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RESUMO: Perda de peso ¢ alteragdes quimicas no detrite de tris espécies de macréfitas aquiticas
oplcals (Eleocharis Interstincta, Nymphaea ampis e Potamogeton stonostachys) durante a
scomposigéieo, Nesle cstudo descreveram-sc as variagoes dce peso scco ¢ dos tcores dc
. N ¢ P dos detritos de trés espécies de macrofitas aguaticas ~ Elcocharis inlcrstincta
/AHL} Roemer et Schulls {emerdenie). Poramogeton srenostachys K. Schum. (submersa)

Nymphaca ampla {Salisb.) DC. (folhas fluluanles) — ¢ relacionou-se tais variagoes
om o habitat ocupado pelas diferentes espécies, Os dados de pecrda de peso foram
justados a um modelo cxponcncial de duplo decaimento. admitindo-sc a cxisténcia
¢ material particulado ldbil ¢ rclratdrio. Os coelicientes de pecrda dc massa das
‘acdes relratarias foram foriemenie difercnciados, com valores d¢ meia-vida cntre

dias (N amplay ¢ 147 dias (E intersiincta), com 72 stenostachys apresenlando uma
wcia-vida de 20 dias., 0s compostos quimicos analisados aprescnlaram qucdas
centuadas nos detritos apds 1 {um) dia de experimento, devido a predomindncia
los processos do lixiviagao, a exccgao do teor de nitrogénio em /7 stenosiachys, o
jual exibiu um incremenio. Apos esle periodo, os tcores do carbono organico
ipresentaram quedas, epguanio  guc  0S teores de nitrogénio apresentaram
ncrementios ¢ os teoregs de (dsforo permaneceram relativamentc conslénlcs. Estas
\lieragdes se relletem em diferenics razbes C:N:P no deirito de cada espécic,
esultando assim em dctritos de diferente qualidade nutricional, com implicagdcs
1as taxas dc perda de peso.
salavras-chave Decomposicdo, macréfitas aqudlicas, CN:P perda de peso scco, lagoas
casleiras.

ABSTRACT: Dry welght loss and chemical varlation In the detritus of three tropical aquatlc
nacrophyte species (E/eocharis Interstincta, Nymphaes smplia and Potamogeton stenostachys) during
iecomposition. In this study we described the changes in dry weigh! and in the contenls
sf C. N and P in the detritus of three spccies of aquatic macrophytes - Elcocharis
imterstincta (VAHL) Roemer el Schults (emergent). Folamogeiton srenostachys K. Schum.
‘submerscd). and Nvmphaea ampla (Salisb.) DC. (fioating lecaves) - and related these
changes to the habitat occupied by the different species. The data of dry weight 10ss
were adjusted 10 a doublc decay exponential model, assuming that there was labile
and relfraciory particulate maller in detritus. The coelficient of dry weight loss (ound
for each specics had a marked diflerence among them, with hall-life values ranging
from 6 days (N ampia) to 147 days (£ interstincta), with P stenostachys having a
hall-life of 20 days. The analyzed compounds had signilicant drops in their conlents
alter one day of incubation, due to thc dominance of leaching processcs, with the
exception for the content of nilrogen in 72 sicnostachys, which increascd. After this
period, thc conments of organic carbon droppcd. while the contents of nitrogen
incrcased and the contents of phosphorus remaincd constani. These changes are
reflected in different C:N:P ratios in the detritus of each species. which lecads lo
detritus with different nutritional qualities. with consequencces in dry weight loss
rates.

Key words: Dccomposition, aquatic macrophytes. C:N:P dry weight loss. coastal lagoons
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Introduction

Coastal lagoons are among thc most productive aquatic environments ol the
planet, with values of primary production close to 1hose of estuarics. approximately
280gC.m2.ycar' (Knoppers, 1994} They are, by and large. shallow environments,
parallel to the ocean shore and separated [rom it by a sandbar. with a predominance
of deposition and small hydrological fluctuations in natural conditions (Kjerfve, 1994).
Some of thesc morphometric characteristics (high perimetcr/volume ratio, absence
of pronounced fluciuations in the water level) favor thce deveclopment ol agualic
macrophyle communities, bestowing upon the littoral reglon an important role In the
nutricnt and carbon cycling within the aguatic cnvironment (weizel, 1993).

The community of aquatic macrophytes is an active parlicipant in scveral
processes in aquatic environments. Some spccies are able to remobilize the nutrient
stock of the sediments, otherwisc inaccessible in the short run, sincc they have
access (0 this stock through their roots (Pomeroy, 1970; Carpenter, 1980). They provide
subsiraic for the growth of periphytic organisms and shelter for benthic and nckionic
animals (Hutchinson. 1975), and some of these specics are among the most productive
yel studicd (Weizel, 1990; Picdade er al. 1991 Enrich-Prast, 1998).

Mosi of the biomass praoduced by the community of aguatic macrophytcs is noi
subjccied to the elfecis of herbivory 1o a degdree ohserved in other plant communilics.
probably duc to their low nutritional quality (Polunin. 1984}, Thercfore, the biomass
and accumulated nuirients. both in dissolved and particulate siatc. arc returncd to
the ccosystemn, mainly, by the deitritus chain {Pieczynska, 1993).

