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Knowledge of the surface radiation balance and associated components in intertidal wetlands is essential to the
M understanding of the ecosystem. The aim of this study is to assess the behavior of the radiation balance (or net radiation)
> and its components in a salt marsh environment (Bahia Blanca Estuary, Argentina), taking into consideration two

different tidal conditions: nonflooded salt marsh (NFS) and flooded salt marsh (FS). In situ measurements were made
during a 1l-year period. An adequate measurement system to record meteorological and oceanographic parameters by
using a floating structure was implemented. The results showed that the tide led to an increase of 5% in net radiation for
a typical summer day (NFS = 3485 W m 2 d%; FS = 3663 W m 2 d1), while for a typical winter day, the net radiation
under NFS and FS conditions was similar (NFS = —616 W m2 d!; FS = 615 W m 2 d%) but showing differences
throughout the day. With the purpose of strengthening the results, a spectral analysis using Fourier and wavelet
transforms was performed on the net radiation and tide level time series.
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INTRODUCTION

Solar radiation is the main energy input to the atmosphere—
ground system. Surface radiation balance (SRB) involves
complex feedback mechanisms at the atmosphere—ground
interface. SRB determines the available energy for the non-
radiative components of the heat balance at the Earth’s surface
(Marty et al., 2002) and for other energy-consuming processes
like photosynthesis (Rosenberg, Blad, and Verma, 1983).
Consequently, SRB is of great importance in many areas of
physical, hydrological, and biological research.

SRB (or net radiation (R,)) is defined as the difference
between the incoming and outgoing radiation fluxes at the
surface, including shortwave and longwave spectral regions;
R, (W m™2) is determined as follows:

R,=K|-K1+L|-L1=K|(1—-a)+L|—-L1 (1)

where, K| and K7 are the incoming and outgoing shortwave
radiation, respectively; L| and L7 are the incoming and
outgoing longwave radiation, respectively; « is the albedo.
While incoming components of radiation balance are controlled
by factors related to solar motion (i.e. latitude and season),
cloudiness, aerosol loading, and atmospheric water vapor
amount; outgoing components depend on ground surface
characteristics (i.e. albedo, thermal emissivity, temperature,
moisture, and soil properties).
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SRB is variable in both spatial and temporal scales. The
atmospheric conditions in combination with ground surface
characteristics make it difficult to provide general rules of SRB.
According to Ferreira et al. (2012), when the components in
Equation (1) are considered individually, they may differ
considerably from one area to another, even for equal R,
amounts. Numerous studies concerning SRB in different
landscapes were conducted. For instance, SRB in urban areas
was the focus of particular attention (e.g., Ferreira et al., 2012;
Frey, Rigo, and Parlow, 2007; Garcia Cueto et al., 2015; Offerle,
Grimmond, and Oke, 2003; Sozzi et al., 1999). In other cases,
several investigations focused on the SRB in diverse vegetation
covers (e.g., Alados et al., 2003; Pieri, 2010; Samani et al., 2007;
Sicart et al., 2004) or in topographically complex landscapes
(e.g., Fritschen and Qian, 1990; Holst, Rost, and Mayer, 2005;
Hong and Kim, 2008; Marty et al., 2002).

In coastal intertidal zones, the solar exposure is often
dictated by tidal level (Crowell, Webster, and O’Driscoll,
2011). The strong horizontal flux driven by water movement
complicates the exchange of matter and energy in these zones
(Piccolo, 2009). Flood durations are long enough to perturb
environmental conditions such as sediment temperature,
saturation, etc. (Moffett et al., 2010). Hence, knowledge of the
SRB and its components in these intertidal environments is
crucial to the understanding of the ecosystem. Marine
intertidal organisms are subjected to a variety of abiotic
stresses, such as aerial exposure and wide ranges of temper-
ature (Stillman and Somero, 2000), which are strongly related
to both tide and solar radiation.

