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Robert G. Wetzel, in memoriam

Photo taken from RG Wetzel cv
published in the internet

Bob Wetzel died from cancer at his home on April 18, 2005, at the age of 68. It is
hard to write about somebody admired and respected, both professionally and
personally. Bob Wetzel has left a tremendous void in our hearts. The complete
personality of this enthusiastic man, committed to excellence, was reflected in the many
facets of science he touched in the near 30 books and 400+ publications, as well as in
the wonderful paintings he created in his spare time (I was always intrigued how could
he find spare hours), his select musical taste, or his love for flowers, wild blossoms
included. Bob used to smile with his eyes as well. He was kind, although demanding.
His lab was exemplar in the sense that it was very well equipped and there was always
this productive atmosphere created by him, showing up often to help and see how things
were going. His habit of calling meetings to discuss work to his home (with total
connivance of Carol, his wife, who would prepare delightful brownies and “disappear”
for the whole evening, allowing us to discuss for hours experimental designs or the
latest papers on several ongoing research topics) was motivating and much more
relaxing than if the meetings were held in the department. Extremely careful in
preparing his talks in conferences or his classes, advising students and young
colleagues and always helping in both their personal and scientific lives; when writing
his masterpiece text book (“the book” for many of us) he was thoroughly looking for
bibliography and concerned about citing young scientists having done good, sound work
because this would help and encourage them. His permanent concern for helping young
scientists full of value but scarce in resources is reflected by the request of his family:
In lieu of flowers, friends and colleagues should make donations to the Robert G.
Wetzel Memorial Fund, in care of SIL through Ms. Denise Johnson, SIL Administrative
Assistant, The University of North Carolina at Chapel Hill, School of Public Health,
Department of Environmental Sciences & Engineering, CB # 7431, 124 Rosenau Hall,
Chapel Hill, NC 27599-7431. Contributions are still being accepted.

Bob was always inspiring by example. It is hard to believe we will not meet him at
the corner anymore, when attending professional meetings. Truly, he will never be gone;
he will always be among us and very much present in our minds and words — he simply
cannot leave!

M. ]. Boavida
Univ. Lisboa
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First occurrence of Lepomis gibbosus (L.,1758) in the Segura river
basin (SE, Spain)

Francisco J. Oliva-Paterna, Asuncion Andreu, David Verdiell & Mar Torralva

Department of Zoology. University of Murcia. 30100 Murcia. Spain. fjoliva@um.es

RESUMEN

Este trabajo constituye la primera cita de Lepomis gibbosus (L.,1758) en la Cuenca del rio Segura (SE, Espaiia). La presente
comunicacion amplia la distribucion geografica de L. gibbosus en la Peninsula Ibérica con la inclusion de la Cuenca hidroldgi-
ca del Segura en su rango de distribucion. Este trabajo presenta la primera cita de la presencia de la especie en la Cuenca con
la deteccion de una poblacion viable establecida en un sector del rio Segura, si bien parece ser consecuencia de una introduc-
cion reciente. Proponemos tres hipotesis posibles en lo referente a la invasion de esta especie exdtica: (1) Introduccion delibe-
rada o accidental por parte de pescadores deportivos; (2) Introduccion de la especie en balsas de riego y la consecuente inva-
sion del cauce principal debido al alto desarrollo agricola caracteristico del area donde se ha localizado la especie;
(3) Introduccion en la Cuenca a través del trasvase Tajo-Segura. El establecimiento de esta incipiente poblacion sugiere la
necesidad urgente de realizar estudios de seguimiento para el desarrollo de un Plan de Control de la misma.

Palabras clave: Lepomis gibbosus, Introduccion, Exdticas, Segura, Peninsula Ibérica.

ABSTRACT

This paper is the first reference of Lepomis gibbosus (L., 1758) in the Segura River basin (SE Spain). In this brief commu-
nication, the geographical distribution of L. gibbosus in Spain is widened to include the Segura River basin in its distribu-
tion rank. This is the first report of its occurrence in this basin, with the detection of a viable population in a section of the
Segura rive although it seems to be a recent introduction. We propose three possible hypotheses concerning the invasion of
this exotic species: (1) Deliberate or accidental introduction by anglers (Angling effect); (2) The introduction of the species
into artificial irrigation ponds and the subsequent invasion of the main channel due to the high level o agricultural deve-
lopment in the area were the species was detectedft; (3) Introduction into the basin through the Tajo-Segura interbasin
water transfer system. The establishment of this incipient population suggests that monitoring studies are urgently needed
to develop a protocol for its control.