The process of dry welght loss from the litter bags is a resull of the sum of threc
distinct processes: leaching, catabolism and fragmenlation (Swift er al. 1879).
Throughout the leaching process, soluble compounds are removed from the substrate
by abiotic processes, as a resulr of the diffcrent contenis of these compounds in the
external medium and in the detritus, This process confributes, therefore. 10 the
chemical alteration of the detritus as well as the dry weight loss. The catabolism is
the transformation, by the decomposing organisms, ol complex organic compounds
into simpler melecules, through oxidation reactions. These rcaclions may bc
complele, oxidizing the material to the inorganic siate of incompleie, resulting in the
produciion of other organic compounds thal may be incorporated in the biota or
accumulaied in the cnvironment, as it happens 1o the so called humic compounds
(weizel, 1993). The i(ragmentation is the reduction of the particle size. Il is a physical
process, but the activilies of decomposing organisms cnhance it, cither through the
ingestion (releasing particles of smaller size) or through the incomplete digestion
{rcleasing particles of smaller size and chemically allercd) of the particulate detritus
(Swift ef a/. 1979). These threc processes occur simultancously in naturc, and therelore
it is difficult 1o distinguish each one of them in a ficld experiment.

Regarding the quatity of the detritus, important factors are the C:N ratio. the
initial levels of nutrients, and the content of structural materials, such as lignin and
cellulose (Godshalk & Wetzel, 1978: Morris & Lajtha. 1986). These factors vary among
the several species of aquatic macrophyles and in the samc species, according to
the phenological state and the structure under analysis -~ leaves, rools, culms {Polunin,
1984). In another view, the habit of the species has an imporlant role in the definition
of these faclors (Esteves, 1998). 50, emergent macrophytcs rooted (o the sediment
and exhibiting a significant portion of its biomass above the water lcvel have a
higher content of structural compounds when compared to those found in submersed
macrophytes, which are supported by the watcr and have little or no wind sltrcss
(weizcl. 1993).

In this research, three species of aquatic macrophytes found in thc Cabiunas
Lagoon (Rio de Janeciro, Brazll} were sejected - Eleocharis intcrstincta (VAHL) Rocmer
et Schulls, Potamogeton stenostachys K. Schum., and Nymphaca ampla DC. The
three species were rooted in the sediment hut were chosen because thcy bcelong o
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different ccological groups, according to the classification proposed by Esteves
{1998). E. inierstincta is an emergent macrophyte. wilh photosynthetic structurcs above
ine waler level. N ampia is an aguatic macrophyte wilh {loating leaves, 7 sfenostachys
is a submersed macrophyte, with no structures above the water level. These
differcnces in the habit of each spccics denote different chemical compositions due
1o their structural material, since the role of water in the support of the planis is
different in each case (different siress among the ecological groups), according 10
weirzel (1993) and Esteves (19898). These differences influcnce the rates of welght loss
ol the detritus in the coursc of thc deccomposition of the three species. The hypothesis
guiding this research was that thesc differences would be reflected in different
contents of C, N and P In the detritus in the course of lime., Therclore, the aim of this
research was to describe the decomposition of the detritus of three species of aguatic
macrophytcs, regarding the dry wcight loss of detritus and changes in its contents of
carben, nitrogen and phosphorus.

Study area

This study was execuied in Cabilnas Lagoon, between the coordinates 22¢ and
227 30 S and 41* 30" and 42° W, in the municipality of Maca¢, insidc National Park ol
the Restinga of Jurubatiba, in the north of the State of Rio de Janeiro, between
November 1998 and January 1999 (Fig. ). It is a shallow lagoon (maximum dopth of
4m), with an arca of 0,34 km? {Pancsso ¢f al, 1998) and dendritic shape, which
represents a greater perimeter/volume ratio and enhances the colonization by aquatic
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macrophytes. it is (he lagoon that has the grealest diversity of aquatic macrophytles
in the region, showing 15 species identified (Henriques e &/, 1988). The climate ol
the region is hot and humid, with a yearly average tempcerature of 26.6 °C, and the
yearly total precipitation reaches 1,164 mm. wilh a fairly pronounced dry season
(Henriques cf al.,1988).

According 1o Esteves cof al. (1983), Cabiinas Lagoon may be classificd as a dark
walter lagoon duc to the high contems of humic compounds which are a result of
decompoesition of the organic matter produced in great amounts by the marginal
vegelalion and in its draining area.

Materials and methods

The decomposition process of E. interstincia, P srenostachyvs and N ampla
was studied by the method of litter bags. Green paris of the plants were collected
and dried at 70°C. in the case of E. interstincta and R stenostachys., and at 60°C in
the case of N, ampla, a more (ragile speccies, until constant weight was recached.
Prior 10 the beginning of the experiment, some maierial was ground down with a mill,
and its content of organic carbon (Embrapa. 1994), organic nitrogen (Allen ¢t al.
1974) and phosphorus {(Fassbender, 1973} was determined, and these contecnis were
considered as pertaining to the day 0 of the experiment. Approximately 5g of dry
weight of the maigrial werc placed into cach litter bag. Litter bags wilth 3mm mesh
sizc zllowed the passage of most organisms associated to the dccomposilion
process (Gongalves Jr. 1999). Littcr bags were incubalcd in the littoral region of the
lagoon. in an arca colonized by thc three specics. with the great width of the mesh,
some ovecrestimation of the losscs, due lo the fragmentation of the matcrial causcd
by the movements of the water, was expected. To minimize this effect, a site relatively
shellered from the wind action was chosen.

fFor cach kind of detritus, bags were withdrawn from thc lagoon aficr L. 2. 4, 7,
Il. 15, 30, 60, 8l and 95 days. with three rcplicales being collected [or cach spccics
under study. The material was taken to the laboratory and placed ovcr absorbing
paper for two hours. After this, the samples were dried at 70°C until constlant weight
was rcached.

