BRAZILIAN JOURNAL OF OCEANOGRAPHY, 57(3):215-2270R9

PHYTOPLANKTON-ALORICATE CILIATE COMMUNITY IN THE BAHIA BLANCA
ESTUARY (ARGENTINA): SEASONAL PATTERNS AND TROPHIGROUPS

Rosa E. Pettigrosso’* and Cecilia A. Popovich?

Universidad Nacional del Sur
Departamento de Biologia, Bioquimica y Farmacia -Ocatworio de Ecologia Acuatica
(San Juan 670, 8000 Bahia Blanca, Argentina)

2Universidad Nacional del Sur
Departamento de Biologia, Bioquimica y Farmacia -oratorio de Ficologia y Micologia
(San Juan 670, 8000 Bahia Blanca, Argentina)

"Corresponding Author: Email: fipetti@criba.edu.ar

ABSTRACT

The seasonal pattern of the phytoplankton-aloricdliate community is an adequate indicator of
trophic coupling and nutrient cycling in coastalvieonments. The size-fractionated, abundance,
biomass and composition of a phytoplankton-aloeiceitiate community were ascertained in the
Bahia Blanca Estuary from February 1994 to Febrd®95. In addition, ciliate production and
excretion rates by size class were estimated. Aewarly spring diatom bloom was the most
important event in the annual cycle. To evaluatedignificance of phytoplankton size in the food
web, <25 pm and > 25 pm fractions of chloroplayllvere determined; the < 25 pm fraction was
dominant. To classify the ciliate community in thip groups, it was divided into volume-size
classes, from <funtto > 16 un?, this wide range of size indicated the potentiayp The smaller
ciliates dominated abundance but the larger onesrdded biomass. Values of total ciliates, ranging
from 0.2 to 5.2 x 1bcells L* and 0.55 to 83.9 pug C'Land levels of total chlorophylreached 40.4
ug L and were higher than those recorded for other ¢eatp estuarine systems. The smaller
ciliates were potentially important as nitrogen enegrators in summer and spring, when their
estimated production was highest. The annual pateptoduction of 3 mg C T represents a
reference parameter from which possible changdiseinrophic status of this environment could be
predicted.

Resuwmo

O padrédo sazonal da comunidade de fitoplanctoada$ aloricados € um indicador adequado das
relacdes tréficas e reciclagem de nutrientes nolieartes costeiros. A abundancia, biomassa e
composi¢do da comunidade de fitoplancton-ciliadmarh determinadas por classes de tamanho
durante um ciclo anual no estuario de Bahia Blakdém disso, foram estimadas também a
producéo e as taxas de excrecdo de ciliados. Wmacflo de diatomaceas no periodo de fim de
inverno e inicio de primavera foi o acontecimentaisrimportante do ciclo anual. Para avaliar a
significancia do tamanho do fitoplancton em relagddamanho dos ciliados, foram determinadas as
fracBes de clorofila de < 25um e > 25 um. A frag&bum foi dominante. As classes de tamanho
dos ciliados determinadas entre € 40> 16 untforam indicadoras da presenca de diferentes grupos
tréficos e, consequentemente, da variedade das messs potenciais. Os ciliados pequenos
dominaram em abundéncia e os maiores em biomassauridancia total de ciliados variou de 0,2 a
5,2 x 16 células [* e de 0,55 a 83,9 ug C'LA concentragéo de clorofimtotal de até 40,4 pgt*

foi superior as registradas em outros sistemasstgros em regides temperadas. Os ciliados
menores foram importantes como regeneradores igé@itio no verdo e na primavera, quando a sua
producéo estimada foi mais alta. A producéio poterciual de 3 mg Clrepresenta um importante
parametro de referéncia na qual possiveis mudahgastatus tréfico deste ambiente podem ser
previstas.

Descriptors: Aloricate ciliates, Phytoplankton, eSfractioned chlorophyll a, Trophic status, Estuary
Argentina.

Descritores Ciliados aloricados, Fitoplancton, Fracdes de €ilarca, Status tréfico, Estuario,
Argentina.



216 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 57(3), 2009

INTRODUCTION Stuby AREA

The advance in knowledge concerning the This study was carried out ithe Bahia
structure of food webs and their control factordl wi Blanca Estuary, located in a semiarid zone of the
contribute greatly to a better understanding of thsouthern Atlantic coast, in Argentina, at 38°42'-
functioning of ecosystems, thus enabling us t89°25’'S, 61°50’- 62°22'W. It has a total length &8
predict changes in some of their components. Smatim and its width ranges from 200 m at its head-tb 3
planktonic  organisms, either almost unknown okm at its mouth. The sampling station, locatedhe t
largely overlooked until recently, are importantinner zone (Fig. 1), is a shallow system (7 m mean
components of the pelagic food web. They arelepth) characterized by high turbidity due to thegé
collectively known as the “microbial food web” and amount of suspended organic and inorganic material
have been reported to be ubiquitous and abundant amd also hypersalinity, particularly during dry amat
coastal as well as oceanic environments (GARRISONummers (MARCOVECCHIO; FREIJE, 2004). The
et al., 2000). water column is vertically homogeneous throughout

