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Dynamics of dissolved organic carbon from aerobic and anaerobic
decomposition of Typha domingensis Pers. and Eleocharis
interstincta (Vahl) Roem. & Schult. in a tropical coastal lagoon

Din4mica do carbono organico dissolvido na decomposicao aerdbia e anaerébia de Zjpha
domingensis Pers. e Eleocharis interstincta (Vahl) Roem. & Schult. em uma lagoa costeira tropical
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Abstract: Aim: The aim of this study was to evaluate the initial stage of decomposition
of two aquatic macrophytes (Zjpha domingensis and Eleocharis interstincta) under aerobic
and anaerobic conditions; Methods: The samples of aquatic macrophytes and water were
collected in Cabitnas lagoon, Rio de Janeiro, Brazil. In the experiment 1 mineralization
chambers were prepared with fresh plant fragments and water from the lagoon in
aerobic and anaerobic conditions. DOC and CO, formation and O, consumption were
measured during 30 days. In the experiment 2 mineralization chambers were prepared
with aquatic macrophytes leachate and glucose for each experimental condition. CO,
formation and O, consumption were measured during 1 day; Results: In experiment 1
DOC concentrations in 1. domingensis decomposition were higher. Despite this, CO,
formation was more efficient in E. interstincta decomposition. The oxygen consumption
increased in the beginning of decomposition and tended to stabilize towards the end.
The O/C values increased in the beginning of decomposition and decreased thereafter.
In experiment 2, aerobic decomposition presented higher CO, formation. E. interstincta
leachate presented higher CO, concentration than 7. domingensis; Conclusion: Our results
showed that aerobic decomposition in the initial stages is higher only in 7" domingensis
mineralization. Oxygen consumption varies according to the alterations in the chemical
composition of the detritus. The formation of CO, from 7. domingensis and E. interstincta
decomposition in the water column is irrelevant in Cabitinas Lagoon. The low DOC
release from fresh aquatic macrophytes detritus indicates that particulate organic matter
mineralization is the main route of 7. domingensis and E. interstincta decomposition.
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Resumo: Objetivo: O objetivo deste estudo foi avaliar o estdgio inicial de
decomposi¢io de duas macréfitas aqudticas (Zjpha domingensis e Eleocharis interstincta)
em condigbes aerdbias e anaerdbias; Métodos: As amostras de macréfitas aqudticas
e 4gua foram coletadas na lagoa Cabiunas, Rio de Janeiro, Brasil. No experimento 1
cAmaras de mineralizagio foram preparadas com fragmentos vegetais frescos e dgua
da lagoa para cada condi¢io (aerébia e anaerdbia). A formagio de DOC e de CO,
e o consumo de O, foram medidos durante 30 dias. No experimento 2 cAmaras de
mineralizagio foram preparadas com lixiviados de macréfitas aqudticas e glicose em
cada condigio experimental (aerébia e anaerdbia). A formagio de CO, e o consumo
de O, foram medidos durante 1 dia; Resultados: No experimento 1 as concentragoes
de COD na decomposicio de 7. domingensis foram maiores. Apesar disso, a formagao
de CO, foi mais eficiente na decomposicio de E. interstincta. O consumo de oxigénio
aumentou no comego da decomposi¢io dos detritos e tenderam a estabilizar no final. Os
valores de O/C aumentaram no inicio da decomposi¢ao e diminufram em seguida. No
experimento 2, a decomposi¢ao aerébia apresentou maior formagio de CO, em todos
os recursos. O lixiviado de E. interstincta apresentou maior concentragio de CO, do que
o de 7" domingensis em ambas as condi¢oes; Conclusao: Os resultados mostraram que a
decomposicio aerébia inicial é maior em 7. domingensis. O consumo de oxigénio varia
de acordo com as alteragées quimicas dos detritos. A formagio de CO, na decomposi¢ao
de T domingensis e E. interstincta ¢ irrelevante na Lagoa Cabitinas. A baixa liberagao
de DOC dos detritos indicam que a mineralizagio da matéria orgnica particulada é a
principal via de decomposicao de 7. domingensis e E. interstincta.

