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Abstract

In this study the Q
10

 coefficients of heterotrophic activities were measured during aerobic decomposition of Utricularia 
breviscapa Wright ex Griseb from Óleo lagoon (21° 36’ S and 49° 47’ W), Luiz Antonio, SP. The bioassays were set 
up with fragments of U. breviscapa and incubated with lagoon water at distinct temperatures (15.3, 20.8, 25.7 and 
30.3 °C). Periodically for 95 days, the concentrations of dissolved oxygen were determined in the bioassays. The 
results of the temporal variation of dissolved oxygen were fitted to a first-order kinetic model. The stoichiometric 
relations were calculated on the basis of these fittings. In general, the results allowed us to conclude: i) the oxygen/
carbon stoichiometric relations (O/C) varied in function of temperature and time. The temporal variations of the 
O/C observed in the decomposition of U. breviscapa, suggest that, in the initial phases of the process, low organic 
carbon concentrations were enough to generate great demands of oxygen, ii) the oxygen consumption coefficients 
(k

d
) presented low variation in function of increasing temperature, iii) the increment of the temperature induced a 

higher consumption of oxygen (CO
max

) and iv) the simulations indicate that during summer, temperature activates the 
metabolism of decomposing microbiota.

Keywords: Q
10

, stoichiometric coefficient, oxygen uptake, aquatic macrophyte, mathematical model.

Q10 da atividade heterotrófica durante a decomposição aeróbia de  
Utricularia breviscapa e seu efeito na ciclagem do carbono da lagoa do óleo

Resumo

Neste estudo, foram discutidos os coeficientes Q
10

 das atividades heterotróficas durante a decomposição aeróbia de 
Utricularia breviscapa Wright ex Griseb da lagoa do Óleo (21° 36’ S e 47° 49’ O), Luiz Antônio, SP. Os bioensaios 
foram realizados com fragmentos de U. breviscapa e água da lagoa sendo incubados em diferentes temperaturas 
(15,3, 20,8, 25,7 e 30,3 °C). Periodicamente, por 95 dias, as concentrações de oxigênio dissolvido foram determinadas 
nos bioensaios. Os resultados da variação temporal de oxigênio dissolvido foram ajustados a um modelo cinético de 
primeira ordem. As relações estequiométricas foram calculadas com base nesses ajustes. De modo geral, os resulta-
dos permitiram concluir: i) as relações estequiométricas (O/C) variaram em função da temperatura e do tempo. As 
variações temporais dos coeficientes estequiométricos observadas na decomposição de U. breviscapa sugerem que, 
nas fases iniciais do processo, concentrações baixas de carbono orgânico são suficientes para gerar grandes demandas 
de oxigênio; ii) os coeficientes de consumo de oxigênio (k

d
) apresentaram baixa variação em função do incremento 

da temperatura; iii) o incremento da temperatura induziu um maior consumo de oxigênio (CO
máx

); e iv) as simulações 
indicaram que, durante o verão, a temperatura favoreceu o aumento do metabolismo da microbiota decompositora. 

Palavras-chave: Q
10

, coeficientes estequiométricos, consumo de oxigênio, macrófita aquática, modelo matemático.
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1. Introduction

Microbial metabolism is the sum of all biochemical 
reactions that are regulated by several extrinsic (pH, tem-
perature, nutrient availability, osmotic pressure and redox 
potential) and intrinsic (co-enzymes and enzymes) condi-
tioning factors. Temperature is one of the most important 
environmental variables that act directly on the metabo-
lism of organisms. The metabolism of organisms reacts 
to temperature effect by an exponential rise (expressed 
by Q

10
), reaching a peak (at optimum temperature me-

tabolism) and a rapid decline in heterotrophic capacity. 
The metabolic dependence of any organisms in relation 
to temperature (Q

10
) is determined by different types of 

enzymes that act on the respiration process. During res-
piration, the increase in the activation energy of enzymes 
can have a positive or negative effect (Straškraba et al., 
1999). Besides the temperature, the differences among 
Q

10
 values can also express the several conditioning fac-

tors of decomposition interdependence: i) adaptability 
potential of microorganisms, ii) physiologic versatility 
(e.g. growth rate and enzyme production), iii) the mi-
crobial community diversity and iv) density and biomass 
of microorganisms. It is possible that this parameter is 
also influenced by the resource availability and by the 
specificity of the decomposing microbiota to a substrate 
(Cunha-Santino, 2003).

