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®  Samborombon Bay (30°S, 57°W) is located on the southern boundary of La Plata River estuarine system.
Long-term ecological fishery projects carried out in the estuary, pointed out the importance of this bay
M as a major nursery ground for estuarine fishes; most of them have a high economical value for the
v Uruguayan and Argentine fishing fleets. Given the biological significance of water temperature necessary
for growth of juvenile fishes, the main objective of the present paper is to study the surface water
temperature fluctuations throughout the year, and also to test these fluctuations in a five consecutive
years series.
ADDITIONAL INDEX WORDS: Surface water temperature, monthly fluctuations, interannual vari-
ations, field and satellite data, Argentina.
INTRODUCTION

Climatologically, the La Plata River estuarine
ecosystem is at the temperate warm zone. That
implies a well marked cyclicity in thermal vari-
ation between cold winter and warm summer
months. Samborombdn Bay (30°S, 57°W) is inside
the system of the La Plata River estuary (Figure
1). This bay is a coastal basin; its maximum depth
is less than 10 m with a width/depth ratio of
1/10,000. Consequently, it is easily influenced by
external forcings such as winds and tides. The
physical characteristics of the waters are influ-
enced by La Plata River run off, sea water from
the continental shelf, and continental water from
its own drainage basin; this basin covers 120,000
hectares and is formed by several canals and the
Samborombén and Salado rivers (Figure 1). Es-
tuarine environments are generally believed to be
important nursery areas for many fishes (MILLER
and DuUNN, 1980). Several years of continued fish-
ery research on Samboromboén Bay have made it
possible to point out that the bay is the most
important nursery ground for the fishes inhabit-
ing the La Plata River estuarine system (BoscHi,
1988; Cousseau, 1985; Lasta and CIECHOMSKI,
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1988; SANCHEZ et al., 1991). Most of these species
are of important economic value for the Uru-
guayan and Argentine fishing fleets. Fishes in-
habiting Samborombén Bay are mainly euryha-
line marine species, which spawn outside the bay
but make extensive use of it during juvenile and/
or adult periods of development. JosepH (1973)
characterized these nursery grounds as areas that
(1) are physiologically suitable in terms of chem-
ical and physical features, (2) provide an abun-
dant food supply, and (3) provide some degree of
protection from predators. Yet, estuaries are also
potentially stressful environments in terms of the
often unpredictable fluctuations in their biotic
and abiotic features (MIiLLER and DuNN, 1980).

Taking into account that temperature is one of
the more important parameters affecting growth,
the object of the present paper is to study the
annual thermal pattern of the bay to provide an
adequate background for ecological and popula-
tion studies of the fishes.

The annual fluctuations in the surface temper-
ature of the waters of Samborombon Bay as a
whole, has been studied during several consecu-
tive years, weighing its origins in relation to the
influences of continental or marine waters flowing
into the system.
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Likewise, a description is given of the local ther-
mal variations due to continental waters that are
significant for different sectors of Samborombén
Bay.

DATA AND METHODS APPLIED

The data analyzed comprise a series of surface
temperature values collected in research cruises
from February 1983 to January 1984 (LasTa and
CiecHoMmsKI, 1988) and from March 1987 to Oc-
tober 1988. During both research periods, data
were collected monthly from 25 systematically
distributed stations in the bay, throughout the
water column at fixed depths. Data collection took
48 hours each time and values were determined
using an YSI portable thermosalinometer with a
0.2 °C precision. Also, a NOAA-AVHRR data se-
ries between July 1984 and July 1987 was em-
ployed.

In order to compare satellite and field data, the
satellite information was arranged so that its cov-
erage area coincided with the cruise coverage. Two
weekly, satellite observations stored twice a day,
of the highest temperature value for each pixel of
resolution composed our elementary data base.
This value was averaged for the three weeks fol-
lowing the observations giving a monthly average
value. The mean number of average images used
for each month totalled five.

Sequential data were treated using a Fourier
series in order to describe the periodicity of the
temperature values measured, using the following
model:

y, = a0 + al-x1 + a2-cos(2rm/A)
+ a3-sen(2wrm/A)

where m = months; A = period; a0, al, a2 and a3
= constants; al-x1 = satellite effect (x1 = 1 if it
is satellite data and x1 = 0 if it is field data). The
third and fourth terms correspond to the first
term of the Fourier series and describe the com-
mon wave either from the field or the satellite
data.

Taking into account the non-linearity of this
model regarding the parameter A (period), Mar-
quardt’s algorithm was used for the estimation of
a0, al, a2, a3 and A. The fitting criterium being
that of minimum square.

RESULTS AND DISCUSSION
Data Analysis

Thermal stratification is not observed through-
out the water column at the bay. Differences be-
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Figure 1. Samborombén Bay study area.

tween surface and bottom values, whenever they
were observed, are due to local phenomena in-
volving slight differences between both values and
incidental features. Regarding the width/depth
ratio of the bay (1/10,000), it can be assumed that
calm, mild winds are enough to mix the water
column. Therefore, given the absence of thermal
vertical gradients, when describing surface tem-
perature variations of the bay waters, it can be
integrated to the whole water column. The whole
study area has been analyzed on the basis of 129
pixels coinciding with the area covered by the
cruises (Figure 2). Each resolution unit or pixel
covers an area of 4.188 km? or 2.529 nm?.