Ciliates are among the most importantthe estuary, although it may be partially mixedhe
marine microorganisms and constitute a variablegro inner zone depending on the freshwater runoff
of taxa, ranging, as they do, in size and volumer ov conditions (PICCOLO et al., 1990). Strong winds and
several orders of magnitude. They exhibit a varaty semidiurnal tidal waves dominate the general
nutritional habits and metabolic rates whichcirculation of the estuary (PICCOLO; PERILLO,
significantly contribute to nutrient cycling. It dalso 1990). The Sauce Chico River discharges its waters
been stressetthat ciliates are an important food sourcento the innermost region of the estuary, with aame
for metazoan predators and fish laneaml play a key annual runoff of 1.9 fs® although the autumn
role in transferring energy from primary production rainfall may increase this rate to flows of up @61
higher trophic levels (LYNN et al., 1991; PIERCE;m’.s® (PICCOLO et al., 1990). Dissolved oxygen
TURNER, 1992; LEAKEY et al., 1994; TAKASHI; values are usually close to saturation level assalr
TANIGUCHI, 2003; KARAYANNI et al., 2004). of the high dynamics of the system, which stimidate

Little is known about the global distribution both oxidation and remineralization of organic reatt
of aloricate planktonic ciliates, but in terms ofwithin the system. It is, therefore, common to obse
abundance, biomass and production they have besuopersaturating oxygen levels of up to 130% during
found to be more important than tintinnids inthe typical winter/early spring phytoplankton bloam
estuarine, coastal and pelagic waters (SMETACEKthe estuary (MARCOVECCHIO; FREIJE, 2004).
1981; PIERCE; TURNER, 1992; LEAKEY et al., Nutrient concentrations are also high except duttiregy
1992; PETZ, 1999; TAKASHI; TANIGUCHI, 2003). bloom period when they show a remarkable decrease
Some quantitative studies have been carried othh®n as a result of phytoplankton consumption
ciliates of the Bahia Blanca Estuary (BARRIA DE(POPOVICH et al., 2008a).

CAO, 1992; BARRIA DE CAO et al., 1997,

PETTIGROSSO et al., 1997; BARRIA DE CAO et MATER|ALS AND METHODS

al., 2005; HOFFMEYER; BARRIA DE CAO, 2007),

but in this area, however, no information is aus#ga Sampling was performed at weekly intervals

about the seasonal patterns and trophic relatipasifi during daylight hours and during high tide from
the aloricated planktonic ciliate®n the other hand, February 1994 to February 1995 at the Puerto
long-term phytoplankton studies indicate that daii®@ < atreros  station (Fig. 1). Water samples were

winter-early spring bloom is a recurrent. featurehia  qjjected near the surface (approx. 0.5 m deep)usi
annual cycle and represents the most importanttevefis | van Dorn bottle sampler and they were

for the production of biomass (GAYOSO, 1998, 1999'subsequently used for the analysis of salinity,

POPOVICH; MARCOVECCHIO, 2008). dissolved inorganic nutrients, particulate organic

In the present study we have ascertained tha ier (POM), ciliate composition and abundance,
abundance, biomass, composition, and the pOtem'al]lorophyll a (Chla) phaeopigments  and
trophic link of the phytoplankton-aloricate ciliate phytoplankton abundancé.
community in the Bahia Blanca estuayer a whole Water temperature (°C) and salinity were
year. The excretion rates and the potential praolict yetermined by means of a surface thermometer and a
by ciliate size classes have been estimated oba$is  ggckman salinometer, respectively. The water column
of these results. The integration of all this imfation  ransparency was estimated based on the Secchi disk
is presented and discussed as an advance in t@@pth. Water samples were filtered through a

knowledge of the estuarine trophodynamics. Whatman GF/C to study dissolved inorganic nutrients
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Fig. 1. Map of the Bahia Blanca estuary showingdhation of the sampling station (Puerto Cuatreros

