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PHYTOPLANKTON BLOOMS IN THE CHUBUT RIVER ESTUARY
(ARGENTINA): INFLUENCE OF STRATIFICATION AND SALINITY

Virginia Villafafie*, E. Walter Helbling* y José Santamarina**

ABSTRACT.  Phytoplankton blooms in the Chubut River Estuary
(Argentina): influence of stratification and salinity.

In the period of 1986-1987 monthly sampling was done in the
Chubut  River Estuary, Chubut, Argentina. During 1986,
chlorophyll-a values were low, less than 5 mg/l.  However, in
1987 two peaks appeared, one in the low salinity region (inner
regime) with chlorophyll-a concentration up to 45 ag/l, and the
other in the high salinity region (outer regime) with
chlorophyll-a up to 60 mg/l.  The phytoplankton composition of
the inner regime was dominated by the diatom Aulacoseira
granulata (Ehr.) Simonsen, while in the outer regime the diatom
Odontella aurita (Lyngbye) Agardh was the most abundant specie.
In May 1987 low stratification (periods of low river discharge)
and high nutrient concentrations (mainly nitrate) made possible
the development of a bloom of A. granulata in the inner regime.
Following this, in July 1987, an increase in river discharge
caused an increase in the stratification of the water column.
This condition, together with higher amounts of nutrients
transported by the river to the outer regime, was favorable for
0. aurita, which developed a significant bloom.
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RESUMEN. Floraciones fitoplancténicas en el estuario del rio
Chubut, Argentina: influencia de la estratificacién y la salini-
dad.

Durante 1986 y 1987 se realizaron muestreos mensuales en el
estuario del rio Chubut, Chubut, Argentina. En 1986 los valores
de clorofila-a fueron bajos, menores que 5 ug clor-a/l.  Sin
embargo, durante 1987, aparecieron dos miximos: uno en la masa
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de agua de baja salinidad (régimen interno), con valores de
clorofila-a de hasta 45 ug clor-afl, y el otro en la masa de
agua de alts salinidad (rdgimen externa), con valores de cloro-
fila-a de hasta 60 ug clor-a/l. La especie fitoplanctdnica
dominante en el régimen interno fue la distomea Aulaceseira
granulata (Ehr.) Simonsen, mientras que en el régimen externo la
diatomea Odontella aurita (Lyngbye) Agardh fue la especie mis
abundante. En el mes de mayo de 1987 la baja estratificacidn
(periodo de baja descarga del ric) y una alta concentracion de
nutrientes {en especial nitrato) posibilitaron el desarrollc de
A. granulata alcanzando altos valores en la concentracidn de
clorofila-a. Seguidamente, en el mes de julio un incremento en
el caudal del rio produjo una mayor estratificacién en la co-
lumna de agua. Esta Gltima condicién, juntamente con altas
cantidades de nutrientes transportados por el rio, y aportados
al régimen externo, favorecieron a 0. aurita, la cual pudo
desarrollar una floracién significativa.

Vol. 26, No1, 1991

Palabras claves:
estuario.

Fitoplancton, 'estratificacién, salinidad,

INTRODUCCION

From an ecologlcal point of view, ¢he
estuarles are a transitlion zone from a
“stable" freshwater regime to a
“stable" marine reglme. This may have
strong consequences on the ecosystem
and |lving resources. Ecologlcally, the
transition of freshwater to¢ seawater
results 1n a change In the specles
composition. (Greve 1990).

Estuarlies ere complex systems
governed by hydrographlc factors, such
as +he tl1dal actlon and the mixlng of
freshwater and seawater, whlch produce
complex structures that experience a
contlnuing change 1n space and +ime
(Greve 1990; Kausch 1990).

The hydrodynamlcs and the estuarine

clrculatlon are two processes that
affect and control the distribution and
blomass of phytoplankton (Malone et al.
1980; Malone et al. 1988) and speclally
in the low salinity waters of <he
estuary (Morris et al. 1978; Fllardo &
Dunstan 1985; Moon & Dunstan 1990).

The hydrodynamlcs and clrculation In
the Chubut River Estusry Is greatly
Influenced by the river dlscharge.
During 1986 end 1987 +the rlver
discharge experlenced very extreme
values ranging from 8 m3/s to 76 m3/s
(HelbElng 1989).

Previous studles (Perllilo et al.
1987; Perillo et al. 1989) have esta-
blished different classtfications and
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characterlstics of +the Chubut River
Estuary. These works describe the
hydrography and dynamlcs of the
estuarine circulation. Heibllng 1989,
has pointed out changes In the clrcula-
tlon and stratification and determined
that +the estuary changes from well
mixed to salt-wedge wlth Increasing
river discharge. He also showed +that
factors such as: the vartation In sall-
nlty, the river flux, the helght of the
tlde and the stratificatlon of the
water column are the conditlonal verte-
bles of the general dynamlcs of +the
estuary.

