Seasonal dynamics of the shoreline vegetation
in the Zapatosa floodplain lake complex, Colombia

Udo Schmidt-Mumm”* & Georg Janauer

Department of Limnology and Oceanography, University of Vienna, Althanstrale 14, A-1090 Vienna, Austria;
udo.schmidt-mumm(@univie.ac.at, georg.janauer@univie.ac.at
* Correspondence

Received 29-1X-2013. Corrected 20-1-2014. Accepted 18-11-2014.
Abstract: Floodplain lakes and associated wetlands in tropical dry climates are controlled by pronounced and
severe seasonal hydrologic fluctuations. We examined the plant community response to a bimodal flooding
pattern in the Zapatosa Floodplain Lake Complex (ZFLC), Northern Colombia. We measured floristic and
quantitative change in four sampling periods emphasizing seasonal differences in plant abundance and life-form
structure. Of 79 species identified in the lake complex, 52 were used to characterize eight community types
via classification and ordination procedures. Results showed that community structure does not change signifi-
cantly during the flooding/receding stages. But maximum drawdown phase significantly disrupts the aquatic
community structure and the exposed shorelines become colonized by ruderal terrestrial plants. Early rainfalls
at the beginning of the wet season are emphasized as an important feature of plant regeneration and commu-
nity development. The general strategy of the ZFLC vegetation can be framed into the flood pulse concept of
river-floodplain systems. Thus, plant communities are mainly responding to disturbances and destruction events
imposed by extreme water level fluctuations. Rev. Biol. Trop. 62 (3): 1073-1097. Epub 2014 September 01.
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Floodplains play an important role regard-
ing the biogeochemistry and ecology of tropi-
cal river systems. Plant and animal life of this
particular system are adapted to the seasonal
variations in space and time caused by extreme
water level fluctuations. This seasonality also
represents an important factor in the speciation
of several aquatic and wetland plants (Haynes
& Holm-Nielsen, 1989). The dynamic char-
acter of these systems gives rise to complex
primary and secondary production processes
that are difficult to predict in detail, but nutri-
ent input from rivers and streams are important
in general, as a significant contribution can
be expected following rainfall from the sur-
rounding watershed. Nutrient cycling proceeds
mainly through heterotrophic processes via bac-
teria, fungi, micro-zooplankton and shredding-
invertebrates (Melack & Fisher, 1990; Wantzen,

Yule, Mathooko, & Pringle, 2008; Warfe et al.,
2011). The interactions between rivers and their
surrounding floodplain motivated Junk, Bayley,
and Sparks (1989) to propose the ‘flood pulse
concept’ as a main force controlling the biota of
tropical floodplains. They considered the flood-
plain as the area periodically inundated by the
waters of rivers, lakes, lagoons, and/or under-
ground water, or by direct precipitation. The
concept aims to explain the physical and chemi-
cal conditions that obligate the biota to respond
through different phenological, morphological,
anatomical and/or physiological adaptations to
predictable hydrological cycles. Given its alter-
nation between aquatic and terrestrial phases,
the flooded area of the shoreline is defined as
‘aquatic-terrestrial transitional zone’ (ATTZ).
Recently the pulse concept was reviewed by
Junk and Wantzen (2004), as likewise expanded
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to temperate rivers (Tockner, Malard, & Ward,
2000) and lakes (Wantzen, Junk, & Rothhaupt,
2008). Another emerging concept related to the
flood pulse is the homogenization effect of the
inundation process mediated through increas-
ing lateral and longitudinal connectivity. In this
case hydrological connectivity, referring here to
water mediated transfer of matter, energy, and/
or organisms within or between elements of
the hydrologic cycle (Pringle, 2001), homog-
enizes the limnological (physical, chemical) and
biological characteristics of contiguous water
bodies along river floodplain systems (Thomaz,
Bini, & Bozelli, 2007).

The herbaceous vegetation of tropical
floodplain systems is very heterogeneous,
highly productive and plays an important role
in nutrient cycling. For example, in the middle
Amazon it occupies approximately 0.5% of the
basin but contributes 5% of the total organic
matter to the downstream transport (Hedges et
al., 1986). Plant communities in tropical sea-
sonally flooded wetlands and floodplain lakes
have been thoroughly studied for Northern
Australia (Casanova & Brock, 2000; Finlayson,
2005; Warfe et al., 2011), India (Unni, 1971,
Middleton, 1999; van der Valk, Middleton,
Williams, Mason, & Davis, 1993), and Africa
(Rees, 1978; Miiller & Deil, 2005). In tropical
and subtropical South America studies on the
different aspects of the flooding cycles and
their effect on aquatic vegetation were carried
out in the Orinoco floodplains of Venezu-
elan (Castroviejo & Lopez, 1985; Rial, 2000;
20006), the Amazon (Junk, 1970; 1986; Junk &
Piedade, 1993; 1997; Ferreira, Piedade, Wit-
tmann, & Franco, 2010; Piedade et al., 2010),
the Pantanal (Do Prado, Heckman, & Martins,
1994; Frey, 1995; Fortney et al., 2004; Pott &
Pott, 2004; Kufner, Scremin-Dias, & Guglieri-
Caporal, 2011; Pott, Pott, Lima, Moreira, &
Oliveira, 2011), coastal Brazil (Rolon, Lac-
erda, Maltchik, & Guadagnin, 2008), and par-
ticularly the Parand due to increasing river
impoundments (e.g., Franceschi, Torres, Prado,
& Lewis, 2000; Murphy et al., 2003; Thomaz,
Souza, & Bini, 2003; Santos & Thomaz, 2007,
Sabattini & Lallana, 2008; Santos & Thomaz,

2008; Padial et al., 2009; Thomaz, Carvalho,
Padial, & Kobayashi, 2009; Sousa, Thomaz, &
Murphy, 2011).

Additionally, aquatic and wetland vegeta-
tion of tropical floodplains are considered of
prime importance for a variety of biota. For
instance, macroinvertebrates living on macro-
phytes and in the root zones of floating mats are
using this habitat for shelter and food resource,
serving also as primary food supply for fish
and other vertebrates (primarily amphibians,
reptilians and birds; Junk, 1973; Poi de Neiff
& Carignan, 1997; Poi de Neift, 2003; Takeda,
Souza-Franco, Melo, & Monkolski, 2003). Fur-
thermore, aquatic vegetation represents a key
factor in the selection of habitats by fish (Chick
& Mclvor, 1997; Gomes, Bulla, Agostinho,
Vasconcelos, & Miranda, 2012), serving as ref-
uge to avoid predators (Chick & Mclvor, 1997;
Warfe & Barmuta, 2004), as spawning habi-
tat, and as nurseries for initial life stages and
juveniles (Grenouillet & Pond, 2001; Bulla,
Gomes, Miranda, & Agostinho, 2011).

The ‘Zapatosa Floodplain Lake Complex’
(ZFLC) and its associated wetlands, part of an
even larger floodplain system called the Mom-
pox Depression, is considered one of the most
important freshwater ecosystems of the Magda-
lena River basin in Northern Colombia. In spite
of its importance, hydrobiological information
on the river basin is practically inexistent,
dealing mostly with the local inventory and
ecology of fish assemblages (Rios-Pulgarin,
Jiménez-Segura, Palacio, & Ramirez Restrepo,
2008), aquatic and wetland plants (Schmidt-
Mumm, 1987), and a generalized overview on
macrophyte vegetation (Rangel-Ch., 2010). In
the Magdalena River fish stocks have collapsed
due to overexploitation and basin mismanage-
ment, and the relationship between fish migra-
tion and the bimodal flood pattern of the river
is very poorly understood, following Galvis
and Mojica (2007) who also highlighted the
urgent need to study the floristic composi-
tion and ecology of the floating mats and
inundated forests for better understanding fish
migration dynamics.
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In this study, we aimed on identifying
the influence of the distinct bimodal seasonal
flooding and drought cycle spanning over one
year. Using transects, we examined the shore-
line of the ZFLC with emphasis on seasonal
differences in macrophyte abundances and life-
form structure. The specific objectives of this
study were to: (1) compare and characterize
the composition and community structure of
the littoral herbaceous vegetation between four
ecologically distinct dry/wet flooding phases
within the ZFLC; (2) determine the existence
of a zonation pattern in the plant commu-
nity composition along the spatial inundation
gradient; and (3) provide baseline data for
management that can be used to evaluate long-
term floristic and structural changes in the
aquatic vegetation. Related to objective (2), we
expected that the environmental filters associ-
ated with the bimodal flooding and drawdown
phases would greatly shape the seasonal plant
assemblages, and hypothesize that the inunda-
tion event increases the similarity of the veg-
etation structure with increasing flooding.

