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SUMMARY

Zooplankton of the Colombian Pacific Ocean was investigated
during June-July (2001a) and August-September (2001b).
Since Oncaea venusta and O. media predominated in the
copepod community, their distribution and abundance
were evaluated. Organisms were extracted from surface
mesozooplankton samples taken with a conic net (50cm
opening, 363um mesh). Both species were widely distributed
with highest abundances mainly in neritic waters (3°-5°N).
Factor analysis revealed negative and positive correlations
among abundances and abiotic variables depending on each
period. Cluster analysis showed three groups in 2001a and
five ones in 2001b, essentially consistent with night and day
abundances, and thermocline depth and width suggesting
the influence of these factors on O. venusta and O. media. In
future analysis it may be necessary to consider the different
forms of O. media and O. venusta to establish the importance
of phytoplankton and other organisms in their diet. Higher
night or day abundances allude to the possible diel vertical
migration of these microcrustaceans to the surface. The
decrease in the general abundance of O. venusta from 2001a
to 2001b (66.4% to 47.5%) contrasted with the increase
of O. media (33.6% to 52.5%). These changes could be
explained by the different biological response of both species
to short-term variability in oceanographic conditions and the
occurrence of a weak La Nina event.

Key words: Oncaeidae, micro-crustacea, Colombian Pacific,
thermocline.

RESUMEN

Se investigo el zooplancton del océano Pacifico colombiano
durante junio-julio (2001a) y agosto-septiembre (2001b).
Puesto que Oncaea venusta y O. media predominaron en
la comunidad de copépodos, se evalu6é su distribucion y
abundancia. Los organismos se extrajeron de muestras de
mesozooplancton, tomadas en la superficie, con una red
coénica (50cm de apertura, malla 363um). Ambas especies se
distribuyeron ampliamente con las mayores abundancias, en
especial, en aguas neriticas (3°-5°N). El anélisis factorial revel6
correlaciones negativas y positivas entre las abundancias
y las variables abidticas, segin el periodo de estudio. El
andlisis de agrupamiento mostré tres grupos, en 2001a y
cinco, en 2001b, dependientes, principalmente, de las
abundancias diurnas y nocturnas y la profundidad y amplitud
de la termoclina, sugiriendo la influencia de estos factores
sobre Oncaea venusta y O. media. En andlisis futuros es
necesario considerar las diferentes formas de O. venusta y
O. media, para establecer la importancia del fitoplancton
y otros organismos en la dieta de las dos especies. Las
mayores abundancias nocturnas o diurnas aluden a la posible
migracion vertical de estos microcrustaceos a la superficie.
La disminucién en la abundancia general de O. venusta de
2001a a2001b (66.4% a 47.5%) contrasté con el incremento
de O. media (33.6% a 52.5%). Estos cambios, se podrian
explicar por la diferente respuesta biolégica de las dos
especies a la variabilidad, a corto plazo, en las condiciones
oceanogréficas y el acaecimiento de un episodio débil de La
Nina.

Palabras clave: Oncaeidae, microcrustaceos, Pacifico colom-
biano, termoclina.
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INTRODUCTION

Copepods are aquatic arthropods considered the most
abundant and ubiquitous metazoans in the world (Turner,
2004). Oncaeidae is one of the families with the largest
amount of marine pelagic species (>100) (Boxshall & Halsey,
2004) and dominates numerically copepod communities in
many marine areas (Bottger-Schnack, 1996; 1997; Fazeli et
al. 2012). Oncaea media Giesbrecht, 1891 and O. venusta
Philippi, 1843 are cosmopolitan mesozooplankters (>1.0mm
in body length) that inhabit the surface to bathypelagic
depths (Bottger-Schnack, 1996; 1997; Nishibe et al. 2009),
mainly from 0 to 500m (epi-mesopelagic). O. venusta is also
demersal and semi-parasitic (Nishibe et al. 2009; Boéttger-
Schnack, 2010a; 2010b). These species also exhibit diel
vertical migration (Lo et al. 2004; Itoh et al. 2014). In the
eastern tropical Pacific Ocean O. media and O. venusta
figure among the most abundant species (Lépez-lbarra et
al. 2014).

Oncaeidae copepods feed mainly on phytoplankters and
protists. Due to their high densities and substrate-feeding
behavior, O. venusta and O. media, and other species may
play important roles in biogenic fluxes (Turner, 2004) and
trophic dynamics considerably, different from suspension-
feeding calanoids (Nishibe et al. 2009).

