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ABSTRACT

Among tunicates, the small planktonic appendicularians generally comprise a significant fraction of
the mesozooplankton in frontal systems. The summer 2011 distribution (vertical and spatial) of
Oikopleura dioica was studied in terms of abundance, biomass, estimation of egg production and
population structure in the different sectors of the EI Rincén coastal front, in the light of thermal and
salinity gradients. Peaks of abundance of Engraulis anchoita larvae were compared to O. dioica
patterns. Samples were collected with plankton nets of 67 um and 200 pm at two layers, below and
above the thermocline depth. CTD data profiles were also recorded. During this campaign high
salinity waters were predominant in the estuarine area. Conversely, a thermal stratification was
found, being more marked at the external stations of the front where the highest densities and
biomass of O. dioica coincided with the highest E. anchoita larvae densities. The size structure of O.
dioica was also associated with the thermal gradient. The smaller sizes were found in the
homogeneous area at the coast where the temperature was higher around 22°C. This front constitutes
a suitable environment for O. dioica reproduction enhancing the survival rate and growth of several
small pelagic fishes such as E. anchoita.

Resumo

Entre os tunicados, as pequenas apendicularias planctonicas geralmente compreendem uma fragéo
significativa do mesozooplancton nos sistemas frontais. Foi estudada a distribuicdo (vertical e
espacial) durante o verdo de 2011 de Oikopleura dioica, em termos de abundancia, biomassa,
estimativa da producédo de ovos e estrutura da populagéo em diferentes setores da frente costeiro de
El Rincdn, segundo os gradientes de temperatura e salinidade. Picos de abundancia de larvas de
Engraulis anchoita foram comparados com os padrdes de O. dioica. As amostras foram coletadas
com redes planctonicas de 67 e 200 um em duas profundidades, acima e abaixo da termoclina.
Também foram registrados perfis de dados obtidos com CTD. Durante essa campanha, aguas de alta
salinidade foram predominantes na area estuarina. No entanto, foi encontrada uma estratificacéo
térmica, sendo mais acentuado nas estagOes externas da frente, onde as maiores densidades e
biomassa de O. dioica foram registradas, coincidindo também com as maiores densidades de larvas
de E. anchoita. A distribui¢do de tamanhos de O. dioica também foi associada ao gradiente térmico.
Os menores tamanhos foram encontrados na regido mais homogénea da costa, onde a temperatura
apresentou cerca de 22°C. Essa frente € um ambiente propicio para a reproducéo de O. dioica o que
favorece também o aumento da sobrevivéncia e o crescimento de muitas espécies de pequenos
peixes pelagicos, tais como E. anchoita.

Descriptors: Engraulis anchoita, Oikopleuridae, Frontal systems.
Descritores: Engraulis anchoita, Oikopleuridae, Sistemas frontais.

INTRODUCTION activity at higher trophic levels (OLSON; BACKUS,

1985; LE FEVRE, 1986; LARGIER, 1993; MANN;

Fronts are zones of increased mixing, both | AZIER, 1996). A high concentration of nutrients at

laterally and vertically, between water masses of  the fronts generates enrichment in the photic zone and
different properties, likely to be characterized by high  if the frontal region is sufficiently long-lived,
phytoplankton biomass and in many cases, enhanced  populations of herbivorous zooplankton increase, thus
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promoting secondary production. Marine fronts must,
therefore, be recognized as key oceanographic
structures for  the understanding  of  the feeding,
reproductive strategies and migratory patterns of local
populations (ACHA et al., 2004).