Palavras-chave: COD, CO,, consumo de oxigénio, macréfitas aqudticas,
mineralizagio do detrito.
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1. Introduction

Coastal lagoons are among the most productive
aquatic ecosystems on the planet (Knoppers, 1994).
In the littoral zone of these ecosystems, aquatic
macrophytes communities usually find propitious
conditions for growth, being the main source
of autochthonous detritus as they prevail in the
total biomass of littoral organisms, and they are
only rarely available as direct food of consumers
(Pieczynska, 1993). In tropical aquatic systems,
aquatic macrophytes decomposition sustains the
food chains and the energy flow and controls
the lictoral nutrient cycles (Schlickeisen et al.,
2003). However, incomplete decomposition of
aquatic detritus usually leads to accumulation and
increases carbon storage (Costantini et al., 2009;
Geurts etal., 2010). Therefore, studies approaching
the main factors that influence aquatic macrophytes
decomposition in costal lagoons are critical for
achieving a fundamental understanding of carbon
cycling.

Among the factors that control decomposition
processes, detritus quality has a major role (Chimney
and Pietro, 2006; Lecerf et al., 2007; Geurts et al.,
2010). The structural heterogeneity of detritus,
due to the labile and refractory compounds, is one
way to infer the detritus quality (Bianchini Junior,
2003; Bianchini Junior and Cunha-Santino, 2008).
The metabolic routes associated with degradation
of labile and refractory compounds of aquatic
macrophytes proceeds in three distinct phases:
(a) an initial rapid loss due to leaching, (b) the
physical fragmentation of the detritus and the
chemical modifications due to digestion process,
and (c) catabolism of structural components
(Webster and Benfield, 1986). The differences in
detritus decomposition rates usually result from
interspecific variations in aquatic macrophytes
(Li et al., 2012). In general, aquatic macrophytes
with more structural carbon (fibrous) decompose
faster than those more succulent (DeBusk and
Dierberg, 1984; Janssen and Walker, 1999). These
differences allow a general classification according
to the rate of decomposition, where the submerged
aquatic macrophytes are decomposed faster than
floating plants and these faster than the emergent
species (Chimney and Pietro, 2006).

Physical and chemical conditions surrounding
plant detritus during decomposition are additional
factors that control macrophytes decomposition
(Alvarez and Guerrero, 2000; Chimney and Pietro,
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2006; Lecerf et al., 2007). In an aquatic ecosystem,
detritus decomposition is significantly influenced by
oxygen availability (Moore et al., 1992; McLatchey
and Reddy, 1998; Bianchini Junior, 2003). It has
been reported that aerobic processes act on a larger
spectrum of organic matter and is accomplished
by a wide group of microorganisms, which convert
many components of the organic matter quickly as
CO, and cell substances, while those less susceptible
to microbial attack persist (Reddy and Sacco,
1981; Bianchini Junior, 2003). On the other
hand, anaerobic bacteria operate at a much lower
energy level and anaerobic decomposition is much
less efficient (Campbell, 1978; Reddy and Sacco,
1981). However, some studies comparing detritus
decomposition in both conditions presented
conflicting results. For instance, the decomposition
of dissolved organic matter (DOM) released from
freshwater aquatic macrophytes was faster under
aerobic condition, whereas the rate of conversion
of particulate organic matter (POM) to carbon
dioxide (CO,) and/or DOM was regulated
primarily by temperature, tissue nitrogen, and fiber
content (Godshalk and Wetzel, 1978a; 1978b).
On other study, mineralization of leachable
and easily hydrolysable compounds from fresh
plant detritus was equally fast under aerobic and
anaerobic conditions. When structural components
dominate the remaining particulate, anaerobic
processes were hampered by inefficient and
slow bacterial hydrolysis of structurally complex
macromolecules (Kristensen et al., 1995). When
oxygen is available, the relation between the
amounts of oxygen consumed per carbon oxidized is
referred to as stoichiometric ratio (Brezonik, 1993).
Stoichiometry evolves over time, according to the
predominance of labile or refractory compounds
oxidation (Cunha-Santino et al., 2004; Peret
and Bianchini Junior, 2004). Considering the
importance of decomposition process to carbon
cycling in aquatic ecosystems, this research
hypothesized that detritus decomposition of two
emergent aquatic macrophytes (Zypha domingensis
Pers. and Eleocharis interstincta (Vahl) Roem. &
Schult.) is higher in aerobic condition. To test this
hypothesis, this research aimed to describe and
discuss the initial stage of decomposition of the
two emergent aquatic macrophytes under aerobic
and anaerobic conditions in laboratory, through
particulate organic matter (POC) content, dissolved
organic carbon (DOC) and carbon dioxide (CO,)

formation, and oxygen consumption.
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2. Material and Methods

2.1. Study area

Cabitnas Lagoon (Figure 1) is located on the
Restinga de Jurubatiba National Park at Macaé, in
the Northern region of Rio de Janeiro State (22°
24> S and 41° 42’ W)).