However, the ways In which these
changling condltions (sallnlty, strati-

flcatlon, flux), affect the dlstri-
bution and the dynamlcs of phyto-
plankton In the Chubut River Estuary
have been unknown untl| now.

The obJectives of the present work
are: a) to study the existence of phy-
toplanktonlc groups assoclated with
different salinity and stratiflication
conditlons, b) to determine the rela-
tlonshlps between +the  phytoplankton
distrlbution observed In thls research
and the dynamics of the estuarine
clrculation established by other
studles, and <c¢) to explaln the
clrcumstances and condltlions for the
formatfon of phytoplankton blooms In
the estuary.

STUDY AREA

The Chubut River Estuary Is located in
the Chubut Province, at latltude 43220
S and longitude 65204'W (Figure 1).
The present study was done iIn the
reglon that goes from the river's

mouth to the Rawson Brldge (9 km
upstream). The clty of Rawson, capltal
of the Chubut Province, Is settled In
The upper boundary of thls study area.

The Chubut river has a yearly
average discharge of 56 m3/s (data from
Agua y Energfa Eléctrica). This value

varles throughout the year due to raln
and snowfall. However, the flux Is
mainly regulated by the Florentlino
Ameghino Dam, located 120 km upstrean
from the mouth.

Previous studles In +thls area
(HelblIng 1989) have determined +that
only durlng high tlde 1+ Is possible to
fInd the three characteristic reglmes
of an estuary (Hansen & Ratiray, 1965):
inner reglme, central regime and outor
reglime.

MATERIALS AND METHODS

During 1986 and 1987 we did monthly
cruises to take water samples at three
different statlons. These statlon were

called: a) St.1 Tide Guage b) St. 2:
Harbor and ¢} St. 3: Elsa (Flgure 1).
When possible, we took addltional



4 Revista de Biologia Marina

Vol. 26, N21, 1991

PLAYA
MAGAGNA

Figure 1: Chubut River Estuary.

samples In areas adjacent to these
statlions.

In 1986 we did the sampling durlng
high +tlde, whlle In 1987 It was done
during high and low tide. |[n +this
latter year, when the meteorcloglcal
conditions made It possible, we took
samples during high ond low tide in the
same day.

Study area and sampling stations: St.1: Tide
Gauge, St.2: Harbor and St. 3: Elsa.

In each crulse we took samples at
surface and at depth (varlable between
tm and 4m) with a Van Dorn bottle (3
H+ters capaclty). Samp les were
fractloned to analyze and determine:
chlorophyll-a (chl-a), phytoplankton
composition, sallnity and nutrlents. We
also measured In sltu water temperature
end conductlvity with a protected SIAP
thermometer and a WTW conductimeter,
respectively.
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For chl~a analysls usually 500 ml of
water were filtered through & MIillIpore
HA  fliter (0.45 u), previously coated
with MgCO3. The fllters wlth +he
retained material were kept In darkness
and In freezing condltions  (-209C)
untll analysfs. Chl-a was extracted
with 90% acetone, and the fluorescence
measured In Turner 110 fluorometer
(Holm-Hansen et al. 1965). For
sallnlty analysls 250 m! of sample were
taken In glass bottles, and the deter-
minatlon was done wlth a Plessey
sal Inometer.

Phytop lankton samples were taken in
250 ml brown glass bottles, and they
were kept In darkness untf! fixatlon
which was done Immedlately after
completion of each crulse. The samples
were flixed with 5 ml of - 40%
formaldehyde diiuted o 208 with disti-
lled water and neutrallzed with sodium
borate, +to reach a final concentration
of 0.4% (Throndsen 1978).

The phytoplankton fdent!fication was
done wlth a Leltz and a Zetss mlcros-
cope using dlfferent magnlflcatfons (up
to  1000x). In some specific cases,
permanent slldes were made, wlth and
without previous cleaning of cells.
Samples were cleaned following the
method described In Balech & Ferrando
(1964) with a slight modificatlion.
Potassium permanganate were added In
acid medium (hydrochlorlc acld),
followed by +the additfon of hydrogen

For a better Interpretation of the
results the dlstribution of phyto-

peroxide untli decoloration. For per-
manent slldes, samples were mounted
between silde and coverslide with Hyrax
mounting medium (refrectlon Index =
1.65). Cells were ldentlfled to genus
and/or specles, and in some cases they
were classlifled according to size.