and POM and were frozen until they could ben the traditional classification of SIEBURTH et al.
analyzed. Levels of nitrate (NO, nitrite (NGy), (1978). In this study, therefore, we have used a
phosphate (P§) and silicate were determined in relatively high value to establish the limit betwete
accordance with the methods of TREGUER; LEwo fractions of phytoplankton under study. So the
CORRE (1975), GRASSHOFF et al. (1983),subsample was pre-filtered through a 25 pm nylon
EBERLEIN; KATTNER (1987) and TECHNICON® mesh to estimate the Cal-in the < 25 pm size
(1973), respectively, using a Technicon AA-llfraction (nannoplanktonic fraction). The GChl> 25
Autoanalyzer. Dissolved inorganic nitrogenum fraction (microplanktonic fraction) resulted rfto
concentrations (UM DIN) were calculated from thethe difference between the total Ghand the Chh <
sum of nitrate and nitrite; dissolved inorganic25 um. The picoplankton fraction was not determined
phosphate concentrations and dissolved inorganic Samples were preserved in 2% acidified
silicate concentrations were expressed as uM DtP ahugol’s solution for the estimation of abundance an
UM DIS, respectively. POM was determined by aiomass of aloricate ciliates (STOECKER et al., 1994;
slightly modified method of STRICKLAND; KARAYANNI et al., 2004). After gentle mixing, 50
PARSONS (1972). This latter involves the wetmL of the subsample was removed and left for
oxidation of carbon bysulfuric acid-dichromate decantation for at least 72 hours prior to the ysigl
oxidant adapted to a spectrophotometer. A Beckmaumsing an inverted microscope (HASLE, 1978).
DU2, UV-visible spectrophotometer at a 440 nmSamples were stored in the dark at room temperature
wavelength was used for the determination of oaniand were analyzed within three months of the
matter concentrations. Chland phaeopigments were sampling date.
determined spectrophotometrically in accordancé wit All the ciliates in the chamber were counted
LORENZEN; JEFFREY (1980) from 250 mL samplesand the linear dimensions (length and diameter) of
filtered through Whatman GF/C membranes, whickeach cell were measured at 400x magnification,gusin
were stored at -20°C until being used for analyticah calibrated ocular micrometer on a Wild M40
treatment. The pigment extraction was undertaken imverted microscope. Taxonomic identification oéth
90 % acetone for 20 minutes at ambient temperature.samples fixed with Lugol’s solution was not possibl
Taking into account that in this environmentbecause it requires specific cytological staining ao
the dominant phytoplankton species form chainsiliates were classified into volume-size clas
during the winter bloom and also that their cefigas  pnt, 10°-10* pun?, 10-10° pun? and > 18 pnt. Ciliate
vary significantly around 20 pum (PETTIGROSSO etvolumes were estimated by associating the shape of
al.,, 1997; GAYOSO, 1999), it is difficult to sepsga each ciliate with standard geometric configurations
the nannoplanktonic and microplanktonic fractioss a(MONTAGNES et al., 1988; LEAKEY et al., 1992).
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The mean cell volume of the different sizeranged from 0.35 to 1 m. Dissolved inorganic nutse
classes was multiplied by ciliate abundance for thevere generally high and showed a seasonal pattern
determination of the community biovolume. Ciliatecharacterized by higher values in summer-autumn and
carbon biomass (CCB) was estimated by convertinpwer ones in winter after the diatom bloom. Spring
cell volume into carbon weight using a factor of9. represented a nutrient regeneration season. DIN
pg C um (PUTT; STOECKER, 1989) and was concentrations ranged from 0.1 to 20.5uM, whereas
expressed as pg C'L DIP varied between 0.2 and 3.1 pM, and DIS ranged

The samples for the quantitative analysis ofrom 44.1 to 130.2 uM (Fig. 2b). POM was relatively
phytoplankton were preserved in acidified Lugol shigh, showing no marked seasonal trends. POM values
solution The cellular abundance (in cells’)Lwas ranged from 363 to 3561 mghand the average POM
determined employing a Sedgwick-Rafter chamber (tvas 1757+779.6 mg th
mL) (MCALICE, 1971) under a Zeiss Standard R
microscope equipped with phase-contrast objectives.
The entire chamber was examined at x200, and each The seasonal distribution of total and size-
cell was counted as a unit. In addition, stronglytedd ~ fractioned Chl-a for 1994-1998 shownin Figure 3.
samples were placed in settling chambers (10 mi) arA diatom bloom occurred in winter when both Ghl-
counted under a Wild inverted microscope at x40, iconcentrations and phytoplankton abundance values
accordance with the Utermohl method (HASLE,were highest (up to 40.4 pgtand 8.4 x 10 cells
1978). Bottle sampling was complemented by surface™, respectively) (Figs 3a-b). The phytoplankton
sampling with a Nansen 30 pm net for identificatiorcommunity was dominated by an assemblage of chain-
purposes. Samples were preserved with a 49erming Thalassiosira and Chaetoceros species (Fig.
formaldehyde solution and examined under a Zeis$b). Thalassiosira curviseriata (diameter 6-21.5 pum)
Standard R microscope at 1000x and phase contragas the most common and abundant species during
mode. Phytoplankton carbon biomass (PCB) wathe blooming period (52-98 %). This species andllsma
calculated from Ch& measurements multiplied by a species of Chaetoceros (diameter 5-21um) were
conversion factor of 30 (CARON et al., 1995) and wa#nportant from June to July and they might be
expressed as g clL responsible for the Ch-<25 pum peak (31 pug Ll).