Al each sampling, the lemperature (thermisior YSI 30/10 FT). pH (pHmetcr Analion
PM608) and conlcnt of dissolved oxygen (method of Winkler modified by Golterman
et al.. 1978) were determined. Besides that, samplcs of waler [rom the sitc were also
taken f(or analyses of total nitrogen and reaclive phosphorus (ortho-phosphaitc)
{(Mackcroth, 1978).

After constant weight was reached, the material was weighed and ground down
for the chemical analyses. The cantents of organic nifrogen wceroe obtained by the
Kjcldahl method (Alien ef al, 1974), of phosphorus, by the mcthod proposed by
Fassbender (19733, and of organic carbon, by the method of oxidation wilth polassium
dichromatc, described in Embrapa (1994).

The data of dry weight loss (rom the detritus were adjusted 1o a first order
double decay model (Bianchini Jr., 1897}, assuming the existence of two kinds of
particulate matecrial (labile and refractory) in the beginning cof the cxperiment, according
io the equation:

POM, = POM_* c® + POM * e (equation 1)

where : POM, = dry weight of the detrifus at the time 1; POM, = lablle [raction ol
the deiritus in the beginning of the cxperiment; POM, = rcifractory fraction of the
delritus in the beginning of the experiment; k, = cocfficient ol dccay ol the labile
fraciion, day"; k, = cocflicient of decay of the refractory [raction. day™

According to Bianchini Jr. (pers. com.), the coefficients of dccay ol the labilc
fraction (k,) were assumed to be 1,5 day’ (or the adjustment of the model, since it
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was impossible to estimate it with only one sample, and after the first day all of the
labile (raction had already been los! from the litter bags.

The values ol k, eslimated as above, allow for the deduction of the half-life of
cach f(raction, through the equation:

T,, = In 2/ k (Equation 2)
where : T, = half-life of the fraction, in days; k = coelficient ol decay of the
fraciion

The adjustment of the data ol dry weight loss 1o the dccay model was made with
the transformation of the dala to their logarithm and a linear regrcssion. The detrilus
af the three species composed independent temporal series, Thercfore, an ANOVA
(significance lcvel - 0,05) with rcpealed measures in each scries was excculced,
beginning with the day 1. for the estimate of the variation of the contents of C. N and
P and of the dry weight in rclation {o the length of time of the decomposition process.
If a significant variation was registered, the data were comparcd with a Tukey-Kramer
muliiple comparisons test. This procedure was adopted [or each chemical component
analyzed. organic carbon, nitrogen and phosphorus. The C:N:P ratic was nol analyzed
since it was derived from variablies previously tcsied. When only onc pair ol data
was availablc, a non-paircd t test was used. The GraphPad Instat 3.0 sofltwarc was
uscd In thesc statistical analyses.

Results

Dry weight loss

The changes in the percentage of detritus (% D.W.) are represented in Fig. 2. 1n
the double decay exponential model uscd, the course of the leaching process is
measurcd by the estimale of labile material in the detritus, As it can be obscrved. in
1he three models (Tab. 1), the labile [raction of the detritus of all species presenicd
high decay raics, and thec process was for all practical purposes linishcd by the
second day of experiment,

Organic Carbon

The detritus of £ interstincta and B stenostachys exhibited signiflicant reductions
(P<0,05) in organic carbon conlents during the decomposition process (Fig. 3). On
the other hand. the detritus of & ampl/a showed a significant reduction in organic
carbon conient only berween the days O and 1.

E. interstincta
100
z
o 50
2
0+ T T T T 1
4} 20 40 60 80 100
Days
P. stencstachys N. ampla
100 100
B0 BO
» 6o 3 60
-] a
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] [+
o 20 4 60 o 5 10 15 20
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Figure 2: Dry weight loss, in % of dry weight, in the detritus of three species of aqualic macrophyles

in the Cabitnas Lagoon. The bars indicale the standard devialion.
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Table I paramelers of the double decay oxponential models throughout the decomposiiion of
three species of aquatic macrophyles in the Cabhinas Lagoon (sce Equaticn ). The

brackeled numbers indicate the adjusiment of the moedel (1 of Pcarson).

POM. (%) k. POM. [%) I T..[days)
E. Inferstincta (0,95) 17.30 1.5 82.70 0.0047 147
P. stenosiachys (0,06) 20.77 1.5 79.23 0.024 29
N._ampla (0,93) 27.20 1.5 72.80 0.1122 3]
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Figure 3: Fluciuation of the concenirations of organic carbon found In the deiriius of three
species af aquatic macrophytes al Cabidnas Lagoon 1hrough time. values in % of dry

weight. The error bars indicale the siandard devialion of the samples (n=3).