MATERIALS AND METHODS

Study site: The Zapatosa lake complex
(8°58°-9°16 N, 73°40°-73°58" W), part of the
Mompox tectonic depression (~6 500km?) in the
Caribbean savannas, represents one of the most
important and extensive floodplain systems of
Northern Colombia (Fig. 1). Four large rivers
flow into the Mompox Depression: the Magda-
lena River, with an average water discharge of
~4 100m’/s at the depression entrance, Cauca
River (~2 300m>/s), San Jorge River (~270m>/s)
and Cesar River (~200m?/s). At the exit of the
depression, the Magdalena River has an aver-
age discharge of ~7400m3/s. Sediment load
along the Magdalena River shows an increas-
ing trend downstream, from 51MT/yr at the
upper course to 144MT/yr in the lower reach.
The mean specific sediment yield for the whole
Magdalena basin is approximately 689+528t/
Km?/yr (Restrepo & Syvitski, 2006). In addition,
the Magdalena River appears to have the high-
est sediment yield of the large rivers along the

Caribbean and Atlantic coasts of South America.
It is noteworthy to mention that the dissolved
load is of the same magnitude as the Orinoco
River, similar to the Parana River, and ten times
lower than that of the Amazonas River (Restrepo
& Kjerfve, 2000; 2004).

The rain pattern and water level fluctuation
in the ZFLC follows a bimodal tetra-seasonal
regime, although water level rises with a lag of
around one month after initiation of the wet sea-
son. The first and smaller flood (ca. 2.6m over
average water level) occurs between May and
July, the second between October and Decem-
ber (ca. Sm over average water level). A lesser
drought, the Caribbean mid-summer drought
(‘veranillo’) caused by the intensification and
expansion of the North Atlantic subtropical high
pressure cell (Poveda, Waylen, & Pulwarty,
2006; Gamble, Parnell, & Curtis, 2008), occurs
between July and September, while the main dry
season takes place between January and April.
The Cesar River flows directly into the Zapatosa
floodplain lake where it forms an internal delta
creating a series of water bodies of different
sizes. At the South-Western end, the lake drains
into the Magdalena River through the Cesar
channel and a series of minor streams, lagoons
and wetlands. During high waters, the Mag-
dalena river back-flows into the lake through
this channel and adjacent wetlands, contribut-
ing to the hydrological cycle to a considerable
extent. The lake itself has a mean extension of
~35000ha, with an increment of ~14 500ha dur-
ing high waters. Belonging to the Magdalena
and Cesar districts, the lake has an altitude of ca.
30m above sea level, mean annual temperatures
between 27°C and 30°C, and an annual rainfall
that varies from 1000 to 2600mm (Rangel-Ch.,
2007). Appendix 1, summarizing raw data from
Viia et al. (1991), provides some limnological
parameters for the four sampling seasons.

Sampling: Vegetation sampling was car-
ried out during four field trips between June
29-July 2 (Jul-1990), October 16-19 (Oct-
1990), February 26-March 2 (Feb-1991), and
May 20-23 (May-1991). Based on rain fall
fluctuations, the four periods were defined as
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Fig. 1. Map of the Zapatosa floodplain lake complex showing sampling sites. Shaded area denotes the floodplain lakes
during average water level. Sites 1 to 16 (A) were sampled on a regular basis during all four seasons, sites 17 to 22 (A) are
additional samples. See text for further details on site characteristics and sampling times.

minor dry season or mid-summer drought (Jul-
90), mayor wet season (Oct-90), mayor dry
season (Feb-91), and minor wet season (May-
91). The 74 sample sites where selected during
a preceding recognition trip, and locations were
chosen in consent on habitat qualities meeting
the requirements for different groups of biota
(fish, phytoplankton, and macroinvertebrates
associated to the root zone of macrophytes).

1076

Additionally, shorelines densely cowered by
trees or lacking macrophytes due to bank ero-
sion or slumping were excluded from vegeta-
tion sampling. Site characteristics representing
different habitat conditions are: wave exposed
shorelines (sites 2, 4, 11, 17, 18, 20, 21), shel-
tered shorelines (sites 1, 3, 7, 8, 9, 10, 12, 19,
22), small lagoons (sites 13, 14, 15), and loca-
tions subjected to river flow (sites 5, 6, 16). All
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lakes and lagoons are directly connected to the
Cesar River channel (Fig. 1).

Sites 1 to 16 were sampled by means of
transects on a regular basis during all four sea-
sons. We also sampled an additional number of
transects to broaden our knowledge on distribu-
tion and to complement the vegetation invento-
ry. Therefore, site 17 was additionally sampled
during Oct-90, Feb-91 and May-91; sites 18,
21 and 22 during Oct-90; sites 19 and 20
during Oct-90 and May-91 respectively (Fig.
1). Similar to the sampling design applied by
Schmidt-Mumm and Vargas (2012), transects
were placed along the inundation gradient. The
lengths of transects varied from 30 to 40m for
the July-90 sampling, but were maintained con-
stant at 30m for the remaining seasons. Each
transect consisted of 1m? quadrats laid out con-
tiguously on the aquatic-terrestrial gradient and
then further sub-sampled by four 0.25m? plots.
A total of 2 279 quadrats were sampled during
the four seasons. Using a canoe to access the
aquatic vegetation, ‘rooted frequency’ (Greig-
Smith, 1983) of plants (presence/absence) was
recorded for each subplot. Voucher specimens
of almost all the plant collections made in the
floodplain lakes were deposited at the Herbario
Nacional Colombiano (COL) and Herbario
Pontificia Universidad Javeriana (HPUJ). We
thereon made identification of specimens in the
field, except for plants not previously collected
and those that required further confirmation in
the laboratory. Two species of Lemna where
found in the study area (Landolt & Schmidt-
Mumm, 2009), however due to difficulties in
distinguishing Lemna aequinoctialis from L.
valdiviana in the field, we quantified booth
species as Lemna spp.

Life forms: Life-form and growth form
are two complementary concepts that first
classify aquatic vegetation into a number of
broad categories dependent on the relation of
the plants to substratum and water level, and
then they are grouped according to comparable
structure and similar relations to the physical
environment. Here we adapted a simplified
scheme of Sculthorpe (1985) and Hutchinson

(1975). The percent frequency (%) was used to
compare the following life form categories: (1)
free floating (includes the acropleustophytes
and mesopleustophytes), (2) rooted floating-
leafed (ephydates), (3) rooted submerged
(hyphydates), (4) rooted floating (floating-
helophytes; creeping plants and trailing vines,
also the reptohelophytes of Wiegleb (1991),
(5) rooted emergent (erect-helophytes; plants
erect or decumbent), and (6) ‘terrestrials’ which
include all those plants growing on the exposed
shore-line during the dry season.

Classification of the shoreline vegetation
was completed in three steps following the
approach of Jensén and van der Maarel (1980)
and Schmidt-Mumm and Vargas (2012):

1. Primary classification of the quadrats per
transects in order to find local plant groups
characteristic for each transect (local zona-
tion patterns). Here we classified quadrats
into ‘transect groups’ for each transect.

2. Secondary classification of the groups
obtained in the primary classification for
each sampling period. The aim is to find
clusters of groups that characterize the
overall zonation pattern of the particular
sampling period. Here we classified the
‘transect groups’ into clusters for each
sampling period independently.

