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CHARACTERIZATION OF THE TROPHIC STATUS (SPRING- 
SUMMER) OF THE EL CONCHALITO ESTUARY, BCS,  

BASED ON THE CONCENTRATION OF CHLOROPHYLL a,  
PRIMARY PRODUCTIVITY AND PHOTOSYNTHETIC EFFICIENCY

 Caracterización del estado trófico (Primave-
ra-Verano) del Estero El Conchalito, con base  

en la concentración de clorofila a, productividad 
primaria y eficiencia fotosintética

RESUMEN. Los sistemas de manglar, tradicionalmen-
te han sido reportados como áreas de alta productividad 
primaria, capaces de exportar biomasa hacia sistemas ad-
yacentes favoreciendo a organismos de diferentes niveles 
tróficos. Su complejidad como sistemas altamente produc-
tivos estriba en gran parte en la coexistencia de productores 
primarios tanto foto como quimiosintéticos. El objetivo del 
presente estudio es determinar el estado trófico, la eficien-
cia fotosintética y productividad primaria de la comunidad 
fitoplanctónica presente en este manglar durante la tempo-
rada primavera verano del 2016. Se realizaron muestreos 
quincenales durante el periodo abril a julio en los cuales se 
tomaron muestras para determinación de concentración de 
clorofila a y estimación de la productividad primaria. De 
igual manera se registró la temperatura ambiental y la su-
perficial del agua, además de considerar datos de niveles 
de mareas. La temperatura ambiente varió entre los 21.9 y 
28.5 ° C, mientras que la temperatura superficial del agua 
presentó valores entre 21 y 24.5 °C. Los menores niveles 
de marea se registraron durante el primer y segundo mues-
treo (50 cm), mientras que los máximos durante la tercera 
y cuarta fecha (120 cm). Con relación a la concentración de 
clorofila a, su valor mínimo fue de 2.0 mg m-3, mientras que 
el máximo de 4.6 mg m-3 (julio y marzo respectivamente). 
Durante Julio se registró el mínimo de productividad prima-
ria (2.4 mg C m-3 h-1), mientras que el máximo durante abril 
con 4.9 mg C m-3 h-1. La eficiencia del proceso fotosintético 
presentó el mínimo durante mayo (0.79 y el máximo du-
rante julio (1.20 mg C m-3 h-1), coincidiendo con el mínimo 
de productividad primaria. De acuerdo al Índice Trófico de 
Carlson (> 30), el Estero El Conchalito se considera una 
zona de productividad media.
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Mangroves are one of the most important wetland systems 
because of the widely-recognized and essential ecological 
and economic role they play (Kuo et al., 2001) by func-
tioning as areas of alimentation, refuge and breeding of 

numerous species of birds (Carmona & Carmona, 2000), 
fish (González-Acosta et al., 1999; González-Acosta et al., 
2005), mollusks (Conabio, 2008), and crustaceans (Félix-Pi-
co et al., 2003), among others. The El Conchalito mangrove 
(Fig. 1) is a system formed basically by three species that, 
in order of importance, are Avicennia germinans, Laguncu-
laria facemosa and Rhizophora mangle. This mangrove is 
located near Ensenada de La Paz (24º08′34”-24º07′40″ N 
and 110º21′04″-110º20′35″W) and covers an approximate 
surface area of 18.5 has. The principal rains occur in the 
summer with values close to 60 mm, while the mean annual 
precipitation is 184 mm. This system is subject to a desert 
climate with a mean annual temperature above 22°C. Du-
ring the winter-spring, winds come from the northwest at 
speeds of 5-10 m s-1 but are weaker in the hot months (2-3 
m s-1) when they enter from the south. The objective of the 
present study was to evaluate the trophic condition of this 
estuary based on the variables of chlorophyll-a concentra-
tion, primary productivity and photosynthetic efficiency in 
a mangrove area that borders on a residential zone of the 
city La Paz, BCS. Nine, two-week sampling periods were 
performed between April and July 2016, which involved 
in situ recording of ambient temperature and the surface 
temperature of the water. Water samples were drawn at the 
estuary’s mouth to determine chlorophyll-a concentrations 
(Strickland & Parsons, 1972) and estimate primary produc-
tivity employing the radioactive carbon assimilation techni-
que (Steemann-Nielsen, 1952). 