The presence of a conslderable
amount of sediments have compllicated
the use of conventional methods of
quantification of phytoplankton. This
problem has been also observed by other
investlgators (Martha Ferrario, per-
sonal communicatlon). To solve the
problem of sediments, dlfferent
technliques were +tried. We <chose a
Sedgwlck-Rafter chamber of 1 ml capa-
clty (McAllce 1971) as the most
appropriate counting method for the
Chubut river samples. The magn!flca-
¥lon used to count the samples was
200x. Cells were counted In a known
area until 200 were seen and this vaiue
was exfrapolated to ‘“"cells per
milltiTter®. The value of cells per
miltiiTter, when colonles or chalns
were counted, was obtafned multiplying
the average cells per colony by the
number of colonles. Thls method could
Introduce errors, but they are consl-
dered small when compared with errors
derlved from random sampling (Lund et
al. 1958), The principal weakness of
the Sedgwlck—Rafter chamber 1s +that
does not allow examlnation with high
magniflcation due to the depth of the
chamber and the focal distance
(Campbell 1973).

RESULTS

plankton wlil be presented as a
function of +the sallnity and of +the
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stratiflcation.
PHYTOPLANKTON AS A FUNCTION GF SALINITY

The distribution over time of chi-a as
a functlon of salinlty (Flgure 2) shows
that while In 1986 chi-a values werse
low (generally less than 5 ug chi-a/l),
In 1987 two peaks were observed. These
peaks of chl-a were assoclated with low
and high salinity masses of water.

(1/8n) e-1Aydosolud

Figure 2:
nil) and time (months).

In the Inner regime (sallnlity fess
than 3 parts per mll) the peak of chi-a
(approximately 45 ug chi-a/l) was In
May 1987, while In the outer reglme
(salinlty higher than 30 parts per mll)
the maximun value {up to 60 ug chl-a/i}
was observed In July 1987. A+ Inter-
medlate sallnltles (central regime)
values were less than 10 mug chi-a/l

" throughout the study perfod.

SN N a
Chiorophyii-g (ug/n

O o

Chlorophyll-a ( mg/1) distribution as a function of salinity (parts per
Notice two peaks of chlorophyll-a, one in month 17

(May 1987) with low salinities and the other in month 19 (July 1987) with
high salinities. Month 1 is January 1986, month 24 is December 1987.



V. Villafaiie et. al.

Phytoplankton blooms in the Chubut river estuary 7

The concentration of total phyto-
planktonle cells (In cells per milli~
lifer) showed values up to 19 x 108

cell/ml 1tn the low sallnity reglon

and 10 x 10> cell/ml In the high sall-
nity reglon (Flgure 3a). In sallntties
between 5 and 10 parts per mil an

appreclable concentration of cells
(almost 5 x 10° cells/ml) was observed
(Flgure 3a).

Flgure 3b presents the conceniration
(celis/ml) of +the dlatom Aulacoseira
granulata ( Ehr. ) Simonsen, which

celis/ml) 1In the [Inner reglme, an
diminlshed sharply In abundance towards
high salinitles reglons. However, a
small *step" In the concentration of
this diatom appeared In salinitles that
range between 5 and 10 parts per mif.

Flgure 3c shows the concentration
(cells/ml) of the dlatom Odontella
aurlta (Lyngbye) Agardh. This dlatom
reached a maxImum (approximately 6.5 x
103 celis/ml) In the outer reglime,
and 1ts concentratfon decreased with a

reduction 1n sallnity, reaching values

reached maximum values (near 15 x 10% close to zero iIn the Inner regime.
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Figure 3:

Phytoplanktor concentration in thousands of cells per milliliter as a

function of salinity (parts per mil). a) Total phytoplankten .cells. b)
Aulacoseira granulata, and c) Odontella aurita.
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The concentration of +total phyto-
planktonlc cells (cells/mi} as &
functlon of sallnity and time Is

presented In Flgure 4a. A maximum value
was observed In the inner regime in May

of cells (around 5 x 103
} In the central regime with
between 5 and 10

concentration
cells/mi

sallnltles
parts per mil.

