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SUMMER MICROPHYTOPLANKTON CHARACTERISTICS DURING
THE PELAGIC RESOURCES CRUISE 0702-04
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RESUMEN

CHANG F, BERNALES A, SANcHEZ S. 2019. Caracteristicas del microfitoplancton de verano durante el crucero de
recursos peldgicos 0702-04. Bol Inst Mar Perti. 34(1): 15-24.- Se recolectaron 114 muestras, utilizando una
red de fitoplancton con 75 micras de abertura. Los volimenes de plancton fluctuaron entre 0,02 y 3,78
mL.m?, dando un promedio general de 0,43 mL.m?, las mayores concentraciones se registraron entre
4 y 5°S. El microfitoplancton estuvo conformado por diatomeas centrales de fases intermedias de la
sucesion y especies de afloramiento destacando por sus abundancias Coscinodiscus perforatus, Actinocyclus
sp., Thalassiosira subtilis, Detonula pumila y Chaetoceros debilis, asi como dinoflagelados cosmopolitas.
Se observaron mareas rojas ocasionadas por Mesodinium rubrum (Pisco) y el dinoflagelado Akashiwo
sanguinea (Huacho). Ceratium praelongum, indicador de Aguas Subtropicales Superficiales (ASS) y C. breve,
indicador de Aguas Ecuatoriales Superficiales (AES) fueron determinados frente a Pimentel y Huarmey,
principalmente por fuera de las 60 mn, con un maximo acercamiento a costa de C. praelongum frente a
Atico. El indicador de Aguas Costeras Frias (ACF), Protoperidinium obtusum, se encontr6 dentro de la franja
costera, excepto frente a Malabrigo, Callao y Pisco donde llegé a las 60 mn.

ParLaBRAS cLAVE: fitoplancton, composicidn, indicadores bioldgicos, verano 2007

ABSTRACT

CHANG F, BERNALES A, SANCHEZ S. 2019. Summer microphytoplankton characteristics during the pelagic resources
cruise 0702-04. Bol Inst Mar Peru. 34(1): 15-24.- A total of 114 samples were collected using phytoplankton
net (75 pm). The plankton volumes fluctuated between 0.02 and 3.78 mL.m? and resulted in a general
average of 0.43 mL.m?®. The greatest concentrations ranged between 4 and 5°S. The microphytoplankton
was composed by central diatoms belonging to the intermediate phases succession and upwelling species
(Coscinodiscus perforatus, Actinocyclus sp., Thalassiosira subtilis, Detonula pumila y Chaetoceros debilis),
associated with cosmopolitan dinoflagellates. Red tides produced by Akashiwo sanguinea (Huacho) and
ciliate Mesodinium rubrum (Pisco) were registered. Ceratium praelongum, Surface Subtropical Waters (SSW)
indicator, and C. breve, Surface Equatorial Waters (SEW) indicator, were found off Pimentel and Huarmey,
mainly out of 60 nm, with a maximum approach to coast by C. praelongum off Atico. Protoperidinium
obtusum, Cold Coastal Waters (CCW) indicator, was found within the coastal area, except in Malabrigo,
Callao and Pisco where its distribution reached 60 nm.

Keyworbps: phytoplankton, composition, biological indicator, summer 2007

INTRODUCCION 1. INTRODUCTION

Caracteristicas de microfitoplancton en verano, Cr. 0702-04

El fitoplancton es el primer eslabon de la
cadena alimenticia y fundamental para que
existan los niveles troficos superiores, el cual
se encuentra relacionado principalmente
con aspectos fisicoquimicos implicados en la
distribucion y abundancia de algunos recursos
pelagicos que son de gran importancia en el
manejo de las pesquerias, como es el caso de la
anchoveta Engraulis ringens, que en condiciones
oceanograficas normales representa el mayor
porcentaje de los desembarques pesqueros a lo
largo del litoral.