Various coastal frontal systems can be
identified in the Argentine Sea, El Rincon (39°- 41°S)
being one of them. This front receives continental
contributions from both the Negro and Colorado rivers
and, in its outer zone, is influenced by the water
entering by advection from the San Matias Gulf, with
maximum salinity values (GUERRERO; PIOLA,
1997; ACHA et al., 2004). Three oceanographic saline
regimes were defined in the El Rincon area by Lucas
et al. (2005): 1) an estuarine regime lying on the coast,
2) a maximum salinity system connected to San
Matias gulf and 3) an outer mid-shelf regime with an
intermediate salinity concentration. During spring-
summer, a vertical thermal stratification was also
detected and the position of the front was only evident
at the bottom layers where a homogeneous coastal
area, mixed by wind and tides, was distinguished from
a stratified outer area. This front is characterized by a
high concentration of plankton and ichthyoplankton
and by the intense reproductive activity of pelagic,
demersal and coastal fishes of economic interest such
as anchovies (PERROTA et al., 1999; PERROTA et
al., 2003; HOFFMEYER et al., 2009).

Engraulis anchoita is the main pelagic
species in the Argentine Sea and its range extends
from southern Brazil (22°S) to Patagonia (48°S).
During its lifespan, it feeds mostly on zooplankton
(ANGELESCU, 1982; VINAS; RAMIREZ, 1996;
PAJARO, 2002) by biting larger and filtering
smaller prey (LEONG; O’CONNELL, 1969). South of
34°S, at least two populations of E. anchoita occur
separately at approximately 41°S: the northern and the
southern populations (HANSEN et al., 1984). The
northern stock undertakes annual migrations: during
winter it is found in the northern part of its distribution
area, whereas in spring, massive spawning occurs in
coastal sectors off the Buenos Aires Province, mostly
in waters shallower than 50 m (SANCHEZ;
CIECHOMSKI, 1995; PAJARO et al., 2009). The
southern stock spawns during late spring and summer
in association with the Peninsula Valdes (42°- 44°S)
tidal front (SANCHEZ; CIECHOMSKI, 1995).

Among  mesozooplankters,  Oikopleura
dioica is a small euryhaline appendicularian found in
all the oceans of the world. These organisms are filter-
feeders which actually ingest food particles of less
than 1 um and occupy an important trophic position in
food webs, allowing a rapid energy transfer from
phytoplankton primary producers to zooplanktivorous
predators such as fish (GORSKY; FENAUX, 1998).

The distribution pattern of O. dioica has
been closely studied in the northern Argentine sea (eg.

CAPITANIO et al., 2008 and DI MAURO et al.,
2009) where the highest densities and biomasses have
been observed at the estuarine front of the “La Plata”
River (34°S) during spring-summer. To date, this kind
of study on the El Rincon frontal system has been rare.
During winter, Vifias et al. (1999) found a higher
biomass of zooplankters near the 50m isobath,
associated with salinity values between 33.1 and 33.5,
the small copepod, appendicularian and lamellibranch
larvae predominating. During spring, Di Mauro et al.
(2009) reported a minimum salinity value of 33 near
the coast, followed by an area of highly saline waters
around 33.8 near the 50 m isobath where O. dioica
was predominant. The vertical and spatial distributions
of O. dioica, in terms of abundance, biomass and
population structure in the different sectors of El
Rincon frontal system, were studied in relation to
thermal and salinity gradients. As it is well known that
this species is one of the main food items of E.
anchoita in many coastal sectors of the Argentine Sea
(VINAS; RAMIREZ, 1996; CAPITANIO et al., 1997;
SPINELLI et al., 2012), the distribution of O. dioica at
this front was analyzed in relation to the northern
anchovy larvae peaks of abundance.

MaATERIAL AND METHODS

Zooplankton samples were taken during
summer (February) 2011 along one transect near
Bahia Blanca (Fig. 1) by the Argentinian Instituto
Nacional de Investigacion y Desarrollo Pesquero. Six
samples were collected with a Small Bongo plankton
net of 67 pm (0.22 m mouth diameter) by vertical
hauls at two depth layers: from the bottom to below
the thermocline and from the thermocline up to the
surface. At the three former coastal stations, samples
were taken from the bottom to the surface. A Pairovet
net with a mouth diameter of 0.225 m and 220 pm
mesh size was used for the anchovy larvae sampling.
A mechanical flowmeter (Hydrobios) was used to
measure the volume of water filtered. At all stations,
continuous  conductivity-temperature-depth  (CTD)
profiles were recorded with a Searbid 19. Temperature
and salinity gradients along the section were analyzed
to assess the stratification of the water column.