The monthly grouping of satellite values ex-
hibits the general characteristics of a normal dis-
tribution with modal values and generally coin-
cident mean values. Temperature deviation in the
series of satellite observations shows the highest
scattering for the spring months, where absolute
temperature between months showed a variation
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Figure 2. Coverage area of satellite data.

up to 6/7 °C + 0.43 to 0.54 standard deviations.
In the summer and winter months, with the max-
imum and minimum temperatures, the variation
within months was up to 2 to 3°C + 0.25 standard
deviations. This implies a system characteristic
where, at thermally extreme moments, the vari-
ation in mean temperature of the bay is less than
at transitional moments, as in the spring.

Table 1 shows the set of total satellite and sea
data considered. A significant correlation was de-
tected (r = 0.959*) between satellite and field
measurements, corresponding to March, May,
June and July 1987. The slight differences are

Figure 3. Mean monthly sequential surface temperature data.
Points NOAA-AVHRR data; crosses NOAA-AVHRR corrected
data; asterisks field data; line theoretical model.

possibly due to the sampling procedure in the
satellite data acquisition.

The sequential treatment of the data in order
to estimate the amplitude and period of the Fou-
rier series was performed using the equation:

y, = 16.80 + 1.2261 x (x1) + 5.0982
x cos(27m/12.048) + 4.1491
x sen(27wm/12.048)

The criterium for calculating the best fitting
values was that of interrupting the iterative pro-
cess when the correlation indexes between two
successive tests was less than 10 E-7. The corre-
lation index between the equation and the values
was 0.951609.

The second term of the equation cancels in the
case of sea data, since x1 becomes zero. When
temperature data was obtained from the satellite,
an iterative process was used and a constant was
thus found that corrects this data and the values
estimated by the model for a better estimate. This

Table 1. Mean monthly surface temperature values from Samborombén Bay. a) Sea data and b) NOAA-AVHRR corrected data.
Month
Year 1 2 3 4 5 6 7 8 9 10 11 12

1983 a 23.8 20.1 20.1 16.7 10.0 9.8 17.2 20.4
1984 b 8.3 9.8 114 16.2 184 18.5
1985 b 23.4 23.2 20.7 17.8 13.7 10.9 10.6 115 12.8 15.6 19.2 21.4
1986 b 23.4 23.2 20.8 19.6 15.6 12.6 11.9 11.1 13.8 16.3 18.6 21.9
1987 b 23.2 23.3 22.4 19.3 14.5 11.2 11.0

a 20.8 16.0 11.8 9.6 10.8 11.5 134 17.4 21.7
1988 a 21.7 21.8
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Figure 4. Seasonal surface temperature data sequence for years 1985 and 1986, (A) Fall: March, April and May; (B) Winter: June,
July and August; (C) Spring: September, October and November, and (D) Summer: December, January and February.

way the following value was obtained for the sec-
ond term constant:

1.22618 + (0.62082)

with an approximate confidence interval of 95%.

Figure 3 shows the corrected satellite data, the
sea data and the theoretical model. For seasonal
fluctuations of temperature, a wave period of A

= 12.048 months and an amplitude from 8.2 °C
(July) to 23.3 °C (January), were estimated.

Image Analysis

The temperature of the three different types of
water influencing Samborombén Bay exhibits a
characteristic annual evolution which makes it
possible to differentiate their individual influence

Journal of Coastal Research, Vol. 12, No. 1, 1996



Degrees Centigrades

SAMBOROMBON
Ay

Figure 5. Samborombdn Bay (solid line) and marine zone (heavy
solid line) mean monthly surface temperatures, + standard de-
viation. (A) marine zone considered.

TR
SRS
SRS
SNNNaE
SRR

on the bay. Monthly satellite images have been
processed seasonally in order to establish a se-
quence of the surface temperature changes. The
images shown in Figure 4 correspond to the sea-
sonal sequence from 1985 and 1986. Their com-
parison makes it possible to observe seasonal vari-
ations as well as inter-annual similarities.

As the bay is influenced by shelf waters, annual
thermal fluctuations of waters of the bay and those
of the sea have been analyzed in order to evaluate
their differences. So, it is possible to evaluate the
influence of the shelf waters on the Samborombon
Bay system and its interactions. The marine in-
fluence is observed basically on the southern area
of the bay.

Figure 6. 1991 January 14th and 15th images, showing incoming flow of marine warmer waters.
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Figure 7. Mean monthly temperatures. (A) December 1986; (B) August 1984.

Figure 5 shows both marine and bay thermal
patterns. The bay temperature data employed are
those from cruises. The marine zone data corre-
spond to the Marsden square 413, 1° square 66
and have been obtained on the basis of a historical
series of water temperature records at standard
depths.! Bay water temperatures are lower in July,
August and September than shelf waters; while
in the remaining part of the year, they are higher.
In June and mid-September, the heat content for
both systems seems to be the same.