Regarding decomposition in aquatic environments, 
bacteria and fungi are the major organisms that mediate 
the degradation process (Dias et al., 2007). The decom-
position rates depend on abiotic factors including nutri-
ents availability (López et al., 1998), supply of electron 
acceptors (Kučinskienė and Krevš, 2006), temperature 
(Mendelssohn et al., 1999; Carvalho et al., 2005) and pH 
(López-Archilla et al., 2001). Other factors such as plant 
detritus availability, chemical composition and mor-
phological structure (Gessner, 2000), nutritional C:N:P 
ratio of plants (Enriques et al., 1993), molecular mass 
(Boonchan et al., 2000), origin (Jonsson et al., 2001), de-
tritus size (Bianchini Jr. and Cunha-Santino, 2006) also 
affect the decomposition rates.

Decomposition is processed by microorganisms 
through aerobic and anaerobic metabolism, the predomi-
nant type of catabolic process is driven by environmental 
conditions (e.g. redox potential and oxygen availability) 
that select organisms. Usually, anaerobic metabolism 
predominates in sediment and aerobic metabolism pre-
vails in the water column since a positive budget of dis-
solved oxygen exists.

Considering the range of in situ variation of tem-
perature due to seasonality of an oxbow lagoon located 
in a subtropical region, this study aimed at discussing 
the carbon cycling during decomposition of Utricularia 
breviscapa Wright ex Griseb in relation to Q

10
 of hetero-

trophic activity from decomposing microbiota.

2. Materials and Methods

2.1. Sampling site description and material collection

To assess the Q
10

 (or van’t Hoff equation) of hetero-
trophic activity from aerobic decomposition, bioassays 
with Utricularia breviscapa Wright ex Griseb and water 
from Óleo Lagoon were accomplished. The Óleo Lagoon 
(21° 36’ S and 47° 49’ W) belongs to a set of oxbow 
lagoons in the floodplain of Mogi-Guaçu River, located 
within the Jataí Ecological Station (Luiz Antonio, São 
Paulo, Brazil). The Óleo Lagoon is a small and shal-
low oxbow lagoon presenting a seepage drainage (area: 
19.470 m2, volume: 49.613 m3 and Z

mean
: 2.55 m), the 

dimensions of this environment are 710.0 m long and 
60.0 m wide (Petracco, 2006). This lagoon is an oligo-
mesotrophic system with N-nitrate concentration of 9.0 ± 
4.7 µg.L–1, N-nitrite of 0.9 ± 0.1 µg.L–1 (Wisniewski 
et al., 2000), N-ammonium of 24.0 ± 8.8 µg.L–1 and 
P-phosphate of 62.4 ± 46.4 µg.L–1 (Pezzato, 2007). The 
water temperature varies annually from 18.3 ± 1.8 °C in 
July to 28.8 ± 1.8 °C in December (Cunha-Santino and 
Bianchini Jr., 2008).

To achieve the entire potential of U. breviscapa de-
composition (soluble and non-soluble components of 
biomass), fresh living samples were collected from the 
littoral zone and washed with in situ water. In the labora-
tory, the plants were washed with tap water in order to re-
move adhered particles (periphyton, sediment and coarse 
material). Plant material was then dried at 50 °C, ground 
(0.2 cm < Φ < 1.32 cm) and homogenised. Prior to the 
assays settings, lagoon water samples were collected from 
the stand of U. breviscapa with a Van Dorn bottle. The wa-
ter samples were filtered (Millipore; pore size: 0.45 µm).

2.2. Aerobic mineralisation experiment and  
mathematical model

The aerobic mineralisation of U. breviscapa was per-
formed at four distinct temperatures (15.3 °C, 20.8 °C, 
25.7 and 30.3 °C) in incubations (n = 2 for each tempera-
ture) prepared with fragments of U. breviscapa and fil-
tered lagoon water samples (proportion: 200 mg.L–1 DW; 
Bianchini et al., 2008). To remove the background dis-
solved oxygen (DO) consumption, two control incuba-
tions (with water sample of lagoon) were also incubated 
for each temperature.

The incubations were oxygenated with filtered clean 
air for 1 hours until reaching saturation with DO and 
the initial DO concentrations of incubations were meas-
ured with a DOmeter (YSI model 58; Yellow Spring 
Instruments; precision: 0.03 mg.L–1). In sequence the 
incubations were closed and maintained under control-
led temperature and in the darkness. During 95 days of 
experiment (n = 22 samplings), the DO concentrations 
were registered in the incubations. After the measure-
ments, the incubations were covered again to avoid the 
processes of diffusion of atmospheric oxygen. In order 
to prevent anaerobiosis within incubations, the solutions 
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where re-oxygenated when the DO concentrations were 
near 2.0 mg.L–1 until the oxygen reached saturation.