Due to its importance, various topics of the copepod
community have been studied along the Eastern Pacific
(Bottger-Schnack, 2010a; 2010b; Lépez-lbarra et al. 2014),
for instance in USA (Fiedler, 1983; Choi et al. 2005); Costa
Rica (Morales, 1996; 2001), México (Hernandez-Truijillo et al.
2004; Lopez-lbarra et al. 2006; Palomares-Garcia et al. 2013);
Ecuador (Prado & Cajas, 2009; Coello et al. 2010; Tutasi et al.
2011); Peru (Smith et al. 1971; Santander et al. 1981; Criales-
Hernandez et al. 2008) and Chile (Hirakawa, 1989; Escribano
& Hidalgo, 2000; Hidalgo et al. 2010; 2012).

In the Colombian Pacific Ocean (CPO) these organisms have
been considered in general zooplankton studies (Giraldo &
Gutiérrez, 2007; Lopez, 2012; Jaimes & Lopez, 2014) and
only a list of species has been published (Monsalve, 1976).

The goal of this manuscript was to evaluate the influence
of salinity, temperature, thermocline, and chlorophyll-a on
populations of O. media and O. venusta in the CPO in 2001.
Night: Day variations of the abundance are additional data
used in the analysis.

MATERIALS AND METHODS

Study area. The CPO (01°30”-07°10"N-77°40"-82°00"W) is
part of the Panama Basin, located off the Pacific coasts of
Panama, Colombia, and Ecuador (Figure 1). Hydrodynamic

and thermohaline conditions are defined by solar radiation,
wind distribution, rainfall pattern, freshwater run-off, and
the variations of the Humboldt Current and the Equatorial
Countercurrent. These conditions are influenced by the Inter-
tropical Convergence Zone displacement and El Nino and La
Nina events (CCCP, 2002; Kessler, 2006; Villegas & Mélikov,
2006; Corredor et al. 2011).

Sampling. This study was conducted during two
oceanographic cruisers (CCCP, 2002) in June 23-July 21
(2001a) and August 27-September 15 (2001b) at 29 and 23
locations, respectively, belonging to the 113 oceanographic
stations of the Regional Study of El Nino (ERFEN-Colombia)
(acronym in Spanish). To facilitate the location of the sampling
stations, the complete standard grid ERFEN-Colombia was
not included (Figure 1). The original stations numbering was
maintained for comparison with other studies.

The type of sampling was stablished by the ERFEN-Colombia.
Mesozooplankton was collected at the surface during day- or
night-time, depending on the arriving of the vessel to each
station. In this task a conical net (50cm diameter, 185cm
length, 363um mesh) equipped with a flow-meter suspended
in the center of the net frame to measure the volume of
water filtered during the tow was used. The net was towed
horizontally at a speed of 1.5m/s during 10 minutes.
Biological samples were fixed in 10% formalin-seawater.

Water temperatures and salinities were calculated with data
obtained with a CTD profiler SBE-19 at each oceanographic
station. Five litter Niskin bottles were employed for taking
seawater samples for chlorophyll-a analysis.

Laboratory procedures. Mesozooplankton samples were
divided using a Folsom splitter, 50% for sorting organisms
and 50% for further analysis. Both sub-samples were
preserved in 10% formalin buffered with sodium borate.
Counting of copepods was based on sub-samples of 10mL
until approximately 200 organisms of the most prevalent
species remain in the sub-samples (Suthers & Rissik, 2009).
Identification was based on external morphology, details
of the integument, and spine patterns of the specimens
(Bottger-Schnack, 2010a; 2010b), dissected and mounted
on slides with glycerin (Reid, 2000).

Spectrophotometric analysis of chlorophyll-a (Clesceri et al.
2001) were performed, as this pigment is one of the main
indicators of phytoplankton biomass and therefore of primary
production in the oceans (Huot et al. 2007).