Phytoplankton is the first link in the food
chain and it is fundamental for the existence of
higher trophic levels, which is mainly related
to physical-chemical aspects involved in the
distribution and abundance of some pelagic
resources that are of great importance in the
fisheries management, as in the case of the
anchoveta Engraulis ringens, which in normal
oceanographic conditions represents the
largest percentage of fishing landings along
the coast.
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En los ultimos afios las condiciones bio-oceano-
graficas han mostrado alteraciones significativas
en relacion a su patréon de distribucion normal,
reportandose para el verano del 2006 volumenes
promedio de plancton inferiores a 0,5 mL.m?
(DELGaDpO & CHANG 2009) que estuvieron acorde
con la disminucion en la biomasa del recurso an-
choveta (Engraulis ringens) a consecuencia de la
menor disponibilidad de alimento.

DELcapo et al. (2015) indicaron para el afio 2004
que el volumen promedio de plancton fue de 0,76
mL.m?>, cuando las condiciones océano-atmosfé-
ricas, para ese periodo de estudio, sefialaron con-
diciones con tendencia a la normalidad, lo que
permitio que el fitoplancton se recuperara en un
entorno favorable para su desarrollo.

En este informe se da a conocer la distribucién en
superficie de los volimenes de plancton, compo-
sicion especiologica y los indicadores bioldgicos
asociados a las masas de agua.

2. MATERIALY METODOS

El Crucero de Evaluaciéon Hidroactstica de
Recursos Pelagicos se efectué desde Tacna
a Tumbes, del 22 de febrero al 8 de abril
2007, con la participacion de dos barcos de
investigacion cientifica: José Olaya y SNP 2,
como complemento en los muestreos costeros
se utiliz6 la L/P Imarpe VI.

Se analizaron 114 muestras de superficie (Fig. 1),
recolectadas con red estandar de fitoplancton (75
um) durante 5 minutos a 3 nudos de velocidad.
Las muestras fueron preservadas con formalina
neutralizada, siguiendo las pautas descritas en
THRONDSEN (1978).

Lametodologiaempleada parala obtencion delas
muestras fue descrita en anteriores evaluaciones,
basandose en las recomendaciones de la Reunién
del Programa de Plancton (UNESCO 1981).

Las muestras de red se analizaron semicuantita-
tivamente, considerando los principales grupos
del plancton, otorgando a los organismos mas re-
presentativos, valores convencionales de acuerdo
a su abundancia, segiin metodologia de IMARPE.
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In recent years, bio-oceanographic conditions
have shown significant alterations in relation
to its normal distribution pattern, with mean
plankton volumes lower than 0.5 mL.m?
(DELGgaDpO & CHANG 2009 2009) being reported
for summer 2006, which were in accordance
with the decrease in the biomass of the resource
(Engraulis ringens) as a consequence of the lower
availability of food.

DEercapo et al. (2015) indicated for the year 2004
the mean plankton volume was 0.76 mL.m?,
when the ocean-atmospheric conditions of that
study period, denoted conditions with a tendency
to normality, allowing the phytoplankton to
recover in an environment that was favorable for
its development.

This report presents the surface distribution of
plankton volumes, species composition, and
biological indicators associated with water
masses.

2. MATERIAL AND METHODS

Between February 22 to April 8, 2007, the
Pelagic Resources Hydroacoustic Assessment
Cruise was carried out from Tacna to Tumbes
with the participation of two scientific research
vessels: José Olaya and SNP 2, the vessel
Imarpe VI was used as a complement in the
coastal samplings.

A total of 114 surface samples (Fig. 1), which
were collected with a standard phytoplankton
net (75 um) for 5 minutes at a speed of 3 knots,
were analyzed. The samples were preserved
with neutralized formalin, following the
guidelines described in THRONDSEN (1978).

The methodology used to obtain the samples
was described in previous assessments, based on
the recommendations of the Plankton Program
Meeting (UNESCO 1981).

According to IMARPE’s methodology, the net
samples were semi-quantitatively analyzed,
by considering the main plankton groups and
by awarding conventional values due to their
abundance.
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Figura 1.- Carta de posiciones. Cr. Evaluacién de recursos pelagicos 0702-04.
BIC Olaya y SNP 2

Figure 1. Plotting chart. Pelagic resources Assessment Cruise 0702-04.
R/V Olaya and SNP 2

En la determinacién taxonomica de los diferentes
organismos del fitoplancton se emplearon
los trabajos de Hustept (1930), Cupp (1943),
HenbpEey (1964), Sournia (1967), ScHiLLer (1971),
SunpsTROM (1986), Bareca (1988), Hasie &
SYVERTSEN (1966), STEIDINGER & TANGEN (1996) y
THRONDSEN (1993).