The carbon:oxygen (O/C) stoichiometric coef-
ficients were estimated from the relations between the 
maximum consumption of oxygen (CO) observed from 
the accumulated DO fittings in this study and the amount 
of inorganic carbon generated from the parameterisa-
tion of the kinetic model during carbon aerobic miner-
alisation (dCM/dt) of U. breviscapa (Cunha-Santino and 
Bianchini Jr., 2008).

2.3. Kinetic model and statistical analysis

Considering that the consumption of oxygen is di-
rectly related to the oxidation of organic resource, and 
that this process is well-represented by first order ki-
netics models, the kinetic models proposed by Cunha-
Santino et al. (2008) and Bianchini Jr. et al. (2008) were 
used. The DO concentrations from the mineralisation 
chambers were correct by subtraction of DO concen-
tration from control chambers (with only Óleo Lagoon 
sample water). Kinetics fittings of CO were calculated 
using a non-linear regression with the iterative algorithm 
of Levenberg-Marquardt (Press et al., 1993). According 
to these procedures, the temporal changes in the CO 
were represented by Equation 1:

CO CO e k td= × −( )−
max 1  (1)

where: CO = consumption of oxygen concentrations ac-
cumulated value (mg.L–1); CO

max
 = maximum oxygen 

consumption (mg.L–1), k
d
 = deoxygenation coefficient 

(per day) and t = time (day).
The CO

max
 were used to estimate Q

10
 values and 

the temperature effect (Equation 2) was described by 
Equation 3 (USEPA, 1985):

CO f T= ( )  (2)

CO COT ref
T Tref= × −

max
( )θ  (3)

where: θ - temperature fitting coefficient (θ = Q
10

(0.1)).
The CO temporal variation were statically analysed 

using nonparametric analysis (Kruskal-Wallis) fol-
lowed by Duncan’s multiple comparison test in order 
to verify for significant differences among temperatures 
(p < 0.05).

3. Results

From the kinetic point of view, despite the tempera-
ture variation, the CO variation presented a pattern of 
accentuated consumption at the beginning of the miner-
alisation processes (from 20th to 30th days of incubation: 
Figure 1). After this period, a gradual decrease in the 
oxidations was verified, tending towards stabilisation, in 
the final phases. The increasing temperature raised the 
values of CO

max
, this parameter varied from 101.9 ± 5.89 

(15.3 °C) to 337.7 ± 22.25 mg.g–1 DW (30.3 °C; Table 1). 
Considering the four incubation temperatures, the mean 
value of CO

max
 during mineralisation of U.  breviscapa 

was 229.8 mg.g–1 DW. Regarding CO
max 

values in the 
four temperatures, the Q

10
 from oxygen uptake from 

U. breviscapa decomposition was 1.89 (Figure 1). 
As opposed to those checked for the parameter 

CO
max

, the deoxygenation coefficients (k
d
) tended to 

decrease in function of the rising temperature: 0.074 ± 
0.0083 day–1 (15.3 °C), 0.062 ± 0.0034 per day (20.8 °C), 
0.055 ± 0.0024 per day (25.7 °C) and 0.051 ± 0.0052 per 
day (30.3 °C). The respective half-time (t

1/2
) for the incu-

bations temperature were 9.4; 11.2; 13.6 and 13.4 days. 
Considering the high determination coefficients (r2: 0.97 
to 0.99) from kinetic fitting to the experimental results 
(Table 1), the model used was adequate to represent the 
kinetic of consumptions of oxygen of U. breviscapa deg-
radation.

The stoichiometric relations represent the oxygen 
consumptions temporal variation in relation to carbon. 
The results indicated that O/C varied in function of tem-
perature and time (Figure 2). However, despite tempera-
ture increment, it was possible to identify a pattern of 
common variation. It was verified, in the initial phase, 
the increment of the values of the stoichiometric coeffi-
cients; the maximum values of O/C had been observed on 
the 5th day: 9.5 (15.3 °C), 16.2 (20.8 °C), 16.0 (25.7 °C) 
and 20.2 (30.3 °C); after, the stoichiometric coefficients 
decreased continuously until the end of the experiment 
(180 days), tending to zero.