3. Final classification of the clusters from the
independent sampling periods into genera-
lized ‘community types’.

For the primary and secondary classifi-
cation we performed a ‘Two-Way Indicator
Species Analysis’ (TWINSPAN) procedure on
PC-ORD (McCune & Mefford, 2011). In both
cases pseudospecies cut levels 0, 2, 5, 10
and 20 were used. One of the problems with
TWINSPAN classification is the assumption
of a strong gradient that dominates the data
structure and the failure to identify secondary
gradients (van Groenewoud, 1992; Belbin &
McDonald, 1993). However, for the present
case we expected that each transect reflects the
strong underlying aquatic-terrestrial gradient
and that each group represents a portion of the
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local zonation pattern on the particular transi-
tional zone. The same strong underlying gradi-
ent for the ‘clusters of transect groups’ was also
assumed in the secondary classification. The
primary classification is based on raw data,
here represented by the presence of species
in the sub-samples in each 1m? quadrat. For
the secondary classification we also used raw
data summing the number of sub-samples for
each species in the respective group. Species
occurring in less than 4% of the groups were
excluded from the analysis.

For the final classification in the resulting
clusters a percent frequency (%) of species was
calculated as a ratio of the number of occupied
sub-samples and the total number of sub-sam-
ples in the cluster. However, since more than
one strong underlying gradient is assumed,
final classification was performed by flex-
ible clustering (f=-0.25) and the Bray-Curtis
distance measure using PC-ORD (McCune &
Mefford, 2011). Species in less than 5% occur-
rences where excluded from the species by
community matrix. Indicator Species Analysis
(ISA) was applied to each cluster level and the
lowest average p-value was used as guideline
to prune the dendrogram at the most informa-
tive level (Dufréne & Legendre, 1997; McCune
& Grace, 2002). Final decision of the cutting
level was also based on the ordination output.
The resulting clusters are then summarized
by calculating a synoptic ‘mean percent fre-
quency’ for each species in each of the final
clusters. These clusters are here considered as
final ‘Community Types’.

ISA was also used to determine indicator
species that characterize the final groups. The
Indicator Value method combines information
on the concentration of species abundance in
a particular community type and the faithful-
ness of occurrence of a species in a particular
community type. Resulting indicator value
for each species in each community type was
tested for statistical significance by a Monte
Carlo randomization procedure. A total of 1
000 randomized runs were used in PC-ORD
to determine the significance (p<0.05) of the
indicator values (McCune & Mefford, 2011).

By definition, indicator species are considered
the most characteristic species of each commu-
nity type, found mostly in a single community
type of the classification and present in the
majority of the communities belonging to that
community type (Dufréne & Legendre, 1997,
Legendre & Legendre, 2012).

NMDS ordination with Bray-Curtis dis-
tance method was used to examine the spatial
and temporal variations in the species by
‘Community Type’ data matrix. We selected
the autopilot mode with the slow and thorough
analysis of PC-ORD (McCune & Mefford,
2011). For the preliminary runs a random start-
ing configuration number and 250 randomized
runs was used for Monte Carlo tests. The num-
ber of axes and starting configuration result-
ing from the preliminary analysis was used to
rerun NMDS with the option of 250 iterations,
50 runs on real data, and varimax rotation. Tie
handling of the distance matrix was not penal-
ized in both cases (autopilot and final run). We
used after the fact correlations (+2) between dis-
tances in the ordination space and distances in
the original space (Bray-Curtis distance) to cal-
culate the proportion of variance represented in
the ordination axes (McCune & Grace, 2002).

Starting from the secondary classifica-
tion, we used the Multi-response Permuta-
tion Procedure (MRPP) in program PC-ORD
(McCune & Mefford, 2011) to test for differ-
ences in the compositional structure between
the four sampling periods. MRPP was based
on a Bray-Curtis distance matrix and n/sum
(n) to weight groups. We rank transformed the
distance matrix to make the MRPP results more
analogous in theory to NMDS. MRPP provides
a permutation p-value for the test of group
differences and an A-value for within-group
homogeneity (McCune & Grace, 2002).

RESULTS

Floristic composition and life forms: A
total of 79 species in 60 genera and 33 families
were identified within, and in the surroundings
of the ZFLC (see Appendix 2 for a complete
species list). Of these 43% were Monocots, 48%
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Eudicots, 3% unranked Angiosperms (Nympha-
eales), and 6% ferns. Most species belong to
the family Poaceae and Cyperaceae. Fifty two
species (66%) were recorded in 74 transects,
and 34 of these were considered as aquatic or
wetland plants. Most of the aquatic and wetland
plants have a worldwide distribution, 44% of the
species are represented on more than one conti-
nent, 12% are limited to the American continent,
and 44% are restricted to the Neotropical area.
Polygonum caucanum is the only species with
a distribution restricted to the Magdalena and
Cauca valley in Colombia.

Species richness per transect ranged from 7
to 14 for July-90 (average=11 spp.), 3 to 15 for
October-90 (average=11 spp.), 6 to 19 for Febru-
ary-91 (average=11 spp.), and 5 to 18 for May-
91 (average=11 spp.). Most frequent species are
Paspalum repens (95%), Eichhornia crassipes
(81%), Ludwigia helminthorrhiza (80%), Neptu-
nia oleracea (73%), Salvinia auriculata (70%),
Aeschynomene indica (69%), Pistia stratiotes
(62%), and Lemna spp. (59%). Two species, Ipo-
moea subrevoluta Choisy and Cleome parviflora
H.B.K., where reported only once for all the
sampling sites. Other rare species not listed in
table 1 are Salvinia sprucei Kuhn, Najas arguta
H.B.K. and Leersia hexandra Sw.

We classified the 52 species into five major
life forms types, resulting in 19% of the plants
grouped as free floating (pleustophytes), 2% as
rooted submerged (hyphydates), 13% as rooted
floating (floating-helophytes), and 33% as root-
ed emergent (erect-helophytes). The remaining
33% were considered as terrestrials. No rooted
floating-leaved plants were recorded for the
sample units. Abundances (percent frequency) of
free floating plants decreased from Jul-90 to Oct-
90 and from Oct-90 to Feb-91, and then increased
from Feb-91 to May-91 (Fig. 2). A similar trend
was also observed for the rooted floating plants.
Rooted emergent plants slightly increased from
Jul-90 to Oct-90, strongly decreased from Oct-
90 to Feb-91, and then increased from Feb-91
to May-91. Terrestrial plants at the shoreline
peaked during Feb-91, later decreasing but not
disappearing during May-91 (Fig. 2). Rooted
submerged plants were recorded only in two
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Fig. 2. Variation in the percent frequency of life forms for
the four sampling periods in the Zapatosa floodplain lake
complex. Jul-90 = minor dry season, Oct-90 = major wet
season, Feb-91 = major dry season, May-91 = minor wet
season.

transects with low frequency during Jun-90 and
therefore are not presented in figure 2.

Community structure: TWINSPAN clas-
sifications, first by transects and then by the
resulting groups produced 17 ‘clusters’ for
the July 1990 sampling period, 12 for Octo-
ber 1990, 20 for February 1991, and 13 for
May 1991. The 52 species by 62 ‘cluster’ data
matrix was the starting point for the final clas-
sification and ordination analysis. Eight species
were found in less than 5% of the clusters and
are excluded from further analysis.