En la elaboracion de las figuras y cartas de
distribucion se emplearon los programas Excel y
Surfer (Version 8), respectivamente.

3. RESULTADOS

Distribucidn superficial de los voliumenes de
plancton y composicion del fitoplancton

La concentracion de biomasa planctonica en
superficie fluctué entre 0,02 mL.m?® (Punta
Caballas, Atico e Ilo) localizada entre 30 y 60 mn
y 3,78 mL.m? (San Juan) dentro de las 30 mn, el
promedio general fue 0,43 mL.m?. Mas del 85%
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The works of Hustept (1930), Curp (1943),
HenpEY (1964), Sournia (1967), ScHILLER (1971),
SunpsTrROM (1986), BarLecu (1988), Hasie &
SYVERTSEN (1966), STEIDINGER & TANGEN (1996)
and THRONDSEN (1993) were consulted for
the taxonomic determination of the different
phytoplankton organisms.

Excel and Surfer software (Ver. 8), were used in
the elaboration of the figures and plotting charts,
respectively.

3. RESULTS

Surface distribution of plankton volumes and
composition of the phytoplankton

Planktonic biomass concentration on the
surface fluctuated between 0.02 mL.m> (Punta
Caballas, Atico, and Ilo) which was located
between 30 and 60 nm and 3.78 mL.m? (San
Juan) within 30 nm, the mean was 0.43 mL.m?>.
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de los volimenes presentaron valores menores
a 1 mL.m?. El rango de Temperatura Superficial
del Mar (TSM) fluctud entre 15,5 y 27,8 °C.

El fitoplancton destacd en el 40% delas estaciones,
localizandose principalmente en la franja costera
entre Punta La Negra y Mollendo con zonas
de mayor amplitud frente a Paita y Callao (>90
mn). El zooplancton predominé en el 52% del
area evaluada, siendo los mas representativos
el grupo de copépodos, nauplios y huevos; el
fitoplancton fue el 48% (Fig. 2).

Se determinaron dos areas con mayores
valores de biomasa planctonica (>3,0 mL.m?)
localizados en la parte norte, frente a Paita y
Salaverry y la segunda en el sur frente a San
Juan, ambas localizadas dentro de las 30 mn y
con predomino total del fitoplancton. También
se determinaron ntcleos de 2,0 y 1,0 mL.m?
entre Pimentel y Huarmey (>30 mn) y frente a
Chala (60 mn).

2°s

More than 85% of the volumes had values less
than 1 mL.m>. Sea Surface Temperature (SST)
ranged between 15.5 and 27.8 °C.

Phytoplankton predominated in 40% of the
stations, being located mainly in the coastal strip
between Punta La Negra and Mollendo with wider
zones off Paita and Callao (90 nm). Zooplankton
predominated in 52% of the surveyed area,
with copepods, nauplii, and eggs being the
most representative group. Phytoplankton was
predominant in 48% of the surveyed area (Fig. 2).

Two areas, with the highest plankton biomass
values (>3.0 mL.m?), were determined. The first
one in the northern part, off Paita and Salaverry
and the second one in the south, off San Juan,
both located within 30 nm and with total
predominance of phytoplankton. Nuclei of 2.0
and 1.0 mL.m? were also determined between
Pimentel and Huarmey (>30 nm) and off Chala
(60 nm).
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Figura 2.- Distribucién de voliumenes de plancton (mL.m?). Cr.
Evaluacion de recursos peldgicos 0702-04. BIC Olaya y SNP 2

Figure 2. Distribution of plankton volumes (mL.m?). Pelagic Resources
Assessment Cruise 0702-04. R/V Olaya and SNP 2
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La composicion de la flora plancténica, que
caracterizo el periodo de verano, presenté mayor
abundancia de diatomeas centrales Coscinodiscus
perforatus Cleve y Moller, Thalassiosira subtilis
Gran, Chaetoceros debilis Cleve, Detonula pumila
Gran, Actinocyclus sp. y Thalassiosira partheneia
Schrader, esta tultima especie considerada de
aguas calidas, estuvo mejor representada desde
Paita a Salaverry por fuera de las 60 mn.