The annual variation of temperature of Óleo Lagoon 
showed a well defined seasonal pattern (Figure 3). The 
temperature ranged from 19.35 ± 1.26 °C in July (dry 
season) to 28.50 ±  1.71 °C in November (rainy sea-
son). The changes obtained by simulation of the aerobic 
mineralisation potential of carbon expressed by CO

max
 

(Figure 3) indicated higher value for deoxygenation in 

Table 1. Parameterisation of kinetic model from oxygen consumption of U. breviscapa in function of temperature.

Temperature
(°C)

COmax

(mg g detritus–1)
Error kd

(per day)
Error r2

15.3 101.9 5.9 0.074 0.008 0.98

20.8 220.0 - 0.062 0.003 0.97

25.7 260.0 - 0.055 0.002 0.98

30.3 337.7 22.2 0.051 0.005 0.99
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Figure 1. Accumulated oxygen consumption from aerobic mineralisation of U. breviscapa in function of temperature and 
Q

10
 in function of temperature and CO

max
 (horizontal bars = SD and vertical bars = errors from kinetic fittings).

November (CO
max

 = 313.9 mg.g–1 DW) and the lowest 
CO

max
 occurred in July (160.3 mg.g–1 DW; Figure 3).

The statistical analysis indicated significant dif-
ferences between the OC kinetics from incubations at 
15.3 °C in relation to those at 25.7 °C (p < 0.01) and 
30.3 °C (p < 0.001). No significant differences (p > 0.05) 
were observed among 20.8, 25.7 and 30.3 °C.

4. Discussion

Experiments that consider DO uptake have been 
frequently used to evaluate the heterotrophic metabo-
lism in aquatic ecosystems (Berman et al., 2001; Strauss 
and Lamberti, 2002) and these assays are often accom-

plished in function of temperature variation (Panhota 
et al., 2006). In these studies the quantitative relations 
between the oxygen uptakes are implicit, and the CO

2
 

concentration is approximately equivalent to the amount 
of consumed oxygen (Karl, 1986). The kinetic develop-
ment of DO consumptions, independent of temperature 
incubation, were similar to that observed by Borsuk and 
Stow (2000). Considering that detritus of aquatic macro-
phytes are chemically heterogeneous, presenting a labile 
and refractory fractions (Cunha-Santino and Bianchini 
Jr., 2008) the oxidation of the labile fraction at the begin-
ning of experiment prevails, generating high demands of 
dissolved oxygen. In aquatic environments, the oxidation 
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Figure 2. Temporal variation of stoichiometric coefficients (O/C) from aerobic mineralisation of U. breviscapa, in function 
of temperature.

of labile fraction takes place when senescence of macro-
phytes occurs; this process constantly liberates hydro-
soluble substances into the water column. On the other 
hand, the reductions in the oxygen uptake were probably 
related to the mineralisation of the refractory fractions, 
i.e. cellulose and lignin (Esslemont et al., 2007) and also 

humic substances formation during decomposition of 
macrophytes (Rice, 1982).

The parameters k
d 
from kinetic models of U.brevisapa 

aerobic mineralisation allowed the supposition that the 
oxygen consumptions are a short-term degradation proc-
ess (t

1/2
 less than two weeks) and despite that the k

d
 tend-

Figure 3. Temporal variations of temperature (recorded in situ in the Óleo Lagoon). Simulations of changes of oxygen con-
sumption (COmax) in function of temperature variation from Utricularia breviscapa detritus in the Óleo Lagoon (vertical 
bars = errors from kinetic fittings from simulations).
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ed to decrease in function of temperature increasing, the 
parameter varied in the same order of magnitude.

During aerobic mineralisation of an algae, for the 
Staurastrum iversenii cells, a pattern of decrease in 
parameter k

d
 in function of increasing temperature 

(Pacobahyba, 2002) was also observed. Overall, the 
OC

max
 and k

d
 values varied in function of origin and 

phenological type of detritus (morphological structure, 
chemical composition), community of microorgan-
isms, nutrient concentration and temperature (sensu 
Bianchini Jr., 2003). Although, when comparing the 
variation of k

d
 and OC

max
 in function of temperature 

(Table 1), it is possible to infer that these parameters are 
independent and inversely proportional. The increase in 
temperature interferes in the total amount of CO but not 
in the velocity of this process.