Data analysis. The original abundance values were
transformed to number of copepods in 1m’ of seawater by
the equation: N = 1m’*n/n*r°*d; where N= standardized
abundance; n= individuals per sample; 7 * 1 * d= volume
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Figure 1. Oceanographic stations for mesozooplankton sampling in the Colombian Pacific Ocean during June 23-July 21
(2001a) & August 27-September 15 (2001b). Numbering of the stations grid ERFEN - Colombia.

filtered per tow; r= radius of the net; d= total distance tow
(m) (Suthers & Rissik, 2009). Abundances were divided
into range size quartiles and then illustrated in maps drawn
with Surfer 8 ®program. The night: day abundance ratio
was calculated from the nighttime (18:12 and 05:00) and
daytime (06:25 and 17:30) samplings based on the local
times of sunrise (ca. 06:00) and sunset (ca. 18:00) during
the oceanographic cruises.

O. media and O. venusta abundance were transformed by log
(x+1) values prior to analysis to reduce the bias of sites with
elevated abundance. Kruskal-Wallis non-parametric test was
used to compare abundance and abiotic factors among sites
and the two study periods. A cluster analysis was conducted
to examine the inter-period differences of both populations
and similarity among stations. Squared Euclidean metric
distances were applied as measurement of similarity and
the technique of the nearest neighbor (single linkage) as
clustering method. The initial communality estimates have
been set to assume that all of the variability in the data is due
to common factors. A dendrogram (cluster) per study period
was elaborated in order to determine which set of data could
discriminate groups of stations depending on O. media and
O. venusta abundances and abiotic variables.

A factor analysis by principal components was applied
to study associations among O. media and O. venusta,

and temperature, salinity, chlorophyll-a (phytoplankton),
thermocline depth (Zt) and width (Wt), and night: day
abundance variation. Varimax rotation was performed to
simplify the explanation of the factors. The software package
Statgraphics Plus 5.0 was used for statistical analysis.

RESULTS AND DISCUSSION

Abundance. Among the copepod species identified in 2001a
(60 species) and 2001b (57 species) in the CPO, the general
abundances of O. venusta and O. media were 29.1% &
14.7% in the first period, and 11.4% & 12.6% in the second
one. The other species had low abundances (<6%).

This was an expected finding, since small-sized copepods
dominate zooplankton communities in subtropical-tropical
regions (Schnack et al. 2010), where O. venusta and O.
media are numerous and widespread in the Eastern Pacific
(Bottger-Schnack, 2010a; 2010b; Lépez-lbarra et al. 2014),
in USA (Fiedler, 1983; Choi et al. 2005); Costa Rica (Morales,
1996; 2001), México (Hernandez-Trujillo et al. 2004; Lépez-
Ibarra et al. 2006; Palomares-Garcia et al. 2013); Ecuador
(Prado & Cajas, 2009; Coello et al. 2010; Tutasi et al. 2011);
Peru (Smith et al. 1971; Santander et al. 1981; Criales-
Hernéandez et al. 2008) and Chile (Hirakawa, 1989; Escribano
& Hidalgo, 2000; Hidalgo et al. 2010; 2012).
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Abundance disparities between the two periods were
observed (Kruskal-Wallis test p<0.001, 95.0% confidence
level). Whereas general abundance of O. venusta decreased
(66.4% to 47.5%) O. media increased (33.6% to 52.5%).
Similar to 2001a, Monsalve (1976) did not find O. media
but observed O. venusta throughout the CPO and higher
abundances in coastal waters in September-October 1976
(ERFEN-Colombia). These results coincide with the known
ubiquity of O. venusta (Béttger-Schnack & Huys, 2004).

Spatial-temporal distribution. As all planktonic organisms
(Suthers & Rissik, 2009; McManus & Woodson, 2012),
O. venusta and O. media populations had a wide and
heterogeneous distribution at the surface of the CPO in

2001a and 2001b, with the highest abundances in neritic
waters (3°-5°N). O. venusta exhibited higher numbers
also in southern coastal waters in the first period and in
oceanic waters in the second one (Figure 2). Kruskal-Wallis
test showed a significant difference among stations and
periods (p<0.001, 95.0% confidence level). Martinez et al.
(2007) mentioned changes in the general abundance of the
copepod community in the CPO related with the sampling
area and study period. Nevertheless they did not identify the
organisms.

Latitudinal differences in distribution and abundance of both
species have been related to oceanographic conditions, for
instance in Costa Rica (Gulf of Nicoya, Coronado Bay and
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Figure 2. Distribution of O. media and O. venusta (ind/m’) in 2001a & 2001b in the Colombian Pacific Ocean. Circles

enclose areas of highest abundances.
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Golfo Dulce) (Morales, 1996; 2001) and Ecuador, where
O. venusta can reach the first position among the top ten
species (Tutasi et al. 2011). Something similar was observed
off Central Peru, where O. venusta was numerically dominant
during August 2006 (Criales-Hernéndez et al. 2008).