Los dinoflagelados, principalmente especies cos-
mopolitas, presentaron amplia distribucion, aun-
que no se registraron abundancias notorias excepto
para Ceratium tripos (30 y >60 mn) y Protoperidinium
depressum (Bailey) (30 mn) frente a Callao.

Dentro de la composicion de especies se observd,
ademds, extensa presencia de organismos
termofilos destacando por su abundancia las
diatomeas Thalassiothrix longissima Cleve &
Grunow (> 30 mn) al sur de Ilo y Pseudosolenia
calcar-avis (Schultze) frente a Cerro Azul (> 60 mn),
asociado a la presencia de Proboscia alata t indica,
Rhizosolenia  styliformis Brightwell, Planktoniella
sol (Wallich) y Chaetoceros coarctatus Lauder.
Dinoflagelados termdfilos también se localizaron
alo largo de la costa con mayor variedad al sur de
12°S, determindndose como presentes a Ceratium
azoricum Cleve, C. horrida (Cleve), C. gibberum v
dispar, Gonyodoma polyedricum (Pouchet), Pyrocistis
noctiluca Murray ex Haeckel, entre otras.

Distribucion latitudinal de los volumenes de
plancton

Los volumenes promedios latitudinales de
plancton estuvieron comprendidos entre 0,02
(30-60 mn) y 3,06 mL.m* (30 mn) (Fig. 3),
observandose que los mayores valores,
independiente de la distancia de la costa, se
registraron entre 4 y 5°S.

Dentro de las 30 mn se determinaron concen-
traciones promedio mas importantes en la par-
te norte, con valores de 3,05 (4 a 5°S), 2,01 (5 a
6°S) y 1,11 mL.m? (8 a 9°S) los cuales disminu-
yeron progresivamente en el sur, excepto entre
15 y 16°S donde se determind un valor medio
de 1,07 mL.m?3.

Entre 30 y 60 mn se obtuvo un maximo de 0,97
mL.m? (7 a 8°S) y hacia latitudes mayores (14
-15°S) el minimo fue de 0,02 mL.m?.
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Planktonic flora composition, which
characterized thesummerperiod, showed greater
abundance of central diatoms Coscinodiscus
perforatus Cleve & Moller, Thalassiosira subtilis
Gran, Chaetoceros debilis Cleve, Detonula
pumila Gran, Actinocyclus sp., and Thalassiosira
partheneia Schrader, this last so-called warm
water species, was better represented from Paita
to Salaverry outside 60 nm.

Dinoflagellates, mainly cosmopolitan species,
were widely distributed, although no notable
abundances were recorded except for Ceratium
tripos (30 and >60 nm) and Protoperidinium
depressum (Bailey) (30 nm) off Callao.

Within the species composition, there was
also an extensive presence of thermophilic
organisms, being the diatoms Thalassiothrix
longissima Cleve & Grunow, (> 30 nm) to
the south of Ilo, and Pseudosolenia calcar-
avis (Schultze), off Cerro Azul (> 60 nm), the
most abundant and which are associated
with the presence of Proboscia alata f indica,
Rhizosolenia styliformis Brightwell, Planktoniella
sol (Wallich), and Chaetoceros coarctatus Lauder.
Thermophilic dinoflagellates were also located
along the coast showing the greatest variety
south of 12°S, with Ceratium azoricum Cleve, C.
horrida (Cleve), C. gibberum v dispar, Gonyodoma
polyedricum  (Pouchet), Pyrocistis noctiluca
Murray ex Haeckel, among others, being
determined as present.

Latitudinal distribution of plankton volumes

Mean latitudinal plankton volumes ranged
from 0.02 (30-60 nm) to 3.06 mL.m? (30 nm)
(Fig. 3) and the highest values, regardless of
distance from the coast, were recorded between
4 and 5°S.