In experiments under controlled conditions, the 
physiological state of decomposing microbiota is subject 
to variations, exhibiting two types of kinetic properties: 
intrinsic and extant (Grady et al., 1996). The intrinsic 
parameters depend on substrate nature and type of mi-
croorganisms, from chemical and physical conditions of 
incubations (Kovárová-Kovar and Egli, 1998). In opposi-
tion, the extant properties indicate the capabilities of mi-
croorganisms (cell history, intrinsic organism character-
istic). The amplitude of temperature variation simulated 
during aerobic decomposition of U. breviscapa (from 
15 to 30 °C) did not indicate an increase in minerali-
sation velocity (i.e. increase in metabolic rates) but act 
on the amount of oxygen consumed (i.e. oxygen yield 
for aerobic metabolism). Possibly, in this case, alterna-
tions within metabolic pathways occurred: i) the rise 
in temperature probably triggered the metabolic routes 
that consume more oxygen in metabolism, or ii) activate 
other processes that consume oxygen (e.g. nitrification), 
or iii) an increase in microbial density is favoured by in-
creasing temperatures, and raised the number of micro-
organism populations increasing the oxygen uptake for 
the maintenance of aerobic metabolism.

During aerobic degradation, the oxidation of carbon 
by dissolved oxygen (acting as an oxidant agent) pro-
duces as end product stable inorganic compounds (like 
CO

2
 and water). In this case, it is assumed that all oxy-

gen is used in the oxidation of organic carbon (Brezonik, 
1994). Thus, the relation between consumed oxygen and 
oxidised carbon provides the stoichiometric coefficients. 
The stoichiometric relation (O/C) varied in function of 
time and temperature. However, independent of tem-
perature variation, a pattern of temporal variation was 
observed, higher values of O/C were observed in the be-
ginning of the experiment and with elapsed time the O/C 
relation tended to zero. Higher O/C ratio is attributed 
to labile fraction of detritus that usually correspond to 
dissolved organic matter formation (i.e. leachate). This 
fraction of detritus is composed of reactive substances 
that are rapidly incorporated into microbial metabolism 
and support biomass and catabolic processes (such as 
respiration). As aerobic degradation is processed, the 

refractory compounds dominate within detritus and the 
oxidations become a slow process. At this stage, a set of 
specific enzymes is necessary for the complete degrada-
tion of particulate debris.

Bioassays with litter, leaves, branches and barks 
showed the same pattern of O/C variation as verified 
in this study (Cunha-Santino and Bianchini Jr., 2002). 
The higher ratio of O/C were observed on the 3rd day 
of aerobic mineralisation (barks: 6.73; branches: 1.05; 
leaves: 2.45 and litter: 3.88). During decomposition of 
aquatic macrophytes under aerobic conditions the fol-
lowing O/C values were recorded: 5.03 (Montrichardia 
arborescens, maximum value: 17th day; Cunha-Santino 
et al., 2001), 11.88 (Eichhornia azurea, maximum value: 
6th day; Cunha-Santino et al., 2003) and 11.05 (Salvinia 
auriculata, maximum value: 3rd day; Cunha-Santino and 
Bianchini Jr., 2001).

The variation of stoichiometric values were attrib-
uted mainly to: (i) chemical oxidations among the dif-
ferent organic compounds involved in the decomposition 
process; (ii) reactions mediated by enzymes; (iii) altera-
tions within metabolic routes by different populations 
of microorganisms (e.g. Embden-Meyerhof-Parnas path-
way and Entner-Doudoroff pathway); (iv) variation in 
number and species of microorganisms involved in de-
composition; (v) variation on quality and quantity (labile 
and refractory fraction) from organic compounds avail-
able during degradation and (vi) amount of oxygen atom 
in detritus (Cunha-Santino, 2003).

The increase in stoichiometric relation in function of 
temperature is mainly attributed to an increase in meta-
bolic activities of microbiota (e.g. positive effect on en-
zymes production) and favouring of chemical reactions 
by the rise in activation energy on the thermodynamic 
equilibrium. The Q

10
 is a coefficient that expresses the 

increase in metabolic activity by an increment in 10 °C.
Studies on leaf decomposition of Phragmites showed 

that oxygen consumption was significantly correlated 
with temperature (Q

10
 varied from 1.8 to 2.3; Andersen, 

1978). Experiments of oxygen consumption in aquatic 
environments (USEPA, 1985) registered values of Q

