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High bacterial carbon demand and low growth efficiency at a tropical 
hypereutrophic estuary: importance of dissolved organic matter 
remineralization

Medidas simultâneas de produção (PB) e respiração 
bacterianas (RB) são indispensáveis para o 
entendimento da magnitude do ciclo do carbono nos 
níveis tróficos mais basais dos sistemas aquáticos, 
mas são ainda escassas nos trópicos. O presente 
estudo foi realizado em um estuário extremamente 
produtivo (Porto do Recife, 08°03'S; 34°52'W, NE 
do Brasil), onde a demanda bacteriana por carbono 
(DBC=PB+RB) e a eficiência de crescimento 
bacteriano (ECB=PB/DBC) foram determinadas para 
estimar o principal papel do bacterioplâncton: fonte 
ou captador de carbono orgânico. Apesar das altas 
taxas de PB (0.03-0.4 µMC h-1), as taxas extremas 
de RB (0.5-4.1 µMC h-1) levaram a baixa ECB (0.02-
0.29), provavelmente devido às altas temperaturas 
(>25oC) e forte limitação por nitrogênio inorgânico 
(razão N:P) A alta DBC e a baixa ECB indicam que 
o bacterioplâncton esteja atuando principalmente 
como remineralizador da matéria orgânica dissolvida, 
alimentando a produção primaria do sistema. Esses 
resultados contradizem o que seria esperado baseado 
em estudos conduzidos em estuários eutróficos 
temperados (onde geralmente ECB > 0.30) e apontam 
para a importância de se aumentar estimativas in situ 
de PB e RB em sistemas estuarinos tropicais a fim 
de se promover um melhor entendimento do papel 
desses sistemas na ciclagem de carbono global.
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Simultaneous measurements of bacterioplankton 
production (BP) and respiration (BR) are 
imperative to understand the magnitude of 
carbon cycle in the lower trophic levels of the 
aquatic systems, but are still scarce in the tropics. 
The present study was performed in a highly 
productive estuary (Recife harbor, 08°03'S; 
34°52'W, NE Brazil) where bacterial carbon 
demand (BCD=BP+BR) and growth efficiency 
(BGE=BP/BCD) were evaluated in order to 
estimate the major role of bacterioplankton: 
source or sink of organic carbon. In spite of the 
high BP rates (0.03-0.4 µMC h-1), the extremely 
high BR rates (0.5-4.1 µMC h-1) led to low BGE 
(0.02-0.29), possibly due to the high temperatures 
(>25oC) and strong inorganic nitrogen limitation 
(N:P ratios) The high BCD and low BGE 
indicate the major role of bacterioplankton as 
dissolved organic matter remineralizers, fueling 
the primary productivity of the system. These 
findings contradict what could be expected from 
studies in highly productive temperate estuaries 
(where BGE is usually > 0.30) and highlight 
the importance of increasing in situ BP and BR 
estimates in tropical estuarine systems in order 
to better understand the role of these systems in 
global carbon cycling.
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INTRODUCTION
Bacterioplankton play multiple roles in aquatic 

systems, converting high amounts of allochthonous and 
autochthonous organic material into nutrients (organic 
remineralization) and biomass (organic production). 
Understanding the extent and the regulating factors of each 
of these bacterial metabolic pathways is thus imperative to 
comprehend the carbon cycle in those systems. The amount 
of carbon incorporated by bacterioplankton is partitioned 
into growth (anabolism) and maintenance processes 
(catabolism). The bacterial carbon demand (BCD) is thus 
the sum of biomass produced (=bacterial production: BP) 
and the energetic loss (=bacterial respiration: BR). The 
efficiency to which the carbon incorporated is converted 
into biomass, i.e., the bacterial growth efficiency (BGE) 
is thus estimated as BP/BCD (DEL GIORGIO; COLE, 
1998).

Bacterial carbon consumption has been usually derived 
from bacterial production rates assuming constant growth 
efficiencies (GASOL et al., 2008). Nevertheless, several 
studies showed a great spatial and temporal variability in 
BGE within and among systems, due to several abiotic 
and biotic factors like temperature, inorganic nutrients 
availability, dissolved organic matter (DOM) quality, 
light incidence and grazing pressure (APPLE; DEL 
GIORGIO, 2007; APPLE et al., 2006; ASMALA et al., 
2014; BERGGREN et al., 2010; CORY et al., 2010; RAM 
et al., 2003). The need for simultaneous in situ estimates 
of bacterial production and respiration rates became thus 
imperative to accurately evaluate the bacterial carbon 
metabolism in the aquatic systems and understand its 
regulation.

