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ABSTRACT: The effect of prolonged floods on E/chhornia crassipes growth in Parand River floodplain
lakes. The growth response ol Eichhornia crassipcs was studicd in two (loodplain
lakes with differeni inundation regimes and one artificial pond isolaicd (rom the
Parana River. wWe measured lhe number and the length of grecn leaves [or 12 months
1o oblain leai density, maximum leal length and monthly size disiribution (requency.
we also measured the increasc in leal dry weigth (or 21 days at the end ol the growing
season (March. 1998). In the same occasion and at the end of prolonged floods (August,
1998}, watcr samples and green lcaves subsamplcs were analysed to determine
nutrient content. In the last ycars, the (loodplain lakes were frequently alfccted by
exireme (loods due 1o El Nifio events, The prolonged inundation condition in the lake
that had a long lasting inundation phase (37t days) was characlerized by increcases in
the mean maximum leal size (up Lo 111 cm), increases in the modal lcal length (most
prominent modc= 105 c¢mj, high increase in blomass (25 g m?2 day'; and high nutrient
content of green leaves (lotal nitrogen= 2.53%). The growth responsc was lower in
ihe lake which had less number of {looding days per year (204) than ihe lake with the
longes! duration of the (looding. Nevertheless, it was higher than that described in a
previous paper for exireme floods of short duralion in the same lakes. In the artificial
pond. average increase of green lcaves biomass accounted 1o only 5 g m?*day'. The
total isolation condition was characterized by decrcasecs in the modal leaf lengih of
the mature plants and increases in standing dead leaves densily. Thesc resulls are
discussed in the contexl of the River Pulse Concept and variation on this theme (o
Parana River f{loodplain.

Key words: River pulscs: Tropical rivers: Eichhornia crassipcs: Plan growlh: Floating
meadows.

RESUMO: O efaito de inundag8es prolongadas sobre ¢ crescimento de Eichhornia crassipes sm
Iagoas da planicle de Inundagdo do Rio Parand. A resposta no crescimento de £ichhornia
crassipes (ol estudada cm dois lagos da planicie de inundacao com diferentes
regimes de inundacgdo e em uma lagoa arlificial isolada do Rio Parand. Mecdimos o
numero & o comprimento de folhas verdes durante 12 mcses para obler a densidade
foliar, 0 comprimento foliar méximo ¢ a (requéncia da distribuigao cm tamanho
mensal. NG6s medimos também o incremento em peso seco foliar durante 21 dias no
fim da estagao de crescimento (margo 1998), Na mcsma ocasiao ¢ no termino de
inundacocs prolongadas {agosto 1998), em amosiras de dgua e em subamosiras de
(olhas verdes [oi delerminado o conteddo de nutricnies. Nos ullimos anos, os lagos
da planicie dc inundagdo foram frequcniemente afclados por inundac6cs extremas
devido aos cvenilos de EI'Nifno. A condicao de inundagao prolongada no lago guc leve
uma longa duracao da (ase de inundagac (371 dias) [oi caractcrizada por aumentio ne
iamanho foliar maximo médio (até 11l cm), aumentes no comprimento foliar da moda
(moda mais proeminente =105 c¢m), clevado incremento cm biomassa (25 g.m2dial) e
alto contetido em nuiricntes das folhas verdes (nilrogénio total= 2.53%). A resposta
no crescimento [oci mais baixo no lago que tem nimero menor de dias de inundagao
por/anc (204) que no lago com duracgido mais prolongada da inundagao. Contudo, foi
mais allo que aquela descrita em trabatho anterior para inundacdes exiremas de
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curta duragdo nos mersmos lagos. Na lagoa artificial, o aumenio médio de biomassa
das folhas verdes foi calculade cm somentc 5 g.m2.dia'. A condigao de isotamento
101al (ol caracterizada por diminuigdes no comprimenio foliar modal ¢ aumenlos na
densidade dc folhas morlas. Esses resultados sao disculides no contexto do Conceito
do FPulso do Rio ¢ na variagao deste tema para a planicie de inundag¢ao do Rio
Parand.

Palavras~Chave: FPulsos de Rio, rios tropicais, Eichhornia crassipes, crescimenlo vegcetal,
bancos {lutuantes. *

Introduction

The Parana River has an irregular hydrological regime with normal and oxtremec
floods, Exireme floods attribuied 10 El Nifio ¢vents (Nunicz & Vargas, 1998) may dceply
affcct the f(loedplain habitat, During {loods, turbid river waler penctrales into the
floodplain across meander scroll and oxbow lakes through the gallery (oresl, marginal
wcllands and secondary channcls.