Keywords: Lepomis gibbosus, Introduction, Exotics, Segura, Iberian Peninsula.

Lepomis gibbosus (L., 1758) (Pisces, Centrarchi-
dae) is a native fish from North America whose
introduction in Europe dates from around 1880
(Vooren, 1972). This exotic fish is nowadays
widespread in European waters (Welcomme,
1991). According to Garcia-Berthou & Moreno-
Amich (2000a) the first confirmed record of the
species in the Iberian Peninsula (Lake Banyoles)
dates to between 1910 and 1913. Until the 1980’s
the species remained under control although
since then it has spread for a high number
of hydrological basins in the Iberian Peninsula
(De-Sostoa et al.,1987; Doadrio, 2002).

The aim of this note is to report the establishment
of L. gibbosus in the Segura river basin. A total
of 79 specimens were collected in seven out of a
total of 15 sampling sites on the Segura River.
The sample sites were located between
Las Minas (upstream, Albacete 30SXH427557)
and Azud de Ojos (downstream, Murcia
30SXH510469) (70 Km channel long). At each
sampling locality (100-150 m long), fishing was
performed with standard AC electrofishing
equipment using a 1800 W generator (working
voltage between 200 and 350 V, 2-3 A) between
May and June 2004. The specimens were fixed in
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neutralized formaldehyde solutions (10 %), sex
and standard length (Lg = 1 mm) were obtained
for each individual ex situ. Some of them are pre-
served in the ichthiological collections of The
Zoology and Anthropology Department of the
University of Murcia (LgiSE04-1 / LgiSE04-25).

There are no previous records of L. gibbosus
in the Segura River basin (Mas, 1986; Garcia de
Jalon et al., 1992; Torralva & Oliva-Paterna,
1997; Torralva et al., 1999; Mifiano et al., 2002
y 2003; Oliva-Paterna et al., 2002), however
some of its population parameters point to a via-
ble establishment of the species: (1) High occu-
rrence (46.6 % of sampling sites) in a long
strech of the Segura River (70 Km long chan-
nel); (2) Population size-structure and sex-ratio
(Figure 1), although in comparison to other
populations in the Iberian Peninsula (Zapata &
Granado-Lorencio, 1993; Godinho & Ferreira,
1996; Garcia-Berthou & Moreno-Amich,
2000b; Gutiérrez-Estrada, 1997; Gutiérrez-
Estrada et al., 2000), this seems to be an inci-
pient population because of the lack of higher
sizes and consequently old individuals; and (3)
Confirmed reproduction, as seen by the capture
of juveniles and mature adults (determined by
visual observation of the gonads).

20 —
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We hypothesize that the colonization of the
Segura River by L. gibbosus may be attributed to
either one or a combination of these three causes:
(1) Its deliberate or accidental introduction by
anglers since sport fishing is extremely popular
in the sector of the river where the species has
been detected (three intensive sport fishing pre-
serves) and the popular use of the species as bait
for sport fishing; (2) The sampling area is one of
the most important irrigated agricultural areas of
the Murcia region, and a network of artificial
irrigation ponds has been developed. The anthro-
pic introduction into such ponds of a variety of
fish species is a very common and traditional
practice; indeed agricultural activities have
recently been shown to act as significant lands-
cape determinants of non-indigenous fish inva-
sion (Ross et al., 2001); (3) Consequence of fish
dispersion along the Tajo-Segura interbasin
water transfer system, such as has been demons-
trated in the case of other introduced fish species
in the Segura basin (Garcia de Jalén et al., 1992;
Torralva & Oliva-Paterna, 1997).