Estuarine systems are increasingly subject to 
eutrophication processes due to the rapid population growth 
and consequent density increase along the coast (DAY et 
al., 2013). The high and continuous input of allochthonous 
nutrients and organic material from the surrounding lands 
and the domestic sewage leads to high phytoplankton 
and bacterial growth (BARRERA-ALBA et al., 2008; 
GAULKE et al., 2010; GUENTHER; VALENTIN, 2008b; 
MORTAZAVI et al.; 2012; SCHUMANN et al., 2003; 
YUAN et al., 2010). However, most of estuarine BGE in 
situ estimates were performed in temperate zones, with 
few exceptions on the tropics (GUENTHER et al., 2008a; 
LEE et al., 2009; RAM et al., 2003; RAM et al., 2007).

In the most comprehensive review on BGE to date, 
DEL GIORGIO and COLE (1998) verified a direct 
correlation between BGE and the trophic status of the 
system, ranging from 1% at the most oligotrophic open 
ocean sites to near 50% at eutrophic coastal-estuarine 
systems. Since then, the vast majority of studies still 
corroborate this pattern: BGE >30% on average in 
more productive areas, such as upwelling and estuarine 
systems (ASMALA et al., 2014; DEL GIORGIO; 
NEWELL, 2012; FUENTES et al., 2012; GUENTHER 
et al., 2008), and BGE < 20% on average at oceanic 
sites (ALONSO-SÁEZ et al., 2007; DEL GIORGIO et 
al., 2011; LØNBORG et al., 2013; REINTHALER et 
al., 2008). This means that in most eutrophic systems, 
bacterioplankton act more as a source of organic carbon 
for the higher consumers.

In the present study, we aimed to evaluate the main 
role of bacterioplankton (i.e., source or sink of organic 
carbon) in a hypereutrophic tropical estuarine system 
(Recife harbor, NE Brazil) through simultaneous BP and 
BR in situ measurements and BCD and BGE calculation. 
Despite the high bacterial production, bacterial growth 
efficiency was low due to high bacterial respiration rates. 
The role of temperature and nitrogen limitation in the 
regulation of bacterial carbon metabolism in this system 
is then discussed.

MATERIAL AND METHODS
Study site

The Recife harbor (08°03’S; 34°52’W, Recife - PE, 
Brazil) is a hypereutrophic well-mixed estuary with high 
primary production rates (GUENTHER et al., 2015). 
Situated in a densely populated area of the city, it is 
supplied by three urban and intensely polluted rivers: the 
Pina, Capibaribe and Beberibe. It is a long, narrow and 
shallow system (7 km long, 250-1000 m wide and 1-12 m 
deep) connected to the ocean by a 300 m wide mouth, and 
also influenced by the marine spray crossing the long (4 
km) and thin (30 m) beach rock reef that separates it from 
the ocean (Fig. 1). Tides are semidiurnal with maximum 
ranges of 2.3 m. Tidal currents are strong (30 cm s-1 on 
average), leading to residence times of 5-9 h, shorter than 
a complete tidal cycle (GUENTHER et al., 2015). The 
local climate is tropical humid with dry summers and wet 
winters (KÖPPEN, 1900).
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Experimental design and sample analyses
The samplings were performed at three stations 

located at distinct sections of the estuary: #1 - outer (12 
m deep), #2 - middle (9 m deep) and #3 - inner (3 m deep) 
(Fig. 1), during both ebb and flood tides, every 3 months 
during a year (January, April, July and October, 2008). 
The months sampled represent the wet (April and July) 
and dry (October and January) seasons (see GUENTHER 
et al., 2015). The stations were sampled opposed to the 
water flow, i.e., from the outer to the inner estuary during 
the ebb tide and conversely during the flood tide. The 
water samples were collected with 10L Niskin bottles 
at the subsurface layer for dissolved inorganic nutrients, 
dissolved organic carbon (DOC) and dissolved oxygen 
(DO) contents, pH and bacterial production (BP) and 
respiration (BR) incubation experiments. Temperature 

and salinity were obtained in situ through a portable 
thermometer and refractometer.