Eight ‘Community Types (CT)’ and 26
indicator species were recognized by ISA prun-
ing the cluster dendrogram (Fig. 3, Table 1).
Cluster partitioning consistency was confirmed
by the ordination analysis (Fig. 4a). The com-
munity types are, organized on an aquatic-
terrestrial gradient and characterized by the two
highest indicator values: I) Salvinia auriculata-
Wolffiella lingulata free-floating communities;
1) Persicaria hispida-Caperonia castaneifolia
herbaceous floating mat; IIl) Aeschynomene
indica-Paspalum repens graminoid floating
mat; IV) Vigna dominated graminoid float-
ing mat; V) Brachiaria mutica reed-swamps;
VI) Persicaria glabra forb-community; VII)
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TABLE 1
Plants in the Zapatosa floodplain lake complex, with indicator values, significance (* denotes p<0.05), and mean percent
frequency (%) in the community types derived from cluster analysis

Indicator Mean Relative Frequency (%)

Species Value p-value in Community Type

I I 1m v Vv VI VI VI
Salvinia auriculata Aubl. 71.1 0.001* 63* 1 4 5 1 5 3 0
Wolffiella lingulata (Hegelm.) Hegelm. 68.1 0.002* 52* 0 5 0 0 0 0 0
Pistia stratiotes L. 64.6 0.001* 76* 18 7 8 3 4 1 0
Wolffia columbiana Karst. 62.1 0.003* 41* 0 O 0 O O 0 0
Eichhornia crassipes (Mart.) Solms. 39.8 0.001* 75% 23 25 56 S 5 1 0
Lemna spp. (L. aequinoctialis Welwitsch - L. valdiviana Phil.) 35.6 0.008* 65% 52 32 2 0 7 2 0
Azolla microphylla Kaulf. 36.8 0.056 3 0 0 O 0 0 0 0
Marsilea polycarpa Hook & Grev. 28.1 0.134 20 1 0o 0 0 o0 0
Ipomoea aquatica Forssk. 23.7 0.260 6 0 0 3 0 0 2 0
Eichhornia azurea (Sw.) Kunth 225 0.254 4 0 2 0 0 0 0 O
Phyllanthus fluitans Benth. ex Miill. Arg. 12.1 0.447 50 0 0 0 0 0 O
Oxycaryum cubense (Poer. & Kunth) K. Lye 10.0 0.639 30 0 1 0 0 0 0
Persicaria hispida (Kunth) M.Gomez 79.8 0.001* 12 93* 8§ 0 4 0 0 0
Caperonia castaneifolia (L.) ST.-Hill. 51.8 0.033* 1 24« 2 0 0 4 0 0
Ludwigia helminthorrhiza (Mart.) Hara 43.8 0.011* 10 34* 25 4 1 1 4 0
Mimosa pigra L. 40.2 0.073 0o 9 0 1 1 10 1 1
Utricularia foliosa L. 17.0 0.487 1 2 3 1 0 1 0 0
Aeschynomene indica L. 40.6 0.017* 13 0 21* 3 3 0 4 0
Paspalum repens Berg. 337 0.001* 75 0 8* 28 8 17 33 5
Hymenachne amplexicaulis (Rudge) Nees 32.6 0.078 1 0 6 1 0 1 4 0
Neptunia oleracea Lour. 31.7 0.161 m 1 25 3 0 1 11 2
Vigna luteola (Jasq.) Benth. 37.6 0.014* o o0 o0 3 0 0 0 0
Panicum elephantipes Ruiz & Pavon 339 0.119 0O o0 0 24 4 0 0 O
Echinochloa crus-pavonis (H.B.K.) Schult. 28.0 0.175 o 0 4 14 2 0 0 0
Luziola subintegra Swallen 8.9 0.761 0 0 1 1 0 0 0 0
Brachiaria mutica (Forssk.) Stapf 73.8 0.002* 1 0 2 2 68% 0 0 1
Polygonum caucanum Fassett 323 0.081 o 2 0 0 9 0 0 O
Solanum cf. tampicense Dunal 29.3 0.125 o 0 0 22 24 0 3 0
Persicaria glabra (Willd.) M.Gomez 97.2 0.001* 0 0 1 0 0 53* 0 0
Luffa operculata (L.) Cogn. 29.6 0.186 o o0 1 2 0 28 1 0
Heliotropium indicum L. 96.8 0.001* o o0 o0 0 0 0 13* 0
Ambrosia peruviana Willd. 74.3 0.002* o 0 2 0 1 10 9* 19
Physalis angulata L. 59.1 0.007* o o o0 o 1 7 18 3
Cardiospermum halicacabum L. 30.4 0.100 o o0 1 0 0 4 9 1
Mimosa dormiens H.B. ex Willd. 82.1 0.001* 0o 0 0 0 2 0 14 69
Eragrostis sp. 75.0 0.001* o o0 o0 o0 0 0 0 39%
Portulaca oleracea L. 75.0 0.001* o 0 0 0 0 0 0 34*
Alternanthera caracasana Kunth 62.6 0.006* 0o 0 0 0 0 0 11 26*
Eragrostis hypnoides (Lam.) B.S.P. 62.5 0.003* o o0 o0 o o0 0 o0 33%
Heliotropium procumbens Mill. 55.3 0.006* o 0 0 0 0 0 5 34*
Euphorbia serpens Kunth 46.1 0.027* o 0 o0 o0 4 0 8 32%
Evolvulus sp. 40.1 0028 0 0O 0O O O 0 14 26*
Fimbristylis vahlii (Lam.) Link. 37.5 0018 0 0O 0 O 0 0 0 25%
Pycreus macrostachyos (Lam.) J.Raynal 18.0 0.308 o 0 o0 o0 2 0 0 5
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Fig. 3. Dendrogram from cluster analysis (flexible method, Bray-Curtis distance) of the aquatic and shore community types
for the four sampling periods. Classification into community types are derived from ISA analysis.

Heliotropium indicum-Ambrosia peruviana epi-
sodic forb community; VIII) Mimosa dormiens-
Eragrostis sp. episodic forb community.

The NMDS ordination resulted in a rela-
tive stable, two dimensional solution, with
a high but acceptable final stress of 14.58
and final instability of 0.00. The proportion
of variation represented by the two axes was
70%, with 48% on axis one and 22% on axis
two, respectively (Fig. 4a). The first NMDS
ordination axis, showing a consistent wet to
dry spatial and seasonal gradient, places the
aquatic communities (CT-I1, CT-II, CT-III, and
CT-1V) at the left end and the terrestrial dry
season shoreline community (CT-VIII) at the
right end of the axis. The second axis segre-
gates two types of rooted emergent communi-
ties (CT-V and CT-VI), representing the higher
end of the aquatic-terrestrial transitional zone.

Community type descriptions, based on indica-
tor species and plant strategies (Table 1), fol-
low below.

L Salvinia auriculata-Wollffiella lingulata
free-floating communities: This commu-
nity type comprises 29% of the total sam-
pled area and occupies the permanently
flooded part of the aquatic-terrestrial
gradient. Life form structure of the com-
munity is characterized by emergent and
submerged pleustophytes. Significant
indicator species included Salvinia auri-
culata, Wolffiella lingulata, Pistia stra-
tiotes, Wolffia columbiana, Eichhornia
crassipes, and Lemna spp.

Il.  Persicaria hispida-Caperonia castanei-
folia herbaceous floating mat: A total
of 2% of the surveyed area belongs
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to this community and is localized on
the seasonally flooded shore zone. Life
and growth form structure of this com-
munity is shaped by rooted emergent
and floating plants. Significant indica-
tor species include Persicaria hispida,
Caperonia castaneifolia, and Ludwigia
helminthorrhiza.

IIl.  Aeschynomene indica-Paspalum repens
graminoid floating mat: Representing the
most extensive community type of the
floodplain, this floating mat is localized
on permanently to seasonally inundated
shores and comprises 41% of the sam-
pled area. Life and growth form structure
of the community is characterized by
rooted floating grasses, and floating com-
pound leaved herbs. Significant indicator
species are Aeschynomene indica and
Paspalum repens.

IV.  Vigna luteola dominated graminoid floa-
ting mat: A total of 7% of the total
samples belong to this community type.
This community frequently invades
Eichhornia crassipes free floating mats
or Paspalum repens floating mats usually
found on semi-permanently to seasonally
flooded shores. Community growth form
structure is determined by the underlying
matrix of free floating herbs or rooted
floating grasses that are interwoven by
the vine Vigna luteola. The only signifi-
cant indicator species is Vigna luteola.

