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Abstract
Two herbaceous Ipomoea climbers grow over trees planted to restore a freshwater forested wetland in the
Gulf of Mexico, causing high tree mortality and limiting restoration success. To better control these
species, we evaluated their potential for biomass accumulation and regeneration following removal. We
simulated the tree-climber relationship in a �eld experiment by varying light conditions and trellis
availability, and by cutting aerial biomass. We also considered the spatial variability of the wetland’s
�ood level. Ipomoea tiliacea accumulated more biomass at low �ood levels, while Ipomoea indica
accumulated more biomass at higher �ood levels. Despite this, I. tiliacea accumulated more biomass
over the entire �ood level gradient and the highest �ood levels seem to prevent regeneration in both
species. There was no vine seed germination, so for both species, regeneration relied on shoot
production. I. tiliacea increased its growth more than I. indica when trellises were available, even under
shade. It means that that restoration conditions favor I. tiliacea, which makes its management specially
challenging. We recommend characterizing hydrology of the site under restoration to design more
effective Ipomoea control strategies. Future efforts to restore this forested freshwater wetland should
select areas with the highest �ood levels, where I. tiliacea growth is limited, ensuring that the trees to be
planted can withstand the �ood levels. Removal should be avoided during the dry season, when low �ood
levels favor regeneration in both species.

Introduction
The proliferation of exotic and native weed plants is one of the most visually obvious signs of ecosystem
degradation (Bodmin, 2010). This phenomenon is becoming more frequent in wetlands, particularly as a
result of the water table lowering and nutrient enrichment (Bodmin, 2010; Liu et al., 2016). Weed
proliferation changes ecosystem structure and dynamics, and acts as a barrier to its restoration (Vargas
Ríos, 2011).

            The goal of wetland restoration is to reestablish important ecosystem services such as the
regulation of the hydrological cycle, carbon storage and the production of goods that provide people with
a livelihood and improve both their well-being and that of the local and regional economies, among other
bene�ts (Howard et al., 2019; Ramsar Convention on Wetlands, 2018). While the importance of wetland
restoration—and that of coastal wetlands in particular—has been globally acknowledged, the freshwater
wetlands that are part of the coastal landscape have received much less attention from the scienti�c
community, policy- and decision-makers (Vázquez-González et al., 2017).

            In the last 100 years, freshwater forested wetlands on the central coast of Gulf of Mexico have
been rapidly replaced by other types of land use; pastures for raising cattle in particular (Infante-Mata et
al., 2014; Moreno-Casasola et al., 2010). Despite this ongoing threat, in Mexico there are no speci�c
monitoring or protection programs, although these measures have been successfully implemented in
mangroves, with positive effects including acquiring knowledge and conserving their structure and
environmental services (Valderrama Landeros et al., 2015; Vázquez-González et al., 2017).
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Similarly, while sorely needed, restoration projects of freshwater forested wetlands in Mexico and the
world are few and far between, and knowledge about applied restoration in this particular ecosystem is
also limited. In Mexico, freshwater forest restoration projects began in 2010 in a degraded area of 0.5
km2 in the Ciénega del Fuerte Natural Protected Area (CFNPA). The area is covered by herbaceous
vegetation, mainly grasses (Leersia hexandra and L. orizoides) and the herbaceous climbers Ipomoea
indica and I. tiliacea, which sprawl over the grass or use trees or bushes as trellises (Sánchez Luna,
2018).

            Controlling the proliferation of these two Ipomoea species has been one of the main challenges for
restoration project because once the trees are planted, these vines climb over them, causing shade and
mechanical damage that decreases tree growth and survival rates (Sánchez Luna, 2018). The vegetation
layer formed by climbers has been removed at the beginning of the restoration process, but it regenerates
and grows rapidly. This has forced periodic cutting to free the trees, requiring a signi�cant investment of
time and money (Sánchez Luna, 2018). The natural distribution area of these two species is extensive
and includes the region of the CFNPA (Mcdonald, 1994). While they are not invasive species, due to their
negative effect on restoration they are locally considered weeds (sensu Pyšek et al., 2004).