Many fioodplain lakes are dominated by Eichhtornia crassipes (Mart. Solms.)
that may cover 30:-100% of the available surface. Monthly avecrage biomass rangcs
from 8.6 10 24 t ha' dry weight, with morc than 35% as root tissue (Neiff & Poi de
Neilf, 1984). Biomass increases (rom August to March and declines to aboul 50% of
its annual maximum during the cool season (May 10 July) .

According to the flood-pulse hypothesis formulated by Junk cr alf (1989). the
inflow of nutrient-rich water stimulaicd biological production in the floedplain
cnvironment. Carignan & Nceiff (1992) (ound that the high water and low watcr phascs
arc characterized by a very dynamic bchavier of dissolved inorganic nitrogen.
Compared te DIN, dissolved reaclive phosphorus concentrations remain relatively
high and change little during and afier the f{lood. One might expect then, an incrcase
in £ crassipes productivity alter the flood since |he growth rate of the plants is N-
limited during low water. However, bccause of their short duration, {loods do not
appcar 1o stimulate K. crassipes production in the Parana floodplain (Carignhan &
Neif{, tog2),

In relation to the tast hypothesis, we studied the elfect of prolonged fleeds on
the growth rcsponse (leaf length. number of leaves per m2, increasc in hiomass) of
Eichhornia crassipes in two lakes with diffcrent inundation regimes. Due 10 other
possible faciors such as temperature that affcct plant growlh response, comparison
betwecen the Iwo [loodplain lakes and one isclated pond not subjected to f{looding
was examined.

Study site

Ncar Corricntes city {Ardentina), the Parand River flows as a typical (loodplain
river. On the right margin there is a low-lying land prone 1o flooding and on (he left
margin the river is flanked by high banks (approximately 8 m high). To study the
effecis of lloods on Eichhornia crassipes growlh, two natural lakes (Fig, 1) localed
on the right margin of the Parand River and one artificial pond, were selected,

Floodplain takes arc small (200 x 2000 m), shallow {0.4-2 m) and separated by
alluvial levces (50 m wide, i-2 m high) occupied by galicry forcsts,

San Nicolds lake (Site A, 27°27'S; 58°65'W) is connected to the Parand river from
one 1o three imes per year. when the water level al Puerto Corrientes is above 4.85 m.
El Puente lake (Site B, 26°26'S: 58°51'W) is more frequently inundated with long-lasiing
floods. In both lakes, Eichhornia crassipes was found in monospccific stands that
cover up 70% of the water surface. Both lakes have no direct contact with the river
during low water and they have a 10-30 ¢m thick supcrficial organic scdiment layer
that sustains internal nutrient fluxes to the walter column of 20 mg m? day' (or NH, -
N and 10 mg m*# day' for PO,-P (Carignan & Neilf, 1992).
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Because lakes slluated on the (loodptlain of the Parand River are regularly (looded,
the isolated condition was only possible in an artificial pond (1.5m depth). The pond
(Site C, 27°28'S; 58°44'W) was filled with waler from San.Nicoldas lake and stocked with
walter hyacinth. Its initial chemical condition and the coverage by the plants corresponded
to the floodplain lakes during low water phases.

At all three sites the growth form of watcr hyacinyh with elongalc leaves, which
occurs in dense mals, was dominant. The infllated petiole morphotypc, which occurs
in more open situations, was nol found during the study period.

Figure 1: aj} salellite image of the coniluence of the Parand and Paraguay Rivers (scale~0:500,000].
At 1the study siles, located 30 km downsiream f(rom the conflucnce, both river walers
are well separated and complete mixing occurs 300 km downsiream. b) Location of the

sampling sites on the Parana River floodplain.
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Methods

Sampling of Eichhornia crassipes stands was performed al monthly intervals between
March 1997 and March 1998, For each {loodplain lake and for the pond, the average numbcer
of leaves was determined, in triplicate, inside a 0.30 m? circular plol from 3m of the margin.
All leaves within the plot were cut off and collected in plastic bags. In the laboratory, green
and slanding dcad leaves were separated and counted.

The length of 9405 green lcaves was measured from the base of the petiole up to
the end of the leal. The monihly average ol 1 value was 238 t 56 (Sitc A), 250 : 66 (Silc
B), 255 1 55 (Site C) according to the leaf densily in the plot. Length data from each
month were grouped in size classes with 5 cm widih intervals to obtain average monthly
frequency distribution for each Site. On each sampling data the length of the longes| leaf
of each plot were used to calculated the mean maximum leaf length.