1987 (month 17 In Figure 4). Also, a Concentratlons of A. granulata and
high value were observed In the outer 0. aurita In reiation to sallnity and
regime In July of 1987 (month 19 1In +ime are shown In Figure 4b and 4c. It
Flgure 4). Although the maximum Is posslble to see that a peak of con-
concentratlons of celis were found In centration of A. granulata appeared In
the Inner and outer regimes,!t 1s May 1987, while O. aurlta showed high
possible to find a moderate values In July 1987.
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Figure 4: Phytoplankton distribution in thousands of cells per milliliter as a

function of salinity (parts per mil) and time (months). a) Total phyto-
plankton cells, b) Aulacoseira granulata, and c) Odontella aurita. Moath 1 is
January 1986, month 24 is December 1987.
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From Flgures 3 and 4 It Is possible
to observe that the space and time
varlabiiity 1In the phytoplankton con-
centratlons, was due, malnly, to two
dlatom specles: A. granulata and O.
aurita. |+ Is Important to polnt out
that these two diatom represented,
generally, more +than 80% of the total
concentration of cells In the samples,
A. granulata dominates In samples from
the Inner reglme, while 0. aurita was
the most abundant specle In  the
samples from the outer regime. Thls
sltuatlon only changed In February
1986, where the concentration of O.
aurita was almost equal or surmounted
by Odontella moblliensls.

In addition to the two above men—
tioned diatoms, there were other diffe—
rences beetwen the phytoplankton of. the
fnner and outer regime. In the Inner
reglme, NItzschla spp., Gomphonema
spp., Surlrelta sp., were some of the
specles that appeared wlth A.

granulata. In  the outer reglme
Triceratlum  alternans, Triceratium
anted! luvianum, Tricerattum  fsvus,

Corethron criophtlum, Llcmophora sp.,
Actlnoptychus Spe, Rhabdonema
adrlaticum, were found with 0. aurlta.
Although some flagellates were present
in both reglmes, the dlatoms were
domlnants in all samples.

PHYTOPLANKTON AS A FUNCTION OF THE
STRATIF ICATION

The stratificatlon parameter  dS/So
(Hansen & Rattray, .1966) was used to
describe stratification of the Chubut
River Estuary. This parameter is a
nondimenstonal number defined as +he
ratlo between the salinlty dlfferences
from surface +to bottom (dS) and +the

average sallnlty (So). Thls parameter
Is a functlon of flux, tlde helght, and
posTtion 1In the estuary (Hansen ang
Rattray, 1965). A low number of dS/So
indlicate a low stratlflcatlion and more
homogeneous condltlons, whife a nigh
number of dS/So Indlcate the presence
of layers of dlfferent salinltles with
a slgniflcant stratitication.

The changes In the stratification
parameter d$/Sc over tIme during 1986
and 1987 are presented In Flgure 5. In
general, lower values of d$/So were
found tn 1986 with numbers smaller than
0.2. An  exceptlon to thls frend was
found 1In the month of October with a
value of 0.5. In the month of July 1987
values of dS/So reached a maxImum of
1.55, remalning high during almost all|
winter and spring.

Figure 6a presents the chi-a concen~
tration as a function of the stratifi-
catlon parameter dS/So. Hlgh values of
chl-a were associated with hlgh and
low values of stratiflcation (1.55 and
0.1, respectively). With values of
dS/so of approximately 0.1, chl-a
reached values of 45 ug chl-a/l, while
low chl-a values (less than 10 g
chl/1) were observed with an interme-
dtated stratificatlon (between 0,2 and
0.8). WIth en increase of strat!flica-
flon the concentration of chl-a became
higher, reachlng a maximum of 60 MG
chi-a/l with a value of d$/So of 1.55.

LookIng at the distribution of +the
chi/a as both, a functlion of the sall-
nlty and of the stratification
parameter (Figure 6b), it Is possible
to see that when high velues of sirati-
flcatlon were found In the outer reglme
hIgh concentrations of chl~a were
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Figure 5: Variation of the stratification parameter d$/So over time during 1986-
1987.
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Figure 6: Chlorophyll-a ( ug/1l).a) Chlorophyll-a as @ function of the stratifica-
tion parameter dS/So. b) Chlorophyll-a distribution as a function of salinity
(parts per mil) and d$/So. Notice high values of chlorophyll-a with both low
selinities-low stratification and high salinities-high stratification.
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present. In contrast the lnner reglime
showed hlgh concentratlion of chi-a when
fow values of stratification were
present.

The concentration of phytoplanktonic
cells (cells/ml) as a functlion of +the
stratificatlon parameter dS/So Is pre-
sented In Flgure 7. From Flgure 7a we
can see that with low stratiflication
the concentratlon of total phyto~
planktonic cells were high, with values
wp to 19 x 103 cells/ml. In the cases
of Intermedlate stratification the
concentration was much lower, wlth
values less than 5 x 103 cells/ml,
while &t high of dS/So the concentra-
tlon of phytoplanKtonic cells Increased
up to almost 8 x 103 cells/ml.

In Figure 7 we can observe that
with low stratitication the dlatom A.
granujata reached a maximum concentra-
tlon of 15% 10 cells/ml. But, we

should polnt out that few cells were
also present In some cases with high
stratification, In Flgure 7c on the
other hand we can see that when hligh
stratiflcatlon was present O.aurlte
reached maxlmum values of almost 6.5 x
103 cells/ml. But, we should take Into
account that I+ was also present In
conditlons of low stratification with
values of almost 2.5 x 103 cells/ml.