The marine influence may be clearly seen in
sequential images from the 14th and 15th of Jan-
uary 1991 (Figure 6) where there is an incoming
flow of water with lower temperatures than those
waters found in the bay at that time, resulting in
a thermal difference greater than 3 °C.

Several monthly satellite images processed show
evidences of the marine influence as mentioned.
Images shown in Figure 7 are examples of this
phenomenon. The December 1986 (Figure 7a) im-
age shows a temperature gradient where temper-
ature increases northwards; in that of August 1984
(Figure 7b), the phenomenon is reversed and the

' Data compiled by the Centro Argentino de Datos Oceanograficos (CEA-
DO).

temperature increases southwards. The marine
influence shown in Figures 6 and 7 and the sea-
sonal thermal pattern of both systems (Figure 5)
indicate that in June and mid-September the in-
fluence of the shelf waters will only produce
changes in salinity, because both water masses
bear the same temperature throughout. In July
and August, the marine influence will comprise
changes in salinity, and at the same time, imply
water with a higher heat content; while in the
remaining part of the year, between October and
May, this influence will mean waters with higher
salinity and lower temperatures.

From the above, it may be seen that the fluc-
tuations of the waters of Samborombon Bay fol-
low a seasonal pattern marked by differences in
the amplitude of the thermal variation of the ad-
jacent shelf water masses. It is concluded that the
Samborombon Bay thermal regime is typical of a
temperate warm climate, with higher amplitude
fluctuations between cold and warm months, and
this thermal range is remarkably higher than that
described for the adjacent marine system.

In addition, satellite images make it possible to
describe phenomena taking place within the bay
due to thermal differences in incoming continen-
tal waters which exhibit regional characteristics.
Such influences may arise from lower or higher
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Figure 8. Mean monthly temperatures, (A) August 1985 (arrow shows Salado River); (B) June 1987.

temperatures in the water from rivers or canals exhibits a greater heat exchange with the atmo-
flowing into the bay, depending on the time of sphere than the bay waters. This results in con-
year in which the water is being analyzed. tinental water temperatures being lower than the

The continental water from rivers and canals average values of the water bay during winter
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Figure 9. Mean monthly temperatures, (A) January 1985 (arrow shows Canal 9); (B) December 1985 (arrow shows Ajo River).
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months and higher than the average during sum-
mer months. These events can be identified in the
images that are described next.

In winter, June-July 1984, mean temperatures
of the continental waters poured into the system
were from 9.12 to 9.87 °C. If at this moment the
river flow had been relatively important, the in-
fluence of temperature would have been marked
at their mouths by a lowering of the temperature
in the water bodies, and this was observed in cer-
tain cases. This is noticeable in satellite images
from August 1985 (Figure 8a), at the mouth of
the Salado River, where an area of approximately
9 pixels shows temperatures of 8.0 °C, while the
rest of the water mass had an average temperature
over 1 °C higher. This regional event will last while
the volume of water contributed by the rivers sus-
tains a flow that influences the adjoining waters;
this influence could have a period of days or great-
er; for instance in July of 1984, an event observed
at the mouth and lasted during the four weeks in
that month observed by the satellite.

The shallow waters of the bay show higher heat
exchange with the atmosphere than the rest of
the bay waters. This phenomenon can be clearly
detected in images from June 1987, where a 24
pixel area along the coast presented temperatures
that were lower than the rest of the bay in more
than 1.5 °C (Figure 8b).

The high thermal gain of continental waters
takes place in the summer months; therefore, the
water flowing from canals and rivers exhibits
higher temperatures than the mean values at the
bay (Figure 9). This situation is presented in an
image from January 1985 (Figure 9a), where an
area with temperatures higher than the rest of the
bay appears in front of Canal No. 9, on the south-
west section of the bay.

Shallow waters in the bay during summer
months gain thermal energy faster than the rest
of the bay waters (Figure 9b). At the image cor-
responding to December 1985, a zone approxi-
mately 3-5 pixels wide shows higher temperatures
than the rest of the bay. At that time, an impor-
tant influence from the Ajo River was detected
on the south of the bay with waters at highest
temperatures, values close to 24.5 °C (Figure 9b).

CONCLUSIONS

The analyzed NOAA-AVHRR and sea surface
temperatures series were useful for describing the
monthly temperature fluctuations and to deter-
mine the different waters influencing the envi-
ronment. In months where simultaneous sea and

AVHRR data were obtained, there was a signifi-
cant correlation among them. For seasonal fluc-
tuations of temperature, a wave period of 12.048
months and an amplitude from 8.2 °C (July) to
23.3 °C (January), were estimated.

The thermal regime of Samborombon Bay is
typical of a temperate warm climate with higher
amplitude fluctuations between cold and warm
months. The range between extreme tempera-
tures at the bay is higher than that observed for
the adjacent marine regime. Satellite images make
it possible to describe phenomena taking place
within the bay due to thermal differences in in-
coming continental waters, for different times of
the year, indicating regional characteristics.
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