The significance of differences was determining using ANOVA of normalized data
{logarithmic transformation). In order to relatc maximum leal size with flooding rcgime,
Pearson correlation procedure was applied (Slteel & Torrie, 1985). Flooding rogime is
expressed as the number of flooding days per year (van den Brink er al. 1994). Al Site
C the number of (looding days were considered to be zero.

During March, when the water hyacinth has its peak of biomass, the rate of incrcasc
in leal dry weight was calculated [rom the change in biomass over 21 days. Green
feaves harvesied from the circular plot werc separated, dried at 105°C and weighed.

On March 12, 1998 and August 27, 1998, integratcd water column samples (1 liter)
were collected within the floating meadows. Samples were filtered within 1-2 h of
collection on prewashed Gelman DM-450 (0.45 um) membranes for specctrophoetometric
analyses of NH_ (indophcnol blue method), NO_ +NO, {(hcnceforth called NO? by
reduction on Cd and total phosphorus (molybdenum blue method) afler persulfatc
oxidation (APHA, 1995). In the same occasions, 10 green leaves from each plet were
dricd ai 60°C to determine nutrient conicnt. Nitrogen (macro Kjeldahl method), phosphorus
(AOAC. 1990) and fiber conlent (Ankom Fiber Analyzer) werc expressed as perceentagc
of dry weight.

Alr temperature and solar radlation were recorded wilh a LiCor {L1-12005} data
logger.

Results

Hydrological dynamic

The Parand River al Corrientes city has a pulsing regime (Fig. 2) with normal floods
(water level close 1o 6 my and exireme floods (water Icvel above 7 my.

A pulse 15 defined here, according to Neiff (1996), as the time between thc beginning
of the flooding and the end of the isolaied period. Each pulse has high water phasc
when the river water enters the lake and low water phase when the lake remains isolaled
from the river,

Each floodplain lake has dilferent inundation regimes according to their localion
in the geomorphological gradient, ie. silc A was connecled with the main channel
during 404 days (Table 1), whereas sile B was (looded 520 days during 1the samc pcriod
(Ociober 1996-August 1998). The number of pulses was higher at site A than at site B.

In 1997, alter a short exceptionatly high water phase (thal occurred in January;
therec was a protonged low waier phase {Fig. 2 and Table 1). Normal floods occurred
during winter. From October 1997 through August 1998. the floodplain lakes became
{locded for several months. At sitc B, pulse 4 had a long lasting inundation phasc {283
days). Al site A, the maximum duration of the high water phase was 134 days in pulse 8
(Fig. 2 and Tablc ).

Insolation and temperature

Solar radiation increased gradually 1o a maximum of 32 MJ m? day’' in Decembecer
1997 (Fig. 3). Values were considerably lower {rom April to Sepiember. Maximum ambicnt
air temperature ranged (rom a dally average of 15 C during July 1997 10 37 C during
January 1998. The winter of 1997 was extremeiy mild, with no femperatures below o' C
and a minimum 1empcrature of 1.5° C, September, Oclober and November were unusually
hot, with temperatures rising to 40° C.
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Table [ buration of the low water and high water phase and number of pulses belween Oclober
1996 and Augus) 1988

Site A Site B
Puse Sttdse Time Lowwalerphese Hghwater |Puse Satdae Time Lowwalerphase  Hghweler
(days) rhase (days) phese
(days (deys)

1 40008 25 43 1 120cto6 & 16 40
2 22Decos 27 5 2 2 17ecos 18} 8l 100
3 IBJangr? 154 o8 55 3 17une7? 108 20 83
4 2-hno7 s 12 il 4 3097 318 =1 283
5 28MU07 10 =] 1
6 8AEIT 58 48 1o
7 60007 121 7 114
8 SFchos 144 10 134
9 27hnts 2 St 1
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Figure 2: wailcr level of the Parand river at Puerio Corricnics belween Ociober 1986 and AUZUS)

1998 and number of pulses according 10 1he Mood lcvel al each sile.

