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Early decomposition of Ruppia cirrhosa (Petagna)
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SUMMARY

The decomposition of Ruppia cirrhosa and Potamogeton pectinatus was studied in laboratory in order to determine
the release of nitrogen and phosphorus to water. We compare differences in short-term decomposition rates between
R. cirrhosa and P. pectinatus, and we discuss the possible effect of the decomposition on the physical and chemical
characteristics of the water. Senescent leaves of the two macrophyte species were put into plastic vessels with filtered
water from La Tancada lagoon (Ebro River Delta, NE Spain). We analyzed biomass, C, N and ash content in the
macrophytes samples and pH, conductivity, temperature and alkalinity and oxygen, N and P concentration in the
water. We observed a decrease in oxygen concentration and pH, and an increase in alkalinity during the first 12 hours
of incubation. Phosphorus and nitrogen as ammonium increases were higher in water with macrophytes than in water
without macrophytes (control). Oxydized nitrogen decrease and SRP and ammonium increase were observed coinciding
with dissolved oxygen depletion. Pattern of variation in N content was different in both macrophytes related to the
chemical nature of the detritus and to inorganic nutrient concentration in the water. A quick nitrogen release in inorganic
form during the four days of incubation was observed. Increase of SRP concentration may be related to leaching and
to P solubility increase under anaerobic conditions.
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RESUMEN

Descomposicion temprana de las hojas de Ruppia cirrhosa (Petagna) Grande y Potamogeton pectinatus L. Se
estudid en el laboratorio la descomposicion de las hojas de Ruppia cirrhosa 'y Potamogeton pectinatus con el fin de
determinar la liberacién de nitrégeno y fésforo al agua. Se comparan las diferencias en las tasas de descomposicién a
corto plazo entre Ruppia cirrhosa 'y Potamogeton pectinatus y se comenta el posible efecto de la descomposicion en
las caracteristicas fisicas y quimicas del agua. Se colocaron hojas senescentes de las dos especies de macréfitos en
contenedores de plastico con agua filtrada de la laguna de la Tancada (Delta del Ebro, NE Espafia). Se analizé la
biomasa y el contenido de C, N y cenizas en las muestras de macréfitos y pH, conductividad, temperatura, alcalinidad
y concentracion de oxigeno, N y P en el agua. Se observé una reduccién en la concentracion de oxigeno y el pH, y un
aumento en la alcalinidad durante las primeras 12 horas de incubacién. Los aumentos de fésforo y nitrégeno en forma
de amonio fueron mayores en el agua con macrofitos que en el agua sin macréfitos (control). Se observé una disminu-
cién del nitrégeno oxidado y un aumento del SRP y del amonio en coincidencia con la deplecion de oxigeno disuelto.
La pauta de variacién en el contenido en N fue distinta en las dos especies de macroéfitos, en relacién con la naturaleza
quimica de los detritos y con la concentracién de nutrientes inorganicos en el agua. Se observé una réapida liberacion
de nitrégeno en forma inorgéanica durante los cuatro dias de la incubacién. El aumento en la concentracién de SRP
puede estar relacionada con la lixiviacion y con el aumento de la solubilidad del P en condiciones anaerobias.

PALABRAS CLAVE: Ruppia cirrhosa, Potamogeton pectinatus, descomposicion.
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INTRODUCTION

In shallow lakes macrophytes assume a
greater part in the metabolism of the entire
lake ecosystem (Wetzel & Allen, 1972; Mason
& Bryant, 1975). Decomposition of these
plants plays an important role in the
metabolism of these lakes (Godshalk &
Wetzel, 1978) mainly because they are tem-
poral species which dissapear once a year
releasing its nutrient contents to the water and
sediment. General models for the decay and
remineralization of aquatic and terrestrial
vascular plants have been proposed by
Godshalk & Wetzel (1978), Rice (1982) and
Melillo et al. (1984). The processes that affect
the rates of loss of nonliving organic matter
include leaching of soluble compounds,
microbial degradation, and consumption by
other heterotrophs (Mann, 1975; Harrison,
1977; Pellikaan, 1982). Three phases of decay
of organic matter have been described:

- An Initial phase of quick loss during which
leaching rapidly removes materials that are
either soluble or autolyzed after cell death
(Valiela, 1984). The dissolved material is
readily available to microbial heterotrophs for
uptake and mineralization to CO, and
inorganic nutrients (Godshalk & Wetzel, 1978,
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Pellikaan & Nienhuis, 1988). Leaching is not
a decomposition mechanism but a way in
which soluble material is released and in most
cases itis very hard to separate from microbial
degradation and thus they have been studied
together.

