote, anomalies of +4.0 °C
were observed in the coastal zone between
Pisco and Cerro Azul, outside 30 nm from
Punta Caballas to Independencia Bay.

The coastal zones (10 nm) off Atico and Ilo
recorded negative anomalies with values up to -2
°C. Overall, the anomalies in the northern zone
decreased as we advanced towards the Equator,
therefore, off Chimbote, Pimentel and Paita
anomalies of +6 °C, +3 °C and +1 °C, respectively,
were observed (IMARPE 2017) (Fig. 2).
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Figure 2. Distribution of Sea Surface Temperature (SST) and Sea
Surface Temperature Anomalies (SSTA) (°C)
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Salinidad  superficial del mar.- Las
concentraciones de salinidad registradas entre
Morro Sama y Talara oscilaron entre 30,252
ups (debido a la influencia de los rios Virrila,
Chicama, Supe, Ocona, Quilca y Chancay) y
35,734 ups valores propios de las ASS.

Las masas de agua observadas entre Huacho
y Callao fueron Aguas Costeras Frias (ACF)
hasta 40 mn de costa, las Aguas Subtropicales
Superficiales (ASS) fueron dominantes de Casma
a Punta Bermejo hasta 60 mn, observandose
aguas de mezcla (ACF y ASS) frente a Salaverry.
Las Aguas Ecuatoriales Superficiales (AES) se
ubicaron hasta 15 mn de Mdrrope para luego
encontrarse por fuera de 30 mn de Punta La
Negra a Talara (IMARPE 2017) (Fig. 3).

Anomalias de la Salinidad superficial del
mar (ASSM).- Las ASSM variaron de -9,3 ups
a+0,7 ups, con promedio para el drea evaluada
de -0,072 ups.

Sea Surface Salinity (SSS).- Salinity
concentrations recorded between Morro Sama
and Talara ranged from 30,252 ups (due to the
influence of the waters of the Virrila, Chicama,
Supe, Ocofia, Quilca, and Chancay rivers) to
35,734 ups, typical SSW values.

The water masses, which were observed
between Huacho and Callao, were Cold
Coastal Waters (CCW) up to 40 nm from the
coast. Surface Subtropical Waters (SSW) were
dominant from Casma to Punta Bermejo
up to 60 nm and mixing waters (CCW and
SSW) were observed off Salaverry. Surface
Equatorial Waters (SEW) were located up to
15 nm from Morrope and then outside 30 nm
from Punta La Negra to Talara (IMARPE 2017)

(Fig. 3).

Sea Surface Salinity Anomalies (SSSA).-
SSSA ranged from -9.3 ups to +0.7 ups, with a
mean of -0.072 ups for the surveyed area.
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Figure 3. Distribution of Sea Surface Salinity (SSS) (ups) and Sea
Surface Salinity Anomalies (SSSA) (ups)
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Anomalias positivas se observaron en el 80% del
area evaluada como producto del desplazamiento
de las ASS por el oeste y AES por el norte.

Anomalias negativas de -3 ups se ubicaron frente
a Pucusana, Cerro Azul y Pisco influenciados
por la descarga de los rios adyacentes (IMARPE
2017) (Fig. 3).

Volumen de plancton, composicion, abundancia
y distribucion del fitoplancton de red.- El
promedio de volumen de plancton en superficie
fue de 0,68 mL.m-3, variando entre 0,045 mL.m™
(Punta La Negra) y 12,83 mL.m-3 (Huacho), el
fitoplancton se determind en el 37% del total
de las muestras, correspondiendo el 51% al
zooplancton y 12% a la codominancia del fito
y zooplancton, asociados a TSM que fluctuaron
entre 16,1 y 25,7 °C y tenores de salinidad entre
35,0 y 35,1 ups. Al norte del litoral se observaron
aguas de mezcla (ACF y ASS).

Se observaron zonas importantes con altos
volumenes de plancton, en los que predominé
el fitoplancton, el primero entre Los Organos y
Chicamacuyaconcentracionfuemayora2,0mL.m?
y el segundo entre bahia Independencia y al sur
de Atico en los que las concentraciones fueron
de 2,0 mL.m?. En la dltima zona se registraron
cuatro nucleos con valores de 4 y 5 mL.m? donde
predominé el zooplancton. Los voliumenes de
plancton menores a 1,0 mL.m™ se distribuyeron
en casi todo el drea en estudio (Fig. 4).

El fitoplancton estuvo constituido predominan-
temente por diatomeas que presentaron distri-
bucion dentro de la zona costera (40 mn), am-
plidndose al norte de Pimentel, y llegando hasta
100 mn frente a Paita, caracterizada por presen-
tar especies de afloramiento, como las neriticas
propias de ACF que se registraron, segin abun-
dancia relativa, como ABUNDANTE y Muy ABUN-
DANTE, destacando diatomeas centrales (Ditylum
brightwellii Grunow; Coscinodiscus perforatus Cle-
ve y Moller; C. wailesii Gran y Angst; C. centralis
Ehrenberg; C. granii Gough; Thalassiosira subtilis
Gran; Skeletonema costatum Cleve; Chaetoceros affi-
nis Lauder; Ch. debilis Cleve; Lithodesmium un-
dulatum Ehrenberg), diatomeas pennatas (Pseu-
do-nitzschia pungens Hasle; Grupo Pseudo-nitzschia
seriata Peragallo y Thalassionema nitszchioides Me-
renschknowsky) y diatomeas tipicas de ambien-
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Positive anomalies were observed in 80% of the
surveyed area as a result of the displacement of
SSW in the west and SEW in the north.