The concentration of total phyto-
planktonlc cells, A. grenuleta and O.
surita, as a function of salinity and
dS/So are presented In Flgure 8. A.
granufata was abundant with low stratl-
fication and [ow sallinlty (Figure 8b),
while O. aurita was sbundant with high

sallnltles and high stratiflication
(Figure 8c). Also, In sallnities
between 5 and 15 per mll, relatfively

hlgh values of phytoplankton cells were
found (Flgure 8a and 8b).

DISCUSSION

In an estuarline system the distributlon
of phytoplankton 1s Influenced by
numerous physical, chemlcal and blolo-
glcal factors. However, clrculatlon and
mixing sare frequently clted as respon—
sible for the distribution of different
kinds of particles (Roff et al, 1980).
Also Ketchum (1954), has polnted to the
mixlng actlon as a limlting factor In
the development and malntenance of
estuarine phytoplanktonic populations.

To understand the complexity of
physical clrculation I+ Is necessary
to conslder, In addition to the mixIng

and strattflcation processes, the wlde
range of sallnitles present In an
estuary, (Kemp et al, 1982).

However, fn  the Chubut River
Estuary, It Is possible to facliltate
the understanding of this complexity by
considering separately the sirati-
flcatlon condltlons, In the Inner,
central and outer reglme. Therefore, we
whil organize our discusslon by
explalining the phytoplankton distri-
butfon In these three regimes.
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Figure 7: Phytoplankton conecentration in thousands of cells per milliliter as a

function of the stratification parameter dS/So. a) Total phytoplankton cells,
b) Aulaceseira granulata and c) Odontella aurita.
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Figure 8: Phytoplankton distribution in thousands of cells per milliliter as a
function of salinity (parts per mil) and the stratification parameter dS/Sc.
a) Total phytoplankton cells, b) Aulacoseira granulats, and c)  Odontella
aurita.
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INNER REGIME f{sallnfty less than 3
parts per mil):

in 1987 there was a pesk in the concen-
tratfon ot both chl-a and total phyto—
plankton cells under condltions of low
stratiflcation (Figure 6 and 8). A.
granulata wes the dlatom specle +that
accounted for more than 80 percent of
the phytoplankton cells In this peak
(Flgure 7 and 8).

The low stratification suggests &
mixIng condition, 1In wich the normal
turbldity of the river Is Increased due
to the Input of sediments and/or
resuspended benthonlc particles gene-
rated by turbulence, diminishing the
depth of light penetration avallable
for photosynthesls.

In the case of the Chubut River
Estuary |light penetration was deter-
mined with a Secchl disk, and It was
around 40 centimeters In the Inner
regime (Llvio Sala, personal communica-
tlon). This low light penetration seems
not to affect A. granulata, which can
produce a large number of Individuals
In these conditlons. Thls process has
also been cbserved by several authors
who have shown the capaclty of A.
granulata to adapt to low levels of
light (Lund, 1954; Lund, 1955; Lund,
1971; Reynolds et al, 1986).

The sinking veloclty of A, granulata
Is high when compared with other phyto-
pianktonic specles (Lund, 1954; Lund,
1955; Lund, 1971; Reynolds et al, 1986;
Davey, 1986). Probably the turbulent
condltions keep cells In the water
column, and reduce the loss of cells to
the sediments, a sltuation that can
occur wlth stable conditions of high

stratification. A simltar clrcumstance
was observed by Moon & Dunstan (1990)
in the James Rlver where the slinking
rate of dlatoms was closely balanced by
the net upward water veloclty.

A. granulata can survive In sedi~
ments as resting stages, which allow It
1o survlive In anaeroblc conditlons and’
low nutrient concentrations for long
time  (months). When environmental
condltlons are favorable +o the
development of A. granulata, or when a
resuspension effect is strong enough
for allowing the transport of Its fila—
ments to the water column a number of
viable celis can be found (Lund, 1954;
Lund, 1955; Lund, 1971; Reynolds et al,
1986).

However, although the low stratl-
flcatfon conditions In 1986 were
simtlar to that of 1987 (Figure 5), In
the former year the concentration of A.
granulata was low (Figure 4). This
Indlcates that, although the presence
of low stratificetlon appeared to be
necessary to produce high values 1In
concentration of A. granulata it Is not
a sufflicient condition, at least In
this case.