- A second stage, the decomposition phase,
with lower rates of loss, when microbial
activity is the prime process that degrades
organic matter.

- A third phase, the refractory phase, where
the remaining detritus are degraded slowly
because of the high cellulose contents.

La Tancada is a small (1.8 Km?) shallow
(37 cm mean depth) coastal lagoon, located
in the Ebro Delta River (NE Spain).
Conductivity changes from freshwater during
spring-summer, coincicing with rice
cultivation, to saltwater in autumn-winter. The
lagoon shows extensive and dense rooted
macrophytes beds mostly of Ruppia cirrhosa,
which develops high biomasses from April to
September (51-546.7 gAFDW m?, 350 g C
m? year'). A small part of the lagoon is
covered with Potamogeton pectinatus (48.4-
482 gAFDW m™2, 242 g C m™? year’;
Menéndez, 1989; Menéndez & Comin, 1989).
At the end of summer, R. cirrhosa starts to
degenerate, fall down (493 g AFDW m? year!,

TABLE I. Comparison of Ruppia cirrhosa decomposition rates for dry weight, nitrogen and phosphorus in sediment, water-

sediment interphase and water column (Menéndez et al., 1989, 1993). Comparacicén de las tasas de descomposicion de Ruppia

cirrhosa para peso seco, nitrégeno y fésforo en sedimento, interfase agua-sedimento y agua (Menéndez et al., 1989, 1993).

WATER COLUMN
Time interval mesh size DW, k day™! N, k, day”! P, k day”'!
0-3 days 100 pm 0.163 0.141 0.174
0-3 days 1 mm 0.213 0.233 0.312
SEDIMENT-WATER INTERPHASE
Time interval mesh size DW, k day! N, k, day! P, k day"!
0-3 days 100 pm 0.146 0.157 0.336
0-3 days 1 mm 0.160 0.142 0.351
SEDIMENT
Time interval mesh size DW, k day™ N, k, day™! P, k day"!
0-3 days 100 pm 0.118 0.109 0.354
0-3 days 1 mm 0.187 0.218 0.426
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Menéndez, 1989) and is deposited in dense
packs on the shore of the lagoon where it
decomposes (Menéndez et al., 1989, 1993).
Initial decomposition changes from aerobic to
anaerobic conditions as detritus accumulate
in the anaerobic sediment-water interface.

Ruppia cirrhosa decomposition was
studied in situ in la Tancada lagoon using the
litter bag method. From the obtained results
comparing decomposition through 1 mm and
100 pm mesh size, and in different places
(water column, sediment-water interface and
buried in the sediment), an important role of
macroinvertebrates in the decomposition
process was concluded. Also significant
differences between sediment-water interfa-
ce and buried bags, where oxygen
concentration was different, were found
(Menéndez, 1989; Menéndez et al., 1993;
Table I). The main nitrogen and phosphorus
contents decrease was described during the
three first days of decomposition in water
column. A 61-87 % decrease of total nitrogen
content and a 66-75 % decrease of phosphorus
content were observed using 100 um and 1
mm mesh size bags.

The aim of this paper was to use an experi-
mental design to understand the quick initial
loss of biomass and nutrient contents observed
in our previous study, and if this decrease
involves nutrient release to the water column.
Decomposition of Potamogeton pectinatus
was included in the stuidy, because it is the
second species in importance found in La
Tancada lagoon, and because this species
shows a different nitrogen content than Ruppia
cirrhosa (2.9 and 1.72 as a percentage of dry
weight for P. pectinatus and R. cirrhosa
respectively, Table II). Chemical composition
of the organic matter is important in
determining the loss of biomass and nutrients
from leaching and microbial decay. Bacteria
and fungi take up mineral elements, mainly
nitrogen, but also phosphorus (Valiela, 1984).
Differences between species, and between in
situ and laboratory results are discussed.