The lagoon presents average values of oxygen
concentration of 7.18 mg L', salinity of 1.1 ps,
conductivity 1.3 mS cm™ and disappearance of
the Secchi disk at 1.8 m (Enrich-Prast et al., 2004).
Farjalla (1998) observed limitation of bacterial
growth in the water simultaneously by the carbon,
nitrogen and phosphorus. Phytoplankton primary
production in Cabitnas Lagoon is low (0.93 to
11.23 mg Cm~d™") (Roland, 1998). On the other
hand, the small depth (mean depth of 2.37 m) and
large perimeter/volume ratio (Panosso et al., 1998)
enable the widespread development of aquatic
macrophytes communities in its margins, being
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the main source of organic matter to this ecosystem
(Faria and Esteves, 2000). The emergent aquatic
macrophytes Typha domingensis and Eleocharis
interstincta were used in this study, since they form
dense stands in the littoral region (Henriques et al.,
1988)

2.2. Sampling procedures and experimental design

Experiment 1: Leaves of 7. domingensis and E.
interstincta in senescence phase were collected before
drape over the water column in March 2001. The
water samples used in the assays were collected in
polyethylene bottles and brought immediately to
the laboratory to set up the incubations. In the
laboratory, we measured the fresh weight (FW) of the
plants. 10 pieces of 0.3 g were separated for drying
at 70 degrees for 72 hours, to obtain a ratio between
fresh weight and dry weight (DW). We consider the
content of POC in the detritus of 77 domingensis
of 43.7% DW, according Farjalla et al. (1999),
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Figure 1. Schematic map of Cabitnas lagoon location on the Restinga de Jurubatiba National Park at Macaé, in the
Northern region of Rio de Janeiro State (22° 24’ S and 41° 42’ W)).
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and 41.0% DW of the detritus of E. interstincta,
observed by Amado et al. (2005). The water from
the lagoon was previously filtered through plankton
net with mesh size of 100 um to remove organic
matter from other sources such as phytoplankton
and zooplankton, which could alter the results of
incubations. Afterward, a fraction of water was
placed in an O, saturation condition by atmospheric
air bubbling, and the another part was placed in
anoxia condition by N, bubbling. The experiment
was performed in decomposition chambers, set
up in 260 mL glass vials. Each chamber received
0.3 g of fresh leaf of one species containing water
from the lagoon throughout its volume (bubble
free) (n = 32 for each treatment). For control,
only water from the lagoon was incubated in each
condition (n = 3). The experiment was kept for 30
days in a cultivation room in the dark and under
22 + 2 °C. The temperature was close to the average
temperature of 22.7 °C in the lagoon from July 2000
to February 2003 (Enrich-Prast et al., 2004). On
days 1,2, 3,4,5,9and 30, four flasks per treatment
were removed for measurement of DOC, CO,
and O,. After removing the flasks at day 4, it was
observed that the aerobic treatment reached hypoxia
(O, concentration < 2.5 mg L™), and all of the
remaining flasks were acrated again. From the fourth
day untl the end of the experiment, the hypoxia
in aerobic treatments was not observed. DOC and
CO, (inorganic carbon — IC) were determined by a
carbon analyzer TOC-5000 (Shimadzu Co., Japan)
after filtration of the samples through 0.7 pm filter
(GF/E, Whatman). After the measurement, the
values of DOC in flasks with plants were subtracted
from the DOC of control flasks (only water from
the lagoon), resulting in the DOC of plants. To
determine the fractions corresponding to POC,
DOC and CO, in the experiment, we subtract the
values of DOC and CO, concentrations from the
initial values of POC using the following equation:

POC,, = POC,

where POC, | is the final concentration of
POC, POC__ is the initial concentration of POC,
as for DOC and CO,. Concentrations of dissolved
oxygen (mg O, L) in water were calculated
from the readings with a mini-electrode OX-500

coupled to a picoammeter (Unisense). The temporal

—(DOC, -DOC

final |nniu]) -(Co Cco

2final 2m|l|ul)

variations of stoichiometry were calculated between
the consumed oxygen and the oxidized carbon
(O/C) from the daily rates.