Woody and herbaceous climber proliferation is becoming frequent in both forest gaps and disturbed
forests globally  (Allen et al., 2007; Foster et al., 2008; Horvitz et al., 1998; Murphy et al., 2016; Schnitzer et
al., 2000). At its worst, this phenomenon can lead to the replacement of forest vegetation by a dense layer
of climbers that prevents ecological succession, even when active restoration efforts are being made, and
this is happening in the CFNPA. Thus, during restoration climber removal is considered necessary to
improve tree recruitment, growth and survival (César et al., 2016; Marshall et al., 2017; Myers et al., 1995). 

Ipomoea is a broadly distributed tropical and subtropical genus that includes herbaceous climber species
reported as invaders and weeds in wetlands. I. aquatica, I.  carica and I. indica are listed as invasive plant
species of the world as they grow forming tangles of intertwined stems in freshwater bodies in Florida
and Cuba, in the disturbed coastal ecosystems of China and in the disturbed terrestrial and riverine
ecosystems in South Africa, Australia and New Zealand (Weber, 2003). Some Ipomoea species are
plagues in crops, such as I. heredifolia, I. grandifolia, I. nil, I. purpurea and I. quamoclit and are among the
most harmful to sugar cane crops in Brazil (Kuva et al., 2007).

            Ipomoea control is necessary to increase survivorship of planted trees during the restoration of the
CFNPA’s freshwater forested wetland. This control requires a better understanding of the potential
biomass accumulation and regeneration of the vines following removal. These factors are modulated by
the tree-climber relationship and wetland disturbance regime during restoration. With the initial removal
of the vines and the planting of the trees, restoration activities introduce a disturbance because they
change light and trellis availability. These climbers grow using the trees as trellises and, at the same time,
shade and damage the trees. Additionally, in any wetland the hydroperiod should be considered the main
factor that determines the disturbance regime and plant community composition (Keddy, 2010). In this
study, we evaluated the regeneration capacity and biomass accumulation of I. tiliacea and I. indica under



Page 4/19

different conditions of trellis and light availability, and taking the wetland’s �ood level gradient into
consideration.

            We evaluated whether the increase in light availability that follows initial vegetation removal
represents a window of opportunity for the regeneration and proliferation of these climbers, as light
demanding plants (Davis et al., 2000; Leicht-Young et al., 2015; Putz, 1984; Royo et al., 2006; Sutherland,
2004; Young et al., 2010). We hypothesized that this window remains open until the understory becomes
shaded, in this case, from treetop growth (Leicht-Young et al., 2015; Young et al., 2010). We also expected
that tree planting would favor biomass accumulation in Ipomoea spp. as trees offer trellises for these
climbers; the latter being a limiting resource for Ipomoea’s growth, even though there are species that can
live without trellises (den Dubbelden et al., 1995; Putz, 1984).

Methodology
Study area:

This study was done at the Ciénega del Fuerte Natural Protected Area (CFNPA), on the central coastal
plain of the Gulf of Mexico in the state of Veracruz, Mexico. The climate in the region is wet and warm
with three seasons: rainy from July to October, cold with northerly winds and rain from November to
February and, dry from March to June (Infante Mata et al., 2012). Mean annual temperature is 24 °C and
total annual precipitation is around 1450 mm (Coordinación Estatal de Medio Ambiente, 2002; Infante
Mata et al., 2012).