The excretion rate of ciliates was estimated-arger species ofhalassiosira (T. pacifica, T. rotula
assuming a carbon to nitrogen ratio for ciliatestgf and T. eccentrica ) (diameter 25-46 pm) were
and the specific excretion rates by size cl&sdif) as  important during July and August and their highest
a function of their growth rateG( h') (VERITY, abundance values coincided with the @25 pm
1985; TAKASHI; TANIGUCHI, 2003) and was fraction (20.8 pg L. In spring, total Chhk
expressed as uM Nid™. concentrations ranged from15 to 9.43.g L =%, with
the Chla <25 fraction being dominant (50-99 % of
total Chla) (Fig. 3a). The diatomsThalassiosira

The Pearson’s correlation between CCB andurviseriata, Guinardia delicatula, Leptocylindrus
PCB and between phytoplankton size-fractionedninimus, Cerataulina pelagica and the dinoflagellates
biomass (ug C ) and ciliate size class biomass (ugScripsiella trochoidea were the most important species
C LY was tested. To characterize the seasonéFigs 3b-c).
variations of the ciliates and phytoplankton biosjas In summer, total Chl-a concentrations varied
the Principal Components Analysis (PCA) wasbetween 1.4 and 14 pg'LFrom December 1994 to
undertaken using the correlation matrix. The vdesb February 1995, Chl-a < 25 um was dominant with a
included were: total phytoplankton biomass (ug (peak of 13.4 ug t (February, 1995) (Fig. 3a).
Phyto L'Y), total ciliate biomass and the biomass of théhytoflagellates (10-20 pum) constituted an impdrtan
ciliate size classes (<iqun?, 10*-10* un?, 10~10°  group in these samples with a maximum abundance of

Chl-a Concentration and Phytoplankton Abundance

Data Analysis

unt and > 16 pn?) (ug C LY. 1.2 x16 cells L'* (February, 1995) (Fig. 3c), whereas
Thalassiosiraminima (diameter 6um; chain forming)
ResuLts was the most important diatom throughout the

summer, reaching 300 xi@ells L (February, 1994)
(Fig. 3c). In autumn, total Chl-a concentrationsgeth
Seasonal changes in temperature, salinityom 2.7 to 12.8 ug L, theChl-a > 25 pm was
and nutrient concentrations are shown in Figure Zjominant and diatoms were the most important
Water temperature presented a seasonal pattemawit phytoplankton group (Fig. 3aJhalassiosira minima,
range from 5.2°C (June 28) to 24°C (December 14 an@yciotella spp., Thalassiosira sp. (diameter 27 pm),
February 9, 1995) and the salinity ranged betweegnd the tychopelagic specidaralia sulcata and

29.6 (August 17) and 39.5 (March 2) (Fig. 2a). WateThalassionema nitzschoides were the most important
transparency was extremely low, Secchi disk deptfpecies (Fig. 3c).

Environmental Variables
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The identification of ciliates from samples
preserved in acidified Lugol’s solution is uncartai
below genus level, therefore, for the present study
ciliates were grouped into four size categoriesd®<1
unt, 10°-10* unt , 10°-10° pn? and > 16 pn?in
order to assess their quantitative importance
throughout the year according to their sizes.

Although the study site is in the inner zone
of the estuary high values of salinity were obsérve
during the study period, so the taxonomic compasiti
of the ciliates was typically estuarine; no freshatev
species were found. These species belong to thes ord
Choreotrichida Small and Lynn Srombidinopsis
elongata Song and Bradbury, and3robilidium
epacrum Lynn and Montagnes) and order
Srombidiida Petz and Foisner (1992p{ombidium
emergens Leegaard,Srombidium acutum Leegaard
Srombidium capitatum (Leegaard,) Kahl,
Srombidium dalum Montagnes and Small and
Cyrtrostombidium longisomun Lynn and Gilron,)
(PETTIGROSSO, 2003). The rest of the ciliates
belonged to the generad&Srombidinopsis Kent,
Strombidium Claparéde and Lachmanibghmanniella
Leegaard, and  Cyclotrichium Meunier
(PETTIGROSSO, 2001).

The total abundance of aloricate ciliates
ranged from 0.2 to 5.2 x @ells L™ (Table 1).The
highest values were observed during the summer of
1995 and the lowest in the winter of 1994 (Fig. e
annual cycle was dominated in number by the smalles
classes. During autumn the < @t size class
represented 75% of the total abundance and in late
winter a conspicuous peak was observed reaching up
to 58%. In spring and summer this class repitese
up to 47% of the total abundance. Ciliates in th&-10
10* un? size class reachéd50 % in summer. Values
for the abundance of the largest ciliates*c1@ pnt
and > 16 unt) were highest in winter, representing up
to 7 and 1.7 %, respectively; while their lowest
abundance was observed in autumn and spring and
they were absent in summer.