Within 30 nm, the most important mean
concentrations were determined in the northern
part, showing values of 3.05 (4 to 5°S), 2.01 (5 to
6°S) and 1.11 mL.m? (8 to 9°S) which progressively
decreased in the south, except between 15 and 16°S
where a mean value of 1.07 mL.m™ was determined.

Between 30 and 60 nm, a maximum of 0.97
mL.m? (7 to 8°S) was obtained and towards
higher latitudes (14 -15°S) the minimum was
0.02 mL.m?.
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Figura 3.- Distribucién latitudinal de volumen de plancton (mL.m?). Cr. Evaluacion
de recursos pelagicos 0702-04. BIC Olaya y SNP-2

Figure 3. Latitudinal distribution of plankton volumes (mL.m?). Pelagic Resources
Assessment Cruise 0702-04. R/V Olaya and SNP-2

A distancias mayores a las 60 mn los valores
promedios fueron menores a 0,7 mL.m?.

Indicadores bioldgicos

Durante el desarrollo del crucero se determino la
presencia del dinoflagelado Protoperidinium obtu-
sum (Karsten), indicador de Aguas Costeras Frias
(ACF), reportado a lo largo del litoral entre Punta
La Negra y el extremo sur, alcanzando su mayor
amplitud (60 mn) frente a Malabrigo, Callao y
Pisco; no obstante, entre Punta Mendieta y el sur
de Ilo, estuvo restringido a la costa (Fig. 4).

Ceratium praelongum (Lemmermann), indicador
de Aguas Subtropicales Superficiales (ASS),
fue reportado en la zona norte (Pimentel-
Huarmey), con distribucion continua en las
areas mas distantes (>60 mn), donde se registrd
también al dinoflagelado C. breve, indicador de
Aguas Ecuatoriales Superficiales (AES), con
salinidades mayores a 35,1 ups (Fig. 4b). También
se determind al indicador de ASS en las zonas
norte - centro (Callao) por fuera de las 20 mn y
sur (Atico) donde lleg6 a 8 mn de costa (Fig. 4a),
concordando con las condiciones oceanograficas
encontradas al sur de Ocona (+3 °C), asi como con
la incursion de ASS a costa (IMARPE 2007 a).
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At distances greater than 60 nm the mean values
were less than 0.7 mL.m?.

Biological indicators

During the cruise, the presence of the dinoflagellate
Protoperidinium obtusum (Karsten), an indicator
of Cold Coastal Waters (CCW), was reported
along the coast between Punta La Negra and the
southern end, reaching its greatest amplitude (60
nm) off Malabrigo, Callao, and Pisco. Nevertheless,
between Punta Mendieta and the south of Ilo, it
was restricted to the coast (Fig. 4).

Ceratium praelongum (Lemmermann), an indicator
of Surface Subtropical Waters (SSW), was reported
in the northern area (Pimentel-Huarmey),
exhibiting a continuous distribution in the most
distant areas (>60 nm), where the dinoflagellate
C. breve, an indicator of Surface Equatorial Waters
(SEW), was also recorded, showing salinities
greater than 35.1 ups (Fig. 4b). The SSW indicator
was also identified in the north-central areas
(Callao) outside 20 nm and south (Atico) where it
reached 8 nm from the coast (Fig. 4a), in line with
the oceanographic conditions determined south of
Ocona (+3 °C), as well as with the SSW incursion
to the coast IMARPE 2007 a).
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Figura 4.- Distribucion superficial de a) Temperatura, b) Salinidad, c) Indicadores biol6gicos de masas de agua. Cr.
Evaluacion de recursos pelagicos 0702-04. BIC Olaya y SNP 2

Figure 4. Surface distribution of a) Temperature, b) Salinity, c) Biological indicators of water masses. Pelagic Resources
Assessment Cruise 0702-04. R/V Olaya and R/V SNP 2

Floraciones algales

En el presente crucero, se observaron mareas
rojas, episodios ocasionados por el dinoflagelado
Akashiwo  sanguinea (Hirasaka) y el ciliado
Mesodinium rubrum (Lohmann). La primera fue
observada en Huacho (11°34,70'S — 77°46,49'W)
asociada a TSM de 20,74 °C, mientras que
la segunda se produjo en Pisco (14°54,70°S -
77°29,86’'W) con TSM de 23,46 °C (Fig. 4c).