Photosynthetic efficiency was evaluated by calculating 
the net assimilation rate (PB=PP/Cl a), a widely recommen-
ded parameter for obtaining information on this aspect of 
efficiency per unit of chlorophyll (Gaxiola-Castro & Álva-
rez Borrego, 1986; Lara-Lara et al., 1993).

Carlson’s index was utilized to classify the system ac-
cording to its trophic condition since this scale is one of 

Figure 1. The study area, “El Conchalito” estuary.
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the most widely-recognized for use with studies in estuary 
systems and coastal lagoons (Carlson, 1977; Contreras-Es-
pinosa et al., 1994). 

Ambient temperature presented values between 
21.9°C (May 21) and 28.5°C (July 16), clearly indicating 
the transition period between the cold and hot months that 
concurs with the seasonal pattern reported for this area by 
various authors (e.g. Robles Gil-Mestre, 1988). The sur-
face temperature of the water presented similar behavior, 
though with relatively lower values: a minimum of 21°C 
and a maximum of 24.5°C (Fig. 2a), readings comparable 
to the annual averages of 24.7°C (Félix-Pico et al., 2006) 
and 25.9°C (González-Acosta et al., 1999). Concerning the 
dynamics of the tides, observations showed that the maxi-
mum height was recorded during the two samples taken in 
May (1.2 m), followed by a reduction to a low of 0.7 m 
in July; however, the minimum value coincided in the first 
two samples (0.5 m). In this regard, Jiménez-Illescas et al. 
(1997) reported that the tide that affects the El Conchalito 
estuary is of the semidiurnal type, which presents a mean 
amplitude of 1.94 m and an average annual current of 21 cm 
s–1, while Félix-Pico et al. (2006) reported a mean amplitu-
de of 1.4 m. These physical conditions allow the exchange 
of water with the Laguna de La Paz. The chlorophyll-a con-
centration showed a tendency to decrease values between 
the first and final samples, so the maximum was recorded in 
March (4.6 mg m-3) and the minimum in July (2.0 mg m-3). 
Martínez-López et al. (2001) made similar observations, as 
they associated the decrease in chlorophyll with the increa-
se in the temperature of the annual cycle. Likewise, but for 
the Bahía de La Paz, Verdugo-Díaz et al. (2014) reported 
surface values lower than 1 mg m-3 between 2005-2007, ex-
cept for the value corresponding to December 2005, when a 
concentration above 6 mg m-3 was recorded, due to a punc-
tual proliferation of phytoplankton. The maximum values 
for chlorophyll-a concentrations were observed during the 
lower tide. Under low tide conditions and the shallower 
depths this brings in the estuary, the tidal currents can re-
move sediments and resuspend cells of picophytoplankton 
that, in turn, can contribute to the increased concentration of 
chlorophyll and primary productivity. (Blanchard & Mon-
tagna, 1992; López-Fuerte & Siqueiros-Beltrones, 2006). 

From May onwards, both the height of the tide and the con-
centration of chlorophyll-a showed the same downwards 
pattern over time (Fig. 2b). 

Primary productivity showed a marked reduction 
over time, similar to what was observed regarding the va-
riable described above (Fig. 3). This correlation (r= 0.81), 
however, may not be as consequential as has been reported 
previously (see, for example, Nixon, 1988) since it can be 
modulated by properties of the phytoplanktonic communi-
ty, such as the degree of maturity/immaturity, adaptations 
and its physiological status, or even its size and the pigmen-
tary print of its populations. In addition, this variability in 
the attributes of the community may also be modified by 
environmental conditioning factors that include photosyn-
thetically-active radiation and nutrient concentrations. All 
these factors and their interaction modulate the pattern and 
variability of primary productivity (Behrenfeld & Falkows-
ki, 1997, Claquin et al., 2010). Moreover, observations of 
estuaries have shown that primary productivity commonly 
registers behavior that is inverse to temperature (Boynton 
et al., 1992). 