Surface temperature and salinity values were typical for the
CPO, even though thermocline showed a decreasing range
from 2001a to 2001b (Table 1). This situation was explained
by a weak La Nina event (1998-2001) detected that year only

in subsurface layers of the CPO (Cadena et al. 2006; Pabon
& Torres, 2006). Especially around August-September the
upper layer of the water column is warmer and deeper than
in the first six months of the year (CCCP, 2002; Kessler, 2006;
Villegas & Mélikov, 2006).

Surface chlorophyll-a concentrations were also normal and
varied significantly in both study periods (Table 1) as habitually
in the CPO, where large upwelling areas are common (CCCP,
2002). Comparatively, in upwelling and adjacent oceanic

Table 1. Mean values of abiotic variables during the periods 2001a & 2001b, Colombian Pacific Ocean.

Period Value OT S ChI-33 Zt wt
C psu mg/m m m
Minimum 25,98 27,64 0 25,00 25,00
2001a Maximun 29,69 33,63 1,11 50,00 50,00
Mean+SD 27.09+0.67 32.54+1.25 0.38+£0.27 27.59+7.75 36.21£12.65
Minimum 26,32 27,64 0 25,0 25
2001b  Maximun 27,65 33,49 4,56 25,0 50
Mean+SD 27.24+0.28 31.75+£1.62 0.78+£1.13 25.00£0.00 30.43+£10.05

zones off northern Chile highest chlorophyll-a concentrations
can reach >20mg/m’ between 0 and 25m depth (Hirakawa,
1989; Escribano & Hidalgo, 2000; Castro et al. 2007,
Hidalgo et al. 2010; 2012).

It is usual to find high abundances (2000-15000 Ind.x10%/
m”) and big number of copepod species in upwelling areas
between the coast line of Ecuador and Galapagos Islands.
Over there La Nina incidence was more evident in September-
October 2001. From 107 copepod species, O. media and
O venusta were found almost exclusively in the upper 50m.
O venusta was one of the 10 most abundant species that
best defined the Equatorial Front and the upwelling process
(Tutasi et al. 2011).

In neritic waters of south California, Fiedler (1983) reported
patches of O. media of more than 1000ind/m’. Depending on
the time of the year, this species can be also abundant following
O. venusta in Tosa Bay, southern Japan (Nishibe et al. 2009)
and even more than O. venusta in the Straits of Malacca, a
waterway connecting the Andaman Sea (Indian Ocean) and the
South China Sea (Pacific Ocean) (Rezai et al. 2004), Arabian
Sea (Bottger-Schnack, 1996; Fazeli et al. 2012).

Night: Day variation. Given that O. venusta and O. media
abundances were somewhat higher by night or day, these
populations seemed to perform massive diel vertical
migrations (DVM) to the surface in 2001a and 2001b (Figure
3), as along the American Pacific Basin (e.g., Smith et al.
1971; Escribano & Hidalgo, 2000; Hidalgo et al. 2010;

Tutasi et al. 2011; Hidalgo et al. 2012) and other areas in the
Pacific ocean (e.g., Bottger-Schnack, 1996: 1997; Lo et al.
2004; Nishibe et al. 2009; Itoh et al. 2014).

This circumstantial sign has to be corroborated in future
evaluations because stratified sampling was not performed
at the CPO and displacement of copepods through the water
column is carried to different depths and with different rates
out, depending on their size and development stages. Some
of them remain in deeper layers and occasionally reach
subsurface waters at night or twilight, while others exhibit
inverse DVM. In this behavior thermocline could have an
important influence (Béttger-Schnack, 1996; 1997; Lo et al.
2004; Nishibe et al. 2009; Tutasi et al. 2011), for example
in the Kuroshio Region most Oncaea populations appear in
the 0-50m surface stratum and shift downward, when the
thermocline remarkably descended (August-November) (Itoh
et al. 2014). As mentioned before, in the CPO thermocline
showed a decreasing range from 2001a to 2001b explained
by a weak La Niha event (1998-2001) (Cadena et al. 2006;
Pabén & Torres, 2006).