Durlng 1986 low values of dlIssolved
Inorganlc nltrogen (DIN =[NH;] + [Noj)
+ [NO,] ) were observed In the Inner
regime. On the other hand, during 1987
DIN was present In high concentrations,
primarily In the form of nltrate
(HelblIng, 1989). In 1986 the mean
concentration of nltrate was less than
1 uM, and apparently diminlshed with an
Increase In the rlver discharge (r = -
0.74, n = 11). In 1987 the concentra-
tlon of nltrate was more than 8 AM and
this nutrient was correlated positively
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with the river flux (r = 0.84, n = 12)
(Helblling, 1989). Thls suggests that
durlng 1986 low nltrate was assoclated
with low stratificatlion and may have
been the Itmlting factor 1In  the
development of phytoplankton bloom. The
IImitTng actlon of nltrate In estuarles
was also suggested by other authors
(Head, 1970).

S0, durlng 1986, although the mixing
conditions were favorable for A.
granulata, Its growth was |imlted
probably by low nltrate concenfratlons.
Durlng 1987 high nitrate concentrations
end low stratification have apparently
facli1tated the development of a bloom
of phytoplankton (mainly A. granulata),
reaching chl-a values of 45 ug chl-a/l.

CENTRAL REGIME (sallnlty between 3
and 30 parts per mll)

In this range of sallnitles low chi-
a values were observed (Fligure 2),
although +the number of cells per
miElYlTter was moderate In .sallnitles
befween 5 and 10 per mit (Flgure 3).

In the central regime, A. granulata
made +the most signiflcant contribution
to the number of cells (Flgure 3 and
4}, although other specles of
planktonic and benthonlc dlatoms
(Triceratlum alternans, Grammatophora
mar-Ina, Trlceratlum antedlluvianum,
Triceratium favus, Odontelia aurita,
Actinoptychus spp., Surlrellia spp.,
etc) were also present.

For explalning these moderate values
of phytoplankton (cells/ml with low
chl~a concentrations) It Is necesary to
take Into account the followlng
aspects:

a) The abllity of A, granulata ‘to
form reslstant stages. In this stage,
the frustule remains In the sediments
without any modlificatlon, but there Is
a contractfon of chloroplasts and a
reduction of protoplasm (Lund, 1954;
Reynolds et al, 1986; Slcko-Goad &
Stoermer, 1986). So, it Is possible
that cells In resting stages were
not distinguished from the cells that
were normally found In the plankton.

b) Distorted celis of A. granulata
were also observed In an apparent stage
of degradation. Thls cells count for
the total concentration but not signi-
flcantly to the chl-a. This Is espe-
clally Important when one +akes Into
account the resuspension of cells
caused by the turbulence effect of the
shallow depth and/or the presence of
wind. The wind Influence In the strati-
flcatlon of the Chubut river estuary
was polnted out by Perlllo et al,
1989 .

c) In the ceniral regime the "nult
zone" Is found, where river and sea
currents converge (Roff et al, 1980;
Kemp, 1982; Cloern et al, 1983;
Schubel, 1986). This zone functlon as a
particle trap In wich sediments or
filaments and/or dlatoms can be concen-
trated. So 1+ seems that 1n  the
sallnlty reglon,  between 5 and 10 per
mil, the observed concentration of
cells could be also explalned by thlis
particle trap mechanlsm.

A mechanism that selectively traps
dlatoms has been shown by Moon &
Dunstan (1990); however In thelr study
the locatlon of thls area was at much
fower sallnity. in our case, I+ is
possible that, due to the shaliow depth
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of the Chubut Rlver esfuary and fits
botton topography, a rather big area
could function as a trapplng zone for
phytoptankfon.

OUTER REGIME (sallinity higher +than
30 per mil)

The peak of chl-a observed In July 1987
(Figure 2) In condiffons of high
stratiflcation (Flgure 6) can be attrl-
buted, malnly, to O. Aurlta. As [t was
shown above, this dlatom was present In
high sallnitles (Flgure 3) and accounts
for more than 80 percent of total
phytoplanktonic celis In the outer
regime.

I+ 1s importent to point out again
that during 1986, values of stratifica—
tlon (dS/S0) were less than 0.5, whille
In 1987 much higher values were found
reaching a maxtmum of 1.55 in the month
of July. In the studied area the
increase in stratiflcation is caused
mainly by an Increase of -+the rlver
flux. This high stratification may
beneflt 0. aurlta for +two reasons.
Flrst, 1t increases the Ilght avaliable
for phytoplankton growth (Sharp et al,
1984). Second, a comblination of high
rliver dlscharge and high nlifrate
concentrations In rlver waters allowed
the outer regime to recelve in 1987 a

nitrogen amount three times hlgher than
Tn 1986 (Helbling, 1989).