Wetlands are the main ecosystem on the CFNPA landscape, which has mangroves, and herbaceous and
forested freshwater wetlands (Figure 1). Thalia geniculata and Typha domingensis are the most
important species in the herbaceous wetlands (Sánchez-Higueredo et al., 2020), while Pachira aquatica is
the dominant tree species in the forested freshwater wetlands (Infante Mata et al., 2012). The freshwater
wetlands are �ooded for about 40% of the year (Infante Mata et al., 2012), with the �ood peak occurring
in October when the water level rises to around 50 cm above ground level. During the following months
the water level decreases steadily until May or June, when it drops to around 40 cm below ground level.
Thereafter, the water level begins to rise and is above the soil’s surface from September onward (Infante
Mata et al., 2012).

For the study sites, areas covered by herbaceous vegetation dominated by Ipomoea spp. and Leersia spp.
were chosen. These sites are similar to those where the restoration of �ooded forest has been carried out,
but in the study sites there has been no restoration, planting or control of herbaceous species.

Experimental design:

            Twenty 10 m × 10 m plots were randomly set up at the study site, with the criterion that they be
separated by at least 20 m. To isolate these plots from the surrounding vegetation, one-meter-wide
corridors were created by periodically removing the vegetation cover around the plots. 
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To assess the effect of the availability of support structures (trellises) on biomass accumulation by the
vines, each plot was divided into two equal parts. Six PVC tubes, 15 cm in diameter and 150 cm in height,
were installed on one side of the plot, separated from each other and from the edge of the quadrat by at
least two meters. Texture was added to each tube by cutting vertical grooves along their length. Also,
holes were drilled, into which we inserted four equidistant 0.5 cm diameter wood rods that protruded 10
cm out on each side, to simulate branches. On the other side of each plot, no supports were installed (Fig.
2 a-d).

To evaluate the effects of plant removal and shade, �ve of the plots described above were assigned to
one of the following treatments: 1) Ipomoea removal at the beginning of the experiment. For this
treatment all aerial biomass and part of the underground biomass were removed using the method
developed by local workers and applied before trees are planted in the areas under restoration in CFNPA.
The method consists of lifting and rolling up the thick herbaceous grass layer as is done with sod or turf
(Fig. 2e); 2) Plots shaded with 65% light attenuation mesh (Fig. 2c); 3) Ipomoea removal and plot shaded
with 65% mesh; 4) Control treatment with no Ipomoea removal or plot shading.

To describe the hydrology of the study plots, a standpipe piezometer was placed in the southwest corner
of each plot following the methodology proposed by Peralta Peláez et al. (2009). Water table �uctuation
was monitored monthly and the maximum level recorded during the experiment (beginning of the wet
season) was used to represent each plot.

To estimate Ipomoea regeneration, the regrowth and seedlings that appeared during the �rst month after
removal were counted in two 1 m2 areas in the middle of the plot. To estimate Ipomoea biomass, growth
was allowed during the dry season of 2017 (between April and August). After this period, each plot was
subsampled by harvesting the total aerial biomass from six 1 m2 plots, three in the half plots with trellises
and three in the half without trellises. Due to the challenge of transporting the enormous amount of
harvested biomass out of the wetland to an oven, the fresh biomass was determined in situ for each
species and, using previously calculated linear regression equations, the dry biomass of each species per
square meter was estimated.          

Data Analyses

The effects of �ood level, initial plant removal, shade, trellis availability and their interactions on biomass
accumulation by Ipomoea were tested using a generalized mixed model for each species (Zuur et al.,
2011). The model included the experimental plot as a random variable. In each case, to ful�ll the
requirement for the homogeneity of variance, another term was included to model the variance.
Additionally, to compare the biomass of the two species in plots without initial removal, without shade
and without trellises, a t-test was done. All analyses were run using R software, version 3.4.2 (R Core
Team, 2020). For the mixed generalized models the nlme package was used (Pinheiro et al., 2018).