Nutrients, DOC and DO contents of each sample were 
determined in triplicates (or more when needed) in the 
laboratory within 1 h collection following the methods 
proposed by GRASSHOFF et al. (1983) for ammonium 
(N-NH4), nitrite (N-NO2), nitrate (N-NO3) and phosphate 
(P-PO4), STRICKLAND and PARSONS (1972) for DOC, 
and AMINOT and CHAUSSEPIED (1983) for DO. The 
pH was measured with a pH meter Gehaka PG2000.

Bacterial production rates were determined through 
3H-leucine incorporation (SMITH; AZAM, 1992). 
Samples and controls (1.3 mL) were incubated in triplicates 
in 2.0 mL sterile polypropylene tubes with L-[4,5-3H] 
leucine at a 10 nM final concentration, based on previous 
saturation curves. Controls were immediately fixed in 90 

Figure 1. Map of the Recife harbor, located at the city of Recife - PE, northeastern coast of 
Brazil, showing its major rivers and the three sampling stations.
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μL 100% ice-cold trichloroacetic acid (TCA) and samples 
were incubated for 1h at room temperature in the dark. 
Incubation was halted with 90 μL 100% ice-cold TCA 
and the isotopic activity of the samples was determined 
in a Beckman LS6000SC scintillation counter. Bacterial 
carbon production was calculated using a protein/carbon 
conversion factor of 0.86 (SIMON; AZAM, 1989).

Bacterial respiration rates were measured through 
dissolved oxygen consumption in the picoplankton (<2.0 
mm) fraction. Samples were previously filtered through 2.0 
mm polycarbonate membranes and incubated in situ in 150 
mL borosilicate bottles (triplicates) for 24h. The initial DO 
concentrations were also determined in triplicate samples 
immediately fixed with Winkler reagents (manganese 
sulfide and alkaline iodine). Dissolved oxygen contents of 
each sample were determined in triplicates following the 
Winkler’s titration method (AMINOT; CHAUSSEPIED, 
1983). Bacterial respiration rates were estimated using 
a respiration quotient (RQ) of 1.0 (BIDDANDA et al., 
1994). It is important to note that BR rates include also 
autotrophic picoplankton respiration.

Bacterial carbon demand (BCD) was calculated as 
BP+BR, and bacterial growth efficiency (BGE) as BP/BCD 
(DEL GIORGIO; COLE, 1998). The DOC turnover time 
through bacterioplankton (day -1) was estimated as the ratio 
between the DOC content and the BCD at each sample.

The meteorological conditions and the circulation 
dynamics of this system during this period have been presented 
and discussed elsewhere (GUENTHER et al., 2015).

Data analyses
For each variable, differences between tidal periods (ebb 

and flood) and among stations (outer, middle and inner) and 
months (January, April, July, October) were verified using 
a Mann-Whitney U test (for two groups: tidal periods) or a 
Kruskal-Wallis test (for multiple groups: stations and months), 
as data were not normally distributed (based on Kolmogorov-
Smirnov test). The measured variables were compared 
through Pearson’s correlations.

RESULTS
Abiotic variables

Some abiotic variables sampled presented significant 
seasonal variations (Table 1). Spatial or tidal statistical 
differences, however, were not observed. Water 
temperature ranged from 25oC to 30oC, higher in January 
and April (30oC) than in July: 25oC (H=19.5; p=0.0002), 
and salinity ranged from 26 to 36, being slightly lower 

at the inner (#3) than the outer (#1) station, although not 
statistically different (H=4.01; p=0.13).

Ammonium contents ranged from 0.4 to 5.2 µM, 
while the oxidized nitrogen (N) forms (N-NO2+N-NO3) 
ranged from 0.6 to 8.3 µM. These N forms constituted the 
major fraction of total dissolved inorganic nitrogen (DIN): 
N-NO2/NO3=62% of DIN, on average, and N-NH4=38%. 
Phosphate contents ranged from 0.4 to 12 µM and the 
DIN:DIP ratios varied from 0.8 to 5.7 (Fig. 2). Dissolved 
organic carbon contents ranged from 475 to 942 µM. 
Dissolved oxygen contents ranged from 179 - 402 µM) 
and the pH ranged from 8.0 to 8.5.

The N-NO2/NO3 contents increased from January 
and April (3.3 µM on average) to July: 6.1 µM (H=8.23; 
p=0.04). The DO contents decreased from April, beginning 
of the wet season: 262 µM (on average), to October, 
beginning of the dry season: 234 µM, on average (H=11.1; 
p=0.01). The pH also decreased from January (pH=8.4) to 
July: pH=8.1 (H=12.5; p=0.005).