The impact of biological invasions, particu-
larly in the case of freshwater fish, is a worldwi-
de ecological problem, which has not only been
neglected (Garcia-Berthou & Moreno-Amich,

i Ll

|
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Figura 1. Distribucion de frecuencias de longitud (Lg, mm) y proporcion de sexos (machos/hembras) de la poblacion de L. gibbo-
sus detectada en el rio Segura. Size-frequency distribution (Lg, mm) and sex-ratio (males/females) of L. gibbosus population detec-

ted in the Segura River.
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2000a) but rather encouraged by the manage-
ment activities of the administration (e.g. intro-
duction of Oncorhynchus mykiss into intensive
sport fishing preserves). In the Iberian Peninsula
the negative effects of freshwater fish introduc-
tion has recently been demonstrated by several
studies (Elvira, 1998; Garcia-Berthou & Mo-
reno-Amich, 2000a; Godinho & Ferreira, 2000;
Elvira & Almoddvar, 2001; Vila-Gispert et al.,
2004). The most obvious potential impact of L.
gibbosus introduction involves egg and juvenile
fish predation (Gondinho et al., 1997; Garcia-
Berthou & Moreno-Amich, 2000b; Dominguez
et al., 2002), which has been considered respon-
sible for diminishing the reproductive capacity
of other coexisting species (Keith & Allardi,
1998). The detected population of L. gibbosus
showed a low-density in relative terms compared
with coexisting high-density species, such as
Barbus sclateri and Chondrostoma polylepis, but
this still represents a threat to other low-density
coexisting species like Squalius pyrenaicus
(= Leuciscus pyrenaicus). Moreover, some of
these types of exotic species have spread
quickly over extensive areas (Elvira, 1998).

In the last 25 years, eight non-autochthonous
freshwater fish have become established in the
Segura basin (Garcia de Jalon et al., 1992;
Torralva & Oliva-Paterna, 1997 and 2003;
Mifiano et al., 2002), which, together with pre-
viously established non-autochthonous fish spe-
cies, represent 76.5 % of the current freshwater
fish fauna of this basin. The actual impact of
these non-autochthonous species, mainly exotic
species to the Iberian Peninsula, on autochtho-
nous fish is very difficult to ascertain because of
the lack of previous (before introductions) and
continuous (after introductions) data. None-
theless, the viable establishment of this incipient
population of L. gibbosus in the Segura River
suggests that monitoring studies are urgently nee-
ded to develop a protocol for its control. In recent
years, Spanish politics has become more environ-
mentally conscious, but the Environmental servi-
ces of the Autonomous Governments should now
be forced to act in the control of the introduction
and spread of exotic fish species.
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ABSTRACT

Floating soils grow due to the deposition of dead material onto their surface as well as the increment in belowground biomass.
The imbalance between biomass production and decomposition is the source of organic matter accumulation. The Esteros del
Ibera wetland (Argentina) features extensive areas of floating soils, locally known as “embalsados”. The annual aboveground
biomass production, decomposition rate, and changes in nitrogen content in Thalia multiflora, a common species of Ibera,
were determined in order to assess the organic matter addition and the nitrogen dynamics in the floating soils dominated by
this species. The aboveground net primary production was estimated by measuring the standing crop at the peak registered
during the sampling period. The decomposition rates of leaves and stems were determined by the litterbag method. The litter-
bags were collected periodically during a year. The annual organic matter addition was estimated from the relation between
aboveground production and the amount of mass lost in a year. The maximum aboveground biomass was 1368 g/m?2 (+ 271
SD), 71 % stems and 29 % leaves. The loss of weight in the sampling period (399 days) corresponds to 78 % of the initial
mass: the total biomass exponential decay coefficient was significantly (ANCOVA; p<0.001) lower in stems (k = 0.0036) than
in leaves (k = 0.0040). Both the decomposition rate value as well as the P/D ratio = 1.37, indicate that in 7 multiflora stands
the organic matter incorporated to the floating soil’s surface is small when compared to other peatlands. Initial nitrogen con-
centration in leaves and stems was 1.07 % and 0.32 %, respectively, this value increased to 1.76 % and 1.25 % in both substra-
tes. Immobilization was observed in intermediate stages; by day 399, when leaves and stems lost nearly 2/3 of their initial
weight, N values were similar to the initials, in agreement with the low nutrient availability that is characteristic of peatlands.