The appendicularians were separated in the
laboratory with the help of a stereoscopic microscope,
and those samples with more than 300 specimens were
fractionated into from three to six aliquots of 20 ml
each. All the specimens were identified as of the
Oikopleura dioica species. Density, biomass, egg
production, and degree of population maturity, were
estimated. The sizes (TL, trunk length) were measured
using an ocular micrometer and total biomass of O.
dioica(ug C m™) was estimated from trunk length —
dry weight relationships obtained from Capitanio et al.
(2008). Their maturity stages were classified as
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juvenile and mature, in accordance with Capitanio et
al. (1995) and organized in 100 pm TL size intervals.
The number of O. dioica eggs was estimated using the
trunk length measurements given by Lombard et al.
(2009). All anchovy larvae specimens were also
identified and counted under a binocular-dissecting
microscope.

Ba. Blanca

Study area

, : 41°
& 58°

Fig. 1. Location of the sampling stations.

Differences in O. dioica size structure in
homogeneous and stratified sections of the front were
analyzed using the chi-square test to compare the
surface and bottom layers. A Spearman Correlation
test was used to study the relationship between O.
dioica and E. anchoita abundance distribution and
egg production.

temperature, trunk  length and
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Statistica 6.0 and InfoStat packages were used for data
analysis.

ResuLTs

The oceanographic characteristics of the El
Rincon frontal system during this summer are shown
in Figure 2a, b. The estuarine area in this campaign
was defined by a salinity value below 33.85, which is
low when compared to historical data. It corresponded
to stations 35, 34, 33 and 32, extending seaward for
60-80 km. A zone with high salinity (33.95- 34.05)
waters was observed at stations 31, 30 and 29 while
for station 28, an external zone with diluted
continental shelf waters was observed which presented
a salinity value of 33.8. No vertical salinity
stratification was present. Regarding temperature,
there was a vertically homogeneous area at the coast
(stations 35, 34, 33 and 32), with temperatures of
about 22°C corresponding to the estuarine area
mentioned above, a transitional area (st. 31) and an
external stratified one (stations 30 and 29) with a well-
marked thermocline at 35m depth. Temperature
varied, from transitional to stratified stations, from 20
to 19°C in surface layers and from 18 to 12°C below
the thermocline depth. The thermocline was defined
from stations 32-31 to station 28, with a gradient of
7°C/ 100 km.
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Fig. 2. Profiles of salinity (a) and temperature (b) at EI Rincén frontal system.

Stations 35 and 28 only CTD date.
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The distribution of E. anchoita larvae was
related to the thermal stratification of the front (Fig. 3,
stations 29 to 31). Higher abundances were registered
at stations with stratified waters near the 50 m isobath
(5 - 8 larvae m®), mainly at the surface layers above
the thermocline depth, while at the homogeneous
stations larval densities were much lower (3 larvae m’
%). Similarly, the greatest density of O. dioica was
found at stratified stations though higher in surface
samples, mainly at stations 30 and 29, with values of
1137 ind. m® and 1338 ind. m™ respectively, in
contrast with the lowest density found at the stations
closest to the coast (50 ind. m2at st.34) (Fig. 4a).
Biomasses were higher, coincidentally, at the stratified
stations but no marked differences were found
between surface and bottom layers (Fig. 4b). In the
transitional area (st. 31) densities were similar in both
layers but biomasses were higher in the surface layer.
A strong correlation between O. dioica and E.
anchoita larvae distributions along the front
(Spearman correlation: 0.94, p<0.005) was detected.
The population sizes of O. dioica are shown in Figure