TABLE II. Initial conditions in laboratory experiments
with Ruppia cirrhosa and Potamogeton pectinatus. Con-
diciones iniciales en los experimentos de laboratorio con
Ruppia cirrhosa y Potamogeton pectinatus.

R. cirrhosa P. pectinatus

Dry matter/culture 1.58 1.96
AFDW % DW 81.46 72.3
C % DW 38.09 35.22
N % DW 29 1.72
pH 7.93 8.08
O,, ppm 8.2 74

Cond, mS cm’! 22.6 25.5

Alk, meq I 3.67 4.05

CI', mmol I"! 308 328

SO,=, mmol I 12 14.2
Ca*, mmol I"! 7.71 5.61

Mg*, mmol I'! 31.4 21.88
K*, mmol I 5.39 3.12
NH,*, mmol I"* 35.56 24.59
SRP, pmol 11! 0.36 042
NO,+NO,, umol I 19.3 37.83

MATERIAL & METHODS
Experimental

Two separated and consecutive experiments,
one of them with R. cirrhosa and the other with
P. pectinatus, were performed in laboratory
conditions. Senescent leaves (approximately 10
cm long) gathered from plants in La Tancada
lagoon were collected at the end of its vegetative
cycle in October. Plants were kept at 10° C and
transported to the laboratory. Experiments
started no longer than 10 h after the recollection.
Leaves were gently blotted with paper for about
1 min. Leaves weighing about 10 g (=0.001 g)
of fresh weight were placed in plastic vessels
(1 1 capacity, 78 cm? section) with 500 ml of
filtered water from La Tancada lagoon. The
fresh:dry weight ratio of the initial plant mate-
rial was computed from 6 replicates. The
experiment was carried out in darkness to
prevent phytoplankton growth. Both
experiments included control vessels containing
filtered water without macrophytes. Initial ex-
perimental conditions are shown in table IL
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Atvarious intervals (1, 5, 10, 15, 30 minutes
and 1, 3, 4, 12, 24, 36, 96 hours) two vessels
representing treatments and controls, in
duplicate, were sacrificed for analysis. In each
extraction triplicate samples of water for
chemical analysis were taken in each vessel.
Biomass was analyzed as dry weight, total C
and N and ash contents of the macrophyte
samples. Dry weight was determined at 60 °C
for 48 h to constant weight. Total C and N were
analyzed in a Carlo Erba elemental analyzer. A
weighed fraction was ground and burnt at 500
°C for 3 hours for total ash determination.

Water with and without macrophytes was
stirred before sampling. pH (Orion pHmeter),
conductivity (Instran 10 conductivimeter),
dissolved oxygen (Syland oxymeter) and
water temperature (mercury termometer) were
measured. Nitrate, nitrite and ammonium
nitrogen and soluble reactive phosphorus
concentrations (umol 1) were measured in
filtered samples (Whatman, GF/C, 500 °C
ashed filters) following Grasshoff et al. (1983)
in a Technicon Autoanalyzer. Alkalinity (meq
I'Y) was measured by potentiometric end-point
titration (Metrohm 655 Dosimat).

In order to quantify differences between
vessels with plants and controls, time of
incubation and plants in physico-chemical
parameters, a three-way ANOVA was performed
on the data set. Factors considered were
presence/absence of plant detritus, time and
species of plant. Interactions between this factors
were also considered. Tests for significant
differences in nitrogen content between R.
cirrhosa and P. pectinatus were conducted.
Statistical tests were performed using the
subprogram ANOVA/MANOVA CSS statistical.

RESULTS
Macrophytes

A decrease in dry weight was observed in
the two macrophytes studied during the first
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10 minutes of decomposition (Figs. 1 and 2).
This decrease continues in R. cirrhosa during
the rest of the incubation period (a 15.15% of
the initial dry weight was lost until the 96
hours of decay; ANOVA, p<0,0004).

Ash increase was observed during the first
S min in R. cirrhosa (from 18.04% 1022.12 %)
whereas in P. pectinatus ash decrease was
observed (from 27.7 to 20.9 %). During the
rest of the incubation the ash percentage
remained fairly constant (around 21 % and 27 %
respectively).