V. Brachiaria mutica reed-swamps. This
community type comprises 4% of the 2
279 sampled plots and is located on the
uppermost part of the seasonally flooded
zone on the shoreline. The physiognomy
of the community is distinguished by
rooted emergent tall grasses capable of
forming dense stands. The only sig-
nificant indicator species is Brachia-
ria mutica; an invasive grass introduced
from Africa for cattle ranching and it is
currently well established in wetlands
throughout the whole Magdalena valley.

VL. Persicaria glabra forb-community: A
total of 2% of the sampled area belongs

to this community type. As in the pre-
vious community, it is located on the
seasonally flooded part of the shore and
the physiognomy is characterized by
rooted emergent tall herbs. One signi-
ficant indicator species is defined by
Persicaria glabra.

VII. Heliotropium indicum-Ambrosia peru-
viana episodic forb community: This
community type comprises 5% of the
sampled sites, and colonizes exposed sho-
res during low water level. Substrate con-
sists mainly of moist mud-covered sandy
terrain with a thin layer of litter remai-
ning from the preceding macrophytes
vegetation. Significant indicator species
include Heliotropium indicum, Ambrosia
peruviana, and Physalis angulata.

VIII. Mimosa dormiens-Eragrostis sp. episo-
dic forb community: Situated on exposed
shores during low water level, this com-
munity type comprised 9% of the total
samples. Plants of this community are
pioneer herbs or low grasses that usua-
lly colonize the upper and dryer sandy
part of the shore-line. Significant indi-
cator species include Mimosa dormiens,
Eragrostis sp., Portulaca oleracea,
Alternanthera caracasana, Eragrostis
hypnoides, Heliotropium procumbens,
Euphorbia serpens, Evolvulus sp., and
Fimbristylis vahlii.

Seasonal variations of community types:
The NMDS ordination in figure 4b illustrates
the compositional differences of assemblages
related to seasonal flooding and drought. Con-
vex hulls for groups of the July 1990, Octo-
ber 1990 and May 1991 sampling periods
strongly overlap, indicating small changes in
community structure. Corresponding centroids
(representing a multi-dimensional average) of
the July 1990, October 1990 and May 1991
sampling periods are also close and only the
February 1991 sampling period distinctively
differs from the remaining centroids. Pair-
wise comparison of all four sampling peri-
ods by the MRPP test confirms significant
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differences of the February 1991 vegetation
with the remaining periods (Table 2). The dif-
ferences are mainly generated by the presence
of the dry season terrestrial shoreline commu-
nity types (Fig. 4a). However results of MRPP
should be interpreted with caution since sam-
pling periods are not completely independent.
There is also a varying degree of dependence.
While the October 1990 community structure

TABLE 2
Results of pairwise comparisons between sampling
periods using multi-response permutation procedure
(MRPP), representing within-group agreement (A) and
significance from randomization test (*p<0.05)

Sampling Periods A P
July 1990 vs. October 1990 0.0143 0.1714
July 1990 vs. February 1991 0.1439  0.0001*
July 1990 vs. May 1991 0.0116 0.1992
October 1990 vs. February 1991 0.1234  0.0012*
October 1990 vs. May 1991 -0.0068  0.5894
February 1991 vs. May 1991 0.0864  0.0061*

is a direct consequence of the previous (July
1990) vegetation, the February 1991 com-
munity structure is not completely determined
by the previous sampling period. In this case
a significant portion of the communities are
represented by terrestrial newcomers invading
the exposed shoreline. The same applies to the
May 1991 vegetation partially resulting from
randomly dispersed seeds. Therefore only the
rooting perennial community types are continu-
ally present during the whole dry-wet season.
Quantitative changes in the structure of the
vegetation types through the sampling period
are presented in figure 5. They were given in
relation to the mean fluctuations of water level
(m) and rain fall (mm). The percent frequency
illustrates the fractions of the community types
present at each survey period.

Figure 5 reveals a slight reduction in the
abundances of the free floating community
(CT-I) from July 1990 to October 1990, fol-
lowed by a stronger reduction in the abun-
dances from October 1990 to February 1991.
After the dry season (February 1991) a gradual

recovery of the free floating vegetation could be
observed during May 1991. Community Types
IT and III follow a similar trend. Community
Type IV increased from July to October 1990,
disappeared during the dry season in February
1991, and reappeared during the filling stage
in May 1991. Community Types V and VI
displayed similar abundances with small varia-
tions during the whole season. Finally the dry
season shoreline Community Types VII and
VIII reached a peak during February 1991 and
gradually disappeared towards May 1991.

DISCUSSION

On a worldwide basis and with approxi-
mately 984 species the Neotropics rank first in
vascular macrophyte species diversity (Cham-
bers, Lacoul, Murphy, & Thomaz, 2008). The
number of aquatic and wetland species record-
ed in this survey (61 taxa, excluding dry sea-
son terrestrials) is relatively low compared to
the 120 species reported by Schmidt-Mumm
(1987) for the middle Magdalena River basin.
Lists of macrophytes have also been compiled
for several lowland freshwater environments
in South America. For instance, around 54
aquatic and wetland species were reported for
the Amazon floodplain near Manaus (Junk &
Piedade, 1993), 321 for the coastal area of the
State of Rio Grande do Sul (Irgang & Gastal-
Junior, 1996), 117 for the Southern Parana
State (Cervi, Bona, Moco, & Von Linsingen,
2009), 153 for the Upper Parana River flood-
plain (Ferreira, Mormul, Thomaz, Pott, & Pott,
2011), 247 for the Pantanal in Mato Grosso
(Pott & Pott, 2011), 279 for the Pantanal (Pott
et al., 2011), and 67 for the Bolivian Pantanal
(Frey, 1995). There are many differences in
these lists as a result of the collecting effort,
areas covered, and changes in the taxonomy,
making direct comparisons with the ZFLC
difficult. Also notable is the rare occurrence
of rooted submerged species in the ZFLC. We
only found Najas arguta sporadically during
the whole sampling season in sheltered places
with a high transparency and low wave action.
Flood pulses, high sediment load and the
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dominance of free floating communities and
floating mats in the littoral zone can explain the
lack of rooted submerged communities in the
ZFLC. Similar conditions were also reported
for certain floodplain lakes in the San Jorge
River of Colombia (Rangel-Ch., 2010), and
the Upper Parand River (Padial et al., 2009;
Thomaz et al., 2009). Another life form directly
avoiding the ZFLC are the rooted floating
leaved plants. Nymphaea species are mostly
confined to nearby ponds and marshes that
seldom dry out and where wave action is low.

Community structure: In general the
vegetation classification summarizes com-
munities representing four sampling periods
and a variety of habitat types, ranging from
river shorelines, permanent flooded lakes and
lagoons to shallow seasonal flooded marshes.
All lakes, lagoons and marshes are connected
to the Cesar River, thus directly influenced by
its flooding regime. The dominant aquatic and
wetland vegetation of the ZFLC consists main-
ly of free floating (Salvinia auriculata-Wolffi-
ella lingulata) and rooted floating communities
(Aeschynomene indica-Paspalum repens, Per-
sicaria hispida-Caperonia castaneifolia). The
remaining community types are less conspicu-
ous in the floodplain area presenting a scattered
distribution throughout the system. With the
exception of a preliminary characterization for
the San Jorge floodplain lakes (Rangel-Ch.,
2010), information on aquatic and wetland veg-
etation of Colombian lowland floodplain lakes
are actually lacking. However, phytosocio-
logical classifications using the ‘Ziirich-Mont-
pellier’ approach (Kent, 2012) are available
and summarized for the Venezuelan Llanos,
Pantanal in Bolivia, and Western Paraguay
(Castroviejo & Lopez, 1985; Galan de Mera &
Navarro, 1992; Galan de Mera & Vicente Orel-
lana, 2006; Galan de Mera & Linares, 2008). A
comparison with these schemes is complicated
due to the different sampling and classification
methods used. On the other hand, Murphy et
al. (2003), using the TWINSPAN procedure,
recognized the existence of three major aquatic
vegetation types for the upper Parana River.