4. DISCUSION

En el verano del 2007 las condiciones ambientales
registraron un calentamiento moderado en la
parte norte de Punta La Negra y sur de Ocona por
la incursiéon de ASS a la zona costera, situacion que
condiciond una determinada respuesta del fitoplancton
(IMARPE 2007).

La biomasa planctonica, mostr6 concentraciones,
en promedio, ligeramente mas bajas (0,40 mL.m)
a la obtenida en el verano 2006 (0,45 mL.m?)
(DeLgapo & CHanG 2009), asi mismo fue menor
al verano del 2004 (DeLGapo et al. 2015) cuando
se obtuvo un volumen promedio de 0,76 mL.m?
y las condiciones ambientales determinaron ano-
malias térmicas positivas proximas a lo normal.
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Algal blooms

In this cruise, red tides were observed, these
events were caused by the dinoflagellate
Akashiwo sanguinea (Hirasaka) and the ciliate
Mesodinium rubrum (Lohmann). The first was
observed at Huacho (11°34.70°S - 77°46.49'W)
and was associated with an SST of 20.74 °C, while
the second was observed at Pisco (14°54.70’S -
77°29.86’'W) with an SST of 23.46 °C (Fig. 4c).

4. DISCUSSION

In summer 2007, the environmental conditions
registered moderate warming in the northern
part of Punta La Negra and southern Ocofia
due to the incursion of SSW to the coastal zone,
a situation that conditioned a certain response of
phytoplankton (IMARPE 2007).

Planktonic biomass shows concentrations on
average slightly lower (0.40 mL.m?) than the
one obtained in the summer 2006 (DeLcapo &
Cuang 2009), it was also lower than summer 2004
(DeLGapoO et al. 2015) when a mean volume of
0.76 mL.m™ was obtained and the environmental
conditions showed positive thermal anomalies
close to normal.
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Latitudinalmente, los maximos volumenes
promedios de plancton se observaron dentro de
las 30 mn, similar a lo registrado en verano del
2006, sin embargo en el 2004 el mayor promedio
(2,64 mL.m?) fue localizado entre 30 — 60 mn.
Estos valores no superan el promedio reportado
por Rojas bE MENDIOLA ef al. (1985) para la costa
peruana (>3,0 mL.m?) a consecuencia de las
anomalias térmicas positivas registradas en los
cruceros respectivos.

El fitoplancton como alimento disponible tuvo
incremento porcentual (40%), fue menor en el
verano 2006 (33%), pero en el verano 2005 se
observoincremento (47%) cuando se determinaron
condiciones atipicas que influyen en la biomasa
plancténica.

La composicion especiologica fue diferente a
los otros afios. En el verano del 2005, se observo
mayor incidencia de especies de afloramiento
asociados a especies neriticas distribuidas por
fuera de las 60 mn, mientras que en el verano 2006
la composicién fue similar, pero dentro de las 30
mn, junto a la presencia de especies termofilas.
En el 2007 se report6 cambio en la distribucion de
esta comunidad, al estar las especies muy cerca de
la costa, indicando incursién de aguas ocednicas,
resultado que coincidid con los pardmetros fisicos
reportados en este crucero (IMARPE 0702-04).

En cuanto a la distribucion de los indicadores
bioldgicos, es conocido que en el verano desde
Tumbes hasta Paita se registran especies de AES,
situacion que no se evidencid en el presente estudio
cuando la presencia de estas masas estuvieron
en los 7° y 10°S por fuera de las 50 mn, situacion
similar se observo para el 2006, aunque con un
acercamiento a costa, no siendo observado para el
2004 como respuesta negativa a estas condiciones.