Ciliate and Phytoplankton Biomass

Ciliate carbon biomass (CCB) (ug G)land
phytoplankton carbon biomass (PCB) (ug ©€) lare
shown in Figure 5. These variables presented dasimi
trend over the annual cycle analyzed; the maximum
levels of CCB occurred during winter, immediately
after the PCB peak (Table 2). Correlation analyses
between CCB and PCB, as well as between the

Fig. 3. Seasonal variation of total Ghland size-fractioned bjomass of the ciliate size classes and that of the
Chl-a (a); abundance of the most important phytomankto’bhytoplankton fractions, over the year are shown in

taxa during an annual cycle: blooming species (i) mon-

blooming species (c).
Ciliate Composition and Abundance

Table 3.
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Table 1. Minimum, maximum and mean values of aliabundance (x f@ells L*): ciliate size classes (<iant, 10*-10*un?,
10*-10° punt and >18 pnt); total ciliate abundance (TCA).

Summer 1994 Autumn Winter Spring Summer 1995
Mean Mean Mean Mean Mean
Min  Max Min  Max Min  Max Min  Max Min  Max
<10 unt 0.92 1.76 0.9 0.98 1.4
0.2-153 0.45-4.3 0.125-2.53 0.2-3.58 0.525 - 2.83
10°-10" un? 0.93 0.50 0.51 1.0 1.56
0.33-1.95 0.23-1.05 0.025-2.3 0.35-2.28 0.6 —2.35
10°-10° un? 0.038 0.082 0.11 0.098 0.018
0-0.1 0-0.25 0-0.45 0.025-0.25 0-0.05
> 10 unt 0.007 0.027 0.004
0-0.05 0-0.25 0-0.05
TCA 1.9 2.35 1.55 2.08 2.98
0.6-27 0.75- 5 0.2-2.95 0.83 -4.55 2.28-5.2

during the annual cycle (Table 4). The smallersgas

of ciliates showed the maximum level of nitrogen
excretion. Thus in summer 1995 the < 1? and
10%-10* unt size classes reached respective levels of
ni}rogen excretion rates up to 3.8 and 10.4 pM™N

da-.

Abundance %)

Discussion

Seasonal Abundance and Biomass Patterns of the
Phytoplankton-Aloricate Ciliate Community

1994 - 1995

The seasonal patterns of phytoplankton in
temperate coastal environments are characterized by
great variability and they usually include major
blooms during spring and summer and minor ones in

The Principal Component Analysis (PCA)&&'y autumn quGUEROS; ORNE' 2004;
revealed a temporal variability of the phytoplamkto D.OMINGUES“et al., 2005). Moreover, the greatest
ciliate community biomass delineating three mairplomass of ciliates in temperate estuaries andtaas
assemblages of samples. The loadings for ea vironments follows the pattern of the phytoplamnkt

variable for the first and second principal compuse oom (LY.NN et al.,_ 199L; JOHANSSQN _et al.,
are shown in Figure 6a. PC1l showed both higﬁood_')' _Th's is the f'r.St report of quantitative and
negative loadings for phytoplankton biomass and gualitative data on aloricate ciliates and phy’tnblan

10° unt ciliate biomass (higher quadrant) and higH™®m thehArgentlne estl:cary._ln the lBahl_a E}I';mca
negative loadings for £810° pn® (lower quadrant); in  €Stuary, the occurrence of a winter-early sprirzy
addition, PC1 showed high positive loadings forbloom was the most mportant event of biomass
smallest ciliate biomass (<1Qn?). PC2 showed high Production, as recorded in long-term phytoplankton
positive loadings with 181¢" pn?. The distribution Studies in this —environment (GAYOSO, 1998;
of sampling data in the plane defined by the fivsd POPOQVICH et al., 2008a). On the other hand, the

principal components (Fig. 6b) exhibited a clegSeasonal pattern of the ciliate community in thdiBa

segregation of the samples taken in winter of thos@lanca estuary also showed some differences in the

taken in summer. According to PCA, sampling dategea_sonal pattern found in the waters qf other teape
taken in winter were the most representative of thée%:ons, which genzrall;l/ shovxt/).hlgh biomass in gprin
bloom conditions and the larger ciliate presendee T 80d _ autumn and  low biomass in  summer

samples taken in the summers 1994-1995 formefMETACEK' 1981, NIELSEN; KIORBE, 1994).

another defined group composed principally of th hus, in the prezegt .study. maximum (Ijgvells ofﬁgmt
smaller classes of ciliates, while the autumn ingpr P'0mMass occurred during winter, Immediately after t

group showed a different tendency phytoplankton peak, while the highest ciliate
Specific excretion rates 'Of the ciliate Sizeabundance values were observed during the summer

classes were estimated to be 0 - 10.4 uM-Ngt and the lowestin the winter.