Bacterial metabolic rates
Bacterial metabolic rates were highly variable 

throughout the year studied with no significant 
differences between tidal phases or among stations 
or months (Fig. 3). Bacterial production (BP) ranged 
from 0.03 to 0.4 µM C h-1 (0.24 µM C h-1 on average, 
CV=42%), bacterial respiration (BR) ranged from 0.5 
to 4.1 µM C h-1 (1.72 µM C h-1 on average, CV=58%), 
bacterial carbon demand (BCD=BP+BR) ranged 
from 0.6 to 4.5 µM C h-1 (1.96 µM C h-1 on average, 
CV=54%) and bacterial growth efficiency (BGE=BCD/
BR) varied from 2 to 29% (13% on average, CV=47%). 
The DOC turnover time through bacterioplankton 
consumption (DOC/BCD) ranged from 5 to 44 days 
(20 days on average, CV=54%).

The correlation matrix of all variables sampled 
showed that BP and BR rates were directly correlated 
to each other (r=0.58; p=0.003). The BP rates were also 
directly correlated to N-NH4 contents (r=0.53; p=0.01) 
and P-PO4 contents (r=0.76; p<0.001). The BR rates were 
directly correlated to P-PO4 contents (r=0.56; p=0.004) 
and inversely correlated to BGE (r= -0.46; p=0.022) 
(Table 2).

DISCUSSION
Bacterial carbon metabolism at Recife harbor varied 

greatly, without a clear tidal, seasonal or spatial pattern. In 
spite of the high bacterial production, the extreme bacterial 
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Table 1. Range and average values (in parentheses) of the abiotic variables at each month sampled. Variables marked with 
asterisks showed significant variations among months at p<0.05 (*), p<0.01 (**) and p<0.001 levels (***). In these, treatments 
with the same symbol are not significant different from each other, based on the Kruskal-Wallis test.

JAN APR JUL OCT

Water temperature (oC)** 29-30 (29)a 29-30 (29)a 25-25 (25)b 27-28 (27)a,b

Salinity 28-36 (33) 26-35 (31) 29-33 (31) m.d.

DO (μM)* 179-402 (256)a,b 259-265 (262)a 229-262 (243)a,b 229-239 (234)b

pH** 8.3-8.5 (8.4)a 8.2-8.4 (8.3)a,b 8.0-8.4 (8.1)b 8.0-8.3 (8.1)a,b

NH3 (μM) 0.4-5.2 (2.3) 0.4-5.0 (2.8) 1.0-3.2 (2.3) 1.5-2.7 (2.1)

NO2 + NO3 (μM) 1.4-4.8 (2.8)b 1.0-4.8 (3.8)b 4.8-7.3 (6.1)a 0.6-8.3 (3.9)a,b

PO4 (μM) 0.9-12 (5.8) 1.5-12 (6.1) 1.9-5.4 (3.9) 0.4-3.1 (1.5)

DOC (μM) 650-917 (769) 675-942 (814) 475-892 (594) 525-892 (713)
m.d.=missing data.

Figure 2. Dissolved inorganic nitrogen (N-NO3/NO2 and N-NH4) and phosphorous (P-PO4) contents and the 
DIN:DIP ratio (N:P) at the three sampled stations: #1 (outer), #2 (middle), #3 (inner) during ebb and flood tides 
and the four months sampled: January, April, July and October.

respiration rates led to low bacterial growth efficiencies, 
indicating that bacterioplankton are acting more as organic 
material remineralizers than biomass source for the higher 
trophic levels.

The high variability in BP, BR, BCD and BGE, also 
observed in other tropical estuaries (GUENTHER et 
al., 2008; RAM et al., 2007), was already expected due 
to the high hydrodynamic complexity of this system 
(GUENTHER et al., 2015). Although the BP rates 
measured in Recife harbor were similar, on average, to 
other tropical and temperate estuaries (APPLE; DEL 
GIORGIO, 2007; DEL GIORGIO; NEWELL, 2012; 
GUENTHER et al., 2008; RAM et al., 2003), the BR rates 

were higher, leading to lower BGE (see Table 3). Bacterial 
respiration rates were more variable than BP rates and 
inversely correlated to BGE (see Table 2) which suggest 
that BGE variations are better explained by BR.