The surface balances (e.g., energy, water, carbon dioxide, etc.)
between wetlands and the atmosphere are typically measured
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Figure 1. Location map of the study area (image from Google Earth).

during nonflooded conditions (Moffett et al., 2010). For
example, the studies of Beigt, Piccolo, and Perillo (2008),
Moffett et al. (2010), Silis, Rouse, and Hardill (1988), and Vugts
and Zimmerman (1985) provided findings on heat—energy
balances in different intertidal zones of the world, with
attention on the tidal cycle (i.e. flooded and nonflooded
conditions). However, it should be noted that the SRB and/or
its components were investigated in an indirect way. Therefore,
the aim of this study was to assess the behavior of the SRB and
its components in a salt marsh, taking into consideration two
different tidal conditions: nonflooded salt marsh (NFS) and
flooded salt marsh (F'S). The emphasis was put on quantifying
the effect of the tide on the R,, and outgoing components of the
SRB.

Field research was conducted in Villa del Mar salt marsh, in
the NE of the Bahia Blanca Estuary (Buenos Aires province,
Argentina) (Figure 1), which constitutes an ecological system,
located in a subhumid (average annual humidity 60%; average
annual rainfall = 635 mm) temperate (average annual
temperature = 15.1°C) climate zone. The estuary is classified
as mesotidal; the mechanical energy input into the system is
produced by a semidiurnal tidal wave (Perillo et al., 2001). The
average tidal range increases from the mouth (2.2 m) to the
estuary head (3.5 m). The waves are characterized by a period
not exceeding 2 seconds and a height of up 0.20 m for 70% of the
time (Vitale, 2010). The salt marsh presents pure stands of
Spartina alterniflora short form (Gonzalez Trilla et al., 2009)
and circular mounds of Sarcocornia perennis, colonizing the
upper marshes (Perillo and Iribarne, 2003). Sediment gran-
ulometry indicates the predominance of a sandy silt texture
(52% sand; 38% silt) (Vitale et al., 2014).

METHODS

Continuous and simultaneous measurements of meteorolog-
ical and oceanographic parameters were made in the Villa del
Mar salt marsh (Figure 2), in the framework of Coastal
Environmental Monitoring Station (EMAC, 2018) network
(http://emac.iado-conicet.gob.ar/). The period studied was from
December 2008 to November 2009. The main equipment was
installed in a position of the salt marsh that approximately 50%
of the time is exposed to the atmosphere (i.e. NFS) and the
remaining time is flooded by the tide (i.e. FS). With respect to
FS condition, tides greater than 0.5 m were considered for
analysis.
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Figure 2. The used instrumentation: (a) Floating structure under flooded
and nonflooded conditions, shortwave radiation, and temperature (sediment
and air/water) sensors; (b) net radiation sensor; (c) weather station; and (d)
magnetic wave and tide sensor.

The above-mentioned equipment consists of an innovative
floating structure built in steel (buoy) in order to achieve a
constant height above the surface (sediment or water) (Figure
2a). In addition, the floating system was designed to ensure a
perpendicular orientation (to the surface) of the sensors. The
equipment measures air temperature at 0.5 and 2 m and
shortwave radiation at 1 m height above the surface (movable)
(Figure 2a). Two pyranometers (Apogee, model SP-110;
spectral range, 300—1100 pm) were placed opposite each other
in the buoy for measuring K| and K7. In the cases when solar
zenith angle exceeded 80 degrees or K| < 15 W m™2, the data
were discarded. Temperatures at+0.05 m (air/water) and —0.05
m (sediment) were also measured close to the buoy (Figure 2a).
Both sets of sensors were intercalibrated before the measure-
ments. Measurements were recorded every 5 minutes.

A net radiometer (Kipp & Zonen, NR-Lite; spectral range
0.2-100 um) was installed near the buoy, at the same tidal level
as the pyranometers (Figure 2b). The radiometer calibrations
were provided by manufacturer. R,, data were recorded every 5
minutes.

The weather station is located 150 m west of the buoy (Figure
2¢). The station recorded relative humidity, air temperature,
precipitation, barometric pressure, and wind speed and
direction every 5 minutes. Also, wave (height and period) and
tide level were recorded every 10 minutes (Figure 2d).

L| was obtained as a residual term of the radiation balance
(Eq. 1), as in similar studies (e.g., Stephens et al., 2011;
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Figure 3. Correlation between K| and K| and the resultant albedo under
NFS conditions for (a) summer, (b) winter, and (¢) annual period. (d)
Seasonal values of albedo; as can be seen, the curve is well fit to a sinusoidal
function (See Eq. 5).