>

»

Fw

£=

i

E

.-‘D

5

ohhr—l—h—ﬁ-"-"-h "-h-sh-"-h-! [ -3
EREERRERERRRRRRRRRE

Thrm

a5

ol oo 1 .B.
S L
g “i‘ ||J '
|| PR AT A T
ML LT il Wl
i ATIER L TY RO Il
0353355335*";::":;355:
EESEERRRRERREERREES

=
i

Figure 3: Daily air temperatures (A) and solar radiation (B}.
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Leaf density and leaf length

The mean monthly leaf densilies per m? (green + slanding dead leaves) arc
represented in Fig, 4. No significant dilferences werc found between thc number ol green
leaves per m? of the floodplain lakes and thal of the artificial pond {(F,, .= 1.79, PtO.0l}. Al
three sites, a relatively constant density was found. This high density maintained throughout
the year was probably due 1o the mild winter.

There was significanlly more standing dcad lcaves per m*(F , = 8503 P<0.01) in
the artificial pond, isolated from the main channel, than in the floodplain lakes, which
were colonized by more vigorous plants (FIg. 4). At site C. the density of leaves and
the proportion of standing dead leaves were similar 10 those of thc San Nicolas lake
in the low water phase of pulse 1 (leaves per m? - 550. standing dcad leavess 23 %.
Casco & Pol de Nciff, 1998) when the plants grew limited by nitrogen.

The average maximum length of the green leaves was higher in the (loodplain
lakes than in the ariificial pond {(Fig. 5). At the end of the winier, the mcan maximum
leal length decreased slightly in the floodplain lakes, whereas in the pond the value
declined 1o 48 cm. Significant differences were found when ANOVA was uscd to
compare maximum leaf lengih al Sites A and B (F,,, = 6.8l P« 0.0L) and at all 1three
Sites { F =6.21, Pt 0.C1).

SITEA SITEB

Leaf density
Laaf density

Jun97
Aug-97
Sen-87 [w
Dec-87 &
Jan-98 &

—a— Green leaves —e— Standing dead lewﬂ

Figure 4: Mean monthly leaf density + 1 SD (n=3) of green, standing dead and wilt leaves at Sites
A.B and C.
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Figure 5: Mean monthly maximum leaf length & | SD (n=3} at the study sltes.
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The leaf length data from each month were arranged In size classes to obtain
average monihly frequency distributions for each site (Fig. 6). It is clear from the graphs
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Figure 6: Mean leaf length (requency of the size class for each monih alL Shies A, B and C.
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that leaf size distribution changed rapidly at each site during the annual cycle. In the
artifictal pond, the most prominent mode (65 cm) indicated the preponderance of small
leaves. In the lloodplain lakes, the distributions represented the abundance of large
leaves which most prominent mode increased 1o 90 cm (Site A) and 105 cm (Site B} Al
the end of ihe winter there were broader and polymodal curves at these sites, with very
litle changde in the frequency of the dilferent size classes. It was due to the senescence
of the larger leaves and the subsequent replacement by plants of the new growih.

Biomass and nutrient content

The Increase in biomass of green leaves measured from February 11, 1998 (o
March 4, 1998, was highest al Slie B (25 g m? day'), whereas ar Sit¢ A was lower {Table
). In the ariificial pond, growrth was only 5 g m? day’ during the same inicrval (Table 1I).

At the end of the growth period, nitrate and ammonlum concentrations in the water
within the floating meadows were simtlar at all three sites (Table II), whereas phosphorus
concentration was fifieen times higher in the floodplain lakes than in the pond. During March
1998, the dreen leaves had a similar concentration of nitrogen (Table 1) at both study sites. At
the end of the prolonged flooding (August 1998} the dissolved Inorganic concentration of
nitrogen increases in the floodplain lakes (Table Il). Green leaves collected at this time
showed a high nitrogen content specially in the lake with more prolonged inundation
phase (Table 11).

Table 1I: Average of Increase In biomass, elemental concenirations of £ crassipes green leaves

on an ash-free dry weigh! basis and water condliton.

March 1998 August 1998

GREEN LEAVES Site A Siie B SteC Site A Slte B SiteC
Incresse Inblormess 83 25 5 - - -
gmday")
Total nitrogen (%) 1.58 1.338 144 213 253 161

FeTe ) + 001 + 004 + 005 + 008 + 0.00
Protein (% ) 004 840 202 1337 16801 10.10

+02 +Qll +02 + 002 + 000 + 00l
Total phosphonus (%) 027 0243 Q13 035 023 010

+ G008 + o + Q005 + 002 + 0.00 + 0005
Acid detergent fiber 2060 2880 27.00 - - -

+035 +Q7 +03
Lignin (%) 104 © 006 ool - - -

1 Ql2 + 006 + 014
WATER CONDITION
Water terrperature Q) 25 25 b 185 160 17.2
Dissolved oxygen (mgl" 16 28 1.5 50 53 23
Conducthvity (uS.a) 170 190 200 210 115 251
pH 7.1 7.2 71 82 80 72
N-(NO,+ N3 (ug 1) 10 bd & 65 100 bt
N-NH, (ugl'y 20 45 30 680 85 3as
PPO, gl 155 150 10 1+ <3 105 10
NP ol o3 as 134 176 35

bdl = below detection limit. Values are the average + 1 SD(n=3)

Discussion

Our results support previous studles aboul the importance of pulses for aquatic
plant communities and demostrated a clear effect of flooding on the growth responses
of Efchhornia crassipes .