Experiment 2: In this experiment the leachate
extracted from macrophytes 7. domingensis and
E. interstincta and glucose were incubated. The

Acta Limnologica Brasiliensia

leachate was obtained according to Farjalla et al.
(2009). Glucose was used as reference for labile
carbon. Incubations were performed in the water
of lagoon under the same conditions of experiment
1, but only for 1 day. The final concentration in the
bottles was 15 mg C L™ of leachate and glucose. In
order to prevent nutrient limitation during glucose
decomposition were added NH NO, equivalent
to 50 uM of N and KH,PO, equivalent to 5 uM
of P, in accordance with an N:P molar ratio of
10:1 proposed by Fagerbakke et al. (1996). At the
beginning of the experiment and after 24 h CO,
and O, concentrations were measured.

2.3. Statistical analyses

In the experiment 1, the mean DOC and CO,
concentrations were statistically analyzed through
parametric repeated measures ANOVA with
significance level of 0.05. In the experiment 2, the
mean CO, concentrations were statistically analyzed
through parametric ANOVA with significance level
of 0.05.

3. Results

The mass of 0.3 g fresh weight represented 0.092
g dry weight (DW); SD = 0.040 for 7. domingensis
detritus and 0.112 g DW; SD = 0.044 for the
detritus of E. interstincta. In the aquatic macrophytes
tissues, the particulate organic carbon (POC) was
predominant over the soluble fractions (i.e.,
dissolved organic carbon — DOC). POC was 84.65
and 87.33% of initial detritus for 7. domingensis
in aerobic and anaerobic conditions, respectively.
In detritus of E. interstincta, the values were
90.33 and 86.51%, respectively. DOC accounted
for 12.65 and 10.67% of the intact detritus in
aerobic and anaerobic conditions in 77 domingensis,
respectively. DOC values for the detritus of E.
interstincta were 6.96 and 10.84% under aerobic
and anaerobic conditions, respectively. In detritus
of T domingensis, CO, represented 2.70 and 2.00%
of the detritus in aerobic and anaerobic conditions,
respectively. To E. interstincta, the CO, values
were 2.72 and 2.65% in the aerobic and anaerobic
conditions, respectively.

DOC concentrations were significantly higher
(p < 0.05) in 7 domingensis decomposition in
both conditions (Figure 2A-D). DOC showed
no significant differences (p > 0.05) for the same
detritus type in different conditions (Figure 2A-D).
For all treatments, DOC concentrations showed a
sudden increase in the early decomposition and a
more gradual increase later (Figure 2A-D). CO,
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Figure 2. DOC temporal variation in aerobic (A) and anaerobic (B) decomposition of 7. domingensis detritus and in
aerobic (C) and anaerobic (D) decomposition E. interstincta detritus. Error bars represent + SD.

concentrations were higher in aerobic condition in
both detritus decomposition (Figure 3 A-D), but
significant differences (p < 0.05) were observed only
in 77 domingensis decomposition. CO2 formation
was similar between the detritus of the two species of
aquatic macrophytes in acrobic condition (p > 0.05)
(Figure 3A and 3C). In the anaerobic condition,
CO, concentrations were significantly higher (p <
0.05) in E. interstincta decomposition (Figure 3B
and 3D). The similar values of CO, concentrations
in aerobic condition and higher in the E. interstincta
anaerobic decomposition occurred despite the
greater DOC contribution from 77 domingensis
detritus in both conditions.

The accumulated oxygen consumption increased
sharply in the beginning decomposition for both
detritus and tended to stabilize towards the end
of the experiment (Figure 4A-B). These results are
consistent with the high initial daily rates and with
the subsequent low rates (Figure 4A-B). The O/C

stoichiometric ratio showed increasing values in the

beginning of decomposition and then the values
decreased (Figure 4 C-D). The temporal variation
of O/C values showed small oxygen consumption
per mineralized carbon at the beginning of the
experiment, a further increase in these values and
subsequently a decrease in the O/C ratio.

