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ABSTRACT

This paper dealswith variationsin biomass and in the production of Eichhornia crassipes (water hyacinth)
in a eutrophic tropical reservoir. Net production was assessed by both a traditional method and a demo-
graphic approach. The initial biomass ranges from 96 g DW.m2to a maximum of 2027 g DW.m=2,
Net production estimates varied greatly according to which method was used to calculate them (tra-
ditional: 20.6 ton DW.hectare.year?, demographic: 226.9 ton DW.year?).

Key words: Eichhornia crassipes (water hyacinth), biomass production, modular demography, macrophytes.

RESUMO

Sobre dois métodos para estimar a producéo de Eichhornia crassipes no
reservatorio eutrofico Pampulha (MG, Brasil)

Este estudo mostra as variactes da biomassa e da producéo de Eichhornia crassipes em um reservatério
eutréfico tropical. A producéo liquida foi estimada por intermédio do método tradicional e do demo-
gréfico. A biomassainicial de 96 g PS.m=?chegou ao maximo de 2.027 g PS.m=2 A producdo liquida
variou de acordo com o método utilizado para sua estimativa (tradicional: 20,6 ton PS. hat.ano,
demogréfico: 226,9 ton PS.ano™).

Palavras-chave: Eichhornia crassipes (aguapé), producéo de biomassa, macrdfitas, método demogréfico.

INTRODUCTION

Some macrophytes when introduced into new
habitats, undergo a great demographic explosion,
and so are regarded as weeds (Holm et al., 1969).
Eichhornia crassipes (Mart.) Solms, one such
species, is one of the main aguatic weeds in 52
different countries (NAS, 1981).

The high reproductive capacity and rapid
growth of Eichhornia crassipes endow it with high
vegetative development and productivity rates.
These characteristics, along with an extreme
tolerance, have given this macrophyte efficient

mechanisms for reproduction and dispersion,
rendering it able to form dense stands within afew
monthsin alarge variety of habitats, such asrivers,
lakes, or reservoirs. This could be the result of the
lack of predators, competitors, or natural endemic
diseases, added to intrinsic characteristics of the
species, or physical and chemical conditions of
the habitat (Gopal, 1987).

The rapid growth of this species has resulted
in aterationsin many bodies of water, by increasing
evapotranspiration, by making navigation impos-
sible, and by bringing about a negative effect on
recreation. Population explosions of these plants
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also cause an increase in appropriate sites for the
development of mosquitoes and snails, which are
vectors of several diseases, and deplete oxygen
in the superficia levels of the water column, which
can cause great plankton and fish mortality (NAS,
1981).

Many researches have evaluated using dif-
ferent methods biomass production of this species,
both in the field and laboratory. These studies
show that its production can range from 14 to 44 t
DW.hal.year? (see Gaudet, 1974). However,
works carried out under natural conditions have
not emphasized demographic approaches, which
take into account classical analysis of growth and
alow for flow in individuals and their constituting
parts (McGraw & Garbutt, 1990). Since this flow
represents the cycling of nutrients and the input
of organic matter into the water body, its
determination isimportant in studies of the ecology
of aguatic systems (Pinto-Coelho & Greco, 1999).

This research aimed at measuring the net
primary production of Eichhornia crassipes using
both a traditional method and a demographic ap-
proach to determine the temporal variationsin its
growth rate according to the biomass variation and
the number of ramets and leaves. |dentification
of factorsinfluencing those rates (nutrients, environ-
mental temperature, density) and determination of
the leaf and ramet turnover in the population, as
well as estimates of dry mass input in the eco-
system, were further goals of the study.

STUDY SITE

This study was undertaken at the Pampulha
Reservoir, located in Belo Horizonte (Brazil). It
issmall, having avolume of 12 million mé of water,
an area of 260 hectares, a perimeter of 21 km, a
maximum depth of 16 m, and has been considered
eutrophic since 1984 (Giani, 1994). Among the
main causes of its eutrophy isthe dumping of do-
mestic sewage from a popul ation of about 200,000
inhabitants. In recent years an explosion has oc-
curred in the growth of Eichhornia crassipes, which
has become the dominant species in the reservoir.

METHODS

The temporal dynamics of E. crassipes was
assessed in plants kept in five enclosures of 9.0 m?
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(3 m x 3 m), each made of nylon web. They were
fixed in the sediment by means of wood sticks.
E. crassipes ramets were transferred to each enclo-
surein April, 1994. Ramets were small, with leaves
showing dilated petioles. Initial density in each
enclosure was 17 ramet mr2. Density of ramets was
evaluated during each sampling. Analyses were
done from May/94 to June/95.