Fig. 4. Seasonal variation of the ciliate abunda(¥ég by
size-classes over the year. White: <*ui@; grey: 16-
10%un?; hatched: 1610°un?; black: > 16unt.
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Fig. 5. Total phytoplankton biomass (ug C)L(solid line)

and total ciliate biomass (ug C'(dashed line) in the Bahia
Blanca Estuary during 1994 to 1995.

biomass (CCB) and phytoplankton carbon biomass JPE€Bbon biomass of the ciliate size classes Yxtf) 10*-10* unt,
10*10° pnt and >16 pnt); carbon biomass of the phytoplankton fraction@%qum and > 25 pm).

Summer (1994) Autumn Winter Spring Summer (1995)
Mean Mean Mean Mean Mean
Min  Max Min  Max Min  Max Min  Max Min  Max
0,82 1.1 0.47 0.76 1.3
<10 pn?
0.28-1.52 0.24 - 2.76 0.08-0.88 0.09 - 1.58 0.57-2.42
5.94 3.06 2.65 5.43 7.63
10*-10" pn?
1.53-16.12 1.30-6.45 0.15-11.83 2.89-9.6 2.71-13.09
1.42 4.88 6.83 4.98 0.48
10-10° unt
1.48-3.84 2.09 - 18.81 1.1-25.33 0.48 - 13.54 0.5-1.43
5.32 17.31 10.04
> 10 un? -
0-10.56 5.1-63.6 0-10.4
coB 8.18 10.51 16.60 12 9.41
2.19-19.97 1.77 - 35.51 0.56 - 83.97 4.56 - 23.39 3.90 - 15.25
77.2 384.4 132.4 159.6
<25um -
37.2-176.4 88.5-933.3 34.5-282.9 73.5-401.7
102.2 211 35.9 41.8
>25um -
7.5-294 15-622.5 1.2-123.9 22.2-62.1
PCB 306.6 207.1 595.5 168.3 201.4
278.4 -376.2 82.2-384.9 167.7 -1213.5 34.5-282.9 126 - 423.9

Table 3. Pearson’s correlation coefficients amdregvariables under study: phytoplankton carbon bsm(ug C I PCB);
ciliate carbon biomass (ug C'ICCB); carbon biomass of the ciliate size classé§*(unt, 10*-10* un®, 16*-10° punt and >16

unt); carbon biomass of the phytoplankton fraction@%<um and > 25 pm).

cCB < 1C pnt 10°-10*un? 10*-10° pun? >10° unt
PCB 0.633 **
<25 um -0.453 * ns ns 0.445 *
> 25 um -0.443 * ns 0.676 = 0.582 **
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Fig. 6. Principal Components Analysis. (a) Loadilm§ghe major variables on PC1 and
PC2; (b) distribution of sampling data in PC1 v€2Pspace. Triangles represent spring —
autumn sampling data; circles indicate the wintengles and squares corresponding to
the summer samples (1994-1995).