Venildinen, Solantie, and Laine, 1998), in the following way:
Ll =R,-K|+K1+L1 2)

L7 was determined from measurements of surface (i.e.
sediment or water) temperature using the Stefan-Boltzmann
law, as follows:

L1 = t,0T? (3)

where, ¢, is the thermal emissivity of the surface, ¢ is the
Stefan-Boltzmann constant (5.67 X 108 W m2 K™), and T is
the surface temperature (sediment or water) (Figure 2a).
Earth’s surface is usually considered a grey body with a
longwave emissivity in the range of 0.90 to 1, for example, from
0.90 (snow surfaces) to 0.98 (semiarid regions) (Garratt, 1994);
in this case, ¢, is assumed to be 0.95 and 0.97 for F'S (water) and
NFS (sediment), respectively. Cloudiness is usually used as a
general indicator that determines the atmospheric transmis-
sion of radiation (Jung et al., 2016). Here, cloud cover (c,
dimensionless) was determined by the following equation
(Crawford and Duchon, 1999):
K|
c=1 K, (4)
where, K|, is the theoretical incoming clear sky solar radiation,
which depends on the time of day, Julian day, and latitude.
For the spectral analysis, fast Fourier transform (FFT) and
wavelet transform methods were used. The former method was
applied only for R,,, whereas the latter was applied for R,, and
tide level. Unlike the FFT, the wavelet transform allows
identification of not only spectrum of the frequencies but also
their localization on the time axis. In addition, cross wavelet
transform, as the extended usage of wavelet analysis, was
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Figure 4. Correlation between K| and KT and the resultant albedo under F'S
conditions for (a) summer, (b) winter, and (c¢) annual period. (d) Seasonal
values of albedo; as can be seen, the curve is well fit to a sinusoidal function
(See Eq. 6).

applied to detect intercorrelations between R,, and tide level;
both R,, and tide level data were subsampled to 1 hour. These
methods complement each other, as will be shown later. The
description and mathematical formulation of the wavelet
methods are well outlined in the literature. All spectral
analysis were generated using MATLAB.

RESULTS
The results of the R,, at the surface (NFS and FS conditions)
and its associated components are described in detail below.
Also, results in terms of R,, and tide level derived from spectral
analysis are considered here.

Shortwave Radiation Characteristics

In the study area, the average K| was 280 W m 2 (December
2008-November 2009), ranging from 383 to 195 W m™2 in
summer and winter, respectively. The maximum recorded K|
reached 1069 W m ™2 at 2 hours after midday in early summer.
The average KT was 40 W m ™2, ranging from 48 to 35 W m 2 in
summer and winter, respectively. Figures 3 and 4 present the
correlation analysis between the two shortwave components
with the purpose of determining the albedo for both NFS
(Figure 3) and F'S (Figure 4) conditions. The annual albedo was
0.115 and 0.068 for NFS and FS, respectively. The seasonal
albedo ranged from 0.096 (summer) to 0.137 (winter) for NFS
and from 0.052 (summer) to 0.085 (winter) for F'S. Seasonal
values of albedo were well fit by a sinusoidal function (Figures
3d and 4d). Therefore, the monthly albedo for both NF'S (Eq. 5;
Figure 3d) and FS (Eq. 6; Figure 4d) conditions can be
expressed as follows:

2= —0.0213sen(mg + 1.3590) +0.1155 (5)

%= —0.0165sen (mg + 1.1077) +0.06825 (6)
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Figure 5. L| and LT components for the whole studied period (5-min time
interval).

where, m is the number of the month (G.e. 1 <m <12, 1=
January).

Longwave Radiation Characteristics

Figure 5 shows both L| (Eq. 2) and LT (Eq. 3) components
(values every 5 min) for the whole studied period. It should be
remembered that L1 was adapted to NF'S and F'S conditions by
using specific thermal emissivity. Because of the thermal
inertia of the surface (either sediment or water), the fluctuation
amplitude of the surface temperature is lower than the air
temperature. This is clearly reflected in both L| and L7
components (Figure 5). As expected, L| and L1 components
followed the same annual trend as the incoming solar
radiation.

The average L| was 357, 254, and 305 W m 2 in summer,
winter, and annual period, respectively; the annual standard
deviation was 54 W m 2. These results were similar to those
reported by Carmona, Rivas, and Caselles (2014), who carried
out direct measurements of L| (average L| = 330 W m2,
standard deviation L| =50 W m™2) in the central south-eastern
area of Buenos Aires province (around 300 km from the study
area). LT was 418 and 341 W m2 in summer and winter,
respectively.