Temperature strongly influences bacterial carbon 
metabolism (MADIGAN et al., 2010). Warmer conditions 
enhance metabolic rates (BROWN et al., 2004), which 
also leads to higher energetic loss (MACLEAN, 2008; 
PFEIFFER et al., 2001). Therefore, water temperatures 
are often directly correlated to bacterial production 
and respiration (JIMENEZ-MERCADO et al., 2007; 
KIRCHMAN et al., 2005; POMEROY et al., 1995; 
RAYMOND; BAUER, 2000; SAMPOU; KEMP, 
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Figure 3. Bacterial production (BP) and respiration (RB) (top panel) and bacterial carbon demand (BCD) and 
growth efficiency (BGE) (bottom panel) at the three sampled stations: #1 (outer), #2 (middle), #3 (inner) during 
ebb and flood tides and the four months sampled: January, April, July and October.

1994; SHIAH; DUCKLOW, 1994). When the effects 
of temperature on BR are higher than on BP due to this 
increase in energy expenditure, higher temperatures may 
result in lower BGE (AMADO et al., 2013; APPLE et al., 
2006; BERGGREN et al., 2010; GUENTHER et al., 2008; 
HALL; COTNER, 2007; RIVKIN; LEGENDRE, 2001). 
Temperatures at Recife harbor are high throughout the year 
(25-30oC), which led to high bacterial production but even 
higher bacterial respiration rates. Indeed, previous studies 
performed in tropical estuarine waters showed lower BR 
rates (BRmax=0.7 µM C h-1) where maximum temperatures 

were around 25oC (GUENTHER et al., 2008) and higher 
BR rates (0.7 - 3.3 µM C h-1) at higher temperature ranges: 
27-32oC (LEE et al., 2009; RAM et al., 2003).

Nutrient availability also plays a major role in 
regulating bacterial carbon metabolism (ASMALA 
et al., 2014; BERGGREN et al., 2010; GASOL et 
al., 2009; SMITH; KEMP, 2003). Bacterial uptake of 
DOM follows a rather constant ratio: C:N:P ~ 50:10:1 
(FAGERBAKKE et al., 1996; GOLDMAN et al., 1987). 
When DOM is depleted in N or P, they can balance their 
stoichiometric requirements by increasing inorganic N or 
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Table 2. Pearson correlation coefficients between the variables sampled and estimated at Recife harbor. Temp=temperature; 
Sal=salinity; DO=dissolved oxygen; DOC=dissolved organic carbon; BP=bacterial production; BR=bacterial respiration; 
BGE=bacterial growth efficiency. Asterisks mean significant correlations at p<0.05 (*), p<0.01 (**) and p<0.001 levels 
(***). Not significant correlations (p>0.05) are not shown (-).

Sal DO pH NH4 NO2/NO3 PO4 DOC BP BR BGE

Temp _ _ 0.73*** _ -0.45* 0.44* 0.67** _ _ _

Sal _ _ _ -0.48* _ _ _ _ _

DO _ _ _ _ _ _ _ _

pH _ -0.58** _ _ _ _ _

NH4 _ 0.69*** _ 0.53* _ _

NO2/NO3 _ _ _ _ _

PO4 _ 0.76*** 0.56** _

DOC _ _ _

BP 0.58** _

BR -0.46*

Table 3. Mean bacterial production rates (BP), bacterial respiration rates (BR) and bacterial growth efficiency (BGE) from 
the present study and other tropical and temperate estuarine systems.
References Region Site BP (µM C h-1) BR (µM C h-1) BGE

Present study Tropical Recife Harbor (BRA) 0.24 1.72 13%

APPLE and DEL GIORGIO, 2007 Temperate Monie Bay (USA) 0.15 0.23 32%

DEL GIORGIO and NEWELL, 
2012 Temperate Delaware Bay (USA) 0.12 0.52 18%

GUENTHER et al., 2008 Tropical Guanabara Bay (BRA) 0.20 0.25 52%

RAM et al., 2003 Tropical Zuary Estuary (IND) 0.21 0.95 18%

P uptake (CHURCH, 2008; KIRCHMAN, 1994), which is 
achieved via the activation of metabolic pathways, raising 
respiration rates and lowering growth yield and BGE 
(HESSEN; ANDERSON, 2008; JANSSON et al., 2006).