5 and their size structures are compared as between
stations in Table 1. At thesurface levels of the
homogeneous and stratified stations, the size structure
was statistically different, the smallest organisms
(mainly TL <600 pm) being predominantin
homogeneous coastal waters, and the largest ones (TL
>900 um) in the external stratified ones. In the latter,
no significant differences in the size structure
distribution between surface and bottom layers
whether at station 29 or station 30 were detected,
while at station 31 larger sizes (TL >800-1000 pm)
were found in the bottom layers (see Fig 5; Table 1).
As a whole, juvenile stages of this species
predominated (ca. 90%) along transect of this front,
and the mature ones were mainly found at stratified
stations in both surface and bottom layers. Mature
females had sizes between 900 and 1000 um with an
estimated egg production of 97 eggs/female (mean
standard deviation: 72.5 +/- 12.02), temperature being
inversely correlated to the trunk length and to egg
production (Spearman correlation: -0.70 and -0.68,
p<0.005 in both cases).
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Fig. 3. Density of Engraulis anchoita larvae at El Rincon frontal system.
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Fig. 4. Density (a) and biomass (b) of O. dioica at El Rincon frontal system.
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Fig. 5. Size structures of O. dioica in homogeneous and stratified stations
of El Rincén coastal front.
Table 1. Comparasion of O. dioica size structure using Chi- (http://www.cpc.ncep.noaa.gov/). According to

square test X2 statistic values; p values in bold indicated
significante difference.

<0,001

Surface: Homogeneous vs. Stratified 62,59
Stratified: Surface vs bottom
St. 31 42,22 <0,001
St. 30 14,66 0,066
St. 29 16,16 0,064
Discussion

The distribution patterns of zooplankton in
the water column have been well studied, particularly
in coastal and estuarine systems, as they are subject
to great fluctuations in the hydrological parameters. In
small scale frontal systems such as the El Rincon
coastal front, the variability in river discharges can
affect the distribution of salinity. During the period of
this study, high salinity waters were predominant as
the estuarine area was weakly manifested during this
campaign as compared the situation depicted by the
historical data (LUCAS et al., 2005). These latter
authors mention that a large discharge from the Negro
and Colorado rivers, attaining over 1200 m%s, usually
occurs in the spring-summer period; however, from
October 2010 to January 2011 the discharge was only
of about 680m%s (http://www.coirco.com.ar/;
http://aic.gov.ar), thus presenting an almost 50%
decrease as compared with the historical average
(LUCAS et al., 2005). This significant decrease in the
continental run off was probably the cause of the high
salinity signal in the estuarine regime.

The year 2010 was characterized by “La
Nifia”, which could explain the decrease in the river's
flow as this event generates lower rainfall

Spinelli et al. (2009), in the estuarine front of the La
Plata River (34°S) the salinity was the main factor
driving the species composition of appendicularians,
but in this study of the El Rincon coastal front only O.
dioica was found and no salinity gradient was
detected.

The appendicularians live within mucosal
structures commonly called “houses” that are used to
filter food particles. That is why they have little
mobility and are strongly affected by oceanographic
fluctuations (GORSKY et al., 2005). It is known that
the house renewal rate of appendicularians increases
linearly as salinity decreases; an increment of from 46
to 53 houses per animal corresponds to a 35 to 25
salinity decline. As a consequence, the daily house
production, which corresponds to 130 — 290% of the
appendicularians’ biomass, is favored in estuarine
environments (SATO et al., 2001). According to
Gorsky; Fenaux (1998), discarded appendicularian
houses are a significant source of macroscopic
aggregates or marine snow, in which bacteria,
cyanobacteria, ciliates and flagellates are embedded.