The initial N percentage of detritus DW was
higher in R. cirrhosa (2.9 %) than in P.
pectinatus (1.7 %; ANOVA, p<0,03). Total N
content of R. cirrhosa detritus remained fairly
constant during the experiment, around 2.5 %
DW, after an initial decrease (from 2.9 t0 2.6 % N).
A slight increase was observed between 3 and
12 hours of incubation (from 2.6 to 3 %). N
content of P, pectinatus was also rather constant
at1.7-1.8 % of DW level, but increased slightly
in the initial phase of the experiments (from
1.7 to 2 %) and decreased between 10 minutes
and 12 hours of incubation (from 2.1 to 1.5 %).

C content remained fairly constant during
the decomposition in both species of
macrophytes (around 35-38 %; Figs. 1 and 2).

The instantaneous rate of decomposition (k)
calculated according to the exponential model
W =W e* (Olson, 1963) was 0.033 day
(r=0.82, n=13, p<0.001) for R. cirrhosa. Using
a linear model, W =-kt+W = this rate was
0.047 day" (r=0.81, n=13, p<0.001) (W : fi-
nal biomass as DW, WO: mnitial biomass, t: time
expressed as days).

Water

Statistical analysis revealed that differences
between vessels with plants and controls in
oxygen, alkalinity, pH, inorganic nitrogen and
SRP concentrations were significant for R.
cirrhosa and P. pectinatus (Table III).
Differences between incubations with R.
cirrhosa and P. pectinatus were also
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significant. We observed significative The total depletion of oxygen content after
interactions between all factors considered 12 hours for both R. cirrhosa and P. pectinatus
except for treatements (plant/control) and  can be seen in figures 3 and 4. pH decreased
origin of detritus (Ruppia or Potamogeton) in  from 7.93 to 6.97 in water with R. cirrhosa
alkalinity and ammonia. (Fig. 3). In water with P. pectinatus, pH
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FIGURE 1. Variation of Ruppia cirrhosa detritus weight, % ash, % of dry weight of carbon and nitrogen during the
decomposition process in laboratory. Variacién del peso de detritos, porcentaje de cenizas, porcentaje de peso seco de
carbono y nitrégeno durante el proceso de descomposicion en el laboratorio.
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decreased during the first 12 hours, remaining Alkalinity increased during the incubation
constant at about 7.2 and increasing at the end  period. No differences were observed between
of the experiment. Oxygen content was  water with R. cirrhosa and controls during the
correlated with pH during the first 12 hours,  first 12 hours. After this period, alkalinity
until oxygen dissappeared (r=0.92, n=8 increased at the same time as oxygen depletion
p<0.001; Fig. 4). and pH decrease, reaching a maximum of 5.86
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FIGURE 2. Variation of Potamogeton pectinatus detritus weight, % ash, % of dry weight of carbon and nitrogen
during the decomposition process in laboratory. Variacion del peso de detritos, porcentaje de cenizas, porcentaje de
peso seco de carbono y nitrogeno de Potamogeton pectinatus durante el proceso de descomposicion en el laboratorio.
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TABLE III. Three-way ANOVA results from analysis of
data on pH, oxygen, alkalinity, dissolved inorganic nitrogen
and SRP concentrations. Resultados de un ANOVA de tres
vias del andlisis de los datos sobre pH, oxigeno, alcalinidad
y concentraciones de nitrégeno inorgdnico disuelto y RSP.

Variables  Source of Degrees MS F-ratio p-level
Variation of freedom

pH Time inc. 12 0.14 1007 10°
plant/CT 1 521 3673. 10°
Pot/Rup 1 0.53 3794 10°¢
Error 52 0.01
1,2 12 033 2359 10°
1.3 12 0.02 205 10°
23 1 0.08 582 10
1,23 12 0.02 15.1  10°

O, Time inc. 1 12.8 512 10
plant/CT 6519 2593 10°¢
Pot/Rup 1.44 57 10°
Error 5 0.02
1,2 1 13.1 521 10°
1,3 1 1.1 44 10°
2,3 258 1027 10°
1,2,3 1 0.92 37 10°