Cloud Cover

In this study, cloud cover is available only for daytime (see
Eq. 4). Table 1 shows the monthly average cloud cover and the
classification of sky conditions into four levels: clear, partly
cloudy, mostly cloudy, and overcast. The monthly average
cloud cover was 0.28, ranging from 0.19 (January) to 0.43
(May). Clear sky conditions accounted for 59% of the time (by
averaging monthly values), while the remaining sky conditions
accounted for 23% (partly cloudy), 12% (mostly cloudy), and
5.3% (overcast). During some months of winter and interme-
diate seasons (particularly May and September) the cloudiness

Table 1. Monthly cloud cover and classification of sky conditions.
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Figure 6. R, for a typical day under NFS and FS conditions for (a) summer
and (b) winter. The tide (i.e. F'S condition) led to an increase in R,, at midday
in both seasons.

increases, showing higher percentages of mostly cloudy and
overcast sky conditions (Table 1).

Net Radiation at Different Tidal Levels

The average R, in the salt marsh for the whole study period
was 53 W m 2. The seasonal average of R,, ranged from 132 to
—11 W m 2 in summer and winter, respectively; this is the
typical behavior in a temperate area. During daytime hours,
the average R,, was 311 and 96 W m 2 in summer and winter,
respectively, while during nighttime hours R, was —70 and —90
W m 2 in summer and winter, respectively.

Figure 6 shows the behavior of the R,, for a typical summer
and winter day, under NFS and FS conditions. Tidal effect on
the R, in both seasons can be clearly seen. The tide led to an
increase of 5% in R,, for a typical summer day (NFS = 3485 W
m2d? ;FS=3663 W m2dYin average terms (Figure 7a). For
a typical winter day, the R, under NFS and F'S conditions was
similar (NFS=-616 Wm 2 d ; FS=—615 W m 2 d!) (Figure
6b) but showing differences throughout the day.

In summer, the R, reached a peak of 522 (NFS) and 585 W
m 2 (FS) and a minimum of —79 (NFS) and —82 W m 2 (FS)
(Figure 6a). The results showed a significant variation in R,,
under NFS and F'S conditions from 1000 to 1600 hours, being
more marked at midday, in which R,, under NFS was lower
than under FS. This is a consequence of the highest
temperature reached by the sediment due to the maximum
solar radiation (Vitale et al., 2014) and the albedo effect; the
albedo is greater for NFS (¢=0.096) than for F'S conditions by
88%, implying greater reflection of radiance. This behavior is
inverted in the early hours of the morning (from 0630 to 0900
h). In this period, when R, is governed by L1, the surface
temperature plays a key role; since the water temperature is

Sky Conditions Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Average cloud cover 0.19 0.20 0.25 0.26 0.43 0.24 0.36 0.34 0.39 0.27 0.21 0.20
Clear sky (%) 77.4 78.6 67.7 43.3 32.3 63.3 38.7 48.4 43.3 64.5 75.0 76.2
Partly cloudy (%) 16.1 10.7 16.1 53.3 22.6 23.3 32.3 29.0 26.7 22.6 8.3 14.3
Mostly cloudy (%) 6.5 10.7 12.9 0.0 32.3 10.0 22.6 194 13.3 3.2 8.3 9.5
Overcast sky (%) 0.0 0.0 3.2 3.3 12.9 3.3 3.2 3.2 16.7 9.7 8.3 0.0

Journal of Coastal Research, Vol. 00, No. 0, 0000
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higher than the sediment temperature (due to the cooling
effect in the sediment produced by the minimum air
temperature of the day) (Vitale et al., 2014), the net radiative
loss is slightly greater for F'S than for NF'S conditions (Figure
6a).

In winter, the R,, had a maximum of 155 (NFS) and 191 W
m~2 (FS) and a minimum of 94 (NFS) and —104 W m2 (FS)
(Figure 6b). The plot showed that the R, was greater (28%)
under F'S conditions than under NF'S from 0930 to 1500 hours,
when the water temperature remained below the sediment
temperature; the smaller albedo of F'S conditions also had an
effect on the resultant R,,. Later, R,, became less negative (33%)
for NFS from 1500 to 2400 hours, because the water
temperature remains more constant (and higher) than the
sediment temperature. The delayed effect of the resultant R,
for F'S conditions can be clearly seen in Figure 6.