Biomass production

One out of the five enclosures was used for
biomass production analysis. On each sampling
date, three samples of plants were collected using
a square of PV C tubes with an area of 0.50 m x
0.50 m, following Westlake (1965). The ramets were
washed in running water to remove periphyton,
macroinvertebrates, and attached organic and inor-
ganic material. To determine the dry weight, ramets
were separated, numbered, and dried in an oven
at 70°C until constant weight was reached. Growth
rate determination was according to the formu-
la described by Radford (1967).

ABSOLUTE GROWTH RATE (AGR)

W, W
t2 _tl

RELATIVE GROWTH RATE (RGR)

INW, —InW
L

where: W = mean plant biomass for a group of
harvested plants, t = time.

Annual biomass productivity was calculated
through the sum of the monthly differencesin dry
weight.m2. The figures were then converted into
t.hat.yeart.

Demographic approach

Four enclosures were used for ramet and | eaf
analysisturnover. A subsample of 38 rametsin each
enclosure was marked with metal labels. All the
leaves from these ramets were marked with PVA-
based colored glue, in order to determine, between
two samplings, the rates of leaf production and
death. On each sampling date the numbers of func-
tional leaves, senescent or dead |leaves, and re-
maining leaves were determined. Each new ramet
produced was identified by alabel, and submitted
to the same procedure.
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The determination of relative growth rate for
demographical growth was determined according
to the procedure described by McGraw & Garbutt
(1990).

DEMOGRAPHIC RELATIVE GROWTH RATE (DRGR)

Inn, —Inn,
-4

where: n = number of modules, t = time.

Productivity estimation by means of demo-
graphical analysis was done according to the equa-
tion:

DW,=ZP,.X,

- < (P,
and the variation of DW, = Z L [®
ni

where: DW, = biomass production (dry weight), P, =
number of ramets (or leaves) lost per collection,
X, = dry weight (of leaves or ramets) average per
collection, s = dry weight standard deviation per
collection, n. = number of ramets (or leaves) sam-
pled. The confidence interval of 95% for biomass
production isequal to: CI** ={DW, -2 [var(DW))]*
DW, + 2 [var (DW))]*}.

The data for density; physical, and chemical
variablesin the water; and the air temperature were
correlated with the growth rates. Pearson’s corre-
lation was used, except for the data without normal
distribution, when Sperman'’s correlation (r) was
used, following Siegel (1975).

On each sampling date the water temperature,
electrical conductivity, and pH were determined.
Total amount of phosphorus and nitrogen were
evaluated according to the method of Murphy &
Riley (1962) and Nessler (Greenberg et al., 1992),
respectively. Monthly datafor air temperature were
obtained from the 5th Meteorological District, of
the Ministry of Agriculture, Belo Horizonte, MG.

RESULTS

Meteorological, physical, and chemical variables

The period from June to August/1994 was
caracterized by low values in average air tempe-
rature; the highest values were registered from
December/1994 to February/1995 (Table 1).
Water temperature oscillated between 18.0°C
(July/1994) and 29.0°C (December/1994). The

pH ranged from 6.9 (January/1994) to 8.8 (De-
cember/1994) (Table 1). The electrical conductivity
showed the highest valuesin the dry months, mainly
in September and October of 1994 (301 uS.cm
and 304 pS.cm, respectively); the lowest value
was in March/1995 (183.7 pS.cm™) (Table 1).

Totd phosphorus concentration varied from 0.03
mg.1~ (June/1994) to 1.59 mg.I (September/1994),
with an average concentration of 0.48 mg.I=* (SD +
0.44) (Table 1). Total nitrogen concentration varied
considerably throughout the experimental period.
Average concentration was 4.47 mg.L= (SD + 2.66)
for all sampled months (Table 1).

Density and biomass production

The lowest ramet density was registered in
September/1994 with 65 ramets.n?, and the highest
in December/1994, with 156 ramets.m? (Fig. 1).
After November/1994, al subdivisions of the nylon
frame were completely occupied.

The study period was characterized by aphase
of low biomass values, from May/1994 until No-
vember/1994, and another of high biomass values,
from December/1994 until June/1995. Total initial
biomass was 96 g of DW.m2. This value almost
doubled in a month, increasing to 167 g of DW.n72,
It increased continuously until July/1994, and then
declined until September/1994. Biomass growth
reached 2027 g of DW.m2 in January/95 (Table 2).
Production, caculated through the sum of the monthly
biomass differences, was 20.6 t of DW.ha.year™.