Results
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Effect of environmental variables associated with management on the biomass accumulation of
Ipomoea tiliacea

The accumulation of I. tiliacea biomass in plots where the herbaceous vegetation was removed at the
beginning of the experiment was signi�cantly lower than in plots without plant removal (X2= 0.26, d.f.=1,
p<0.001) (Table 1, Figure 3). Mean biomass of I. tiliacea at the end of the experiment in plots without
plant removal was 143.9 g/m2 and the maximum biomass recorded biomass for this species was 480.6
g/m2. In contrast, in plots with initial removal of herbaceous vegetation the mean and maximum I.
tiliacea biomass values were 18 g/m2 and 189.8 g/m2, respectively. The latter values represent the
biomass that this species regenerated over �ve months of growth during the dry season. 

The interaction between shade, trellis availability and �ood level also had a signi�cant effect on the
accumulation of I. tiliacea biomass (X2= 2.39, d.f.=1, p<0.01; Table 1, Figure 3). When trellises were
available, the biomass at the end of the experiment was always higher, in both shaded and unshaded
plots. The increase in biomass was lower when the area was shaded, and was inversely proportional to
the height of the �ood level for the plot. Differences in the biomass accumulated by I. tiliacea resulting
from shade and trellis availability are only evident when the �ood level is relatively low, but in areas where
the �ood level is maximum, accumulated biomass tends to zero regardless of the availability of trellises
and light.

Effect of environmental variables associated with management on the biomass accumulation of
Ipomoea indica

The interaction between the initial removal of vegetation, shade and �ood level had a signi�cant effect on
I. indica biomass accumulation (X2= 8.56, d.f.=1, p<0.01; Table 1, Figure 3). When herbaceous vegetation
was removed from the plot, I. indica accumulated less biomass. Additionally, in shaded plots, I.
indica also accumulated signi�cantly less biomass (X2= 4.24, d.f.=1, p<0.05; Table 1). So, in shaded
plots, without plant removal, the mean biomass accumulated by I. indica was as low as it was in plots
with initial herbaceous plant removal (9.68 g/m2 in shaded plots vs. 44.0 g/m2 in unshaded plots). Flood
level had a signi�cant effect on I. indica biomass accumulation too (X2= 10.95, d.f.=1, p<0.001; Table 1).
In plots with a low �ood level, accumulated biomass was low, while in plots with the maximum �ood
levels, the biomass accumulation was greater for this species, approaching values of 500 g/m2. Even so,
this effect of �ood level was not evident in the shaded plots or those in which herbaceous vegetation was
removed at the beginning (Figure 3). 

The effect of trellis availability can only be understood by taking into account its interaction with the
other three experimental variables (X2= 4.945, d.f.=1, p<0.005; Table 1). Trellis availability was associated
with higher I. indica biomass accumulation only in plots with no initial plant removal, and the effect was
higher in unshaded and plots with a high �ood level. In contrast, the positive effect of trellis availability
on I. indica biomass accumulation was not evident in areas with the lowest �ood level (Figure 3). 
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Table  1  The effects of initial removal  of  herbaceous vegetation  (HR), shade (SH),
supplementary trellises (ST) and flood level (FL) on biomass accumulation by
two Ipomoea species in the CFNPA. Significant differences (p-value ≤0.05) are in bold.   
 

 

 

I. tiliacea I. indica

  X2 d.f. p-value X2 d.f. p-value

HR  0.05 1 <0.001 2.59 1 0.11

SH 0.12 1 0.82 4.24 1 <0.05

ST  0.02 1 0.87 0.82 1 0.36

FL   0.33 1 0.56 10.98 1 <0.001

IR : ST 1.71 1 0.19 0.01 1 0.93

IR : FL 0.05 1 0.83 0.004 1 0.95

SH : FL 4.88 1 <0.05 0.69 1 0.40

SH: ST 6.53 1 <0.05 0.85 1 0.36

ST : FL  6.32 1 <0.05 2.12 1 0.14

SH : IR : ST 2.77 1 0.10 3.02 1 0.08

SH : IR : FL 0.69 1 0.40 8.57 1 <0.005

SH : ST : FL  7.54 1 <0.01 0.04 1 0.83

IR : ST : FL   1.00 1 0.32 0.20 1 0.65

SH : IR : ST : FL 2.39 1 0.12 4.94 1 <0.05

 