The PCA results revealed that the biomass ofenera. The most conspicuous species were
the phytoplankton-aloricate ciliate community ireth Strombidinopsis elongata (97-129 um in length, 74-82
Bahia Blanca Estuary showed a seasonal variabilityym in width) and the mixotrophicStrombidium
At least twenty-four different aloricate ciliatexta emergens (27-39 um in length, 19.5-30 um in width)
were recorded during the annual cycle in the Bahi(PETTIGROSSO, 2003). Large species like
Blanca estuary, of which seven were later identified Cyrtostrombidium sp. (1100 um in length, 45 pm in
species level using the protargol staining methodiidth) and small species of the mixotrophic
(PETTIGROSSO, 2003). The assembly of winteiLohmanniella andStrombidium genera were present in
dates consisted of large-sized ciliates preying osarly winter (PETTIGROSSO, 2001). If choreotrich
blooming diatoms, characterized principally byhave an optimum prey size of approximately 15% of
heterotrophic choreotrichs and mixotrophic oligths  their length (5-30% range) (JOHANSSON et al.,
belonging to theStrombidinopsis and Strombidium  2004) then, the winter ciliate assemblage had food
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available over a wide size spectruifhalassiosira  phytoplankton standing stock. These values could be
curviseriata and small species dfhaetoceros were consequence of the zooplankton predation pressure o
common from June to July and the largest species tie largest ciliates as has been reported in ctrestal
Thalassiosira were dominant in July and August. Evenareas (SANDERS; WICKHAM, 1993; LONSDALE et
though diatoms are not considered a good food soural., 1996; JOHANSSON et al., 2004).
for ciliates (IRIGOIEN et al., 2005), in our studyew The autumn-spring assemblage was
observed ciliates with chains of blooming speciés ocomposed of all the size classes, suggesting alegmp
diatoms (PETTIGROSSO, 2001). In addition,trophic role of the ciliates during these seasons.
significant correlations between the largest slasses Ciliates < 16 unt in size were numerically dominant
of the ciliates and the phytoplankton fractions aver in autumn and the £010* unt size classes were more
obtained p < 0.001). A similar result was observed byprevalent in spring. During autumn a very small
Aberle and Lengfellner (2007) who suggest that theumber of large ciliates, mainly 4@.0° pn? in size,
potential food spectrum of ciliates is much larfean  and the presence of heavily silicified and largaatns
commonly believed, mainly for aloricate ciliates.species, such asParalia sulcata, Gyrosigma
Although aloricate ciliates do not have a grazingttenuatum and Thalasionema nitzschioides were
impact on the phytoplankton during the diatom blpomobserved. At this time of year these diatoms are
as the ciliate biomass represented only 2.8 % ef thconsidered to be indicators of a higisuspension due
large phytoplankton biomass, they do not seem to ke the vertical mixing of the water column and thuy
food-limited either. In this estuary a mixednot constitute an adequate food for the ciliatdse T
zooplankton assemblage dominated by the copepatianding stock of ciliates was equivalent to 5%hef
Acartia tonsa showed its maximum abundance inphytoplankton, which may be explained by a low
summer (January-March) and the low densities duringopepod grazing pressure on the largest ciliatestalu
the phytoplankton bloom (June-August)a greater supply of food of suitable size by the
(HOFFMEYER, 2004). A decrease in the grazingpresence of large phytoplankton cells. On the other
pressure is one of the mechanisms associated wittand, large dinoflagellates that can graze ontesia
phytoplankton blooms (GAYOSO, 1999) and mightwere not to be detected.
help to explain the presence of large-sized ciate In spring, Srobilidium epacrum (length 35-
winter. 55 um, 31-47um width), the mixotropHstrombidium

The summer assemblage was constituted afapitatum (23-55 pm length, 39-55 pm  width)
smaller ciliates, represented by species belonging (PETTIGROSSO, 2003) and a lar§rombidinopsis
the Strombidium and Strombidinopsis genera, with a sp. were common, being present during the last phase
size range from < 30 to 50 pum, which may consumef the phytoplankton bloom which was characterized
small prey (RASSOULZADEGAN et al., 1988, by larger blooming and non-blooming species, sich a
LYNN et al.,, 1991). Negative correlations wereGuinardia delicatula and Scripsiella trochoidea. The
significant p < 0.05) between ciliates of the <*j0n?  smaller classes of ciliates were composed mainly of
size class and the < 25 um phytoplankton fractiorsmall species, such as the mixotrophBxsombidium
These observations suggest that these ciliates aaeutum (27-33 pum in length, 27-35 pm in width) and
closely linked to the small-sized phytoplanktersl an Srombidium dalum (20 um in length, 12 pm in width)
the peaks of phytoflagellates and small diatones (i. (PETTIGROSSO, 2003). The average standing stock
Thalassiosira minima) observed in this study are a of the ciliates of 7% of the phytoplankton, thetegt
potential food source. In this season, the ciliate as compared with other seasons, evidences a phase o
biomass ranged from 2.67% to 4.67% in respectdo ttheterotrophic transition in the food chain.

Table 4. Specific excretion rates of the ciliates slasses by season.

Summer Autumn Winter Spring Summer
(1994) (1995)
Min Max Min Max Min Max Min  Max Min Max

<10 0.233 2.188 0.0854  0.8882 0.0072 0.1622  0.0497 85%.6 0.9739 3.8239
10%-10° 0.901 8.728 0.130 3.053 0.008 0.437 0.21 3.47 71.60 10.438
10-10° 0 0.948 0 0.5081 0 0.470 0.059 2.289 0 0.405