Negative anomalies of -3 ups were off
Pucusana, Cerro Azul, and Pisco influenced by
the discharge of adjacent rivers (IMARPE 2017)

(Fig. 3).

Plankton volume, composition, abundance
and distribution of net phytoplankton.- The
mean surface plankton was 0.68 mL.m?,
varying between 0.045 mL.m> (Punta La Negra)
and 12.83 mL.m?® (Huacho). Phytoplankton
was determined in 37% of the total samples,
corresponding 51% to zooplankton and 12% to co-
dominance of phytoplankton and zooplankton,
associated with SST that fluctuated between 16.1
and 25.7 °C and salinity tenors between 35.0 and
35.1 ups. Mixing water (CCW and SSW) were
observed to the north of the coast.

Two important areas with high plankton volumes
were observed, the first between Los Organos and
Chicama whose concentration was greater than
2.0 mL.m" and the second between Independencia
Bay and south of Atico, where concentrations of 2.0
mL.m? stood out. In both nuclei, phytoplankton
was abundant. In the last area, four nuclei were
recorded with values of 4 and 5 mL.m?, showing a
predominance of zooplankton. Plankton volumes
lower than 1.0 mL.m” were distributed in almost
the entire surveyed area (Fig. 4).

Phytoplankton was mainly formed by diatoms
that presented distribution within the coastal
zone (40 nm), thus expanding to the north
of Pimentel, and reaching up to 100 nm off
Paita. These diatoms were characterized by
presenting upwelling species, such as the CCW
neritic species that were registered depending
on their relative abundance, as ABUNDANT and
VERY ABUNDANT, with central diatoms (Ditylum
brightwellii Grunow; Coscinodiscus perforatus Cleve
& Moller; C. wailesii Gran & Angst; C. centralis
Ehrenberg; C. granii Gough; Thalassiosira subtilis
Gran; Skeletonema costatum Cleve; Chaetoceros
affinis Lauder; Ch. debilis Cleve; Lithodesmium
undulatum Ehrenberg), pennate diatoms (Pseudo-
nitzschia pungens Hasle; Pseudo-nitzschia seriata
Peragallo Group and Thalassionema nitszchioides
Merenschknowsky), and diatoms which are
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tes calidos principalmente en la zona norte como
Bacteriastrum delicatulum Cleve; Proboscia alata f.
gracillima Sundstrom; Helicotheca tamesis Ricard y
Lioloma delicatulum Hasle.

En toda el 4rea y periodo de estudio se observo
riqueza de dinoflagelados termofilos con
abundancias relativas de PresenTg, siendo las
mas frecuentes Goniodoma polyedricum Jorgensen;
Ceratium candelabrum Stein; C. masiliense Karsten; C.
trichoceros Kofoid; Tripos carriense Gomez; C. lunula
Karsten; Tripos kofoidii Gomez; T. vultur Gémez;
Amphisolenia bidentata Schroder; Protoperidinium
tristylum Balech; P. quarnerense Balech y Pyrocystis
fusiformis Thompson, entre otros.

Entre Malabrigo y Cerro Azul, los dinoflagelados
Protoperidinium depressum Balech y Tripos fusus
var. fusus Dujardin, que son organismos de
distribuciéon cosmopolita, mostraron abundancias
relativas que alcanzaron la escala de Muy
ABUNDANTE y ABUNDANTE, respectivamente.

typical of warm environments mainly in the
north such as Bacteriastrum delicatulum Cleve;
Proboscia alata f. gracillima Sundstrom; Helicotheca
tamesis Ricard, and Lioloma delicatulum Hasle.

Thermophilic  dinoflagellates ~ with  relative
abundances of PResENT were observed throughout
the study area and period, including the most
frequent  Goniodoma  polyedricum  Jorgensen;
Ceratium candelabrum Stein; C. masiliense Karsten; C.
trichoceros Kofoid; Tripos carriense Gémez; C. lunula
Karsten; Tripos kofoidii Gémez; T. vultur Gomez;
Amphisolenia bidentata Schroder; Protoperidinium
tristylum Balech; P. quarnerense Balech, and
Pyrocystis fusiformis Thompson, among others.

Between Malabrigo and Cerro Azul, the
dinoflagellates Protoperidinium depressum Balech
and Tripos fusus var. fusus Dujardin, which are
organisms of cosmopolitan distribution, showed
relative abundances that reached the scale of
VERY ABUNDANT and ABUNDANT, respectively.
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Figura 4.- Distribucién del volumen de plancton en el mar peruano (mL.m)

Figure 4. Distribution of plankton volume in the Peruvian sea (mL.m")
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Distribucion latitudinal del volumen de
plancton (mL.m?)