The highest growth rate was registered in Ja-
nuary/1995, 22.17 g of DW.nr2.d. Negative vaues
for absolute growth rate were found in certain pe-
riods, but the biggest loss was registered in March/
1995, -5.58 g of DW.m2.d™* (Tablel). Absolute
growth rates were positively correlated with the
density of ramets (r, = 0.722, p < 0.01). Availability
of nutrients (N and P) in the water and the water
and air temperatures did not show significant corre-
lation with absolute growth rates (p > 0.05).

The highest value of relative growth rate (0.033
g.g.d™) was observed in the first 15 days of the
experiment (May until June/1994); after this there
was amonthly reduction in relative growth. In August
the relative growth rates were negative, bottoming
out in September/1994 (-0.019 g.g*.d?). From
September to December/1994 the population started
to grow again, reaching arelative growth rate of
up to 0.031 g.g*.d™
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TABLE 1

Air temperature (mean), water temperature, pH, electrical conductivity, total phosphorus, and total nitrogen
at the sampling station at Pampulha Reservair, during the period from May/1994 to April/1995.

Months temp,g;ture temvl\al:rt:trure pH Conductiyli ¢ ph(;rsgLa(ir us ni-[rotgglen
oC oC y (uS.em™) (mo.L) (mg.LY)
May 21.8 215 71 210.0 0.04 3.37
June 19.1 22.0 72 234.0 0.03 1.01
July 19.1 18.0 8.3 217.0 0.08 4.63
August 20.0 20.5 8.6 258.0 0.35 7.83
September 22.2 26.0 7.9 301.0 1.59 7.70
October 24.0 23.0 77 304.0 0.35 5.14
November 23.6 22.0 8.1 297.0 0.58 6.32
December 24.1 29.0 8.8 283.0 0.71 8.17
January 26.0 26.0 6.9 2410 053 0.85
February 24.7 - - — — -
March 24.0 25.0 72 183.0 0.47 211
April 229 225 7.8 261.0 054 2.69
180
160 +
140 +
L1207
g 100 4
% 80
o
60 1
40 +
20 1
0 } 1 1 1 1 1 1 1 1 1 1

Months (1994/1995)

Fig. 1 — Seasonal variation in density of ramets of Eichhornia crassipes (ramets.m=2) in Pampulha Reservoir; means and
standard errors are represented for each date.
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TABLE 2

Mean biomass (the standard error for each mean is enclosed by parentheses), absolute growth rate (AGR),
relative growth rate (RGR), demographic relative growth rate (DRGR) for E. crassipes at the sampling

station at Pampulha Reservair, during the period from May/1994 to June/1995.

M ethods
Traditional Demographic

Months gBIIDc\)/rVn;S? 2 (g.fng.Fé’ ) (gzg.g’l) “ rametsl??‘ﬁ :met" da?t
May 96.2 (12.5) - - -
June* 159.0 (27.9) 4181 0,033 0.642
June* 174.4 (5.4) 1.027 0.006 0.011
July 189.0 (18.2) 0.976 0.005 0.002
August 169.6 (21.1) —-0.647 -0.004 -0.002
September 97.2 (6.4) -2.413 -0.019 -0.004
October 186.5 (28.5) 2.976 0.022 0.012
November 402.9 (8.0) 7.213 0.026 -0.002
December 1101.5 (86.6) 20.887 0.031 0.009
January 2027.0 (83.0) 22.167 0.015 —0.003
March 1776.0 (59.3) -5.578 -0.003 —0.004
April 1635.0 (119.9) -3.134 -0.002 0.001
June 1538.2 (7.7) —2.150 -0.001 -

*Two samplings were performed in June, with an interval of 15 days in between.

Demographical approach

The highest ramet relative growth rate was
registered in the first 15 days of observation
(June/1994), with a growth of 0.043 ramets.
ramet.day!. After this there was a reduction
in growth rate, reaching negative values in
August/1994 and September/1994 (DRGR =
0.002 ramets.ramets™.day* and DRGR = -0.004
ramets.ramets™.day, respectively). In October/
1994 the population grew at a rate of 0.012
ramets.ramets.day. It then suffered another
drop until increasing again in December/1994.
January and March/1995 howed loss of ramets,
i.e., negative values of DRGR; in April/1995 new
ramet production began (DRGR = 0.001 ramets.
ramets?.day?) (Table 2).