The minimum productivity value was recorded in July 
with a reading of 2.4 mg C m-3 h-1, while the maximum 
was found in the second sample in April (4.9 mg C m-3 h-1). 
Concerning photosynthetic efficiency, expressed as the as-
similation rate, the behavior recorded was distinct from pri-
mary productivity. It is possible to observe, especially in the 
second part of the curve, an inverse relationship between 
productivity and photosynthetic efficiency, a finding that 
may be associated with the nature of the radioactive carbon 
assimilation method, which estimates not only the primary 
productivity of the photosynthetic organisms but also that 
of non-photosynthetic primary producers (Holm-Hansen & 
Helbling, 1995). Minimum efficiency (0.79 mg C (mg Cl 
a)-1 h-1) was recorded in the first sample drawn in May, whi-
le the maximum appeared in the final sample of the study 
(1.20 mg C (mg Cl a)-1 h-1). There are no earlier reports 
on this variable in the study area, but Verdugo-Díaz et al. 
(2014) published values between 0.16 and 22.4 mg C (mg 
Cl a)-1 h-1) for Cuenca Alfonso in the northern area of Bahía 
de La Paz. It is important to point out that this high variabi-
lity is associated mainly with the photophysiological adap-

Figure 2. (a) Ambient (continuous line) and surface temperatures (broken line); and (b) height of the tide (empty bars) and 
chlorophyll-a concentration (continuous line) in “El Conchalito” estuary. 
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tations of the phytoplankton since those authors considered 
different levels of light inside the eutrophic zone. 

The values for Carlson’s trophic index (Fig. 4) show a 
slightly downward tendency over time, though those recor-
ded were consistently above 30, the limit between oligotro-
phic and mesotrophic zones, which justifies considering the 
study zone as a mesotrophic estuary of medium productivi-
ty. However, it is important to keep in mind that this study 
was conducted only during spring/summer, so integrating 
similar values for chlorophyll-a concentrations and primary 
productivity would result in a classification as a eutrophic, 
or high productivity, zone (Martínez-López et al., 2001; 
Verdugo-Díaz et al., 2014). The choice of this particular in-
dex was based on reports in the literature that confer high 
resolution and an accurate representation of the trophic con-
ditions of lagoon and estuary systems (Gómez-Ortega et al., 
2014; Contreras Espinosa et al., 1994), in the present case, 
the latter variable was utilized because it is one of the most 
widely-accepted parameters for this type of environment 
since it responds directly to the variability of nutrients and 
phytoplanktonic biomass (Edmondson, 1980).

Despite this mangrove’s reduced coverage, its impor-
tance is evident, especially when we consider the adjacent 
marsh area because, together, these zones are considered 
one of the regions of greatest productivity, capable of expor-
ting organic material that positively influences neighboring 
systems (Costanza et al., 1997). In this regard, Félix-Pico 
et al. (2006) provide evidence of the high primary produc-
tivity of the “El Conchalito” estuary, as they observed va-
lues as high as 2.4 g dry weight m-2 d-1 of litterfall from the 
mangrove system. All the sampling for the present study 
was conducted before the tide began to ebb to quantify the 
potential primary productivity that could be exported to ad-
jacent systems. Nevertheless, the values for primary pro-
ductivity and photosynthetic efficiency suggest a relatively 
healthy environment, despite reports that this system –and 
some others around Ensenada de La Paz have been affected 
by urban development, above all due to the resulting frag-
mentation, reduction and loss of habitats (Carmona, 1995). 

Classifying the “El Conchalito” estuary as a mesotro-
phic zone using Carlson’s Index provides further evidence 
of the system’s excellent health, for there is no scientific 

Figure 3. Primary productivity (empty bars) and assimilation rate (continuous line) during the sampling period 
“El Conchalito” estuary.

Figure 4. Carlson’s trophic index (empty bars) limits between oligotrophic and eutrophic water 
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evidence of eutrophication due to anthropogenic activities, 
as has occurred in other coastal lagoons in Mexico (Gó-
mez-Ortega et al., 2017; Martínez-López et al., 2017). It is 
important to mention that diverse lines of research invol-
ving various biotic resources, including birds (Carmona & 
Carmona, 2000), fish (González-Acosta et al., 1999; Gon-
zález-Acosta et al., 2005), and mollusks (Conabio, 2008), 
and crustaceans (Félix-Pico et al., 2003), allow us to infer 
that this is a zone with mid-to-high productive capacity that 
plays a significant role in maintaining regional –even conti-
nental– biodiversity, since it receives some migrant species, 
especially of birds.

It is necessary to carry out studies of the various bio-
logical resources of this system in order to develop the 
capacity to prevent, or remedy, anthropogenic affectations 
caused by the growth of urban sprawl (González-Acosta, 
et al., 2005), 
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