Two communities are dominated by Eichhor-
nia azurea and characterized by the free float-
ing Limnobium laevigatum or Salvinia species,
the third one by rooted floating leaved and
submerged species determined by Nymphaea
amazonum and Myriophyllum aquaticum.

Studies on the existence of zonation pat-
terns along a depth gradient in Neotropic flood-
plain lakes resulted in different outcomes. For
example, Rial (2000) described the macrophyte
vegetation of different lakes and streams in the
Venezuelan Llanos and concluded that zonation
patterns do occur but are strongly influenced
by habitat type, local topography and flooding
regime. In the Pantanal Do Prado et al. (1994)
studied the floristic changes within communi-
ties as hydrological conditions change season-
ally, and concluded that very distinct species
aggregations could occur. However, they found
less clearly defined spatial distribution of spe-
cies along inundation gradients. Also in the
Pantanal, Fortney et al. (2004) revealed that
zonation can occur in far lakes but not in lakes
near the Paraguay River where habitats are
subject to strong currents and removal of sedi-
ments from substrate. Similar findings are also
presented by Padial et al. (2009) for the Parana
River. Here the flood disturbance affected mac-
rophyte species richness, assemblage structure
and zonation patterns differently according to
the localization of the floodplain lakes within
the river sub-systems.

For the ZFLC only a simple and weak zona-
tion pattern can be evidenced along the inunda-
tion gradient. The most conspicuous zonation is
formed between Salvinia auriculata-Wolffiella
lingulata (CT-I) and Aeschynomene indica-
Paspalum repens (CT-111). By locally reducing
current action and wind-wave disturbances,
Paspalum repens floating mats also provide
the micro-habitats favorable for the growth
of floating plants. In the Cesar River this is
particularly notable in sites with slow to mod-
erate flow. Furthermore, during high waters,
current stagnates due to the backflow from
the Magdalena River, and macrophytes extend
locally on the entire river channel (e.g., Eich-
hornia crassipes, Paspalum repens, Ludwigia
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helminthorrhiza). Less clearly defined zonation
patterns occur when only one community type
occupies the shoreline. In this case vegetation
stands of Salvinia auriculata-Wollffiella lin-
gulata (CT-I), Persicaria hispida-Caperonia
castaneifolia (CT-1I), Aeschynomene indica-
Paspalum repens (CT-11I), or Persicaria glabra
(CT-VI) dominate the inundation gradient. On
the other hand free floating mats may detach
through wind and wave action, temporarily
forming zonation patterns with other vegeta-
tion types (e.g., Persicaria hispida-Caperonia
castaneifolia, Persicaria glabra).

Floating mats have been reported from a
number of floodplains around South America:
the Middle Parana River (Tur, 1972), Ama-
zon River (Junk, 1970; 1983) and Brazilian
Pantanal (Pivari, Pott, & Pott, 2008). Initial
development of floating mats in the ZFLC
follows similar patterns as those described
for these areas. However, in spite of the pres-
ence of mat forming precursor communities
like Salvinia auriculata-Wolffiella lingulata
(CT-1), Aeschynomene indica-Paspalum repens
(CT-II) or Vigna luteola (CT-1V), there is
no secondary colonization of floating mats
in the ZFLC that progressively leads to the
building of floating islands capable of carry-
ing shrubs and trees. Relatively stable water
levels and protected shorelines are a main fac-
tor which contributes to the development and
sustenance of extensive peat forming floating
mats (Fortney et al., 2004; Azza, Denny, van
de Koppel, & Kansiime, 2006; John, Sylas,
Paul, & Unni, 2009). Probably the extensive
gentle sloping littoral around the ZFLC and the
fact that the surrounding wetlands are flooded
by shallow waters, both of which are mostly
subjected twice a year to droughts and wetting,
explain the absence of peat forming floating
islands in the studied area. High temperatures
and continually fluctuating water level condi-
tions enhance decomposition processes (Junk
& Howard-Williams, 1984; Polunin, 1984;
Padial & Thomaz, 2006; Cunha-Santino &
Bianchini Jr, 2009), hindering the accumula-
tion of organic layers that lead to the formation
of compact floating mats. Burning of nearby

grasslands that can extend to the floodplain
and cattle ranching during the dry season also
destroy part of the vegetation, reducing the
accumulation of litter.

Seasonal variation: Flooding pulses are a
common feature of many tropical rivers (Junk
et al., 1989; Tockner et al., 2000; Junk &
Wantzen, 2004) and floodplain lakes (Wantzen
et al.,, 2008). They also homogenize the bio-
logical, limnological, physical and chemical
characteristics of contiguous water bodies by
increasing hydrological connectivity (Junk &
Wantzen, 2004; Thomaz et al., 2007). In the
case of the ZFLC free floating and rooted float-
ing macrophytes exhibit intense growth during
the period of increasing water level and during
floods, while gradually decreasing when the
water receded from the floodplain. Community
structure and species composition did not vary
significantly during these phases. But during
the dry season, when extensive parts of the
shorelines where exposed to drought, the com-
munity structure became significantly different
from previous phases. Not even the mid-summer
drought had as significant a disrupting effect on
vegetation structure.

Our results indicated that the homogenizing
effect does not increase steadily during flooding,
and that community composition is determined
from the start of the wet season. Similar results
have also been reported by Rial (2006) for
the Venezuelan Llanos. In accordance with the
findings of Osland, Gonzalez, and Richardson
(2011), we considered that early rainfall periods
at the beginning of the wet season initiate seed
germination and re-sprouting of plants, therefore
setting the community structure of the vegetation
that will establish and persist during the follow-
ing flooding phase. Aquatic and wetland plants
surviving the dry season in permanently inun-
dated areas of the lake and in lagoons also con-
tribute to the fast re-colonization of shorelines.
Thus the floristic composition of the vegetation
is determined from the onset of the wet season
and increasing or receding water levels will not
substantially change the community structure
during the flooding cycle. But maximum low
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water level during the dry season will reset the
scenario for the next vegetation cycle, which
is determined by the enduring seed banks and
the vegetative reproduction capability of dry-
tolerant species. There is also evidence that the
distribution of several macrophytes is rearranged
during the flooding process (Boschilia, Oliveira,
& Thomaz, 2008; Sousa et al., 2011). Further
research is required to test this hypothesis as well
as to determine the wetting regimes (rain, flood-
ing) that support viable dormant seeds germina-
tion and rhizomes sprouting in these systems.

While water fluctuations are certainly a
dominant driving force in the dynamics of
the ZFLC vegetation, perennial communities
of Persicaria hispida-Caperonia castaneifolia
(CT-1), Brachiaria mutica (CT-V), and Persi-
caria glabra (CT-VI) are less affected by these
variations. These communities persist during the
entire season with few changes in their abun-
dances, thus contributing, in low intensity, to
the homogenization process of contiguous water
bodies. On the other hand, individual plants or
patches of free floating macrophytes are pas-
sively spread by wind and currently increasing
the similarity within and between aquatic habi-
tats during flooding. Additionally, the success of
Eichhornia crassipes in colonizing habitats sub-
jected to wide and erratic fluctuations in water
level appears to be related to its ability to modify
morphological traits according to the availability
of nutrients and water level (Neiff, Casco, & Poi
de Neiff, 2008).

Hydrological changes between the flooding
and receding waters occur on a temporal conti-
nuity following a bimodal pattern for the ZFLC.
Based on the existing literature for South Ameri-
can floodplain lakes, very little are known about
fluctuations in plant community structure and
the bimodal flooding patterns. One can expect
differences in seasonal patterns between geo-
graphical regions, but further comparative stud-
ies are needed in order to increase the knowledge
about wetland vegetation and its response to
similar flood pulses.