The high numbers of celis of O.
aurlta observed during wlnter 1987
could be explained by taking Into
account: a) a high stratification due
to high rlver fluxes, b) Ilmport of
signlficant amount of nitrate Into the
outer reglme and ¢) the fact that, low
temperatures do not limlt the growth of
O. aurlta as they do wlth other
specles. Thls last factor allows O.
aurfta to reach a high concentration
without having o compete with other
specles (Baars, 1986).

0. aurlta also presented some mode—
rate values In low stratlflcation
(Flgure 7¢). We thlink that many of
these cells could have been resuspended
in this situation because they were
somehow "deterlorated”.

An Increment In the discharge of the
Chubut River caused an Increase of the
stratification Impacting In the estua-
rine circulation. An Increase of river
discharge also set the conditlons +that
made possible, at least In the outer
reglme, the development of a phyto-
plankton bloom. it would be Interesting
to know how thls conditlons affected
other trophic levels In the area.

CONCLUSIONS

Two Phytoplankton bicoms developed In
the study area In 1987. Both blooms
were malnly composed of a single dlatom
specles and they occurred In dlfferent
months and In dlfferent water masses.

in the Inner regime the bloom (up to 45
Mg chl-a/l) was the dlatom Aulacoselra
granulata and It occurred Tn May 1987,
it appears that the bloom could deveiop
In condltlons ot low river dlscharge
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and low stratitication, sltuation that This bloom was faclilitated by an
apparently favoured this diatom. In +the Increase In the river discharge and an
outer reglme the bloom (up to 60 g Increase of the stratification of the
chi-a/l} was of the dlatom Odontella estuary.

aurlta and It ocurred In July 1987.

ACKNOWLEDGEMENTS. We thanks Drs. E. Venrick, 0. Holm-Hansen, C. Lange and F. Reid
for many valuable discussions and for reading the manuscripts critically. We also
thanks the Centro Nacional Patagénico for assistance in data collection. This werk
was partially supperted by the Consejo de Investigaciones de la Universidad
Nacional de la Patagonia (CIUNPAT), Argentina.

REFERENCES

Baars, J.W.M. 1986. Autoecological investigations on marine diatoms. 4: Biddulphia
aurita (Lyngb.) Brebisson et Godey. A sucession of spring diatoms. Hydrobio-
logical Bulletin 19(2): 109-116.

Balech, E. & H.J. Ferrando. 1964. Fitoplancton marino. Editorial Universitaria
Buenos Aires. 157 pags.

Campbell, P.H. 1973. Studies on brackish water phytoplankton. Sea Grant Pub. UNC-
$6~73-07, Univ. of North Carolina, 410 pgs.

Cloern, J.; Alpine, A.E.; Cole, B.E.; Wong, R.L.J.5 Arthur, J.F. & M.D.Ball. 1983.
River discharge controls phytoplankton dynamics in the northern San Francisco
Bay estuary. Estuarine Coastal and Shelf Science, 16:415-429.

Davey, M.C. 1986. The relationship between size, density and sinking velocity
through the 1life cycle of Melosira granulata (Bacillariophyta). Diatom
Research, 1(1): 1-18.

Filardo, M.J. & W.M. Dunstan. 1985. Hydrodynamic control of phytoplankton in low
salinity waters of the Jemes River Estuary, Virginia, USA. Estuarine Coastal
and Shelf Science, 21:653-667.



18 Revista de Biologia Marina Vol. 26, NO1, 1991

Greve, W. 1990. Water quality including the ecosystem. In: Estuarine water quality
management, W. Michaelis (ed.). Coastal and estuarine studies, 36:115-120.

Hansen, D0.V. & M. Rattray. 1965. Gravitational eirculation in straits and
estuaries. Journal of Marine Research, 23(2): 104-122.

Hansen, D.V. & M. Rattray. 1966. New dimensions in estuary classification. Limno-
logy and Oceanography, 11(3):319-326.

Head, P.C. 1970. Discharge of nutrients from estuaries. Marine Pollution Bulletin
1: 138-140.

Helbling, E.W. 1989. Estuarine circulation and nutrient variability in the Chubut
River Estuary (Argentina) during 1986-87. MSc thesis, Scripps Institution of
Oceanography, UCSD. 138 pgs.

Holm-Hansen, 0.; Lorenzen, C.J.; Holmes, R.W. & J.D.H. Strickland. 1965. Fluoro-
metric determination of chlorophyll. Journal du Conseil, Conseil Permanent
International pour L'exploration de la Mer, 30 (1):3-15.

kKaush, H. 1990. Biological processes in the estuarine eavironment. In: Estuarine
water quality management, W. Michaelis (ed.). Coastal and estuarine studies,
36:353-361.