Nitrogen

Differcnt patterns for the changes in nitrogen conten! of cach spocics were
obscrved (Fig. 4). All kinds of detritus had signiflicant variations (P:0,05) belwcen the
days 0 and 1; P stencsiachys showed an increcasc in the conien: of this clement,
while N. ampla and E. intersincra presented a decrease in thoir values of nitrogen
concentration. After this first phase, thc nitrogen contents presented a reversed trend,
decreasing in 12 stenostachys and increasing in N ampla and E. interstincia.

Phosphorus

Therc was an abrupt decreasc in phosphorus content in the detritus of the three
specics between the days 0 and 1 (Fig. 5). Dctritus of the three species bohaved in the
samc way. differing only in the absolute values, without signiflicant variation (P«0.03)
after the first day of incubation.

C:N:P ratio

The C:N:P ratio of the three kinds of detrilus was markedly different. as it can
bec secn in Tab. 1l The highest ratios were obscrved for the delritus of £. interstincta
during the experiment. P2 sienostrachys exhibited the lowest ratios, which were actually
very close 1o the ideal values for bacterial growih (Goldman eof al. 1987) in the
beginning of the experiment. N ampla showed inlermediale valucs, depicted in Tab. 1,
but in the course of decomposition il reached ihe highest values of C:N ratio (Fig. 6). Al
the day 7. it reached values of C:N ratio close to those of 2 stenostachys.
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Figure 4: Fluciuation of the concentrations of nitrogen found in the detritus of lnree species of
anquatic macrophytecs at Cabiinas Lagocn through time. values in % of dry weight.
error bars indicate the standard deovialion of the samples (n=3).
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Figure 5: Fluciualion of the conceniralions of phosphorus found in the detrilus of threce species

of aquaric macrophytes al Cabidnas Lagoon through time. values in % of dry weight,

The wcrror bars indicale the standard deviation of the samples (n=3).
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Figure 6: Flucwuation of the C:N ratios found in the

at Cabidnas tagoon through ume.
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Table [I: average values of (cmperature, dissolved oxygen. pH. total nitrogen and available
phosphorus in the site of the cxperiment. Brackeled valucs represcnt the range of the

dala (n=12}.

Temperature Dissolved pH Total-N (mg I') Available
{-C}) Oxygen (mg I} P (mg I)
26,10 (23.2 — 20.0) 7.75 (6.6 — 8.7) 6.57 (6.2 — 6.8) 0.407 (0.37 — 0.46) N.D. (:0.093)

Table 1HI: ¢:N:P ratio in the detritus of 1hree species of aguatic macrophytes at Cabidnas Lagoon

throughout its deccomposition,
Days E. Interstincta P. stonostachys N. ampla
4] 418:9:1 168:6:1 205:7:1
1 1.143:19:1 313:23:1 377:10:1
2 1,.345:19:1 207:16:1 340:5:1
4 g81:17:1 270:16:1 33015:1
7 660:15:1 236:15:1
11 678:15:1 280:11:1
15 1,148:26:1 269:11:1
19 1,063:26:1
30 1.043:24:1
60 962:35:1
Discussion

Dry weight loss

Leaching is conirolled by abiotic factors, such as the temperaturc ol the
cnvironment and the water flowing, and biotic {faclors, such as the structurce of the
detritus, and the treatment to which 1the material was subjected prior to the
experiment (drying ai 60 and 70 °C) enhances this process (Godshalk & Wweizel.
1978). These processces allow for the possibilitly that the high rates observed are
in part duc to an cxperimental artifact. Almost all the (luctuation in detritus C, N
and P contenis belween the days 0 and t arc a rcesult therclore of the leaching ol
the labhile iraction. a process quantitatively more important than the hicoiogical
oxidation in this pcriod. The differcnce between the specics was basically duc (o
the amount of labilessoluble material, and they may be classified in a decrcasing
order of labilc material as: N ampla » P stenosrachys » E. irmersiineia.

This pattern is also observed f{or the rciractory material decay cocliicients.
Therelore, the detritus with the greatest dry weight loss, cven aflter the end ol the
leaching process. is that of N ampia, and E. inferstincta shows the most refraciory
kind of deiritus, The dry weight loss by N ampla was very quick, and after the day 15
of the experiment only little amounts of detritus were found in the litter bags. Alter
the day 7 the malerial was already insufficicnt for the chemical analysis. On the other
hand, £ inrersrincta siill exhibited 79.7% of its initial dry wecight in the liter bags in
the day 15.

Dry weight loss {rom the refractory fraction is a result of the combined cilccis
of [ragmenitation and catabolism. Bascd in the rcsults of the model, we may assumc
that the effect of the (ragmentalion process was nol an important lactor in the
experiment. in spite of the 5 mm mesh size of the liiter bags, which may bec considered
large, since there were no water currents in the site and small numbers of detritivore
macroinvertcbrates werce observed. The main detritivoere macroinverichrate observed
in the litter bags was the gastropod Heleobia australis, and cven (his specics was
found in small dcnsitics, never supcrior 10 5 individuals in one litler bag.

Catabolism of (he particulate detrifus is a microbial process, controlled by
characleristics such as the oxygen condition of the medium, lempcrature. avallable
organisms (or the decomposition, amouni and quality of the detritus, pH. and availabic
nulricnts {Bianchini Jr., 1997). The concentration of dissolved oxygen never reached
valucs limiting the aciivilty of aerobic organisms during the cxpceriment (Tab. ),
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indicating the dominance of the aerobic community, more cfficient 10 process lhe
deiritus (Bianchinl Jr., op. cit.). Furthermore. the temperature was kept at relatively
high lcvels during the experiment (Tab. ). These faclors accounied [or the great
rates of dry weight loss.