Keywords: wetlands; decomposition; production; macrophytes; floating soils; nitrogen.

RESUMEN

Los suelos flotantes crecen tanto debido al deposito de materia organica muerta en su superficie como al incremento en la
biomasa subterranea. La acumulacion de materia orgdnica es el resultado de la diferencia entre la produccion de biomasa
aérea y su descomposicion. Esteros del Ibera es un humedal que posee grandes extensiones de suelos flotantes, localmente lla-
mados “embalsados”. En este trabajo se determinaron la produccion de biomasa aérea, la tasa de descomposicion y los cam-
bios en el contenido de nitrégeno de Thalia multiflora, una especie abundante en Iberad, con el proposito de estimar el agrega-
do anual de materia orgdnica y la dindmica del nitrégeno en los embalsados dominados por esta especie. La produccion de
biomasa aérea anual fue estimada como la biomasa mdxima registrada durante el periodo. Las tasas de descomposicion
de hojas y tallos fueron determinadas mediante la recoleccion de bolsas con material muerto de la especie, periodicamente a
lo largo de un ario. El agregado anual de materia organica al embalsado se estimo como la relacion entre la produccion de
biomasa aérea y el peso perdido en un afio. La biomasa méxima fue de 1368 g/m? (£ 271 DE), 71 % de tallos y 29 % de hojas.
En el periodo de muestreo se perdio el 78 % del peso inicial, la tasa de descomposicion fue significativamente (p<0.001) mds
lenta para tallos (k = 0.0036) que para hojas (k = 0.0040). Tanto la tasa de descomposicion como la razon P/D = 1.37 indi-
can que T. multiflora incorpora en forma superficial a los embalsados una pequenia cantidad de materia orgdnica si se com-
para con otros humedales. La concentracion inicial de nitrogeno en hojas y tallos fue de 1.07 % y 0.32 % respectivamente,
aumentando hasta 1.76 % y 1.25 %. Se observo inmovilizacion en etapas intermedias del periodo de estudio, pero al final de
399 dias cuando las hojas y tallos habian perdido cerca de 2/3 de su peso inicial, los valores de nitrogeno eran proximos a los
iniciales, lo que concuerda con la baja disponibilidad de nutrientes sefialada para humedales con caracteristicas de turbera.

Palabras clave: humedales; descomposicion; produccion, macrdfitas; suelos flotantes; nitrogeno.
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INTRODUCTION

Floating soils comprise large areas in wetlands
of different latitudes. They originate from the
interlacing of aquatic plant roots and rhizomes,
and the accumulation of organic matter from the
decay of vascular plants. The mats grow both
due to the increments in belowground biomass
and to the deposition of dead material on their
surface (Denny, 1987; Hoog & Wein, 1987). As
is the case with other wetlands, floating mats
are detritus-based ecosystems (Wetzel, 1995) in
which decomposition is the most important pro-
cess driving the mineral cycling, and nutrient
availability is low (Sasser & Gosselink, 1984;
Verhoeven, 1986; Aerts ef al., 1999; Qualls &
Richardson, 2000); the imbalance between bio-
mass production and decomposition is the sour-
ce of organic matter accumulation.

The Esteros del Ibera wetlands feature exten-
sive areas of these floating soils, locally known
as “embalsados”. They sustain a high vegeta-
tion biomass, and high species diversity whose
decomposition rate could determine the nutrient
availability to the vegetation. Since there is no
information on litter dynamics, overall decom-
position and relation between production and
decomposition in Ibera floating mats, we deter-
mined the annual aboveground biomass produc-
tion and decomposition rate of a common spe-
cies of the embalsados, Thalia multiflora Horkel
(Fam. Marantaceae). Our goal was to assess the
annual organic matter addition and nitrogen
dynamics of dominant 7. multiflora stands.