Alkalinity Time inc. 1 0.69 162 10°®
plant/CT 1.86 433 10°
Pot/Rup 538 1251 10°
Error 5 0.00
1,2 1 0.56 130 10°
1,3 1 0.02 6.7 10°

2,3 0.06 1.5 02N

1,2,3 1 0.03 72 10°
NO,+NO, Time inc. 1 0.67 121 10°
plant/CT 5.22 938 10
Pot/Rup 1.91 343 10°
Error 5 0.05
1,2 1 0.86 155 10°
1,3 1 0.04 72 10°
2,3 0.72 12.9 0.000
1,23 1 0.08 1.6 0.122
NH, Time inc. 1 0.27 1505 10°
plant/CT 1.26 7036 10°
Pot/Rup 1.04 58 10°
Error 5 0.01
1,2 1 0.20 11.2  10°
1,3 1 0.05 3.14 0.00
2,3 0.07 3.990.05N
1,23 1 0.07 4.02 0.000
SRP Time inc. 1 0.66 63 10°¢
plant/CT 64.24 4185 10°¢
Pot/Rup 0.73 47 10
Error 5 0.01
1,2 1 0.92 60 10°

1,3 1 0.48 31 10°
2,3 0.14 9.4 0.00
1,23 1 0.37 24 10°

meq |7 (Fig. 3; Table III). In water with P.
pectinatus (Fig. 4) there was an increase after
24 hours of incubation, up to a value of 5.81
meq 1.

No significant changes in conductivity were
observed for either R. cirrhosa or P. pectinatus.
The observed final increase was caused by
evaporation, as we can see from the control
values. Temperature ranged from 18 to 22 °C.
These variations were caused by fluctuations
in ambient temperatures in incubation room
and were similar to environmental water
temperatures observed in La Tancada lagoon
at the time of collection (20-22 °C).

Nitrogen as ammonium and SRP
concentrations were higher in water with
macrophytes than in controls (Figs. 5 and 6).
In R. cirrhosa SRP concentration varies
between 20 and 40 umol 1! during the first
48 hours of incubation, increasing at the end
of the experiment to 109 umol 1\, In P.
pectinatus SRP concentration was around 20
pmol I up to 12 hours of incubation, when a
tendency to a fluctuating increase was
observed, reaching the maximum at the end
of the experiment (96 hours) with 84 umol 1.
During the first 4 hours of incubation,
ammonium concentrations fluctuated between
25 and 40 umol I'' and between 35 and 70
pmol 1! in water with R. cirrhosa and P.
pectinatus respectively. After this time,
coinciding with oxygen decrease, an increase
of 123 and 163 pmol 1! was observed for R.
cirrhosa and P. pectinatus, decreasing
afterwards and increasing again to a maximum
value at the end of the incubation period (386
and 347 umol I'' for R. cirrhosa and P.
pectinatus respectively). A significant
correlation was observed between ammonium
and SRP concentrations for both R. cirrhosa
(r=0.85) and P. pectinatus (r=0.78; n=13,
p<0.001).

Water initial concentration of oxydized
nitrogen in experiments with P_pectinatus
(37.9 umol 1'") was almost double the
concentration in experiments with R. cirrhosa
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FIGURE 3. Changes in dissolved oxygen concentration, pH, total alkalinity, conductivity, temperature during R.
cirrhosa experiments. Full squares, control; full dots, water with macrophytes. Cambios en la concentracion de
oxigeno disuelto, pH, alcalinidad total, conductividad, temperatura durante los experimentos con R. cirrhosa. Cua-

drados llenos, control; circulos llenos, agua con macrdfitos.
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(19.3 umol 17"). Oxydized nitrogen
concentrations in water with_R. cirrhosa
fluctuated around 15-20 pmol ' whereas in
water with P. pectinatus this concentrations
were rather constant during the first 4 hours
of incubation. After this time, oxydized
nitrogen dissapeared completely in both
experiments, coinciding with dissolved
oxygen depletion (Figs. 5 and 6).

DISCUSSION

The initial nitrogen content is often
considered as the controlling factor in plant
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decomposition processes (Howarth & Fisher,
1976; Godshalk & Wetzel, 1978a, 1978b;
Melillo et al., 1984). Leaves high in nitrogen
decay more rapidly than nitrogen-poor leaf
species (Kaushik & Hynes, 1971, Twilley et
al., 1986).