In the experiment with glucose and leachates,
acrobic decomposition was significantly higher (p
< 0.05) than anaerobic decomposition for each
resource (Figure 5). Acrobic decomposition of
glucose was significantly higher (p < 0.05) than both
aquatic macrophytes leachates and E. interstincta
leachate decomposition was significantly higher (p
<0.05) than 7" domingensis (Figure 5). In anaerobic
condition, E. interstincta leachate decomposition
was significantly higher (p < 0.05) than glucose and
1" domingensis leachate decomposition (Figure 5).

4. Discussion

The low DOC release from aquatic macrophytes
detritus in our study (Figure 2 A-D) indicates that
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Figure 3. CO, temporal variation in aerobic (A) and anaerobic (B) decomposition of 7. domingensis detritus and in
aerobic (C) and anaerobic (D) decomposition E. interstincta detritus. Error bars represent + SD.

1. domingensis and E. interstincta contribute to the
ecosystem functioning mainly through particulate
organic matter decomposition restricted to the
original habitat of plants in the sediment from
littoral region. This finding is consistent with
the results observed in another study in the same
ecosystem (Marinho et al., 2010). Our result is
related with two main aspects considering the
detritus characteristics. First, the high structural
tissues (fibers) content observed in emergent
aquatic macrophytes that are difficult to decompose
(Farjalla et al., 1999; Bianchini Junior, 2003).
Second, the proportion of initial mass loss through
leaching in detritus in different phenological
stages is higher in green plants, due to the higher
concentrations of labile compounds of low
molecular weight, in relation to senescent plants
(Gongalves et al., 2004). Brum and Esteves (2001),
in a study of decomposition using green leaves of
aquatic macrophytes found a high initial mass loss,
which was associated with high concentrations of

labile compounds present in this type of detritus.
According to both aspects presented, DOC from
emergent aquatic macrophytes in senescent stage
represents only a minor proportion of detritus
that can transcend habitat boundaries and affect
the ecosystem functioning in the pelagic habitat.
In contrast with our observations, Cunha-Santino
and Bianchini Junior (2006) found near 10% of
DOC released in the first day of 7. domingensis
decomposition and Gopal (1984) found near 5%
of weight loss from 7. angustifolia on the third
day. These greater results can be attributed to
detritus manipulation, which damage the cellular
structure. In the former study, the detritus were
oven-dried and fragmented (size ca. 1.5 cm) and
in the latter they were air dried. In our study, we
used fresh detritus. This type of incubation that
maintains cell integrity is closest to the release of
DOC under natural conditions. Despite the low
DOC release, 1. domingensis released more DOC
per gram of litter than E. interstincta in both
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Figure 5. CO, concentration in aerobic and anaerobic

decomposition of 7 domingensis and E. interstincta lea-
chates and glucose. Error bars represent SD.

aerobic and anaerobic conditions. This finding is
in accordance with other studies in which DOC
released from E. cellulosa was lower than that from
1. domingensis, due to the higher concentrations
of water extractable substances in this detritus

(Maie et al., 2006; Qualls and Richardson, 2003).
Our results indicate that 7" domingensis leaching can
be a more important autochthonous source of DOC
in this freshwater ecosystem Additionally, coastal
lagoons are ecosystems subjected to natural and/
or artificial water level fluctuation (Amado et al.,
2005; Santos et al., 2006) and DOC release might
be particularly important when coastal lagoons are
rewetted after the dry season or an artificial opening
and aquatic macrophytes become inundated.