Fig. 2a showsthe flow of ramets, starting with
the 142 labeled ramets. After 330 days, they had
produced 866 new ones. Of the total, 1028 ramets
609 died and 19 ramets were lost due to herbivore
larvae of lepidoptera. The final population com-
prised 380 ramets.

With this data and the monthly dry weight
average per ramet, it was possible to estimate the

return of biomass to the aquatic system could be
estimated according to the previous equation. On
average, plantsinitialy occupying 1 m?, were respon-
sible after 330 days for input of 6628 g (s*= 248.42)
of dry massinto the aquatic system, CI%" = [5632;
7625] g of DW. In one year, the total input would
have been 7331 g DW.

From the 142 initial ramets 15328 leaves were
produced; of these 14193 died during the sampling
period. The final ramet population included 1135
functional leaves (Fig. 2b). At the end of 330 days,
through a natural process of senescence and leaf
death, one square meter of plants was responsible
for input of 12796 g of dry mass into the agquatic
system, CI®%% = [11504; 14088] g of DW; in one
year, this would amount to 14153 g of DW.

Taking into consideration ramet and leaf |oss,
1 m? of plantsloses 19423 g DW of its production
in a 330 day period. That is, each hectare of water
hyacinth can produce an average of 194.3 tons of
dry weight in 330 days, roughly 12 tons of which
is live matter. Through this data, net production
of asingle hectare was estimated to be 226.9 t of
DW.year™.

Braz. J. Biol., 62(3): 463-471, 2002
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Fig. 2— Flow of the ramets (A) and leaves (B) of E. crassipes starting with the 142 |abeled ramets, from May/1994 to April/
1995, at the sampling station at Pampulha Reservoir. The values of production and death of the ramets were cumulated.

Each interval of the x axis corresponds to 15 days.

DISCUSSION

Abiotic factors

The highest growth rates of E. crassipes
were observed in the hottest months of the study
period. The low temperatures registered in June,
July, and August/1994 and June/1995 may have
negatively influenced the growth rate. In these
months, average temperatures were below 20°C,
considered inadequate for growth of E. crassipes,
which develops fully between 21 and 30°C (Kawal
& Grieco, 1983). Variation of the sub-surface level
water column temperature probably did not restrict
development of the water hyacinth, which
withstands temperatures up to 34°C (Penfound
& Earle, 1948).

Nutrient concentrations at the Pampulha Re-
servoir registered during this study are charac-
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teristic of eutrophic environments. Such factors
probably did not inhibit the growth of E. crassipes.
High rates for water hyacinth biomass growth and
accumulation do not correlate with concentration
of phosphorus and nitrogen in the water. Reddy
et al. (1989 and 1990) suggest that water analysis
isonly an indication of environmental nutritional
status, and that concentration of nutrients at a
certain moment is less important than supply rates.
This consideration goes along with the fact that
in E. crassipes, old leaves become senescent gra-
dually and decompose while still attached to the
plant, allowing time for nutrients translocation for
new growth, resulting in the conservation limiting
nutrients. Moreover, nutrient liberation by leaf
decomposition occurs very near the roots, helping
in nutrient recycling by maintaining a continuous
supply of phosphorus and nitrogen (Center & Van,
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1989). In eutrophic environments like the Pampulha
Reservoir it is improbable that growth of this
species could be restricted by lack of such nutrients.

Biomass production

The annual net productivity reflects the mon-
thly variations in the absolute growth rate. Under
natural conditions, the identification of factors that
establish the monthly absolute growth rate isa hard
task, since at each census one or another of the
environmental factors can be the determinant agent
of growth.

In the first months of observation, the positive
values of this rate were the result of increased
number of ramets (increasein density). This occur-
red until all available area had been occupied. After
this period, ramet average weight increase was the
factor determining the high absolute growth rate
values. At the end of the experiment, competition
processes caused a productivity drop. The highest
absolute growth rate of 22.17 g.m2.d* is com-
parable to ones found in the literature, for example
20.0 g.m=2.d? (Center & Spencer, 1981).

The primary net productivity of 20.6 t of
PS.hat.year, measured in this study, is in the
intermediate range when compared to the many
values registered in the literature. Gaudet (1974),
in arevision, showed that E. crassipes in tropi-
cal regions exhibits a production that varies from
15to 44 t of DW.hat.year™.