Changes in the N-content and the C:N
ratio are difficult to interprete because
leaching of soluble components, nutrient
enrichment of the particulate detritus by
microbial colonization and formation of
structural protein-like compounds can occur
simultaneously (Pellikaan, 1984). Pattern of
variation in N content was different in both
macrophytes. These differences may be
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FIGURE 5. Changes in inorganic oxydized nitrogen (NO"and NO,), ammonium (NH4*) and soluble reactive
phosphorus (PO*,) during R. cirrhosa decomposition. Inverted triangles, control; full dots, water with macrophytes.
Cambios en nitrégeno inorgdnico oxidado (NO ;and NO',) amonio (NH4*) y fosforo reactivo soluble (PO ,) durante

la descomposicion de R. cirthosa. Tridngulos invertidos, control; circulos llenos, agua con macrdfitos.
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Potamogeton pectinatus
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FIGURE. 6.- Changes in inorganic oxydized nitrogen (NO",and NO")), ammonium (NH4*) and soluble reactive

phosphorus (PO*,) during P. pectinatus decomposition. Inverted triangles, control; full dots, water with macrophytes.

Cambios en nitrégeno inorgdnico oxidado (NO ;and N()'j)’ amonio (NH4*) y fésforo reactivo soluble (P03'4) durante

la descomposicion de P. pectinatus. Tridngulos invertidos, control; circulos llenos, agua con macrdfitos.

related to the chemical nature of the two de-
tritus and to inorganic nutrient concentration
in the water. It has been suggested that plant
tissues with low initial C:N ratios tend to
release N while tissues with C:N > 20 will
conserve N as a result of microbial demand
during decomposition. The initial increase in
N content observed in P. pectinatus and the
latter decrease when oxygen and oxydized
forms of nitrogen disappear, may be related
to the relative low initial N-content (C:N ratio
of 20.5) in the detritus and to the high water

nitrate+nitrite concentrations observed (38
mol I'V. This initial N enrichment in the detri-
tus was probably the reason for the high initial
decay and the percent ash decrease observed
in P. pectinatus biomass during the first
minutes of decomposition. However, in R.
cirrhosa the initial N content decrease and C:N
ratio increase may be related to the relative
high initial N content in the detritus (C:N ratio
of 12.5) and the low nitrate+nitrite water
concentrations (19 mol I'V. The increase of N-
content in the detritus at the moment of the



84

oxygen depletion could be assimilated to an
increase in ammonium concentrations (from
41 to 76 umol I'") in the water.

The k value obtained (0.033 day!) for R.
cirrhosa was lower than that obtained in litter
bags experiments in La Tancada lagoon
(0.1634 and 0.2174 using 100 pm and 1 mm
mesh size litter bags; Menéndez et al., 1989).
Biological detrital processing includes
microbial decay, remineralization, shreding
and grinding by animals and digestion in ani-
mal guts (Odum, 1984). The differences
observed could be explained by the activity
of mesofauna and other variables
(hydrodinamism, lost of particles from the
bags, presence of sediment) in detritus
accumulated in La Tancada water column.
Mesofauna species (mainly Gammarus
aequicauda and Sphaeroma hookeri) can
speed up microbial decay by fragmenting large
pieces of plant, thus increasing the surface
available for attack by microbial enzymes.
Direct assimilation of plant components in the
litter by invertebrates may also contribute to
the loss of biomass. In our laboratory
experiments water was filtered through a
Whatman GEF/C filter; this allows
nannoplancton and bacteria to pass but not the
passage of individuals with a size between 1
and 100 pum (1. e., ciliates) which might play an
important role in the in situ decomposition.
Another possibility for the slow decomposition
1s a low bacterial growth and decomposing
activity under anaerobic conditions (Godshalk
& Wetzel, 1978b; Pellikaan & Nienhuis, 1988),
particularly because lignin cannot be
transformed by microorganisms as oxygen is
required for cleavage of the ring structure
(Fenchel & Blackburn, 1979). Increase of
biomass observed in P. pectinatus after some
incubation time could be explained by
microbial conversion of DOC to the particulate
fraction (Pellikaan, 1984).