A thermal stratification was found in this
study, being more marked at the external stations of
the front where the highest densities and biomass of O.
dioica were recorded. Their size structure is also
associated with the thermal gradient as the smaller
sizes were found at the homogeneous stations where
the temperature was higher. Appendicularians can
become reproductively mature and spawn over a wide
range of trunk lengths, and larger animals generally
produce more eggs. When temperature increases,
trunk length at the maturity stage and fecundity
generally  decreases (UYE; ICHINO, 1995;
LOMBARD et al., 2009). This is so because there is a
strong positive relationship between egg production
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and trunk length (WYATT, 1973; LOMBARD et al.,
2009). For semelparous organisms with a short life
cycle, such as O. dioica, the mechanisms that
coordinate the production of mature gametes are
closely related to environmental conditions. With a
relatively fixed generation time at a given temperature,
the response of O. dioica has evolved in the regulation
of the numerical production of oocytes over two
orders of magnitude (DEIBEL; LOWEN, 2012).
Hence, appendicularians are among the greatest adepts
to the clutch size manipulator strategy that has evolved
to minimize generation time (TROEDSSON et al.,
2002), which is both strongly temperature-dependent
and heritable (LOBON et al., 2011). In this study,
mature females were more predominant at surface and
bottom stratified stations with lower temperatures than
at the homogeneous ones, reaching sizes between 900
and 1000 um and an average estimated egg production
of 72.5 eggs/female. In the Peninsula Valdes coastal
front, (CAPITANIO; ESNAL, 1998) found the same
pattern, as the highest densities of O. dioica in in the
transitional/stratified area were found to coincide
with the highest chlorophyll a concentrations, but
mature stages were detected mainly at thermocline
depth.

Temperature also produces an impact on
other trophic levels, and it does so in the
physiology and  primary  productivity  of
phytoplankton, which indirectly impact the feeding
rates of zooplankton. Positive interactions have been
reported between phytoplankton production and
zooplankton abundance and metabolism (PARK;
MARSHALL, 2000; ADOLF et al., 2006). In the same
campaign as this study, Negri et al. (2012) registered
high values of total chlorophyll a in the most coastal
station and in the most external one below the
thermocline, but lower values at the remaining stations
(Fig. 6). The authors quoted noted that the
ultraphytoplankton fraction (<5 um) was the most
important component with percentages higher than
60% of the total chlorophyll, except at station 29
where it only reached 15% below the thermocline. The
dominance of this small fraction coincides with other
template regions such as the EPEA coastal station
(38°28°S, 57°41°W) in the Argentine sea during the
summer (FOGG, 1986; STOCKNER, 1988). In this
study the prevalence of O. dioica juveniles (90%)
around the front indicates pulse breeding, favored by
the availability of small food particles, as about 60%
of the total phytoplankton fraction corresponded to
ultraphytoplankton. In Tokio Bay Sato et al. (2008)
found that the primary productivity is high and phyto-
and zooplankton size spectra are skewed to smaller
size fractions; also in the Sea of Japan, Nakamura et
al. (1997) suggest the ecological importance of O.
dioica as a consumer of picoplankton.
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Fig. 6.Total Chlorophyll and percentage of Chlorophyll a <5
um. Data modified from Negri et al. (2012).

Anchovy is characterized by high fertility
and is a multiple spawners (CIECHOMSKI; WEISS,
1973; PAJARO et al., 1997). Their eggs and larvae are
observed throughout the year, with maximum
abundance during spring. Their reproductive season
finishes in late summer, the intensity of spawning
decreasing in  this  season  (SANCHEZ;
CIECHOMSKI;, 1995). Although this study at the El
Rincon frontal system was carried out in summer, a
high abundance of northern anchovy larvae was
detected, mainly in the stratified waters near the 50 m
isobath, coincidentally with the highest density and
biomass of O. dioica. Thus the dominance of the
ultraphytoplankton fraction in this front constitutes a
suitable environment for O. dioica reproduction in
summer, thus enhancing the survival and growth of
several small pelagic fishes such as E. anchoita.
Frontal zones play a key role in ecological
processes in the ocean, allowing an exceptionally large
primary production, offering adequate feeding and
reproductive habitats for planktivorous species and
acting as retention areas for larvae.
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