Next we present a summary of the vegeta-
tion processes in the ZFLC in order to provide
consistent information for the developing of

sound management and restoration plans. In this
case, we adopted the hydrological pulses defined
by Esteves (1998) as dry phase, flooding phase,
high water phase, and receding phase.

I. Dry phase: This phase corresponds to
the dry season and occurs during December
and January to March of each year. As the
water recedes, the biomass produced by the
aquatic and semi-aquatic vegetation dries and
decays. As a result, large amounts of dead bio-
mass accumulate in the exposed sediments and
their decomposition contributes to an increase
in the nutritional status of the shoreline (Fer-
reira et al., 2010; Piedade et al., 2010). For
most hydrophytes it represents a period of
dormancy, where plants survive in the form
of seeds, rhizomes and/or desiccation resistant
buds. However, areas permanently flooded dur-
ing the dry season are serving as a shelter for
aquatic and wetland plants. Other parts of the
dry and exposed shorelines are rapidly colo-
nized by ruderal terrestrial plants, and survival
span of this vegetation is limited by the start of
the next flooding phase.

The distribution patterns of terrestrial
plants on the shoreline are determined by
short-term water level fluctuations, which are
dictated by temporal rainfalls in the Cesar and
Magdalena river catchment area. The expand-
ing and contracting action of the water level
on the steeper shorelines can lead to a concen-
trated seed deposition and germination, locally
leading to the formation of distinct vegetation
bands. Growth and exuberance of the terres-
trial plant communities also relies on the physi-
cal and nutrient conditions of the substrate.
Thus, exposed and well drained shorelines with
gravel to sandy and nutrient poor substrates
are generally colonized by Mimosa dormiens-
Eragrostis sp. communities (CT-VIII), while
fine sediments enriched with detritus or other
organic material are usually occupied by the
Heliotropium indicum-Ambrosia peruviana
communities types (CT-VII).

II. Flooding phase: Persistent rainfalls,
which start during March, initiate the wet
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season, yet water level of the CZFL only begins
to raise approximately one month later when
excess water of the Magdalena and Cesar Riv-
ers start to flood the basin. Seed germination
and vegetative regeneration by rhizomes or
stolons of the rooted emergent plants are trig-
gered by early-wet season rainfalls (Osland et
al., 2011), leading to a fast re-growth of the mat
forming vegetation. Low-lying flats and swales
of the floodplain (Junk, 1986) become inundat-
ed by runoff water from heavy rains, forming
shallow lakes and lagoons where rooted float-
ing plants start to build up dense populations of
Paspalum repens, Ludwigia helminthorrhiza,
Neptunia oleracea and Aeschynomene indica.
Similarly, a fast development of free float-
ing plants consisting of Eichhornia crassipes,
Salvinia auriculata, and Pistia stratiotes can
be observed in these habitats. It is also dur-
ing this phase when remaining litter from the
aquatic and wetland vegetation of the previous
season and decaying terrestrial herbaceous
plants starts to decompose in shallow waters,
generating a local reduction of O, and develop-
ment of H,S. However, with raising water level
this condition will persist only for a few weeks.
These conditions do not occur at the final phase
of the mid-summer drought in August.

II1. High water phase: This phase rep-
resents the maximum flooding period and
occurs between October and November in
each year. The previous mid-summer drought
during August causes only a minor reduction
in the overall vegetation cover. Thereafter
the Aeschynomene indica-Paspalum repens
community types (CT-II) slightly increases
without exceeding the exuberance of the prior
flooding phase (May-June). However the open
spaces not occupied by graminoid floating
mats are filled by free floating communities
of the Salvinia auriculata-Wolffiella lingu-
lata (CT-I) or Vigna luteola (CT-1V) type. This
observation agrees with the findings of van
der Valk (2005), Maltchik, de Oliveira, Rolon,
and Stenert (2005) and Maltchik, Rolon, and

Schott (2007) that small water-level fluctua-
tions (~50cm) in wetlands may lead to changes
in species dominance, moreover if fast clonal
growing species are involved. The occasional
appearance of the free floating species Salvinia
sprucei and Phyllanthus fluitans can also be
observed before the completion of the flooding
cycle. Similar events are also reported by Junk
(1970) for the Middle Amazon and Sabattini
and Lallana (2008) for the middle Parana River.
It is also during this phase that wind and wave
action detaches portions of the free floating
mats leading to errant floating islands drifting
in channels, rivers and lakes.

IV. Receding phase: After maximum
floods during November a continuous draw-
down is initiated ending with the lowest water
level in February. Thus, if rising water level
represents an increasing homogenization pro-
cess (Thomaz et al., 2007), drawdown could
be seen as an inverse progression toward het-
erogeneization through floodplain fragmenta-
tion. Receding water also affects the littoral
in different ways, retreating faster and more
extensively on gentle sloping terrain than on
steep sloping shorelines. On the other hand the
receding phase can be associated to a flower-
ing and seed producing stage of aquatic and
wetland species. In certain species the ability
to reproduce is related to the age of the plant,
requiring only short vegetative periods before
flowering (Sculthorpe, 1985). For instance, in
the Middle Amazon flowering of Paspalum
repens initiates during the middle of the rain
season and ends in the middle of the dry season
(Junk, 1970), while sporocarp production of
Salvinia auriculata is associated with habitats
that dry up (Coelho, Lopes, & Sperber, 2005).
In the ZFLC the later also has been observed
for Salvinia sprucei and Azolla microphylla.
However, floral initiation frequently occurs at
the end of maximum vegetative growth, and
may also occur in response to water tempera-
ture and chemistry (Junk, 1983; Ghosh, Santra,
& Mukherjee, 1993).
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RESUMEN

Dindamica estacional de la vegetacion litoral en
el complejo lagunar inundable Zapatosa, Colombia.
Las ciénagas y humedales asociados a sistemas fluviales en
climas tropicales secos son controlados por fluctuaciones
hidrologicas estacionales pronunciadas. En este trabajo se
examind la respuesta de la comunidad vegetal a un patrén
bimodal de inundaciones en el complejo de ciénagas de
Zapatosa (ZFLC), al norte de Colombia. Se estudiaron los
cambios floristicos y cuantitativos de la vegetacion en cuatro
periodos de muestreo destacando diferencias estacionales en
las abundancias y la estructura biotipologica de las plantas.
De las 79 especies identificadas en el complejo lagunar, 52
se utilizaron para caracterizar ocho tipos de comunidades
mediante tacticas multivariadas de clasificacion y ordena-
cion. Los resultados revelan que la estructura de las comuni-
dades no cambia de manera significativa durante los periodos
de inundacion/sequia. Unicamente la época de méxima
sequia altera la estructura de las comunidades acuaticas y el
litoral expuesto es colonizado por plantas ruderales terres-
tres. Las precipitaciones iniciales al inicio de la temporada de
lluvias se destacan como una caracteristica importante para
la regeneracion de las plantas y el desarrollo subsiguiente de
las comunidades. La estrategia de sobrevivencia general de
la vegetacion acuatica del ZFLC puede enmarcarse en el con-
cepto de pulso de inundacion de los sistemas fluviales inun-
dables. Por lo tanto las comunidades vegetales responden
principalmente a los disturbios y la destruccion impuestos
por las fluctuaciones extremas del nivel del agua.