Kemp, W.M.; Wetzel, R.L.; Boynton, W.R.; D'Elia, C.F. & J.C. Stevenson. 1982.
Nitrogen cycling and estuarine interfaces: some current concepts and research
directions. In: Estuariné comparisons, V.S. Kenndy (ed.). pp. 209-230.

Ketchum. B.H. 1954, Relation between circulation and planktonic circulation in
estuaries. Ecology 35(2): 191-200.

Lund, J.W.G. 1954. The seasonal cycle of the plankton diatom, Melosira italica
(Ehr.) Kutz. subarctica 0. Mull.. Journal of Ecology, &2: 151-179.

Lund, J.M.G. 1955. Further observations on the seasonal cycle of Melosira italica
(Ehr.) Kutz. subsp. subarctica 0. Mull.. Journal of Ecology, 43: 90-102.

Lund, J.W.G. 1971. An artificial alteration of the seasonal cycle of the plankton
diatom Melosira italica subsp. subarctica in an English lake. Journal of
Ecology, 59: 512-533.

Lund, J.W.G.; Kipling, C. & E.D. Le Cren. 1958. The inverted microscope method of
estimating algal numbers ‘and the statistical basis of estimations by
counting. Hydrobiologia 11:143-170.



V. Villafafie et. al. Phytoplankton blooms in the Chubut river estuary 19

Malone, T7.C.; Neale, P,J. & D. Boardman. 1980. Influences of estuarine circulation
on the distribution and biomass of phytoplankton size fractions. In:
Estuarine Perpectives; Kennedy, V.S. (ed), Academic Press, pp. 249-262.

Malone, T.C.; Crocker, L.H.j Pike, S.E. & B.W. Wendler. 1988. Influences of river
flow on the dynamics of phytoplankton production in a partially stratified
estuary. Marine Ecology Progress Series, 48: 235-249.

McAlice, B.J. 1971. Phytoplankton sampling with the Sedgwick-Rafter -cell. Limnology
and Oceanography, 16(1):19-28.

Moon, C. & W.M. Dunstan. 1990. Hydrodynamic trapping in the formation of the
chlorophyll-a peak in turbid, very low salinity waters of estuaries. Journal
of Plankton Research, 12,(2):323-336.

Morris, AJW.; Mantoura, R.F.C.; Bale. A.J. & R.J.M. Howland. 1978. Very low
salinity regions of estuaries: important sites for chemical and biological
reactions. Nature 274: 678-680.

Perillo, 6.5 Piccolo, M.; Scapini, M. & J. Orfila. 1987. Hidrografia del estuario
del rfo Chubut (Argentina) en condiciones de baja descarga. 2do. Congreso
Latinoamericano de Ciencias del Mar, La Molina, Perd, 16 pgs.

Perille, G.; Piccolo, M.; Scapini, M. & J. Orfila. 1989. Hydrography and circula-
tion of the Chubut river estuary (Argentina). Estuaries, 12(3): 186-194.

Reynolds, C.S; Montecino, V.3 Graf, M.E. & S. Cabrera. 1986. Short-term dynamics of
a Melosira population in the plankton of an impoundment in central Chile.
Journal of Plankton Research, 8(4): 715-740.

Roff, J.C.; Pett, R.J.; Rogers, G.F. & W.P. Budgell. 1980. A study of plankton
ecology in Chesterfield Inlet, Northwest territories: an arctic estuary. In:
Estuarine Perspectives. V.S. Kennedy (ed.). pp:185-197.

Schubel, J.R.; Shen, H.T. & M.J. Park. 1986. Comparative analysis of estuaries
vordering the Yellow Sea. In: Estuarine Variability. D.A. Wolfe (ed.). pp:
43-62,

Sharp. J.H.; Pennock, J.R.3 Church, T.M.; Tramontano, J.M. & L.T. Cifuentes. 1984.
The estuarine interaction of nutrients, organics, and metals: a case study in
the Delaware Estvary. In: The estuary as a a filter. V.S. kennedy (ed.).
pp:241-258.



20 Revista de Biologia Marina Vol. 26, Ne1, 1991

Sicko-Goad, L. & E.F. Stoermer. 1986. Rejuvenation of Melosira granulata
(Bagillariophyceae) resting cells from the anoxic sediments of Douglas Lake,
Michigan. I. Light microscopy and “C uptake. Journal of Phycolegy 22:22-28.

Throndsen, J. 1978. Preservation and storage. In: Phytoplankton manual. A. sournia
(ed.), Unesco Monographs on oceanographic methodolegy 6, 69-74.

Manuscrito recibido en diciembre de 1990 y aceptado en abril de 1991.