Environmental interactions also determine
relative growth rate variations. These reached their
highest values in June/1994 and December/1994.
In our study period, it was estimated that each ton
of dry weight in the reservoir had adry weight daily
production around 32 kg. In five months, the re-
lative growth rates were negative; in at least four
of these (August and September/1994, March and
April/1995), the excessive mortality in comparison
with ramet production determined the negative
values. In June/1995 the negative values, both for
absolute and relative growth rates, possibly reflec-
ted weight of the mature ramets. High density,
besides generating high mortality, may also result
in individual weight loss, since increased self-
shading generates an increase in the ratio of res-
piration to photosynthesis, and decreases net
photosynthesis (Moore, 1977).

In clone plants there is a tendency to limit
growth of lateral gems when the populationisin
high density. In E. crassipes this was observed in

relation to foliage cover increase. The population
presents two phases of ramet production, a faster
one before the closing up of the foliage cover, and
a slower one following its closing (Geber et al.,
1992). Light changes in quantity and quality, after
going through foliage cover, and this affects the
internd levels of giberilins, producing morphological
changesin the leaves and reduction of ramet produc-
tion rates (Methy & Roy, 1993). Richards (1982)
observed that plants from the center of E. crassipes
covers produce |ess ramets than those at the bor-
ders, where ramet production is not supported under
dense foliage cover. Density reduction occurs by
loss of ramets (probably the youngest), and is a
s f-regulated mechanism (Center & Spencer, 1981).

The production of reproductive branches aso
causes a drop in the ramet production rate, due
to the involvement of two meristem types (Watson,
1984). In the present study, the density rise asso-
ciated with space restriction, which caused in-
creased shading, determined the ramet birth rate
drop, since there were very few cases of flowering.

Ramet flow in the population is determined
by the vegetative propagation and mortality rates.
Leaf turnover is determined by the senescence and
leaf production rates. The sum of values represen-
ting biomass loss through these two eventsis an
estimate of net production.

Leaf production and mortdlity rates determined
in this study do not indicate a clear pattern. The
factors generating the leaf senescence and production
rates could not be determined during the study pe-
riod. In the field, alarge group of variables act at
the same time, affecting foliage dynamics.

The senescence rate for leaves and branches,
besides being a genetic characteristic of a given
species, is aso aresponse to environmental stress
determined by a wide range of environmental va-
riables. The number of leaves formed by aplant and
their longevity decline with dengity rise. This generates
an increase in shading and leaves tend to die faster
than those of the same age in favorable conditions
of luminosity (White, 1979). Increasein dendity, when
associated with damage provoked by herbivore
insects, explainsthe foliage dynamics of E. crassipes.
Under these circumstances, there is an increase of
leaf production and mortality, raising the foliage
turnover rates (Center & Van, 1989).

In Pampulha Reservoir, the dry mass input
into the aquatic system from leaf mortality is ap-
proximately twice the ramet input, showing the
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importance of foliage dynamicsin determining net
primary productivity. Moreover, the phosphorus
release due to loss of leaf biomass by E. crassipes
reached a maximum of 57 mg P-PO, m=.d™, the
phosphorus regenerated from ramet reached 33 mg
P-PO, m™.d™*. Decomposition of water hyacinth
biomass is not only a major source of phosphorus
for reservoir biota, but also possibly the most
important source of regenerated phosphorus during
some periods of the year (Pinto-Coelho & Greco,
1999).

Comparison between the two sampling methods

Dickerman et al. (1986) highlight the diffe-
rences between the sampling methods and the fre-
quency of observation for estimating annual liquid
production in Typha latifolia; they show the advan-
tage of the use of “Allen’s curve’, agraphical me-
thod that considers the number of plants, the average
biomass, and the positive and negative modifications
of these two parameters. The demographical ap-
proach can be compared with this method, because
it considers the same variables. The traditional
method is static and a great part of biomass pro-
duction is not estimated. The demographica method,
however, encompasses the variationsin production
and death of vegetable modules, having the advan-
tage of completely accounting for the growth dy-
namic and clarifying the processes of initiation and
turnover in plants of different sizes and different
environments (Waller, 1986).

The comparison of liquid productivity between
the two sampling methods used in this study does
not seem favorable. In the traditional method,
biomass changes are determined in a determined
sampling area that remains constant (m? or ha.),
whereas in the demographical approach the number
of ramets and the occupied area suffer alterations
simultaneously. Thus, in the first sampling, one
hectare of E. crassipes produces 20.56 t of DW
and, in the second, plants that originally occupied
one hectare, at the end of a year would produce
232.94 t of DW, but would no longer be occupying
one hectare. This difference indicates that more
adequate methodol ogies must be developed and
standardized, for the study of macrophytesin tro-
pical environments.
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