STUDY AREA

The Esteros del Ibera wetland, is located in the
Corrientes Province (NE of Argentina) and has
an area of 13 000 km?2. Ibera is a complex
ecosystem developed in an inland depression,
and comprises lagoons, streams, marshes,
floating soils (embalsados) and rice fields, all
interconnected by shallow streams of slow-flo-
wing water (Bonetto & Hurtado, 1998). The
annual mean air temperatures vary between

19.8 y 21.4°C, annual PPT between 1200 and
1700 mm (Ferrati et al., 2003)

This wetland has been characterized as a tro-
pical peatland because of the organic matter
accumulation and the dominance of macrophyte
vegetation (Neiff, 1999). Ibera has high diver-
sity, as well as several animal species of conser-
vation interest. For that reason the area is pro-
tected since 1985. Human activities are mainly
constrained to rice fields, extensive livestock
raising, forestry exploitations, and tourism.

Sampling was carried out in the “embalsados”
around the littoral of the Ibera Lagoon. This
water body is located in the southeastern part of
the Esteros del Ibera (57°11°W - 57°04°W;
28°27°S - 34°24°S) (Fig. 1). Some characteris-
tics of the interstitial water of the “embalsa-
dos” during the study were (mean + SD): tempe-
rature: 18.8°C £ 4.8°C; pH: 5.76 £ 1.1 and
dissolved oxygen 1.46 mg /1 + 1.40. The organic
matter content in the embalsados’ sediment was
77 % £+ 5 % and moisture was 90 % £2 %

The dominant species in this area were
Cyperus giganteus; Rhyncospora spp.; Thalia
multiflora, and Schoenoplectus californicus

Figure 1. Location of the Ibera lagoon in the Corrientes pro-
vince (Argentina) and location of sampling sites (a and b).
Ubicacion de la laguna Ibera en la provincia de Corrientes
(Argentina) y de los sitios de muestreo (a y b).
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(Gantes et al., 2003). T. multiflora is a common
species in the Esteros del Ibera (Neiff, 1981). It is
a latifoliated perennial plant with rhizomes, that
looses all the aboveground biomass in winter.

MATERIALS AND METHODS

Aboveground net primary production was esti-
mated using the peak of the standing crop regis-
tered during the sampling period (Westlake,
1965; Boyd & Vickers, 1971; lbafiez et al.,
1999; Venterink et al., 2002). T. multiflora abo-
veground biomass was measured in 7. multiflo-
ra dominant stands, at six times during the year.
Each time, the total vegetation present in 3 qua-
drates (2500 cm?) was clipped, sorted between
leaves and stems, and oven-dried at 80°C to
constant weight; ash content was determined by
combusting sub-samples at 500°C. It was consi-
dered that the annual litter production could be
estimated from the aboveground net primary
production. This is possible because, 7. multiflo-
ra turns over nearly all the aboveground bio-
mass annually; but on the other hand, and
because an unknown portion of this production
is translocated to underground parts, it was esti-
mated that the annual litter production is at
most, equivalent to the aerial production.
Standing dead material was harvested from
randomly chosen “embalsados” at several diffe-
rent locations in the Ibera lagoon. The litter was
rinsed, cut into 10 cm fragments and oven dried
at 40°C. Sixty litterbags (20 x 20 cm, 1 mm
mesh) filled with 10 g of this material (5+/-0.5 g
leaves and 5 +/- 0.5 g petioles and stems) were
placed lying horizontally on the “embalsado”.
The litterbag technique is probably not the ideal
method to study decomposition of emergent
plants (Newell, 1993). However it is still widely
used and it was applied for comparative purpo-
ses. The litterbags were collected after 39, 85,
123,206, 275, 333 and 399 days. They were care-
fully rinsed and sediment was removed from
the litter by hand. Dry weight and ash free dry
weight of litter were determined here as in the
aboveground biomass samples. Leaves and stems
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Figure 2. Changes in aboveground biomass (g dry weight/m2)
of Thalia multiflora (mean + SD). Cambios en la biomasa
aérea (g peso seco /m?) de Thalia multiflora (media + un des-
vio estandar).

were separated and the data analyzed separately.
The total nitrogen Kjeldhal (AOAC, 1984) was
determined for three sub-samples each date,
except for the second and last collections.

The decomposition data were evaluated with
a single exponential decay model (Olson, 1963).
The data were In transformed and ANCOVA
was employed to compare the leaves and stems
weights’ remaining in the bags, using the elap-
sed time as a co-variable. The annual dead mate-
rial addition was then estimated from the rela-
tion between aboveground production and the
amount of mass lost in a year (Thormann et al.,
1999). Differences in the percentages of initial
nitrogen during the sampling period were deter-
mined by ANOVA and followed by Tukey’s test.