La distribuciéon del volumen de plancton,
segun la variacion latitudinal registr6 valores
medio entre 0,045 mL.m?® (11-12°S) y 2,71
mL.m> (16-17°S), a distancias de costa >60 y
entre 30 y 60 mn, respectivamente. En general,
el 87% alcanzd valores menores a 1,0 mL.m>,
distribuidos al norte de 15°S. Sin embargo,
resaltaron dos picos con volumenes mayores a
2,0 mL.m?, ubicados frente a 15-16°Sy 16-17°S,
ambos entre 30 y 60 mn y con predominancia
del zooplancton.

Otros tres picos importantes, con promedios
mayores a 1,0 mL.m?>, fueron ubicados entre 5
y 6°S, 15-16°S y 16-17°S, todos hallados dentro
de las 0 - 30 mn, donde la abundancia fue
fitoplancton. Por fuera de las 60 mn, se obtuvo
voliumenes promedio que no superaron los
0,5 mL.m?¥, en su mayoria con predominio de
zooplancton (Fig. 5).

Latitudinal distribution of plankton volume
(mL.m?)

The distribution of plankton volume, based
on latitudinal variation, recorded mean values
between 0.045 mL.m? (11-12°S) and 2.71 mL.m?
(16-17°S), at distances from the coast >60 and
between 30 and 60 nm, respectively. Overall,
it is estimated that 87% reached values below
1.0 mL.m?3, distributed north of 15°S. However,
two peaks with volumes greater than 2.0 mL.m?
stood out, which were located off 15-16°S and
16-17°S, both between 30 and 60 nm and with a
predominance of zooplankton.

Three other important peaks, with averages
greater than 1.0 mL.m?, were located between 5
and 6°S, 15-16°S, and 16-17°S, all of which were
found within 0 - 30 nm, where the abundance was
represented by phytoplankton. Outside 60 nm,
mean volumes below 0.5 mL.m™ were obtained,
mostly with a predominance of zooplankton

(Fig. 5).
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Figure 5. Latitudinal distribution of plankton volumes (mL.m?)

Tabla 1.- ANOVA de una via de volimenes de plancton por distancia de la costa (DC) y areas geograficas

Table 1. One-way ANOVA of plankton volumes by the distance from the coast (DC) and geographical areas

ANOVA unidireccional: volumen vs distancia costa (mm)
One-way ANOVA: volume vs distance from the coast (mm)

ANOVA unidireccional: volumen vs areas
One-way ANOVA: volume vs areas

Fuente/ o g cM F p Fuente o) sC cM F p
Source Source
DC (mm) 2 00595 00297 177 0191 DC (mm) 1 01805 01805 1542 0,001
Error 26 04371  0,0168 Error 27 03160  0,0117
Total 28 0,4965 Total 28 0,4965

5=0,1297 R-cuad.= 11,97% R-cuad.(ajustado) 5,20%

5=0,1082 R-cuad.= 36,36% R-cuad.(ajustado) 34,00%
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El ANOVA de los volimenes de plancton mostrd
diferencias significativas entre dreas geograficas
(p <0,05) con volimenes mayores en la zona sur,
donde el zooplancton fue mas abundante (Tabla 1).

Noseencontré diferenciasentre distanciaala costa,
cuyos voliumenes promedio fueron: 0,5573 +0,0938
(0 - 30 mn), 0,8458 +0,2899 (30 - 60 mn) y 0,2188
+0,1109 (>60 mn); destacando el mayor volumen
promedio entre 30 y 60 mn, con predominio de
zooplancton. También se determiné que la mayor
diferencia se ubicé dentro de las 30 mn de la costa
en las tres dreas (Fig. 6).

Composicion, distribucion y abundancia del
fitoplancton

El fitoplancton estuvo conformado por 108
especies, que comprendieron 4 grupos: diatomeas
(61), dinoflagelados (42), silicoflagelados (2) y
fitoflagelados (3).

En el 4rea costera de Malabrigo y Paita, dentro
de las 30 mn, se observd una comunidad
caracterizada por el grupo de diatomeas y
fitoflagelados. Similar composicion se determind
del Callao al sur. Frente a Callao las diatomeas
alcanzaron mayor representatividad con 85% de
fitoplancton, mientras que en Ilo destacaron los
fitoflagelados (87%).

Las mayores abundancias fueron registradas
frente a Pisco y estuvieron determinadas por
diatomeas centrales y de afloramiento como
Thalassiosira sp. (607x10° cel.L"), Cerataulina
pelagica (326x10° cel.L"), Skeletonema costatum

3,04
2,51
2,01

1,54

mL.m-3

1,01

0,51

0,01

>60 0.30

Distancia Costa (mn)

30.60

mL.m-3

The ANOVA of plankton volumes showed
significant differences between geographic areas
(p <0.05) with higher volumes in the south, where
zooplankton was more abundant (Table 1).

No differences were found between the distance
from the coast, whose mean volumes were:
0.5573 +0.0938 (0 - 30 nm), 0.8458 +0.2899 (30 -
60 nm), and 0.2188 +0.1109 (>60 nm), with the
highest mean volume between 30 and 60 nm,
showing a predominance of zooplankton. It was
also determined that the greatest difference was
located within 30 nm from the coast in the three
areas (Fig. 6).

Composition, distribution, and abundance of
phytoplankton

Phytoplankton was formed by 108 species,
comprising 4 groups: diatoms (61), dinoflagellates
(42), silicoflagellates (2), and phytoflagellates (3).