Comparison of the dry weight toss data observed in this work with those found
by other authors is bcset wilth problems. since nol only the environmental
characicristics are different in cach study, but there arc also important mcthodological
differences such as the mesh size. which may excludc (or not) the detritivore
macroinvertebrates that facilitate the process of decomposition. Howard-willlams &
Junk (1976), in one of the first papers that compare the weight loss rates in several
locations, meniion values of T,, betwcen 200 and 426 days in England, 100 days in
Africa, and only 30 days in the Amazonian Reglon, for species of emergent aquatic
macrophytes. More recently Emery & Perry (1996), studying the decomposition of
Typha spp. at 14 wetlands, regisiered a variation of the coefficient of deccay belween
0.00018 and 0.0024 day"' (hall-life between 204 and 3851 days). Lemos & Bianchini Jr.
{1998). using thec oxygen consumplion in a closed sysiem to measurg tho catabolism
under sevcral nutrient regimes, mention a maximum coelficient of dccay of 0.034
day" (half-life ol 20 days) (or Scirpus cubensis, anolher emergent aquatic macrophyte.
This value is very close to thc theorctical maximum, since the conditions of the
experiment are near the ideal (closed system, constant oxygenation, plants previously
ground, constant tempcraiure of aboul 25 °C).

The rates of dry weight loss oblained by these aulhors are related to a simple
dccay model. without the conceplual scparation in labile and reflractory (raclions.
Thercfore. values of the decay rates obtained in this research, related exclusively to the
refractory fraction, have a tendency 1o be smaller, and so the values of T, , should be
greater. Nevertheless, this effcct is clearly secondary to the differences in the qualily
of deiritus and in environmental conditions of cach sludy, espccially the temperature.
E. interstincra, the emergent species of this study, exhibited a T,, Of 147 days, which
is in the range found in the lilerature for emergent aquatic macrophytes of iropical
regions (Howard-Williams & Junk, 1976:; Nogueira, 1993; Lemos & Bianchini Jr.. 1998).

when we compare the decay ratcs of these thrce specics, we can observe
that the detritus of P srenostachys {submersed; presented a coclficient 5 times
greater than the one presented by E. interstincta temergent). N ampla ({loating
leaves), on the other hand, exhibited a coefficient 5 fimes greater than the one
presented by £ stenostachys. Lopes-Ferreira & Esicves (1992), siudying the
decomposition of £ sienosrachys in Cabidnas Lagoon but withoul constructing a
model for the descripiion of detritus decay. found the loss of hall of the delritus
weight at day 20, a resull slightly smaller than the T,. found in the present study
(29 days). Esteves & Barbieri (1983), describing the decomposilion of an aquatic
macrophyte with floating leaves (Nymphoides indica) in litter bags, found a half-life
cof 15 days. Roland ef al (1990), in an research with Eichhornia azurea {floating} in
litter bags, observed a half-life of 45 days. On the other hand. Bianchinl Jr & Toledo
(1998). siudying the decomposition of Nymphoides indica in controlled conditions,
observed a decay coefficient of 0.0079 day® (hali-lilfe of 88 days). with material
previously ground. Therefore, the rates of decomposition observed (or 2 stcnostachys
and cspecially N ampla may be considered as high, and they are among the highest
ever observed in fleld experiments with litier bags. These high rates are probably
due to the favorable conditions found in the site of the experiment (high temperature,
precbably constant oxygenation, and intrinsic characteristics of the substrates).

Organic Carbon

Considering the leaching process completed after one day, the eflfect in the
organic carbon content of E. interstincta and P stenostachys is probably the resull
ol thc microbial activitly on the detritus, assimilating the particulate (raction or
transforming through enzymes the refraclory particulate fraction into soluble
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components, which are then lost through solubilization or assimilation. Belova (1993),
observing scveral species of aquatic macrophytes, concluded that approximalely
33% of their biomass are converted 1o microbial biomass afier the firsi month of
decemposition. However, the role of the microbial community is not restricied (o the
assimilation of carbon. since the enzymes produced by this community act on the
derritus. solubilizing it even when there is no assimilation (Peduzzi & Herndt, 1991).

Nitrogen

The changes in nitrogen content betweeon days 0 and | are mainly due to leaching,
the mosl important process on a quantitative basis during this period. The different
pauterns of varlation observed in the threc species between days 0 and 1 indicaile the
leaching process in each kind of detritus presenis different chemical characteristics
{Fig. 4). Indeed. while E. jnrerstincta and N ampla showed reductions in this period,
hinting at a loss of a nitrogen-rich leachate. P stenostrachys, with an increase in
nitrogen content, is an example of a leachate with relatively smaller nifrogen content
and therefore keeps more nitrogen in the particulale fraction. Nitrogen content is
one of the regulating factors of decomposition rate (Godshalk & Wwetzel. 1978), and
high contents of this nutrient are considered to favor the consumplion by
decomposers. Therefore, examining solely the nitrogen conlent, the particulate
detritus of £ stenostachys would be the one with better nulritional quality, This
would certainly have an influence on its high dry weight loss coefficient.