During low water condition, low DIN:DRP ratios {0.16-1,0 m molliler and low DIN
(0.5-4.8 m mollitery in the root-zone of the floaling mcadows suggest! that £ crassipes
growih is limited by nitrogen.

During extreme f(loods, when waier level reaches or exceeded 7 m. sheet-lloods
occur and DIN increased to high values 1.2 m molliter' in the floodplain lakes (Carignan
& Neiff, 1992). Compared to DIN, DRP concentrations remain relatively high and change
little during and afier the flood. However. Il sheel-flow conditions persist {or very short
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periods of time these planis may not have enough time to benefit from these more
fertile conditions and produclion would not be then stimulated (Carignan & Neilf,
1992). During 1997 and 1998, long term foods duc to El Nino phenomena resulied in
exceptional plant growth. The prolonged inundation condition was characterized by
increases in lcal size, increcases in biomass values and high nuirient content in the
green leaves: therefore, it differs from what was described by Carignan & Ncill (1992)
for extreme (loods of short duration that arc the most frequent ones.

Bectween March 1897 and March 1998 floocdplain lakes had 371 (Site B) and 204
(Site A flooding days and the artificial pond remained isolated. The significant correlation
betwcen maximum leafl length and numbecr of flooding days yecar® (r = 0.667, P « 0.01.
n=118) provide support for the imporiance of flooding regimes,

The unusually mild winter followed by a warm spring would have been much
more conductive to optimal growth in the floodplain lakes, but the differences in growith
responscs between these lakes and the artificial pond. isolatcd from the Parand River
are consistent with the pulse hypothesis.

The highes! increases in biomass of £ crassipes (25 ¢ m*® day') was found in the
lake with the longest duration of the flooding. This value is close 10 the maximum absoluic
increcase ol £, crassipes biomass cited in the literature (Center & Spencer, 1981). The
nitrogen content of the leaves found at the cnd of the growth period (March 1998) was
higher than the data obtained by Carighan er al (1904) during the low water phase {grcen
leaves = 1.05%), However. the major clifect of the prolonged flood on the walcer condition
and over the conceniration of nutrients of the grecn leaves was deiccied oo late, when
the extended flood regimes conciude tAugdust 1998). During this period the value regisiered
at sitc B is closed to the maximum green lecaves nitrogen concentration mcasurcd by
Carignan er al (1994) in N-treated enclosures (TN= 2.58% } placed in this Sile.

In these lakes, most of the phosphorus entering the flocdplain was originated
from the high suspended load of the Paraguay River. Annual biological demand appcears
10 be much smaller than the amount of PO, potentially supplied by the river by cccasional
large flood events (Carignan & Vvaithiyanathan, 1909). Thus, N limitation and low N:P
ratios are common in these floodplain lakes during low water phasc. The isolalion
condition was characterized by increases in standing dead leaves density and decreascs
in the modal Icaf length of the mature plants. Furthermore. in ihis condition, plants have
a major development of the root sysiem and more root weight per arca (Poi do Neiff &
Carignan, 1997). Al Site C the increase in biomass of green leaves were similar 10 those
obtained by Carighan et al. (1994} in the San Nicolds lake in control enclosures during the
low water phasce, where the production and biomass of £, crassipes were limiled by
nuirients. The P content of the green leaves in the arnificial pond was close 10 1he critical
phosphorus requirement (0.13%} reported by Gerlofl (1970) (or submersed aquatlic plants.

Given thal the floodplain lakes become tolally unconfined only by shorn periods
ol time, prolongcd low watcr condition are infrequent in the Parand River. Nevertheless,
the total isolation of the flocdplain could be found if 1he hydrological regime was modified
by hydraulic works projecied in the study area. In this case, the floodplain of the Parana
River may be isolated (rom the high suspended load supplicd by the Paraguay River,
which will probably affect negatively the biomass and produclion of free-floating aquatic
macrophyte spccies,
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