Spectral Analysis of Net Radiation and Tide Level

In order to carry out the spectral analysis of the in situ
measured R, and tide level, FFT (Figure 7) and wavelet
transform (Figure 8) methods were used; however, FFT was
applied only to R,,. With respect to FFT, two remarkable cycles
were found in both summer and winter seasons: approximately
12 and 24 hours; the latter, and more important cycle, is
thought to be due to the diurnal variation of incoming solar
radiation; the remaining cycle is related to the tidal regime,
which is dominated by the principal lunar semidiurnal
constituent (M3) (12.42 h). Peaks of about 5 and 7.5 hours are
visible during winter (Figure 7b) (and annual period (Figure
7c¢)), which were associated to the longwave radiation rather
than albedo, given mainly by the thermal responses of the
surface under NFS and FS conditions throughout the day

NET RADIATION
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Figure 8. Wavelet analysis of R,, and tide level records from December 2008
to November 2009. Continuous wavelet transform of (a) R,, and (b) tide level.
(¢) Cross wavelet transform of R,, and tide level; well-defined areas (light
colors) indicate strong relations between R, and tide level at approximately
12 h.

(Figure 7b). In addition, there are well-defined peaks in the
energy spectrum near the 5-day cycle in both seasons and also
between 10 and 20 days (annual period), which were probably
triggered by the passage of synoptic systems (Figure 7b,c).

In accordance with the above FFT spectral analysis (Figure
7), the resultant wavelet power spectrum of the R,, (Figure 8a)
showed a noticeable periodicity of about 24 hours (median
value), related to incoming solar radiation. A second periodicity
of about 12 hours (median value) was observed, related to
semidiurnal tidal regime. In both cases, the power decreased in
winter season (Figure 8a). The wavelet power spectrum of the
tide level showed a clear periodicity with a period of about 12
hours (median value), as was expected (Figure 8b).

The cross wavelet analysis in figure 8c revealed well-defined
areas (light colors) that indicate strong relations between the
two time series. The cross power spectrum between R,, and tide
level showed a common periodicity of about 12 hours,
suggesting that the R, is closely related to tide. Additionally,
a quasi-periodic variation of about 24 hours was detected.

DISCUSSION
As was mentioned previously, the SRB determines the
available energy for the nonradiative components of the heat
balance (Marty et al., 2002) and for other energy-consuming
processes like photosynthesis (Rosenberg, Blad, and Verma,
1983). Knowledge of SRB and its components in intertidal
wetlands is of great importance because it will contribute to

Journal of Coastal Research, Vol. 00, No. 0, 0000
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understanding the ecosystem function. In this regard, inter-
tidal organisms are driven by the dynamics of the solar
radiation and tide, which influence their behavior, survival,
and growth. Thus, for instance, according to Mitbavkar and
Anil (2004), the irradiance and tides are key factors for the
control of vertical migration of benthic diatoms in a tropical
intertidal environment.

For the first time, this study provides an assessment of the
SRB and its components in a salt marsh under NFS and FS
conditions. Regarding irradiance (K|), the seasonal average
was 383 and 195 W m 2 in summer and in winter, respectively,
as is typical in temperate regions. The annual average K| was
280 W m2, while the annual average K| was 40 W m 2,
indicating a positive annual shortwave radiation balance at the
surface. The albedo was found to be higher for NFS, ranging
from 0.096 (summer) to 0.137 (winter) for NFS and from 0.052
(summer) to 0.085 (winter) for F'S. The results are similar to the
findings reported by Moffett et al. (2010), who determined
values (minimum) of albedo between 0.089 (NFS) and 0.073
(FS) for a salt marsh in San Francisco Bay, USA. Here, it is
important to point out the development of the phytoplankton
(dominated by diatoms) winter bloom in the Bahia Blanca
estuary (Guinder, Popovich, and Perillo, 2009), which contrib-
utes to a decrease in albedo during F'S conditions; in summer
months, a phytoplankton peak abundance was also reported
(Guinder et al., 2012). A strong explanation of the seasonal
pattern under NFS and FS conditions is that, according to
Fresnel's Law, at low solar altitudes (i.e. autumn-winter
seasons) this direct radiation implies a higher albedo, and vice
versa (Figures 3d and 4d). In addition, this pattern could not be
explained by variations in the surface (specifically during
nonflooded condition) due to the presence of perennial plant
species.