The decomposition process began with a
period of autolysis but was soon followed by
active microbial degradation of organic matter.
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Previous experiments made with different
species (Bastardo, 1979; Novella, personal
comunication), demonstrates the importance
of leaching of nutrients during the first days
of decomposition. The increase of nitrogen as
ammonium and phosphorus after three days
of incubation is in agreement with the results
obtained by these authors. Although leaching
and microbial degradation were difficult to
separate in the initial phase of decomposition,
Kistritz (1978) found a drastic increase in sus-
pended bacteria within the first five days of
Myriophyllum spicatum incubation in in situ
enclosed environments. In our study microbial
breakdown probably began between the three
and four days of incubation when a sudden
increase in NH*, concentration was observed
(Figs. 5 and 6). Increase of SRP concentration
may be related to leaching and to P solubility
increase under anaerobic conditions.
Beginning from initial (1.58 g) and final
(1.34 g) dry weight and nitrogen content in R.
cirrhosa tissue (initial 2.9 %, final 2.6 %) we
can calculate the expected value of N coming
from plant decomposition in water as 784 pumol
I'!. As the observed concentration in water was
334 umol I'! at the end of the studied period we
can conclude that 42.6 % of the N released by
R. cirrhosa during decomposition is in
inorganic form after four days of incubation.
This inorganic nitrogen could proceed from
leaching and organic nitrogen remineralization.
This result shows a quick nitrogen release
during biomass decomposition. Jewell (1971)
and Kistritz (1978) found a similar rapid release
of nitrogen when aquatic plants were placed in
complete darkness under laboratory conditions.
Although results derived from laboratory
experiments were difficult to relate with
processes occuring in natural environments,
mainly the «enclosure effect» that contributes
to anaerobic conditions, this situation 1is
frequently encountered in eutrophic systems
where aquatic plants are decomposing. In La
Tancada lagoon local anaerobic environments
near the shoreline where plant detritus



DECOMPOSITION OF MACROPHYTE LEAVES 85

accumulates were observed. More research
on the importance of initial leaching of
nutrients in the recycling of N and P in coastal
lagoons are needed in order to improve the
knowledge of the availability of these nutrients
to the primary producers in these shallow
aquatic ecosystems.

ACKNOWLEDGEMENTS

This work was supported by a Caixa de
Barcelona grant and a CICY'T project (PAC84-
16-C0O2-02).

REFERENCES

APHA (American Public Health Association). 1980. Stan-
dard methods for the examination of water and
wastewater. 15" ed. APHA. New York.

BASTARDO, P. L. 1972. Laboratory studies on
decomposition of littoral plants. Pol. Arch. Hydrobiol.,
26(3): 247-256.

COMIN, E.A,, MENENDEZ, M. & LUCENA, J. R. 1990.
Proposals for macrophyte restoration in eutrophic
coastal lagoons. Hydrobiol., 200/201:427-436.

FENCHEL, T. & BLACKBURN, T. H. 1979. Bacteria
and Mineral Cycling. Academic Press. London, New
York, San Francisco.

GODSHALK , G. L. & WETZEL, R. G. 1978a.
Decomposition of aquatic angiosperms. I. Dissolved
components. Aquat. Bot., 5:281-300.

GODSHALK, G. L. & WETZEL, R. G. 1978b.
Decomposition of aquatic angiosperms. II. Particulate
components. Aquat. Bot., 5:301-327.

GONZALEZ, S., FORES, E. & COMIN, F. A. 1993.
Caracteristiques fisiques i quimiques del sediment de
lallacuna de la Tancada (Delta de I’ Ebre, Tarragona).
Butll. Inst. Cat. Hist. Nat., 61:19-32.

GRASSHOFF, K., EHRHARDT, M. & KREMLING, K.
(eds.). 1983. Methods of seawater analysis. Chemie.
Weinheim.

HARRISON, P. G. 1977. Decomposition of macrophyte
detritus in seawater: effects of grazing by amphipods.
Oikos, 28:165-169.

HARRISON, P. G. 1989. Detrital processing in seagrass
systems: a review of factors affecting decay rates,
remineralization and detritivory, Aquat. Bot., 23:263-288.