The detritus of £ inierstincta exhibited an enrichment in nitrogen after the leaching
loss. This patiern was observed for scveral Kinds of detrilus in temperatc and tropical
aguatic cnvironments {de La Cruz & Gabriel, 1974; Howard.-Williams & Davies, 1979;
Poiunin, 1982: Morris & Lajtha. 1986; Hietz, 1992) and it is a sign that the processes of
nitrogen immobilization prevail over the processes of mineralization during
decomposition. As the decomposition process unfolds, plant material is converted
by the decomposing organisms (mainly fungi and bacteria) Into microbial biomass,
richer In nitrogen (Polunin, 1984). This community obtains the nitrogen necessary for
its growth directly from the wailer, or possibly through the fixation of atmospheric
nitrogen (Enrich-Prast er al. 1999},

Detrlius of N, ampl/a showed a similar patiern to thal of E. inlerstincia.
compressed in 4 days of observation. The decrease in nitrogen conlent due 1o leaching
indicates that this process releases compounds rich in nitrogen in this species.
Increasing in nitrogen content between the days 2 and 4 is large cnough to result in
values near those found in the original material (day 0). The main f(actor which is
influencing the detritus chemical composition in this stage of decomposition is the
microbial aclivity, and so we may suggest that. in the same way as with E. interstincta,
but with a much greater speed (between the days 2 and 4), the plant biomass was
converied in bacterial biomass.

Phosphorus

Observing Fig. 5, the delritus of P stenostachys seems 1o have the best nuitritional
quality regarding the phosphorus conient, with values significantly highcr (P:0,05)
than those of other species, as il was observed in the case of nitrogen content. The
stability o©of the wvalues of phosphorus. without a significant change during
decomposition, suggests a balance between the processes of immobilization and
mineralization of this element. Possibly Ihis is an evidence that the microbial
community found adequate amounts of this element in the detritus.

C:N:P ratio

The C:N:P ratio is one of the most important factors that explain the rates of
deirilus decomposition. Enriquez er af. (1993), examining deitritus from several
sources, from macroatgae to trees, were able to explain 89% of the data variation
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with the analysis of differences in the C:N:P ratio. As decomposers usually exhlbil
high nitrogen and phosphorus contents, i.e., low C:N and C:P ratios, they require a
subsirate with high content of these elements (Swilt er al, 1979), Therefore, balanced
bacterial growth requires substrates with an atomic C:N:P ratio close to 106:12:1
(Goldman ¢t al, 1987).

C:N:P* ratios near 1o these values resull in fast microbial growih, while ratios
higher than this, i.e.. with an excess of carbon, give as consequence a microbial
activity limited by the tack of nutrients. [n this contex!, the data indicate that there
was limitation of the microbial activity by lack of nutrients in the detritus of the three
species (Tab. LI},

Observing the results from a nutritional point of view, it is possible to consider
the detritus of £. interstincia as the least favorable (Fig. 6). Microbial activity was
possibly timited by a lack of nilrogen and phosphorus in this subsirate, and a dreal
amount of detritus must be assimilated when the contents of these nutrients are
reached, reducing therefore ihe decomposcrs’ efficiency. Values of the C:N ratio got
cioser 1o those (ound in the other studied species of aguatic macrophytes only at the
end of the experiment.

The C:N ratios of N. ampla and P sienostachys fluctuated according (o the
detritus nitrogen content, since the change in organic carbon content is much
smaller than the change in the nitrogen content. These (wo variables. C:N ratio and
nitrogen content, exhibited a strong negative correlation for the (wo specics (R* =
0.93 and 0.95, rcspeclively). Comparing the two kinds of detritus, il may be observed
that /2 sienosrachys showed the smaller C:N and C:P ratios. Therefore, it would be
expected that the derritus of 2 stenostachys would be the easicst 1o decomposc,
since It had the highest coefficient of decay. According to Twilley er a/ (19886). therc
is a correlation between the starting C:N ratio of the deciritus and the decay rale (k).
However this correlation was not observed in this study. Diflfcrences in the quality
ol the carbon {siructural differcnces) between the detritus ol the two planis may
explain this phenomenon. These differences could influence the microbial activity
(3wilt er al.. 1979), or simply enhance the [ragmentation of &~ ampia, which would
result in a greater dry weight loss (iransfer of material to the outside of the liiter
bags).

The C:N:P ratio fell in the course of decomposition in the detritus of the three
specics. This paltern was observed by several authors (Twilley er al, 1986, Peduzzi
& Herndl, 1991, Buchsbaum er af, 1991} and il is explained by the incrcase of microbial
biomass (compared 1o ptant biomass) richer in nitrogen and phosphorus in the
detritus. Despite this fail in the C:N:P ratios, they never rcached values considered
ideal to the animal nuirition (Russell-Hunter, 1970), allowing the conclusion thar the
detritus is metabolized mainly by the microbial community, which is able (o usec
less favorable detritus (with higher C:N:p ratios).

The delritus of each species studied had distinct patterns ol dry wcight loss
and change in C, N and P contents, both in absolute values and regarding trends in
the course of decomposition, confirming the initial hypolhesis. £. interstincta
presented the detritus with the lowest decomposition rates, while the detritus of
N ampla was the fastes{ one. These differenccs are atiributed 10 thecir different
structural characleristics, which are related 1o ihe habilal occupied by each
species. So, while the detritus of E. interstincta is reflractory to decomposition.
thal one ol P srenostachys and N, ampla presented favorable characleristics to
microbial colonization and therefore high rales of dry weight loss.