In general, the formation of CO, was higher in
aerobic condition for both types of detritus (Figure 3
A-D) and the differences were greater in the acrobic
mineralization of leachate (Figure 5). Possibly, the
leachate supply as a whole, and consequently the
release of all the labile material at the same time,
resulted in a favoring of aerobic mineralization,
causing increased CO, formation in this process
for all resources. On the other hand, the gradual
leachate release from the fresh detritus resulted
in a lower CO, production in both conditions in
the early decomposition. Hence, no significant
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differences were observed between the aerobic and
anaerobic processes during the decomposition of
detritus E. interstincta. These results are consistent
with other studies that compared aerobic and
anaerobic decomposition of aquatic macrophytes
and found faster mineralization under aerobic
conditions (Cunha-Santino and Bianchini Junior,
20006; Silva et al., 2011). It has been reported that
aerobic processes act on a larger spectrum of organic
matter and, in general, they perform faster than
in anaerobic processes (Bianchini Junior, 2003).
On the other hand, some studies found equally
fast or greater speed in anaerobic decomposition
depending on the fraction of the detritus (labile
or refractory) considered (Kristensen et al., 1995;
Bianchini Junior et al., 2002). Kristensen et al.
(1995) suggested that the rate of decay under
different redox conditions depends primarily on the
age and origin and thus the chemical composition
of the organic matter considered. Therefore, our
hypothesis was accepted for 7" domingensis detritus
and for the leachate decomposition of both aquatic
macrophytes and was rejected for E. interstincta
detritus decomposition.

The temporal variation of oxygen consumption
was similar to that obtained in oxygen uptake in
other studies (Brum et al., 1999; Farjalla et al.,
1999; Bianchini Junior et al., 2008). In the
beginning, the consumption was accentuated, but
then oxygen consumption rates decreased (Figure 4
A-B). Considering that the resources are structurally
heterogeneous, with labile and refractory fractions
(Bianchini Junior and Cunha-Santino, 2008),
oxidation of labile fractions occurred in the
beginning, and this generated high oxygen demands.
On the other hand, reductions in the rates of oxygen
consumption were associated with mineralization of
the refractory fractions of particulate and dissolved
organic macter. The stoichiometry between
consumption of oxygen and oxidized carbon
(O/C ratio) during the decomposition (Figure 4
C-D) was another methodological procedure to
evaluate mineralization in this study and also
showed temporal variation. According to Peret and
Bianchini Junior (2004), low O/C values occur
during mineralization of labile fractions in the
beginning of decomposition due to the low oxygen
consumption per mineralized carbon, and high O/C
values occur subsequently, during the decomposition
of refractory compounds. Subsequent alterations
during decomposition of refractory compounds lead
to a new availability of labile compounds, decreasing
the O/C ratio again. Our study showed this pattern
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of variation of O/C ratios. In the beginning (until
day 2), low O/C values were observed and indicated
the decomposition of labile fraction. High O/C
values in the detritus mineralization occurred after
consumption of labile fractions (from the second to
ninth day), thus oxidation of refractory substances
is assumed to be responsible for this. After that,
we observed a decrease in the O/C ratios, due to
availability of labile compounds from alterations
of refractory organic matter. Cunha-Santino et al.,
(2004) also showed similar results and indicated that
O/C temporal changes reflect the detritus chemical
composition and their transformations.

CO, formation and oxygen consumption
in water column in freshwater ecosystems are
important for determination of the aquatic
metabolism (Carmouze et al., 1991). In function of
global change, CO, dynamics has high importance
in aquatic ecosystems studies, such as coastal lagoons
(Marotta et al., 2010). The results in the present
research suggested that initial stage decomposition
of emergent aquatic macrophytes, such as T
domingensis and E. interstincta, in water column do
not have relevance on CO, formation in Cabitinas
lagoon (Figure 6), considering the temperature of
the study (22 + 2 °C), which was similar to the
average temperature observed in the lagoon from
July 2000 to February 2003 (Enrich-Prast et al.,
2004). However, the high biomass in the stands
of these aquatic macrophytes and accumulated
POC can enable intense O, uptake, potentiating
anaerobic process, like methanogenesis in sediment-
water interface. High methane concentrations in
sediments of littoral region colonized by aquatic
macrophytes in Cabitnas lagoon can confirm this
statement (Fonseca et al. 2004; Petruzella et al.,
2013). This demonstrates the importance of this
compartment in the stock and cycling of the
emergent aquatic macrophytes particulate organic
matter.

In conclusion, our results confirm the aerobic
decomposition in the initial stages is higher
only in 7. domingensis mineralization. Oxygen
consumption varies according to the alterations in
the chemical composition of the detritus during
decomposition. The formation of CO, from 7.
domingensis and E. interstincta decomposition in the
water column is irrelevant in Cabitnas Lagoon. The
low DOC release from fresh aquatic macrophytes
detritus indicates that particulate organic matter
mineralization is the main route of T domingensis
and E. interstincta decomposition.
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