In the northern coastal area of Malabrigo
and Paita, within 30 nm, a community which
was characterized by the group of diatoms
and phytoflagellates was observed; a similar
composition was determined from Callao to the
south. Off Callao, diatoms reached the highest
representation with 85% of phytoplankton, while
phytoflagellates were present in Ilo with 87% of
phytoplankton.

The greatest abundances were recorded off Pisco
and were determined by central and upwelling
diatoms such as Thalassiosira sp. (607x10° cel.L),
Cerataulina pelagica (326x10° cel.L™"), Skeletonema
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Figura 6.- Diagrama de box plot de voliimenes de plancton por distancia a la costa (a) y areas geograficas (b)

Figure 6. Box plot diagram of plankton volumes by distance to the coast (a) and geographical areas (b)
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(172x10° cel.L"). Frente al Callao se detectaron
algunas diatomeas de fase intermedia como
el grupo Pseudo-nitzschia delicatissima (145x10°
cel.L"). Los dinoflagelados se distribuyeron en la
franja costera frente a los perfiles de Callao, Pisco
y San Juan con densidades menores a 50x10°
cel.L! (Fig. 7a).

En la zona comprendida entre 30 y 60 millas, la
comunidad estuvo conformada principalmente
por fitoflagelados, los cuales constituyeron mas
del 95% del fitoplancton en la mayoria de los
perfiles, a excepcion del perfil Callao que estuvo
en 35%. Su mayor abundancia fue registrada
frente a Paita con 3.673x10° cel.L' (Fig. 7b).
Mientras que las diatomeas, frente a Callao,
sus densidades fueron de 196x10° cel.L". Entre
éstas se presentaron las de fases intermedias
como Grupo Pseudo-nitzschia seriata Peragallo
(161x10° cel.L™") y Grupo P. delicatissima Heiden
(29x10° cel.L") y otras diatomeas como Eucampia
zoodiacus Ehrenberg (1x10° cel.L') y Lioloma
pacificun Hasle (2x10° cel.L™).

Analisis comunitario

El andlisis de similaridad del fitoplancton entre
estaciones origind la formacion de cinco grupos
al 32% (Fig. 8).

Grupo I, conformado por las estaciones frente a
Paita y las estaciones costeras frente a Malabrigo,
donde las diatomeas fueron el grupo mas
abundante con el 60% de este cluster. Solo en tres
estaciones de Paita por fuera de las 30 mn el aporte
de los fitoflagelados, a la densidad celular total del
fitoplancton, estuvo por encima de las diatomeas.

1000
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Nl B

Paita Malabrigo Callao  Pisco San Juan
de
Marcona

# Diatomeas mDinoflagelados mSilicoflagelados m Fitoflagelados

3

celx 103.L-!

costatum (172x10° cel.L'). Off Callao, some
intermediate-stage diatoms were detected,
such as the Pseudo-nitzschia delicatissima Group
(145x10° cel.L*). Dinoflagellates were distributed
in the coastal strip mainly off the Callao, Pisco,
and San Juan profiles with densities lower than
50x10° cel.L* (Fig. 7a).

In the zone between 30 and 60 nm,
the community consisted mainly of
phytoflagellates, which constituted more
than 95% of the phytoplankton in most of
the profiles, except for the Callao profile
which was at 35%. Its greatest abundance was
recorded off Paita with 3.673x10° cel.L! (Fig.
7b), while diatoms were less noticeable, with
densities of 196x10° cells L' off Callao. These
included intermediate-stage diatoms such
as Pseudo-nitzschia seriata Peragallo Group
(161x10° cel.L'') and P. delicatissima Heiden
Group (29x10° cel.L™") and other diatoms such
as Eucampia zoodiacus Ehrenberg (1x10° cel.L™")
and Lioloma pacificum Hasle (2x10° cel.L™?).

Community analysis

The analysis of phytoplankton similarity between
stations resulted in the formation of five groups
at 32% (Fig. 8).

Group I was formed by the stations located off
Paita and the coastal stations off Malabrigo,
where diatoms were the most abundant group
with 60% of this cluster. Only in three Paita
stations, outside 30 nm, the contribution of
phytoflagellates to the total cellular density of
phytoplankton was above the diatoms.
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Figura 7.- Abundancia de fitoplancton (N°celx103.L-1), en los perfiles hidrograficos (a) 0-30 mn, (b) 30-60 mn de la costa
Figure 7. Abundance of phytoplankton (N°celx103.L-1), in hydrographic profiles (a) 0-30 nm, (b) 30-60 nm from the coast
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Figure 8. Species-based dendrogram of classification analysis between hydrographic profiles

Grupo II, representado por estaciones localizadas
fuera de las 30 mn frente a Malabrigo y San Juan,
donde hubieron pocas especies de diatomeas
y dinoflagelados de aguas calidas. Entre las
primeras, las mas representativas fueron Lioloma
pacificumm Hasle; Planktoniella sol Schiitt y entre
los dinoflagelados Amphidinium sp. Claparede
& Lachmann y Gonyaulax spinifera Diesing.
La densidad celular de los fitoflagelados fue
mayor al del microfitoplancton (diatomeas,
dinoflagelados y silicoflagelados).