Palabras clave: Rio Cesar, pulso de inundacion, lito-
ral, macrofitos, Rio Magdalena, ciénagas, estacionalidad
bimodal.
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APPENDIX 1

Selected environmental variables of the surface water in the Zapatosa floodplain lake complex. Mean + SD and sample size
(n) for the different sampling periods. EC = conductivity, SD = Secchi depth, TDS = total dissolved solids, COD = chemical
= total phosphorus, nd = no data. Data compiled from Vifa et al. (1991)

oxygen demand, DO = dissolved oxygen, P

Variable July-1990
pH 7.8+0.3 (n=28)
EC (uS/cm) 171.4+9.3 (n=28)
SD (cm) nd
TDS (mg/L) 86.1+5.0 (n=28)
COD (mg/L) 17.8+12.3 (n=12)
DO (mg/L) 5.8+1.6 (n=28)

N-NO," (mg/L)
N-NO;™ (mg/L)

0.007+0.008 (n=16)
0.19+0.12 (n=16)

October-1990
8.7+0.5 (n=20)
163+19.5 (n=20)
19.246.7 (n=20)
81.6£10.1 (n=20)
26.6+25.0 (n=20)
4.7+1.4 (n=20)
0.001+0.002 (n=20)
0.43+0.22 (n=20)
0.18+0.16 (n=20)
0.14+0.04 (n=20)
0.158+0.03 (n=20)

February-1991
8.5+0.5 (n=20)
234+59.6 (n=20)
16.5+6.5 (n=20)
119.1+£29.9 (n=20)
44.4429.8 (n=20)
7.1£1.7 (n=20)

0.091+0.097 (n=20)

0.24+0.2 (n=20)
0.76:0.43 (n=20)
0.38+0.2 (n=20)
0.431+0.2 (n=20)

May-1991
8.3+0.4 (n=20)
237.2427.3 (n=20)
26.6+12.3 (n=20)
118.8+13.7 (n=20)
29.5425.9 (n=20)
4.9+1.5 (n=20)
0.026+0.066 (n=20)
0.20+0.1 (n=20)
0.2020.08 (n=20)
0.32+0.16 (n=20)
0.343+0.164 (n=20)

N-NH," (mg/L) 0.27+0.09 (n=16)
0-PO, (mg/L) 0.1620.08 (n=16)
P_ (mg/L) 0.186:0.079 (n=16)
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APPENDIX 2

Checklist of aquatic, wetland and terrestrial macrophytes in and around the Ciénaga de Zapatosa floodplain lake. Higher
taxa are classified according to the Angiosperm Phylogeny Group system (APG 111, 2009). Species names and authors
follow the plant list database (The Plant List, 2010. Version 1. Published on the Internet; http://www.theplantlist.org/
[accessed 24 May 2012]). For definition of life forms see text

Taxon Life form
PTERIDOPHYTA
MARSILEACEAE
Marsilea polycarpa Hook & Grev. Rooted floating
PARKERIACEAE
Ceratopteris pteridoides (Hook) Hieron Free floating
SALVINIACEAE
Azolla microphylla Kaulf. Free floating
Salvinia auriculata Aubl. Free floating
Salvinia sprucei Kuhn Free floating
NYMPHAEALES
NYMPHAEACEAE
Nymphaea amazonum Mart. & Zucc. ssp. amazonum Floating leaved
Nymphaea glandulifera Radschied Floating leaved
MONOCOTS
ALISMATACEAE
Echinodorus subulatus (Mart.) Griseb. Rooted emergent
Limnocharis laforestii Duchass. ex Griseb. Rooted emergent
Limnocharis flava (L.) Buchenau Rooted emergent
Sagittaria guayanensis Kunth ssp. guayanensis Floating leaved
ARACEAE
Lemna aequinoctialis Welwitsch Free floating
Lemna valdiviana Phil. Free floating
Pistia stratiotes L. Free floating
Wolffia columbiana Karst. Free floating
Wolffiella lingulata (Hegelm.) Hegelm. Free floating
CYPERACEAE
Cyperus articulatus L. Rooted emergent
Cyperus luzulae (L.) Rottb. ex Retz. Rooted emergent
Eleocharis mutata (L.) Roem. & Schult. Rooted emergent
Fimbristylis vahlii (Lam.) Link. Terrestrial
Oxycaryum cubense (Poepp. & Kunth) Palla Rooted emergent
Pycreus macrostachyos (Lam.) J.Raynal ssp. macrostachyos Terrestrial
Rhynchospora corymbosa (L.) Britton Rooted emergent
HELICONIACEAE
Heliconia marginata (Griggs) Pittier Rooted emergent
HYDROCHARITACEAE
Najas arguta Kunth Rooted submerged
MARANTHACEAE
Thalia geniculata L. Rooted emergent
POACEAE
Brachiaria mutica (Forssk.) Stapf Rooted emergent
Cynodon dactylon (L.) Pers. Terrestrial
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APPENDIX 2 (Continued)

Taxon
Echinochloa colona (L.) Link.
Echinochloa crus-pavonis (Kunth) Schult.

Eragrostis hypnoides (Lam.) Britton, Sterns & Poggenb.

Eragrostis sp.

Leersia hexandra Sw.

Luziola subintegra Swallen
Hymenachne amplexicaulis (Rudge) Nees
Panicum elephantipes Nees ex Trin.
Panicum laxum Sw.

Paspalum repens P.J. Bergius
PONTEDERIACEAE

Eichhornia azurea (Sw.) Kunth
Eichhornia crassipes (Mart.) Solms
Heteranthera reniformis Ruiz & Pav.
EUDICOTS

AMARANTHACEAE
Alternanthera caracasana Kunth
ASTERACEAE

Ambrosia peruviana Willd.
BORAGINACEAE

Heliotropium indicum L.
Heliotropium procumbens Mill.
CLEOMACEAE

Cleome cf. parviflora Kunth
CONVOLVULACEAE

Cuscuta cf. americana L.

Evolvulus sp.

Ipomoea aquatica Forssk.

Ipomoea subrevoluta Choisy
CURCUBITACEAE

Luffa operculata (L.) Cogn.
EUPHORBIACEAE

Caperonia castaneifolia (L.) A. St.-Hil.
Caperonia palustris (L.) A. St.-Hil.
Euphorbia serpens Kunth
FABACEAE

Aeschynomene indica L.

Mimosa dormiens Humb. & Bonpl. ex Willd.

Mimosa pigra L.

Vigna luteola (Jacq.) Benth.
Neptunia oleracea Lour.
HYDROLEACEAE
Hydrolea spinosa L.
LENTIBULARIACEAE
Utricularia foliosa L.
Utricularia gibba L.
LINDERNIACEAE
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Life form
Rooted emergent
Rooted emergent

Terrestrial

Terrestrial
Rooted emergent
Rooted emergent
Rooted emergent
Rooted emergent
Rooted emergent

Rooted floating

Rooted floating
Free floating
Rooted floating

Terrestrial

Terrestrial

Terrestrial

Terrestrial

Rooted emergent

Parasitic
Terrestrial
Rooted floating
Terrestrial

Terrestrial

Rooted emergent
Rooted emergent
Terrestrial

Rooted emergent
Terrestrial
Rooted emergent
Rooted floating
Rooted floating

Rooted emergent

Free floating

Free floating



APPENDIX 2 (Continued)

Taxon
Lindernia crustacea (L.) F. Muell.
MALVACEAE
Melochia sp.
ONAGRACEAE

Ludwigia helminthorrhiza (Mart.) H. Hara.

Ludwigia leptocarpa (Nutt.) H. Hara
PHYLLANTHACEAE

Phyllanthus fluitans Benth. ex Miill. Arg.
PLANTAGINACEAE

Bacopa egensis (Poepp.) Pennell
Bacopa repens (Sw.) Wettst.

Bacopa salzmannii (Benth.) Edwall
POLYGONACEAE

Persicaria (Polygonum) caucanum Fassett
Persicaria glabra (Willd.) M.Gémez
Persicaria hispida (Kunth) M.Goémez
PORTULACACEAE

Portulaca oleraceae L.
RUBIACEAE

Oldenlandia herbacea (L.) Roxb.
SAPINDACEAE

Cardiospermum halicacabum L.
SOLANACEAE

Physalis angulata L.

Solanum cf. tampicense Dunal
SPHENOCLEACEAE

Sphenoclea zeylanica Gaertn.

Life form
Rooted emergent

Rooted emergent

Rooted floating

Rooted emergent
Free floating
Rooted emergent
Rooted emergent
Rooted emergent
Rooted emergent
Rooted emergent
Rooted emergent
Terrestrial
Rooted emergent

Terrestrial

Terrestrial

Rooted emergent

Rooted emergent
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