>10° 0 0 0 0.1762 0 0.439 0 0.8970 0 0
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The mechanisms causing fluctuation ofobservations, we suggest that the inner zone ofaBahi
marine planktonic ciliate populations have not beeBlanca estuary is a moderately eutrophic environment
fully elucidated to date. Some field studies have Another important role of ciliates is as
suggested a food control (bottom- up control) wasre nutrient regenerators in the epipelagic zone
others have demonstrated that ciliate populatioes a(TAKASHI; TANIGUCHI, 2003). Specifically,
controlled by mesozooplankton predation (top-dowriliates have been recognized as important sowtes
control) (NIELSEN; KIZGRBOE, 1994; PIERCE; NH," (“regenerated nitrogen”) in shallow coastal
TURNER, 1992; BOISSONNEAULT et al., 2001). In environments where tributary inputs are low
the Bahia Blanca estuary, a significant positivdLEWITUS et al.,1998; BODE et al., 2005). Studies
correlation between total phytoplankton biomass andarried out in the inner zone of the Bahia Blanca
total ciliate biomassp&k 0.01) suggests that ciliate Estuary since 2000 have indicated a prevalence of
populations were rarely if ever limited by food NH," over nitrate as the main form of available
availability. On the other hand, high SPMnitrogen (MARCOVECCHIO; FREIJE, 2004). In
concentrations reported in the inner zone of Bahiaddition, POPOVICH et al. (2008a) have suggested
Blanca estuary (PERILLO; PICCOLO, 1999) and thehat the occurrence of a trophic coupling between
high POM values reported in this study represenaloricate ciliates and blooming diatom populations
another potential food source for the smallesat@B, may represent a potential source of regenerated
as has been observed in other environmentstrogen after bloom. Specific excretion rates loé t
(HIETANEN, 1998). Moreover, the results of thisciliate size classes estimated in this study seem t
study allow us to infer that in this ecosystemleig- partially confirm this hypothesis. Thus, accorditag
copepod link exists by a top down mechanism. Higlour results (Table 5), the ciliates belonging td @
copepod predation on largest ciliates when narnedsiz pnt and 16-10* pnt size classes reached maximum
food dominates, added to low predation in wintetevels of nitrogen excretion rates in summer (22-3
when adult copepods are absent, could explain wrand 8.7-10.4, respectively) and spring (1.7 and,3.4
ciliate biomass peaked in concordance with theespectively) acting as important seasonal nutrient

phytoplankton bloom. regenerators and contributing to the nitrogen
requirement by primary producers. These values
Ciliate Production and Excretion suggest that the nitrogen excretion by ciliateddte

a significant contribution to sustainable primary

The role of planktonic ciliates as primary productivity during summer and spring in this
consumers of pico- and nano-sized producers has begnyvironment.

recognized in several environments (TAKASHI; Taken together, although there are no
TANIGUCHI, 2003). Thus, the production of ciliates records of previous studies on the seasonal vaniai
during the annual cycle in the Bahia Blanca Estuarhe biomass of aloricate ciliates in the Bahia Blanca
was estimated from the empirical formula proposgd bestuary we assume that the seasonal pattern otiserve
Montagnes et al. (1988) for each sampling dates Thiyuring this study is within what would be expected,
equation assumes that food availability is nottiing.  taking into account that the seasonal succession of
The concentrations of Clal- recorded in Puerto phytoplankton during 1994-1995 was similar in
Cuatreros during 1994-1995 are compatible with thosguration and magnitude to that reported in previous
observed by Leakey et al. (1992), who consideretl thstydies carried out in this environment (GAYOSO,
ciliates from Southampton waters were not limitgd b 1998). In this context, knowledge of the dynamiés o
food. The daily ciliate production obtained fromthe groups that make up the plankton community and
Puerto Cuatreros ranged from 0.13 to 29 Ug'@ L,  their reaction to environmental factors is a valeab
with the highest values in summer, when highoo| that could help to predict possible changéatee
temperatures  (22-24°C) provide a  suitablgy anthropogenic and/or natural causes. In thiarteg
environment for ciliate growth. The potential anhuaaperle and Lengfellner (2007) showed that an inseea
production estimated was 3 mg Cy *and ciliates  in the winter temperature produced accelerated tjrow
belonging to the 1810" pnt size class were the main and therefore large increases in ciliate biomass,
contributors to total productivity over the annogtle.  ajtering the specific composition and creating an
Our results revealed that the values correspontting asynchrony between the components of the plankton.
the annual potential production of ciliates in B&hia Changes in the seasonal pattern of the diatom bloom
Blanca estuary were higher than those correspondingyd the ciliate biomass have been observed over the

to more oligotrophic environments (MONTAGNES et|ast few years (POPOVICH et al., 2008b) and will be
al., 1988) and lower than those obtained irstydied in the near future.

environments reported to be highly productive and
eutrophic (LEAKEY et al., 1992). Based on these
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Table 5. Salinity, Chlorophyk concentration (ug Chlt) and ciliate biomass (ug CY.of different coastal and estuarine

environments.
Location Salinity Chlorophylla Heterotrophic Ciliate Reference
concentration Biomass
Kiel Bight 13-20 Mm-10 1-56 Smetacek (1981)
Damariscotta Estuary 029 -33 0.23-6.2 0.4-33 Revelante and Gilmartin
(1987)
Gulf of Maine 30-32 -- <1-57 Montagnes et(4088)
Southampton Water 29_34 1-97 1.4-219 Leakey et al. (1992)
N. W. Netley ’
LowerESStt'u ';";‘)‘/’ernce 28.4-29.2 0.03-9.63 0.23-51.59 Sime-Nagandb €1995)
Baltic Sea (5.1-6.9 -- 1.1-13 Johansson et al. (2004)
Bahia Blanca Estuary 29.6 - 39.5 1.15-40.4 085 - This Study
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