RESULTS

The maximum aboveground biomass reached
1368 g dry weight/m2 (+ 271 SD), 71 % of
which corresponded to stems and 29 % to lea-
ves; the minimum aboveground biomass was
53 g/m? (+ 46 SD) (Fig. 2). Maximum biomass
was achieved in February, whereas the mini-
mum value was observed in September.

Stems of 7. multiflora lost 74 % of their initial
mass in 399 days, whereas leaves lost 81 % of
their initial mass that corresponds to decay coef-
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Figure 3. Mass remaining (g AFDW) of 7. multiflora in the
litterbags. Exponential equations of mass remaining are: y =
4.200 exp(-0.004 t), 12 = 0.75 for leaves and y = 5.172
exp(—0.0036 1), r2 = 0.82 for stems. Peso (g peso seco libre de
cenizas) de T. multiflora persistente en las bolsas de descom-
posicion. Las ecuaciones exponenciales correspondientes son:
y = 4.200 exp(-0.004 t), 2 = 0.75 para las hojas e y = 5.172
exp(—0.0036 1), ¥ = 0.82 para los tallos.

ficients of k = 0.0036 and 0.0040 for stems and
leaves respectively, being the difference signifi-
cant at p<0.001 (ANCOVA, Fig. 3).

Annually T multiflora stands contribute a
maximum of 1208 g ash free dry weight
(AFDW)/m? to the “embalsados”. In agreement
with the decay coefficients calculated, in the
same period, breakdown of the material was
73 %, and therefore a maximum of 326 g
(AFDW)/m? of dead material is accumulated
annually on the “embalsado” surface. As a
result, the estimated relation between litter pro-
duction and decomposition was 1.37 (Table 1).

Nitrogen concentration increased from 1.07 %
(£ 0.07 SD) in leaves as well as from 0.32 %
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Figure 4. Nitrogen concentration (% dry weight) in leaves and
stems remaining in litterbags (mean & SD). Concentracién de
nitrogeno (% del peso seco) en hojas y tallos persistentes en
las bolsas (media £ un desvio estandar).

(=0.01 SD) to 1.76 % (+ 0.25 SD) in stems and
1.25 % (+ 0.05 SD) respectively at the end of the
study period (Fig. 4). Percentage of initial nitro-
gen in litterbags exceeded 100 % (immobiliza-
tion) in intermediate stages in stems (p<0.008)
(Fig. 5); in leaves, the difference was signifi-
cant only between the intermediate period and the
last record (p<0.03) (Fig. 6). Therefore, at the end
of approximately one year, the amount of nitrogen
in the material remaining in the bags was not sig-
nificantly different from the initial content.

DISCUSSION

Decomposition rates of leaves have been related
to intrinsic factors such as leaf chemistry and to
environmental conditions such as temperature

Table 1. Aboveground production (mean £ SD), decomposition rate (standard error), dead persistent material (mean & SD), non-persistent
material (mean £ SD), and Production/non-persistent material ratio of Thalia multiflora over a year period in Ibera. Produccion de biomasa
aérea (media £ DE), tasa de descomposicion (error tipico), material muerto persistente (media £ DE), material no persistente
(media £ DE), y relacion entre produccion y material no persistente al cabo de un ario para Thalia multiflora en Iberd.

Annual production Exponential decay Mass remaining  Mass lost Production / Mass lost
(g AFDW coefficient (g AFDW (g AFDW
m2yr 1) k (1/day) m2yr 1) m2yr 1)
Stems 855 (= 195) 0.0036 (= 0.0003) 249 (£ 57) 605 (= 139) 1.41
Leaves 353 (£51) 0.0040 (£ 0.0004) 77 (£ 11) 277 (% 40) 1.28
Total 1208 (£ 239) 0.0038 (£ 0.0002) 326 (+ 66) 882 (£ 173) 1.37
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Figure 5. Percentage of initial nitrogen in stems remaining in
litterbags (mean + SD). Data points with the same letter are
not significantly different (Tukey, p<0.008). Porcentaje de
nitrogeno inicial en los tallos persistentes en las bolsas
(media % un desvio estandar). Letras iguales no son significa-
tivamente diferentes (Tukey, p<0.008).