HOWARTH, R. W. & FISHER, S. G. 1976. Carbon,
nitrogen and phosphorus dynamics during leaf decay
in nutrient enriched stream microecosystems. Freshw.
Biol., 6:221-228.

JEWELL, W. J. 1971. Aquatic weed decay: dissolved
oxygen utilization and nitrogen and phosphorus
regenaration. J. Wat. Pollut. Cont. Fed., 43:1451-
1467.

KAUSHIK, N. K. & HYNES, H. B. N. 1971. The fate of
the dead leaves that fall into streams. Arch. Hydrobiol.,
68:465-515.

KISTRITZ, R. V. 1978. Recycling of nutrients in an
enclosed aquatic community of decomposing
macrophytes (Myriophyllum spicatum). Oikos,
30:561-569.

MANN, K. H. 1975. Decomposition of marine
macrophytes. In The role of terrestrial and aquatic
organisms in decomposition processes. (Anderson,
JM. & MacFadyen, A., eds.):247-267. Blackwell.
Oxford.

MASON, C. F. & BRYANT, R. J. 1975. Production,
nutrient content and decomposition of Phragmites
australis Trin. and Typha angustifolia L. J. Ecol.,
63:71-96.

MELILLO, J. M., NAIMAN, R. J., ABER, J. D. &
LINKINS, A. E. 1984. Factors controlling mass loss
and nitrogen dynamics of plant litter decaying in
northern streams. Bull. Mar. Sci., 35:341-356.

MENENDEZ, M. 1990. Ecologia de los macrofitos
enraizados sumergidos en la laguna de la Tancada
(Delta del Ebro, NE Esparia). Ph. D. Thesis. Univer-
sidad de Barcelona.

MENENDEZ, M., FORES, E. & COMIN, F. A. 1989.
Ruppia cirrhosa decomposition in a costal temperate
lagoon as affected by macroinvertebrates. Arch.
Hydrobiol., 117:39-48.

MENENDEZ, M. & COMIN, F. A. 1989. Seasonal
patterns of biomass variation of Ruppia cirrhosa
(Petagna) Grande and Potamogeton pectinatus L. in
a coastal lagoon. Scientia Marina, 53:633-638.

MENENDEZ, M., FORES, E. & COMIN, F. A. 1993,
Decomposition of Ruppia cirrhosa (Petagna) Grande
in the sediment of a coastal lagoon. Scientia Marina,
57:285-292.

MORRIS, J. T. & LAJITHA, K. 1986. Decomposition and
nutrient dynamics of litter from four species of
freshwater emergent macrophytes. Hydrobiol.,
131:215-223.

ODUM, W. E. 1984. Dual-gradient concept of detritus
transport and processing in estuaries. Bull. Mar. Sci.,
35:510-521.

PELLIKAAN, G. C. 1982. Decomposition processes of
eelgrass, Zostera marina L. Hydrobiol. Bull., 16:83-92.

PELLIKAAN, G. C. 1984. Laboratory experiments on
eclgrass (Zostera marina 1..) decomposition. Neth. J.
Sea Res., 18: 360-383.

PELLIKAAN, G. C. & NIENHUIS, P. H. 1988. Nutrient
uptake and release during growth and decomposition
of eelgrass Zostera marina L., and its effects on the
nutrient dynamics of lake Grevelingen. Aguat. Bot.,
30:189-214.



86 MENENDEZ & FORES

WETZEL, R.G. & ALLEN, H.L. 1972. Functions and
interactions of dissolved organic matter and the littoral
zone in lake metabolism and eutrophication. In:
Productivity Problems of Freshwaters (Z. Kajak and
A. Hillbricht-Ilkowska, eds.):333-347. PWN Polish
Scientific Publishers. Warsaw.

RICE, D.L. 1982. The detritus nitrogen problem: new
observations and perspectives from organic
geochemistry. Mar. Ecol. Progr. Ser, 9:153-162.

TWILLEY, R. R., EIDUNG, G., ROMARE, P. & KEMP,
W. M. 1986. A comparative study of decomposition,
oxygen consumption and nutrient release for selected
aquatic plants occuring in an estuarine environment.

Oikos, 47:190-198.



	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86