Grupo III, conglomerd a las estaciones frente a
Ilo, entre 30 y 48 mn de distancia de costa. La
composicion especifica estuvo determinada por
diatomeas de afloramiento como Chaetoceros affinis
Lauder y Ch. lorenzianus Grunow y diatomeas de
fases intermedias como Amphora sp., Dactyliosolen
fragilissimus Crawford y Eucampia zoodiacus
Ehrenberg, cuyas concentraciones fueron bajas
(<1x10%cel.L"). A 30 mn la densidad celular de
dinoflagelados fue mayor que el de diatomeas,
destacando Prorocentrum sp. (> 4x 103cel.L?).

Grupo 1V, determinado por estaciones ubicadas
frente a Callao por fuera de las 30 mn, donde las
concentraciones celulares delas diatomeas fueron
mayores a las de fitoflagelados, destacando
diatomeas potencialmente tdéxicas del Grupo
Pseudo-nitzschia seriata Peragallo (>160x10°cel.
L") y Grupo P. delicatissima Heiden (>29x10°cel.
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Group II was represented by stations located
outside 30 nm off Malabrigo and San Juan,
where few species of warm water diatoms and
dinoflagellates were present. Among the first,
the most representative were Lioloma pacificum
Hasle; Planktoniella sol Schiitt and among the
dinoflagellates, the most representative were
Amphidinium sp. Claparede & Lachmann and
Gonyaulax spinifera Diesing. The cell density
of phytoflagellates was higher than that of
microphytoplankton (diatoms, dinoflagellates,
and silicoflagellates).

Group III clustered the stations off Ilo, between
30 and 48 nm from the coast. The specific
composition was determined by upwelling
diatoms such as Chaetoceros affinis Lauder and
Ch. lorenzianus Grunow and intermediate-stage
diatoms such as Amphora sp., Dactyliosolen
fragilissimus Crawford and Eucampia zoodiacus
Ehrenberg, whose concentrations were low
(<1x10°cel.L"). At 30 nm, the cell density of
dinoflagellates was higher than that of diatoms,
particularly Prorocentrum sp. (> 4x 10°cel.L?).

Group IV was determined by stations located
off Callao, outside 30 nm, where the cell
concentrations of diatoms were higher than those
of phytoflagellates, including potentially toxic
diatoms of the Pseudo-nitzschia seriata Peragallo
Group (>160x10°cel. L) and P. delicatissima Heiden
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L"), ademas de diatomeas de aguas calidas como
Guinardia flaccida Peragallo y Lioloma pacificum
Hasle (>2x10°cel.L1).

Grupo V, agrupd a las estaciones frente a Pisco
y estaciones costeras frente a Callao, San Juan e
Ilo. A 29 mn, frente a Pisco, se registrd la maxima
densidad celular de diatomeas (> 600x10°cel. L7),
destacando Thalassiosira sp., entre otras diatomeas
centrales dispuestas en cadena como Cerataulina
pelagica (Cleve); Skeletonema costatum; Chaetoceros
debilis Cleve; Ch. didymus Ehrenberg, Ch. lorenzianus
Grunow y diatomeas pennatas como Cylindrotheca
closterium Reimann & Lewinn y Grupo P. seriata
Peragallo. También se obtuvo concentraciones
mayores a 20x10° cel.L" del dinoflagelado Akashiwo
sanguinea frente a San Juan y dinoflagelados
cosmopolitas como Protoperidinium leonis Balech,
P. minutum Loeblich III, Scripssiella trochoidea
Loeblich, Tripos fusus Gomez y Prorocentrum micans
Ehrenberg se presentaron en menores densidades.

Silicoflagelados como Octactis octonaria Ehrenberg
obtuvo densidades de 6x10° cel.L" y se presentd
principalmente en el drea centro-sur frente a Callao
y San Juan. Ademas, se registraron fitoflagelados,
sobresaliendo Eutreptiella gymnastica Throndsen
(50x10° cel.L) frente a San Juan.

Distribucion de indicadores biologicos de
masas de agua

Los parametros ambientales a fines de verano e
inicios de otofio mostraron condiciones atipicas
reflejandose en la distribucion de los organismos
indicadores de masas de agua (Fig. 9).

Se registrd presencia del dinoflagelado Ceratium
breve v. parallelum Jorgensen indicador de AES
al sur de Pimentel (10 mn) y frente a Malabrigo
dentro de las 50 mn.

También se determinoé a Tripos praelongus Gémez,
indicador de ASS frente a Malabrigo (45 mn) a
C. breve indicador de AES, produciendo aguas
de mezcla (AES+ASS). Entre tanto, las ASS
permanecieron fuera de las 50 mn.

A pesar de esta situacion se determino al
dinoflagelado Protoperidinium obtusum (Karsten),
indicador de Aguas Costeras Frias (ACF),
distribuido a lo largo del litoral dentro de las 40
mn y con mayor incidencia entre Pisco — Punta
Infiernillos y frente a Callao.
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Group (>29x10°cel. L"), as well as warm waters
diatoms such as Guinardia flaccida Peragallo and
Lioloma pacificum Hasle (>2x10°cel.L™).