and availability of nutrients (Clymo, 1965;
Brinson et al., 1981; Verhoeven, 1986). More-
over, the results are also likely to be affected by
methodology (Boulton & Boon, 1991). Even
though there are no records of 7. multiflora
decomposition rates, the results presented here
are in good agreement with other decomposition
studies performed with other emergent aquatic
plants and under similar conditions: the decay
coefficient (k) found in this study, overall
k=0.0038 1/day, is similar to the decomposition
rate found in floating soils for Scirpus cubensis
in Sao Paulo, Brazil, (k=0.0035 1/day)
(Nogueira & Esteves, 1993); and for Typha lati-
folia in other “embalsados” of the Parana basin
(k=0.0040 1/day) (Zozaya Bruquetas & Neiff,
1991). According to data on wetlands published
by several authors, the decomposition rate pre-
sented here is not comparatively low: Typha lati-
folia (Brinson et al., 1981); Phragmites austra-
lis, Scirpus lacustris glaucus, Typha x glauca
(van der Valk et al., 1991); Nectandra falcifolia
(Leguizamoén et al., 1992); Typha angustifolia,
T. latifolia, T. glauca (Mitsch & Gosselink,
1993); Typha spp, Lythrum salicaria (Emery &
Perry, 1996); Juncus effusus (Kuehn &
Suberkropp, 1998); Typha latifolia (Thormann
et al., 1999); Cyperus giganteus, Schoeno-
plectus californicus (Villar et al., 2001).
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Figure 6. Percentage of initial nitrogen in leaves remaining in
litterbags (mean + SD). Data points with the same letter are
not significantly different (Tukey, p<0.03). Porcentaje de
nitrégeno inicial en las hojas persistentes en las bolsas
(media % un desvio estandar). Letras iguales no son significa-
tivamente diferentes (Tukey, p<0.03).

In this study, primary production was estima-
ted from maximum aerial biomass measure-
ments. This estimation does not take into
account the substances translocated between
aerial and belowground parts. Furthermore,
herbivory and mortality before the biomass
peak could then underestimate this maximum.
However, T. multiflora is not part of the capy-
bara and marsh deer diets (Becassesi, pers.
comm.); moreover, we did not observed signs
of herbivory in 7. multiflora during samplings.
Nevertheless, mortality previous to maximum
biomass could not be discarded, and therefore
biomass production, and then the litter produc-
tion could have been underestimated.

The maximum litter accumulated in one
year during our study was about 326 g AFDW/
m2. This value was calculated from dead mate-
rial remaining in the bags. However, it does
not take into account the loss of plant frag-
ments passing through the 1 mm mesh size;
therefore, the rate of organic matter accumula-
tion was partially underestimated.

There is no available data to compare with,
on the production /decomposition ratio (P/D)
from similar places. At higher Iatitudes,
Thormann et al. (1999) working in a gradient of
wetlands in Canada, found values for this ratio
ranging from 7.1 to 1.6, the highest in
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Sphagnum dominant peatlands, with 4.5 m
thickness. The Ibera ratio is close to the lowest
value for Canada, and corresponds to a primary
production three times higher in Ibera.

Hoog & Wein (1987) pointed out that floa-
ting-mats originated in vascular perennial
plants, grow mainly from belowground organs.
The results of our study indicate that there is
annual organic matter accumulation on the
“embalsados’” surface. Nevertheless, if the total
floating mat weight is considered, the above-
ground biomass contribution is small; the avera-
ge dry weight of one m? of floating mat, 30 cm
in thickness was 28.362 g (Gantes et al., in
press). Thus, the annual organic matter accumu-
lated from the aerial biomass represents appro-
ximately 1.15 % of the total “embalsado” mass.

The absence of nitrogen mineralization after
nearly one year, indicates that nitrogen remains
as organic matter, in agreement with low
nutrient availability pointed out for peatlands
(Aerts et al., 1999; Mitsch & Gosselink, 1993).
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