The behavior of longwave components is related to the
temperature; thus, L| and L1 are highest in summer and
lowest in winter seasons (Figure 5). The results indicated a
continuous negative net flux. A perceptible gap between L | and
L7 (on average —87 W m~2) was observed in winter months
(Figure 5), in which L1 appears to be affected by the effects of
tide on attenuation of the surface temperature, as was pointed
out by Vitale et al. (2014). Tidal flooding has a general buffering
effect on the variability of the sediment temperature (Serodio
and Catarino, 1999).

An assessment of cloud cover is necessary for radiation
balance studies. Cloud cover reduces the K|; however, this
effect is partly offset, or exceeded, by an increase in L| (Screen
and Simmonds, 2010). Hence, considering that the presence of
clouds influences the SRB, a description of their cover was
carried out. Cloud cover was estimated on the basis of
measured K|, but this study did not include information on
height and temperature of clouds, which influence significantly
the L|. The monthly average cloud cover was 0.28, with highest
values occurring during a few months of the year, in
concomitance with rainy periods. This relatively low amount
of cloudiness did not significantly affect the atmospheric
radiation.

While the latitude of the site, season of year and time of day
determine the amount of irradiance entering the ecosystem,
the R,, also depends on the site conditions that characterize the

ecosystem (Piccolo, 2009). As was already mentioned, the tidal
cycle effectively influences the radiation balance by transiently
altering the albedo, temperature, and emissivity. For a typical
summer day, the tide led to an increase of the R, by 5% (NFS=
3485 W m2 d_l; FS =3663 W m 2 d™). The results showed a
significant variation in the R, for NFS and FS conditions
mainly at midday, in which R,, under F'S was higher than under
NFS (Figure 6a). This means that there is available energy to
achieve significant levels of photosynthesis, at flooded condi-
tions, during midday, when irradiance levels are highest. For a
typical winter day, the R,, under NFS and FS conditions was
similar (NFS=-616 Wm ?d ;; FS=-615 Wm *>d '), but with
differences throughout the hours of the day (Figure 6b). Again,
the R, under FS was higher than under NF'S, during midday
hours. Therefore, the role of the tide in the variability of
radiative net flux is of importance because the tide modifies
both the surface temperature and albedo. This complex
thermal behavior is in agreement with the fact that the
intertidal species generally have high thermal tolerance
(Stillman and Somero, 2000).

R,, and tide level were analyzed using spectral methods (FFT
and wavelet transforms). The results agree with the above-
mentioned observations, giving complementary information.
Spectral analysis applied to R, and tide level time series
revealed two clear periodicities of about 24 hours (Figures 7
and 8a) and 12 hours (Figure 8b) related to incoming solar
radiation and to semidiurnal tidal regime, respectively. The
most important result is that the Fourier and wavelet analysis
of the R, showed the role of tidal variability (=12 h) on R,,.
Another important result is that the cross wavelet analysis
strengthens the connection between R,, and tide level, showing
a significant common periodicity of about 12 (Figure 8c).

CONCLUSIONS

An assessment of the SRB and its components in the Villa del
Mar salt marsh (Bahia Blanca Estuary, Argentina) was carried
out, taking into account the tidal cycle (i.e. NFS and FS
conditions) as an essential part of this study. Continuous and
simultaneous measurements of meteorological and oceano-
graphic parameters were recorded during December 2008-
November 2009. This research requires an adequate measure-
ment system to continuously gauge the surface, that is, under
NFS and FS conditions, which was achieved by equipping it
with a floating structure.

This study contributes information about the factors deter-
mining radiation (shortwave and longwave) balance in an
intertidal zone, providing the framework for further assess-
ments and predictions of intertidal ecosystem functioning.
Special attention should be directed toward trends in cloud
cover within the global climate change context, which affects
the radiation balance and influences the light conditions. Since
climate change is expected to affect the sea level, salt marsh
ecosystems will be impacted through changes in surface
properties (e.g., albedo) and, hence, must be taken into account.
Research efforts should include other specific physiological
measurements, such as photosynthesis rate and evapotranspi-
ration, among others, for future ecosystem modeling on
intertidal environment.
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