Group V clustered the stations off Pisco and coastal
stations off Callao, San Juan, and Ilo. At 29 nm,
off Pisco, the maximum cell density of diatoms (>
600x10°cel. L) was recorded, with Thalassiosira sp.,
among other central diatoms arranged in chain such
as Cerataulina pelagica (Cleve); Skeletonema costatum;
Chaetoceros debilis Cleve; Ch. didymus Ehrenberg,
Ch. lorenzianus Grunow, and pennate diatoms
such as Cylindrotheca closterium Reimann & Lewinn
and P. seriata Peragallo Group. Concentrations
greater than 20x10° cel.L! were also obtained
from the dinoflagellate Akashiwo sanguinea off San
Juan and cosmopolitan dinoflagellates such as
Protoperidinium leonis Balech, P. minutum Loeblich
III, Scripssiella trochoidea Loeblich, Tripos fusus
Gomez, and Prorocentrum micans Ehrenberg were
presented in lower densities.

Silicoflagellates, such as Octactis octonaria
Ehrenberg, obtained densities of 6x10° cel.L™* and
was present mainly in the south-central area off
Callao and San Juan. In addition, phytoflagellates
were recorded, including Eutreptiella gymnastica
Throndsen (50x10° cel.L") off San Juan.

Distribution of biological indicators of water
masses

Environmental parameters in late summer and
early autumn showed atypical conditions which
were reflected in the distribution of indicator
organisms of water masses (Fig. 9).

The presence of the dinoflagellate Ceratium breve
v. parallelum Jorgensen, an indicator of SEW,
was recorded south of Pimentel (10 nm) and off
Malabrigo within 50 nm.

It was also determined the presence of Tripos
praelongus Gomez, an indicator of SSW, off
Malabrigo (45nm) and C. brief, an indicator of SEW,
which was producing mixing waters (SEW+SSW).
Meanwhile, SSW remained outside 50 nm.

Nonetheless, the dinoflagellate Protoperidinium
obtusum (Karsten), an indicator of Cold Coastal
Waters (CCW), was distributed along the coast
within 40 nm and show a greater incidence
between Pisco - Punta Infiernillos and off
Callao.
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Figure 9. Distribution of surface biological indicators of water masses

4. DISCUSION

Las condiciones oceanograficas superficiales del
mar peruano durante el verano 2017 mostraron
predominio de masas de aguas cdlidas de 24 a 26 °C
al sur de Callao y de 24 a 27 °C entre Punta Berme-
jo-Chimbote. Al sur de Pisco se registraron anoma-
lias negativas de la temperatura superficial del mar
dentro de las 10 mn, debido a los procesos de aflora-
miento y a la mayor descarga de los rios y, hacia el
norte las masas de agua: ACF entre Huacho y Callao
hasta 40 mn de la costa, ASS fueron dominantes en-
tre Casma y Punta Bermejo, aguas de mezcla (ACF
y ASS) frente a Salaverry y las AES se encontraron
hasta 15 mn de Mérrope y por fuera de 30 mn entre
Punta La Negra y Talara (IMARPE 2017).

Situacion diferente a lo encontrado durante
el verano 2016, después de El Niho 2015-2016
catalogado como fuerte, la recuperacion fue
bastante rapida con parametros ambientales
casi cercanos a la normalidad en mayo y junio
(Comunicado ENFEN N°® 03-2016).

4. DISCUSSION

The surface oceanographic conditions of
the Peruvian sea in summer 2017 showed a
predominance of warm water masses of 24 to 26 °C
south of Callao and 24 to 27 °C between Punta
Bermejo-Chimbote. Towards the south of Pisco,
there were negative sea surface temperature
anomalies within 10 nm, due to upwelling
processes and the greater discharge of rivers
and, towards the north, water masses were the
following: CCW between Huacho and Callao up to
40 nm from the coast, SSW were dominant between
Casma and Punta Bermejo, mixing waters (CCW
and SSW) off Salaverry, and SEW were found up
to 15 nm of Mdrrope and outside 30 nm between
Punta La Negra and Talara (IMARPE 2017).

The situation was different to the one found in
summer 2016, after the El Nifio 2015-2016, which was
cataloged as strong, the recovery was quite rapid with
environmental parameters almost close to normal in
May and June (Communiqué ENFEN N°03-2016).
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El estudio verifico la influencia de El Nifo
Costero 2017, que por sus condiciones calidas
tuvo repercusion en la disminucion del volumen
promedio de plancton (<1,0 mL.m?). Escenario
similar se observd durante el verano 2015 y 2016
en los perfiles de Paita y Chicama cuando los
promedios fueron menores de 0,57 y 0,53 mL.m?,
respectivamente (observaciones personales).