Acknowledgments

The authors thank thc siafl of the Laboratory of Limnology for their valuable
help in the setup and execution of the experiment: IBAMA, for the permission to work
in the National Park of the Restinga of Jurubatiba; CNPq and PETROBRAS, for the
linanciat support.

Acta Limnel. Bras,, 13(1):61-73, 2001 7 1



References

Allen, S.E.. Grimshaw, H.M., Parkinson, J.A. & Quarmby, C. 1974. Chemical analysis
of ecological materiais. Blackwell, Oxford, 565 p.

Belova, M. 1993. Microbial decomposition of freshwater macrophvies in the littoral
zone of lakes. Hydrobiologia, 251: 59-64.

Bianchini Jr., 1. 1997. The degradation process of organic matter in reservoirs. In: Rosa,
L.P & dos Santos, M A, (eds.) Hydropower plants and grcenhouse gas emissions.
Energy Planning Program. COPPE Report / Ed. Tecnoldgica, Rio de Janeiro. p. 6-27.

Bianchini Jr. 1. & Toledo, A.PP. 1998. Estudco da mineralizagao de Nymphoides indica
(L) O. Kuntze. In: Anais do VI Seminario Regional de Ecologia. UFSCAR, Sao
Carlos. p.1315-1329.

Carpenter, 5. R. 1980, Enrichment of Lake Wingra, Wisconsin, by submersed macrophyie
decay. Ecology. 61: 1145-1155.

de La Cruz, A, & Gabriel, B. 1974. Caloric, elemental, and nuiritive changes in
decomposing Juncus roemerianus leaves. Ecology, 55 882-886,

Emery, S.L & Perry, J.A, 1996. Decomposition rates and phosphorus contents of purple
Loosestrife (Lythrum salicaria) and Cattail {(Typha spp.) in fourteen Minnesota
wetlands. Hydrobiclogia, 323: 129-138.

Empresa Braslleira de Pesquisa Agdropecudria - EMBRAPA. 1994. Manual de mélodos
empregados em esludos de microbiologia agricola. Brasilia. 542 p.

Enrich-Prast, A. 1998. Biometria e concentragdes de [6sforo. nitrogénio. carbono e
teor encrgético da macrdfita aqudtica Oryza glumaepatu/a Steud em um lago
amazdnice impactado por rejelio de bauxita (Lago Balata - PA). Ric de laneiro,
UFRIJ, 70 p. {Dissertag¢ao)

Enrich-Prast, A., Esteves. FA. & Biesboer, D.D. 1999, Acitual and potential nilrogen
fixation and denitrification rales associated with Oryza glumaepatula Steud in an
impacicd amazonian lake. Rcv. Bras. Biol., 59 : 477-484.

Enriquez, S.. Duarte, C.M. & Sand-Jensen, K. 1993. Palierns in decomposition rates
among photosynthetic organisms: the importance of detritus C:N:P content.
Oecologia 94: 457-471.

Esiteves. FA. 1998, Fundamentos de Limnologia, 22 ed. Interciéncia/Fincp, Rio de
Janeciro. 602 p,

Esteves, FEA. & Barbieri. R. 1983. Dry weight and chemical changes during
decomposition of tropical macrephytes in Lobo Reservoir — Sao Paulo, Brazil.
Aguat. Bot,, 16: 285-295.

Esteves, FA., Barbieri, R., Ishil, LH. & Camargo, A.E 1983. Estudos limnoldgicos em
algumas lagoas costeiras do Estado do Rio de Janeiro. In: Anais do 11l Semindrio
Regional de Ecologia. UFSCAR, Sao Carlos. p. 25-38.

Fassbender. H.W. 1973, Simultane P-Bestimmung Im N-Kjeldahl-aufschlu von
Bodenproben, Die Phosphorsaure, 30: 44-53.

Godshalk, G.L. & Wetzel, R.G. 1978. Decomposition of aquatic anglosperms. |,
Dissolved components. Il. Particulate componenis. Ill. Zostera marina L. and a
conceptual model of decomposition. Aquat, Bot., 5: 281-354,

Goldman, J.C., Caron, D.A. & Dennetl, M.R. 1987. Regulation ol gross growth efficiency
and ammonium regeneration in bacteria by substrate C:N ratio. Limnol. Oceanogr.
32: 1239-1252,

Golierman, H.L., Clymo, R.S. & Ohnstad, M.A.M. 1978. Methods for physical and
chemical analysis of fresh water, Blackwell, Oxford. 214 p.

Gongalves Jr. J.E 1999. Colonizagédo por invertebrados em detrito de macrdfilas
aqudlicas (Typha domingensis e Nymphaea ampla) na Lagoa Cabiunas (Cabilinas).
Macag, RJ. Programa de Universidade Federal do Rio de Janeiro, Ric de Janeiro,
56 p. (Disscrtacao)

Henriques, R.RB.. Aradjo, D.S.D., Esleves, FA. & Franco, A.C. 1988, Andlise preliminar
das comunidades de macrdfitas aqudticas da lagoa Cablunas, Rio de Janeiro,
Brasil. Acta Limnol, Bras., 2: 783-802.