 

Comparison of the biomass accumulation patterns of Ipomoea tiliacea and Ipomoea indica

Without herbaceous plant removal, trellises, or shade, Ipomoea biomass accumulation in this wetland
can be explained by the interaction between species and �ood level (t=-2.183, p<0.05). I.
tiliacea accumulated an average of 81.61 g/m2, and I. indica 33.4 g/m2 (t=49.55, p<0.005). This
difference was evident in plots with low and moderate �ood levels, but disappeared in plots at high �ood
levels, because the increase in �ood level was accompanied by an increase in I. indica biomass, while I.
tiliacea’s biomass remained constant across this �ood gradient (Figure 3). 

This pattern was also observed for both species in the absence of trellises, however, with trellises the �nal
biomass of I. tiliacea increased, especially in areas with low �ood levels, so there is an inverse
relationship between �ood level and the biomass accumulated by this species. This trend in I. tiliacea is
the opposite of the direct relationship between the �ood level and the biomass accumulated by I. indica.
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Likewise, the presence of trellises favored biomass accumulation in I. tiliacea, even in shaded plots and
those with initial plant removal, while its positive effect on the biomass of I. indica was very low in
shaded plots and practically null in plots with initial plant removal. In both cases, the greatest difference
in biomass resulting from the presence of trellises occurred in the plots with no initial plant removal or
shading, and was greater in magnitude for I. tiliacea. This species accumulated approximately four times
more biomass (at the lower end of the �ood gradient), while I. indica accumulated twice as much
biomass (at the upper end of the �ood gradient) in response to the availability of trellises (Figure 3).

In both species, biomass was negatively affected by the removal of herbaceous vegetation at the
beginning of the experiment. Furthermore, for I. indica, the negative effect of shading was of the same
magnitude as that of initial herb removal, while in I. tiliacea this effect was not as great. When the
difference in accumulated biomass associated with the effect of shading was greatest (areas with
trellises at the lower end of the �ood gradient), the biomass of I. tiliacea in shaded areas was about two
times less than that of unshaded areas. For I. indica, this maximum difference was more pronounced,
with the �nal biomass about four times lower in shaded areas than in unshaded areas (in areas without
initial plant removal at the upper end of the �ood gradient) (Figure 3).

Regeneration

In both species, during the �rst month after plant removal regeneration only happened from shoot
production by the rhizomes remaining in the soil and there was no seed germination. The number of
sprouts was explained by the interaction between species, shade, and �ood level (X2=5.116, d.f.=1,
p<0.05). On average, I. tiliacea produced 4.9 shoots/m2, and I. indica produced 0.9 shoots/m2 (X2= 16.29,
d.f.=1, p<0.001). This difference was greatest when the �ood level was lowest and decreased as �ood
level increased, until it was virtually absent at the upper end of the �ood gradient, where the number of
sprouts produced by both species was around zero. While I. tiliacea produced fewer sprouts as the �ood
level increased, �ood level did not affect sprout production in I. indica, a species that had slightly higher
shoot production at the upper end of the �ood gradient (Figure 4). This pattern was observed in both the
plots with initial plant removal and in the shaded plots, while in the plots exposed to light, no effect of the
�ood level was observed. However, there were no plots at the lowest end of the �ood gradient, so it was
not possible to infer the effect of this variable on the production of Ipomoea shoots.