Like other dominant copepod species, like Calanus furcatus
and Temora discaudata in waters of Ecuador O. venusta and
O. media apparently assemble in the surface at night (O to
ca. 1m), however occupying the upper 250m of the water
column during the day, but remaining almost exclusively in
the upper 50m during La Nina 2001 (Tutasi et al. 2011). This
situation could be similar in the CPO in 2001a and 2001b
because of the water column stratification, which could
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Figure 3. Total abundances of O. media and O. venusta (%) in night and day samplings in 2001a & 200b in the Colombian

Pacific Ocean.

favored the retention of small-size copepods in the mixed
layer, as pointed out by Jaimes & Lépez (2014).

Statistical Analysis. Ordination analysis showed a strong
correlation of the thermocline depth with both species in
2001a and only with O. media in 2001b. Moreover, positive
and negative thermohaline associations with these species
indicated a significant effect on their distribution/abundance
(Table 2). Only the two factors of the ordination analysis were
considered because they concentrate together the highest
associations (2001a 46.86%, 2001b 48.61%).

High statistical correspondences between chlorophyll-a
and copepod abundance were not observed, subsequently
phytoplankton seemed not to be very significant for O.
venusta and O. media. In further analysis it is necessary

consider their feeding ecology, their role as prey for predators
at higher trophic levels, and aspects of their reproductive
biology which could influence their trophic behavior (Turner,
2004). Other aspects to consider should be the cyclical
nature of feeding activities and the short-term variability in
grazing pressure (Champalbert et al. 2003).

Similar to the results in the CPO, a factor analysis in waters
of Ecuador in September-October 2001 revealed that 91%
of the variability in the distribution and abundance of the
copepod species was explained by temperature and salinity.
Nonetheless the low number of stations sampled (41), did
not allow determining which of these factors caused a major
impact on copepods (Tutasi et al. 2011). Perhaps in our case
we must be also cautious, because of the limited number of
oceanographic stations.

Table 2. Ordination data of the factor analysis (principal components method) used in the study of O. media and O. venusta

during the periods 2001a & 2001b, Colombian Pacific Ocean.

2001a 2001b

Variable Factor Estimated Factor Estimated

1 2 | communality| 1 2 | communality
Clorophyll-a -0.09 0.21 0.32 0.13 -0.91 0.86
Night-Day -0.26 -0.06 0.55 0.31 | 0.67 0.81
O. media 0.80 0.01 0.65 0.69 0.17 0.60
O. venusta 0.70 0.15 0.54 0.18 -0.01 0.69
Salinity -0.13 1 -0.91 0.87 0.91 -0.03 0.83
Temperature -0.06 | 0.94 0.89 -0.76 -0.01 0.59
Thermocline width -0.10 -0.10 0.58 -0.63 0.33 0.63
Thermocline depth 0.77 -0.10 0.64 0.00 0.00 1.00
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Cluster analysis divided the sampling stations into three
groups in 2001a: Group I (night) and Group Il (day) had
the largest thermocline amplitude vs. a 25m-thermocline
depth, and a 0.4mg/m’ chlorophyll-a mean concentration.
Group IIl (night & day) included a thermocline amplitude
less extensive vs. a 50m-thermocline depth, and 0.2mg/
m’ chlorophyll-a mean concentration. In 2001b five groups
were obtained: Groups | and IV were diurnal and contained
a 25m-thermocline amplitude and depth each. Group V had
a 2bm-thermocline located to 50m depth and 0.2-1.8mg/
m’ chlorophyll-a concentration. Copepod abundances

[\2ASS Rams nass nass saas |

fluctuated broadly per group but were higher by night (Figure
4). As in ordination analysis, these results evidenced the
thermocline influence on copepod abundances.

The low sampling frequency did not allow to study the dynamic
relationship between copepods and the considered variables
more deeply. Presumably, currents influenced copepods
distribution, as recognized worldwide for these organisms
and all plankton communities, since ocean dynamics affects
highly their transport, dispersal and/or retention to different
spatial and temporal scales (Escribano & Hidalgo, 2000;
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values of abiotic factors in 2001a & 2001b in the Colombian Pacific Ocean. Clustering method: Nearest neighbor (single

linkage). Distance metric: squared Euclidean.
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Boxshall & Halsey, 2004; McManus & Woodson, 2012; Itoh
et al. 2014). Lépez (2012) and Jaimes & Lépez (2014) refer
to circulation pattern as maybe the main factor affecting the
whole copepod community structure in the study area.
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