La distribucién del indicador P. obtusum
(ACF) en verano 2007 alcanzo mayor amplitud
latitudinal, desde Pimentel hasta Callao (30 mn),
coincidiendo con los resultados fisicos. En el 2006
el indicador estuvo replegado a las areas mas
costeras, situacion que también se observo en el
2004 en la parte norte (10 mn), pero alcanzé mayor
amplitud longitudinal frente a Chicama, Pisco y
Punta Caballa, hasta las 40 mn, como respuesta
a la presencia de masas de agua asociadas al
afloramiento con temperaturas menores a 20 °C
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At latitude level, the highest mean plankton
volumes were observed within 30 nm, similar
to that recorded in summer 2006. However, in
2004, the highest mean (2.64 mL.m~) was located
between 30 - 60 nm. These values did not exceed
the mean reported by Rojas pe MEenpIoLa et
al. (1985) for the Peruvian coast (>3.0 mL.m?)
as a result of the positive thermal anomalies
registered in the respective cruises.

Phytoplankton as available food had a
percentage increase (40%), it was lower in
summer 2006 (33%), although in summer 2005
an increase was observed (47%) when atypical
conditions that influence planktonic biomass
were determined.

Species composition was different from the
previous years. In summer 2005, there was a
higher incidence of upwelling species associated
with neritic species distributed outside 60
nm, while in summer 2006 the composition
was similar, but within 30 nm, along with the
presence of thermophilic species. In 2007, a
change was reported in the distribution of this
community, as the species were very close to the
coast, which indicates the incursion of oceanic
waters, a result that coincided with the physical
parameters reported in this cruise (IMARPE
0702-04).

As for the distribution of the biological
indicators, it is known that in the summer,
from Tumbes to Paita, SEW species are
recorded, a situation that was not evidenced in
this study, when the presence of these masses
was at 7° and 10°S outside the 50 nm. A similar
situation was observed for 2006, although
with proximity to the coast, which was not
observed for 2004 as a negative response to
these conditions.

The distribution of P. obtusum (CCW) in summer
2007 reached greater latitudinal amplitude, from
Pimentel to Callao (30 nm), which coincided with
the physical results. In 2006, the indicator was
retracted to the most coastal areas, a situation
that was also observed for 2004 in the northern
part (10 nm), but it reached a greater longitudinal
amplitude off Chicama, Pisco and Punta Caballa,
up to 40 nm, as a response to the presence of
water masses, associated with the upwelling with
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en la parte norte y valores menores a 18 °C al sur
(IMARPE 2004), condiciones favorables para este
indicador.

Indicadores del fitoplancton asociado a ASS, influ-
yen también en el verano, fueron observados en
evaluaciones anteriores (2006 y 2004), aunque con
diferente distribucion, coincidiendo en la gran ma-
yoria de los casos con los pardmetros ambientales.

5. CONCLUSIONES

En general, durante el verano del 2007, los
volumenes de plancton fueron bajos (<1 mL.m?),
replegandose las mayores concentraciones (>2,0
mL.m?) dentro de las 30 mn.

El fitoplancton como alimento disponible se
encontro en la zona costera y estuvo conformado
por diatomeas centrales de fases iniciales e
intermedias de la sucesion ecoldgica.

Los indicadores biologicos mostraron distribucion
con tendencia a la normalidad para el indicador
de ACF y de ASS, principalmente hasta San Juan;
a excepcion de Ceratium breve, indicador de AES
y C. praelongum, registrados frente a Chimbote y
Atico, respectivamente.
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temperatures below 20 °C in the northern part and
values below 18 °C in the south (IMARPE 2004),
which are favorable conditions for this indicator.

Indicators of phytoplankton associated with
SSW also influencing the summer, were
observed in previous assessments (2006 and
2004), although with different distribution,
coinciding in most cases with environmental
parameters.

5. CONCLUSIONS

Overall, in summer 2007, plankton volumes were
low (<1 mL.m?), with the highest concentrations
(>2.0 mL.m?) withdrawing within 30 nm.

Phytoplankton as available food was found in the
coastal zone and was formed by central diatoms
of initial and intermediate stages of ecological
succession.

Biological indicators showed a normal
distribution for the CCW and SSW indicators,
mainly up to San Juan, excluding C. breve, an
indicator of SEW and Ceratium praelongum,
recorded off Chimbote and Atico, respectively.
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