At Recife harbor, although we did not measure DON 
or DOP contents, and thus cannot estimate DOM C:N:P 
ratios, the low DIN:DIP ratios (0.8 - 5.7) due to the large 
P-PO4 inputs from domestic sewage and agriculture 
runoff, indicate inorganic nitrogen limitation. Moreover, 
the N-NH4 contents, the most readily available inorganic 
N form for bacterioplankton (CHURCH, 2008; VALLINO 
et al., 1996), represented, on average, a minor fraction of 
total DIN (38%). Inorganic nitrogen limitation of bacterial 
production and growth efficiency has been widely reported 
in both batch cultures and natural systems experiments 
(CARLSSON et al., 2012; CHURCH et al., 2000; KROER, 
1993; ORTEGA-RETUERTA et al., 2012), some of them 
showing a higher dependency of BGE on inorganic 
nitrogen than on DOM quality (ASMALA et al., 2014; 
LØNBORG et al., 2011). The direct correlation between 
BP and N-NH4 (r=0.53; p=0.01) and the absence of 
correlation between BP and the N-oxidized forms (r=0.25; 

p=0.23) suggests a higher reliability of bacterioplankton 
on ammonium contents in this system.

The higher BGE observed in the more productive 
estuarine systems is usually correlated to the nutrient 
availability and/or DOM quality (APPLE; DEL GIORGIO, 
2007; ASMALA et al., 2014; DEL GIORGIO; NEWELL, 
2012; GUENTHER et al., 2008) which support bacterial 
growth (BP) with less maintenance energy costs (BR). 
The DOM quality (or lability) is defined by its nutritional 
value (stoichiometric balanced C:N:P ratio), diagenetic 
state (freshly leached vs. microbial processed), as well as 
molecular size (low vs. high molecular weight) and shape 
(degree of aromaticity), irrespective of its allochthonous 
or autochthonous origin (AMON; BENNER, 1996; 
ATTERMEYER et al., 2014; GOLDMAN et al., 1987). 
The relatively rapid estimated DOC turnover through 
bacterioplankton consumption at Recife harbor, from 
a few days to a little more than a month (5 to 44 days), 
suggests that the DOM content range from labile to semi 
labile (CARLSON, 2002).

Phytoplankton-derived DOM represents an important 
labile source for bacterioplankton supporting high bacterial 
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growth in both batch-cultures and mesocosms experiments 
(BELL; SAKSHAUG, 1980; CHERRIER et al., 1996; 
CHRZANOWSKI; HUBBARD, 1989). At Recife harbor a 
considerable amount of phytoplankton exudates is expected 
due to the high primary production rates (GUENTHER et 
al., 2015). Moreover, the high domestic sewage input at 
this system can be even more labile for bacterial growth 
than autochthonous phytoplankton-derived DOM (XU et 
al., 2013; XU et al., 2014). Thus, it is possible that despite 
the high nutrient input and supposed labile to semi labile 
DOM contents, the low DIN:DIP ratios are hindering BGE 
through increasing BR at Recife harbor. Future research 
should thus focus on DOM stoichiometry and chemical 
composition along with bacterial uptake experiments to 
quantify the major available DOM sources in this system 
and verify the hypothesis of inorganic nitrogen limitation 
of bacterial growth raised in the present study.

CONCLUSIONS
The high temperatures and the inorganic nitrogen 

limitation due to large allochthonous P-PO4 loadings are the 
main factors driving the high BR rates and, hence, the low 
BGE observed at Recife harbor, in spite of the high primary 
productivity. These results highlight the importance of 
increasing in situ BP and BR estimates in eutrophic tropical 
estuaries, in order to reevaluate the established direct 
correlation between BGE and productivity based mostly on 
temperate systems.

The high bacterial carbon demand and the relatively 
rapid DOC turnover indicate that huge amounts of DOM 
are channeled through bacterioplankton, showing the 
importance of this compartment in organic material 
recycling at this hypereutrophic system. The low BGE, 
however, means that most of this up taken DOM is released 
as inorganic nutrients and CO2 to the water column. The 
high bacterial production, similar to other tropical and 
temperate estuarine systems, suggests that this compartment 
also plays an important role as biomass sources for the next 
trophic levels (BONG; LEE, 2011; TROUSSELLIER et al., 
2005; VAN DEN MEERSCHE et al., 2011), but its major 
role in this system is as DOM remineralizer. The large 
allochthonous nutrient inputs along with the rapid DOM 
remineralization, supports the high primary productivity 
and biomass of the system (GUENTHER et al., 2015), 
which is the main source for the plankton consumers.
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