Hietz, P 1992. Decomposition and nutrient dynamics of reed {Phragmites australis
(Cav.) Trin. ex Steud.) litter in Lake Neusiedl, Ausiria. Aquat. Bot., 43: 2i1-230.

72 BRUM. PR, & ESTEVES, FA. Dry welght Joss and chemical changes in 1the deirhius of ..



Howard-williams, C. & Davies, B.R. 1979. The rates ol dry matter and nutrient loss
from decomposing Potamogeton pectinatus in a brackish south-temperate coastal
lake. Freshwater Biol.,, 9 13-21.

Howard-williams, C. & Junk, W.J. 1976. The decomposition of aquatic macrophytes
in the floating meadows of a Central Amazonian varzea lake. Bicodeographica,
7. 115-123.

Huichinson, G. E. 1975 A trealise on limnology - limnological botany. John wiley &
Sons. New York. v.3, 660 P.

Kjerfve, B. 1994. Coastal lagoon processcs. In: Kjerfve, B. (ed.). Coaslal iagoon
processes. Elsevier, Amsterdam. p. 1-8. (Occanography Scries, 80)

Knoppers, B. 1994, Aquatic primary production. In: Kjerive, B, (cd.). Coastal lagoon
processes. Elsevier, Amsterdam. P. 243-28B6. {Oceanography Scries, 60)

Lemos, R. M. A. de & Bianchini Jr., 1. 1998, Decomposicao de Scirpus cubensis
Poepp & Kunth da Lagoa do Infcrnao (SP): 1 - Efeito do teor de nitrogénio ¢ da
quantidade dc matéria orgdnica. In: Anais do VIII Semindrio Regional de Ecologia.
UFSCAR. Sdo Carlos, p.1271-1287.

Lopes-Ferrcira., CM. & Esteves. FA. 1992, Decomposition of Potamogeton
sienostachys K. Schum. and evaluation of ils detritus as a potential Cnergy source
in a tropical coasial lagoon. inl. 1. Ecol. Environ. Sci., 18: 47-54.

Mackereth, EJL.H.. Heron, J. & Talling. J.F 1978. water analysis: some¢ revised methods
for limnologisis. Freshwater Biological Associalion, Cumbria. 120 p. ({(Scientilic
Publication .36).

Morris, J.T. & Lajtha, K. 1986. Decomposition and nutrient dynamics of litter from four
spccics of freshwaler cmergent macrophytes. Hydrobiclogia, t31- 215.223,

Nogueira, E 1903, Changes in nutritional value of Scirpus cubensis during growth
and decomposition. nt. J. Ecol. Environ. Sci , 19: 205-212,

Panosso, R.E, Attayde, J.L.. Muache. D. & Esteves, EA. 1998, Morfometria de quatro
lagoas costciras fluminenses: implicacocs para scu funcionamento e mancjo. in:
Eslteves, FA. (ed.). Ecologia das {agoas cosieiras do Parque Nacicnal da Restinga
de Cabildnas ¢ do Municipio dec Macaé (RJ). Nuiclco de Pesquisas Ecoldgicas de
Macaé, Macad. p. 91-108.

Peduzzi. P, Herndl, G.J). 1991. Decomposition and signiflicance of scagrass lcaf litter
{Cymodosa nodosa) (or the microbial food web in coastal waters (Gull of Trieste,
Northern Adriatic Sea). Mar. Ecol. Prog. Ser. 71: 163-174.

Pieczynska, E. 1993, Deiritus and nutrient dynamics in the shore zone of lakes: a
revicw. Hydrobiologla, 25: 49.58,

Piedade. M T.F, Junk, Wi a Long, S.P 1991. The productivity of the C, Echinochioa
polvsiachya on the Amazon Floodplain. Ecology, 72: 1456-1463

Polunin, N.V.C. 1982. Processes contributing to the decay of reed (Phragmitcs australis}
littcr in freshwater. Arch. Hydrobiol,, 94: 182-200.

FPolunin, N.V.C. 1984. The decomposition of emergent macrophyies in freshwater, In:
Maclayden, A. & Ford, E.D. (eds.) Adv., Ecol. Res., 14; 115-1686.

Pomeroy, L.R. 1970. The strategy of mineral cycling. An. R. Ecol. Syst., 1: 71-00.

Roland. F. Esteves, FA. & Sanios, J.E. 1980. Decomposicdo da macrdlita aquatica
Eichhornia azurca (Kunth), com énfasc na colonizacado por bactérias epifiticas.
Acta Limnol. Bras., 3: 653-673.

Swift, M.J.. Heal, D.W & Anderson, J.M. 1979, Studics in Ecology: decomposition in
terresirial ecosysiems. Blackwell, Oxford. 371 p.

Twillcy. R.R.. Edjung, G.. Romare, P & Michael Kemp. W. 1986. A comparative study
of decomposition, oxygen consumption and nutricnt release (or selecred aqualic
plants occurring in an csluarine ¢nvironment. Oikos, 47: 190-198.

welzel, R.G. 1990, Land-water intcrtaces: Mctabolic and limnological regulators. Verh,.
Int. Verein. Limnol., 24: 6.24,

Nelzel, R.G. 1993, Limnologia. Fundacao Calouste Gulbenkian, Lisboa. 919 P.

Recebldo em : 19 / 0] / 2001
Aprovado em: 31 / 05 / 2001

AcCla Limnol. Bras., 13(1}:61-73. 2001 73