Se tiene conocimiento que, desde 1999 se ha iniciado un
cambio de régimen denominado periodo cdlido observado
en otros ecosistemas (Bonp et al. 2003), el mismo
que podria estar desarrollandose en el ecosistema
de Humboldt porque, al comparar la serie de la
variacion interanual del volumen promedio de
plancton durante los veranos (Fig. 10) en el periodo
2000-2017 se estim6 que 89% presentaron valores
menores a 1,0 mL.m? debido a la persistencia
de varios eventos EL Nino durante ese periodo
(DeLGaDO et al. 2001, DeLgaDO et al. 2004, DELGADO
y Craanc 2009, Dercapo et al. 2015, DeLcapo y
CHanG 2015). Dentro de este rango resalto el
promedio mas bajo de 0,27 mL.m?debido a El Nifio
2015-16 (SANCHEZ et al. 2017), concentracién muy
cercana a lo obtenido en El Nifio 1982-1983 (Rojas
DE MENDIOLA et al. 1985). Excepto en los veranos de
2014 y 2016 cuando alcanzaron un valor promedio
maximo, ambos anos con 1,1 mL.m?® (SANCHEZ et
al. 2017) y cuya abundancia estuvo representada
por el grupo del microzooplancton y fitoplancton,
respectivamente.
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The survey verified the influence of the El Nino
Costero 2017, which due to its warm conditions
had an impact on the decrease in the mean
plankton volume (<1.0 mL.m?). A similar scenario
was observed in summer 2015 and 2016 in the
Paita and Chicama profiles when the averages
were less than 0.57 and 0.53 mL.m?, respectively
(personal remarks).

We are aware that, since 1999, a regime change called
warm period, as observed in other ecosystems (BoND
et al. 2003) has begun. This regime could be
developing in the Humboldt ecosystem because
when comparing the series of the interannual
variation of mean plankton volume during
summers in the 2000-2017 period (Fig. 10). It
was estimated that 89% had values lower than
1.0 mL.m” due to the persistence of several El
Nifo events throughout this period (DELGaDO et
al. 2001, DeLcaDpo et al. 2004, DELgapo & CHANG
2009, DerLcapoetal. 2015, DELcapo & CHaNG 2015).
In this range, the lowest mean was 0.27 mL.m?
due to the El Nifio 2015-16 (SANcHEZ et al. 2017), a
concentration which is very close to that obtained
in the El Nino 1982-1983 (Rojas bE MENDIOLA et
al. 1985). We have as an exception the summer
2014 and 2016, when concentrations reached a
maximum mean value, both years with 1.1 mL.m"
(SANcHEZ et al. 2017) and whose abundance was
represented by the group of microzooplankton
and phytoplankton, respectively.
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Figura 10.- Variacion interanual del volumen de plancton y abundancia relativa de
fitoplancton en verano (%) durante el periodo 2000-2017

Figure 10. Interannual variation in plankton volume and relative abundance of
phytoplankton in summer (%) during the period 2000-2017
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Como respuesta a este cambio de régimen,
también la abundancia relativa del fitoplancton
en término porcentual durante los veranos,
presentaron cambios, aprecidandose que en este
periodo (2000 - 2017) fueron menores al 50% y
solo el 2016 superd al 50%, cuando alcanzo el
valor de 53%.

Acerca de la variaciéon del volumen de plancton
segun los grados latitudinales, se aprecid
que, tanto en el verano 2015 como en el 2017,
presentaron valores menores a 1,0 mL.m? entre
4 y 15°S, siendo solo diferente en el verano 2017
cuando entre 16 y 17°S se incrementd hasta 2,7
mL.m? y estuvo distribuido entre 30 y 60 mn.
Situacion que se diferencia de lo encontrado
para el 2016 cuando las concentraciones fueron
mayores a 1,0 mL.m? (SANcHEZ et al. 2017).

A pesar de las condiciones oceanograficas
adversas para el desarrollo del fitoplancton se
presentaron abundancias relativas considerables
de esta comunidad al sur de Morrope, siendo
las diatomeas neriticas y de afloramiento las
principales componentes en la zona costera (20
mn). Al norte de Morrope la abundancia estuvo
representada por especies de aguas calidas
distribuidas hasta 50 mn. Situaciéon que difiere
sustancialmente de lo observado en el verano
2016, cuando el fitoplancton estuvo caracterizado
por abundancia de especies de alta tasa de
crecimiento pertenecientes a la primera etapa de
la sucesion fitoplancténica y dentro de las 40 mn
alolargo del litoral hasta los 17°S, extendiéndose
frente a Paita y Chicama hasta aproximadamente
80 mn donde la abundancia fue representada por
Chaetoceros spp. y Skeletonema costatum.

En los veranos del 2016 y 2017, se registr6 alta
riqueza de especies termdfilas del grupo de
diatomeas y de dinoflagelados, especies que
caracterizaron estos periodos calidos. En los dos
ultimos veranos, los dinoflagelados de distribucion
cosmopolita (Protoperidinium depressum Balech
y Tripos fusus var. fusus Dujardin) presentaron
mayores abundancias relativas.

Por otro lado, a 10 m de profundidad, las
condiciones cdlidas propias de El Nifio Costero
habrian incidido en la disminucion de las
densidades celulares, menor nimero de especies
de fitoplancton en las principales areas de
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In response to this regime change, the relative
abundance of phytoplankton in percentage terms
(%) during the summers also showed changes,
which was observed in this period (2000 - 2017)
and it was lower than 50% and only in 2016 it
exceeded 50%, when it reached the value of 53%.

Regarding the variation in plankton volume,
based on latitudinal degrees, it was observed
that in both summer 2015 and 2017, it presented
valueslower than 1.0 mL.m™ between 4 and 15°S,
in both years, although it was only different in
summer 2017 when, between 16 and 17°S, it
increased to 2.7 mL.m? and it was distributed
between 30 and 60 nm. This is different from
what was found in 2016 when concentrations
were greater than 1.0 mL.m? (SANcHEZ et al.
2017).