10 

that varied from 1.22 to 4.05; in this compilation, it was 
suggested that Q

10 
of ca. 1.58 occurred in general, only 

at temperatures ranging between 20 and 30 °C, and that 
higher values were observed in processes developed 
at lower temperatures. The higher Q

10
 coefficient was 

observed at the lowest incubation temperature during 
mineralisation of U. breviscapa, the Q

10
 in the range 

15.3 to 20.8 °C was 4.05; in the range of 20.8 to 25.7 °C, 
it was 1.41 and between 25.7 and 30.3 °C, it was 1.76. 
According to Kätterer et al. (1998), values of Q

10
 are near 

to 2 in the range of 5 to 35 °C. These values (ca. 2) are 
usually used in the simulations that deal with cycling in 
ecosystems. However, when considering one single sub-
strate, the Q

10
 can be distinct from 2, therefore the effect 

of the optimum temperature acts differently on organ-
isms in a community.
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Studies that describe increments in metabolic rates 
in function of increasing temperatures are more com-
mon. For instance, Tartaglia (2001) found a Q

10
 of 2.80 

during anaerobic mineralisation of refractory fractions 
of Eichhornia azurea. Antonio and Bianchini Jr. (2002) 
described the Q

10
 of glucose decay for aerobic proc-

ess (1.12) and for anaerobic process (3.30). Kirchman 
and Rich (1997) found a Q

10
 of 2.4 for the consump-

tion of glucose and mannose; according to the authors, 
the effect of the temperature in the carbon consumption 
presents important implications in the competition proc-
esses among microbial populations within the carbon 
cycle. Thus, the increases of the temperature regulate the 
concentrations of carbon through bacterial growth, by af-
fecting the response time and the affinity of the bacteria 
for carbon. A revision of the metabolic dependence (e.g. 
growth, respiration) of some organisms in relation to the 
temperature (Straškraba, 1999) presented a range of Q

10
 

variation from 1.17 to 7.79 (average = 2.31; n = 23); in 
this compilation the Q

10
 for decomposition mediated by 

bacteria in sediments was 1.71. Kätterer et al. (1998) 
suggest that the use of Q

10
, in decomposition experi-

ments, is only applicable in the temperature range be-
tween 5 and 35 °C; temperatures ranging outside this 
interval deviate the Q

10
 significantly from 2; according to 

the authors, such variations of Q
10

 values (temporal and 
spatial) are possibly derived from optimum temperatures 
for metabolism of organisms involved in decomposition. 
Despite the great variation of response of the organ-
isms in function of temperature, it is evident that each 
microbial community responds differently to the varia-
tions of this factor. Nicarlarot et al. (1994) found greater 
sensitivity to the effect of the temperature for holocel-
lulose decomposing community (Q

10
 = 4.5) in detriment 

of glucose (Q
10

 = 2.9). Coûteaux et al. (2001) reported 
differences in the responses of microbial communities 
in relation to the temperature during decomposition of 
labile and refractory organic substance. Bunnell et al. 
(1977) studying litter decomposition, found different 
physiological responses of the community in relation to 
the substratum age; in this case, it was found that the 
litter of less than one year presented a Q

10
 of 8.79 and 

that of more than one year had a Q
10

 of 2.56; the authors 
attributed such a difference to the recalcitrant character 
of the oldest substrata.

Regarding the temporally aerobic mineralisation of 
U. breviscapa detritus in Óleo Lagoon and the experi-
mental conditions adopted in this study (treatment of 
plant fragments and controlled conditions), the pressure 
on the DO in the water column is a short-term process 
since the half-time of labile fraction of detritus exerts a 
demand for higher concentration of oxygen for carbon 
oxidation during ca. two weeks after plant senescence. 
The pressure of the refractory fraction of detritus oc-
curred basically on sediment once particulate detritus 
tended to sedimentation, and presented lower oxygen 
consumption in comparison to the labile fraction. In 
sediments, carbon degradation is processed by anaerobic 

routes considering that the redox profile of Óleo Lagoon 
sediment (Godinho, 2000) showed that the anaerobiosis 
was established in the surface layers (1 mm: –0.35 mV) 
and the redox potential decreased as depth increased 
(50 mm: –275 mV). In the warmer period, the tempera-
ture activates the metabolism of decomposing microbiota 
(i.e. Q

10
), increasing the OC

max
 over the water column of 

Óleo Lagoon; this fact is associated with low concentra-
tions of DO in summer (Cunha-Santino and Bianchini 
Jr., 2008) and with low solubility of this gas in water due 
to the elevation of temperature. 
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