Despite the adverse oceanographic conditions
for the development of phytoplankton, there
were considerable relative abundances of
this community south of Modrrope, where
neritic and upwelling diatoms were the main
components in the coastal zone (20 nm).
Towards the north of Morrope, abundance was
represented by warm water species distributed
up to 50 nm. This scenario is substantially
different from what was observed in summer
2016, when phytoplankton was characterized
by an abundance of high growth rate species
in the first stage of phytoplankton succession
and within 40 nm along the coast until 17°S,
which extended off Paita and Chicama to
approximately 80 nm where abundance was
represented by Chaetoceros spp. and Skeletonema
costatum.

In summer 2016 and 2017, there was a high
richness of thermophilic species of the
group of diatoms and dinoflagellates, which
characterized these warm periods. In the last
two summers, dinoflagellates of cosmopolitan
distribution (Protoperidinium depressum Balech
and Tripos fusus var. fusus Dujardin) presented
greater relative abundances.

Moreover, at a depth of 10 m, the warm
conditions typical of the El Nifo Costero would
have influenced the decrease in cell densities,
a lower number of phytoplankton species
in the main upwelling areas and the evident



Delgado, Sianchez, Chang, Bernales, Jacobo

Fitoplancton en el mar peruano, verano 2017

afloramiento y el evidente incremento del grupo
de fitoflagelados para el verano 2017 comparadas
con el verano del 2004 (DerLcaDoO et al. 2015).

En el verano del 2017, Protoperidinium obtusum
indicador de ACF, mostro distribucion
restringida dentro de las 40 mn, principalmente
al sur del litoral, caracteristicas muy similares
registradas para el verano del 2016 cuando el
indicador de ASS estuvo distribuido desde
Paita hasta Pucusana por fuera de las 50 mn,
caracteristicas que no fueron registradas para
el verano del 2017, donde solo se detectd entre
Chicama y Punta Bermejo por fuera de las 60
mn, con acercamiento frente a Casma (dentro
30 mn).

5. CONCLUSIONES

Se verifico la influencia de El Nifio Costero que,
por sus condiciones térmicas de alta variabili-
dad tuvo repercusion en la disminucion del vo-
lumen promedio de plancton y predominancia
del fitoplancton a valores de 0,68 mL.m?y 37%,
respectivamente. El analisis de varianza mostré
diferencias significativas entre los volimenes
promedio por dreas geograficas, siendo mayor
en la zona sur.

La comunidad de fitoplancton presentéd abun-
dancias relativas altas al sur de Morrope, sien-
do las diatomeas neriticas y de afloramiento las
principales componentes replegadas a la zona
costera (20 mn). Mientras que, al norte de Mo-
rrope la abundancia estuvo representada por es-
pecies de aguas calidas con distribucion hasta las
50 mn. En los perfiles hidrograficos, esta comuni-
dad presenté menor riqueza de especies pero fue
evidente el incremento de las concentraciones
celulares de fitoflagelados, que caracterizan a las
masas de aguas cdlidas.

Las condiciones ambientales fueron atipicas
de la temporada; sin embargo, hubo un fuerte
afloramiento en la zona costera que permitié
que el indicador Protoperidinium obtusum de ACF
haya sido registrado a lo largo del litoral y con
mayor incidencia entre Pisco y Punta Infiernillos
por lo que se podria asumir que el fitoplancton
como alimento estaria ofreciendo una buena
disponibilidad tanto en calidad como en cantidad
para especies planctéfagas.
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increase in the group of phytoflagellates for
summer 2017 when compared to summer 2004
(DEeLGADO et al. 2015).

Regarding the distribution of phytoplankton
biological indicators for Summer 2017, CCW
indicator showed a restricted distribution
within 40 nm, mainly south of the coast, which
was very similar to the characteristics recorded
for Summer 2016. For this period, SSW indicator
had a distribution from Paita to Pucusana
outside 50 nm, characteristics that were not
recorded for Summer 2017, where it was only
detected between Chicama and Punta Bermejo
outside 60 nm, showing an approximation off
Casma (within 30 nm).

5. CONCLUSIONS

The influence of the El Nifio Costero was verified,
which, due to its high variability thermal
conditions, had repercussions in the reduction
of the mean plankton volume and predominance
of phytoplankton to values of 0.68 mL.m™ and
37%, respectively. ANOVA showed significant
differences between the mean volumes by
geographic areas, being higher in the southern
zone.

The phytoplankton community presented
significant relative abundances south of Morrope,
where neritic and upwelling diatoms were
the main components restricted to the coastal
zone (20 nm). Meanwhile, towards the north of
Morrope, abundance was represented by warm
water species which were distributed up to 50
nm. In the hydrographic profiles, this community
presented a lower species richness, but it was
evident the increase in the cellular concentrations
of phytoflagellates, which characterize the warm
water masses.

The environmental conditions were atypical
of the season. Nevertheless, there was a strong
upwelling in the coastal zone that allowed that
the CCW indicator, Protoperidinium obtusum,
was registered along the coast and with a greater
incidence between Pisco and Punta Infiernillos
so it could be assumed that phytoplankton as
food would be offering a good availability both
in quality and quantity for planktophagous
species.
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