Discussion
In the CFNPA, the growth and regeneration patterns of I. indica and I. tiliacea in response to different �ood
levels and to the modi�cation of light and trellis availability during the restoration process of the forested
wetland, allow for a better understanding of the dynamics of the herbaceous vegetation and its
interaction with the trees planted during restoration. This is the basis for proposing more effective
management strategies that increase the probability of success in the restoration of this forested
wetland.
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These two species of Ipomoea are affected and favored by different combinations of environmental
conditions during restoration. I. tiliacea responds more e�ciently to the modi�cation of environmental
conditions linked to restoration. This makes its management di�cult and makes it the species that can
cause the most damage to planted trees. To begin with, we con�rmed the hypothesis that the absence of
trellises limits the growth of Ipomoea in areas of herbaceous vegetation, since the biomass of both
species was favored when this resource was available. However, this phenomenon is stronger in I.
tiliacea, which suggests that this species has a better ability to locate and climb support structures. As a
consequence, in an environment where trellises are available, I. tiliacea would be more successful than I.
indica (den Dubbelden et al., 1995) and, with its capacity to develop a large amount of biomass, is the
most problematic of these two species in the context of restoration. This pattern is consistent with
observations made in lianas, for which growth speed in response to the availability of support marks the
difference between invasive and non-invasive species (Leicht-Young et al., 2015).

The favorable effect of trellis availability on the �nal biomass of I. tiliacea, even under shaded conditions,
does not support the hypothesis that these vines have a high demand for light. However, it does support
the idea that the growth of these climbing plants is limited by the availability of trellises rather than by the
availability of light as Putz (1984) suggested. In contrast, the low biomass accumulation of I. indica
under shaded conditions, despite the availability of the trellises, does not concur with Putz’s idea, but �ts
the shade intolerance hypothesis for this vine. Thus, in general, the results of our study suggest that the
shade tolerance of herbaceous climbers such as Ipomoea spans a broader range than is assumed
characteristic of them as pioneer plants (Schnitzer and Bongers 2002; Toledo-Aceves and Swaine 2008).
Furthermore, the response of climbing plants to different degrees of light availability helps us understand
their diversity and distribution in ecosystems (Schnitzer et al. 2004).

The shade tolerance of I. tiliacea supports the idea that some species of climbers combine the
characteristics of both light-demanding and shade-tolerant plants. While they require lots of light to
establish, once established they can persist even under the shade of a tree canopy (Schnitzer and
Bongers 2002). This makes their management even more di�cult during the restoration of the forested
wetland, since they will not disappear or notably decrease in abundance when the canopies of the trees
planted increase and create more shade.

However, the shade tolerance of I. tiliacea was lower in plots with higher �ood levels, the opposite pattern
to that of I. indica, the species that had a higher tolerance to �ooding, at least when not stressed by
shade. Thus, the growth patterns of these two species would seem to indicate a compromise between
shade tolerance and �ood tolerance (Hall and Harcombe 1998). As suggested by some authors (Hall and
Harcombe 1998; Battaglia and Sharitz 2006), contrast in the response of species to these two
environmental variables helps us better understand the distribution patterns of plants in wetlands.

In the areas with plant removal, the accumulation of biomass observed along the �ood gradient and with
light availability is related not only to the effect that these variables have on the growth of established
plants, but also to their effect on the regeneration capacity of the two species, after being cleared. In
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areas with plant removal, I. tiliacea had the same biomass accumulation patterns that it had in areas
where herbaceous layer was left untouched. In contrast, the tendency of I. indica to accumulate higher
biomass in areas with high levels of �ooding and in response to the availability of trellises, was not
observed in areas with plant removal. This suggests that this species can be controlled relatively easily
during restoration efforts, as its shade tolerance is low and it has a low regeneration capacity after the
herbaceous layer is removed, at least in the short term.

Since it has been observed that high light availability favors the regeneration of climbing plants and
weeds in general (Horvitz et al. 1998; Ledo and Schnitzer 2014), we expected plant removal to have a
lower impact in plots completely exposed to light than in those that were shaded. However, the results
show the opposite pattern, since the biomass of both species was lower in plots with plant removal
exposed to light than in those that were shaded. It is necessary to keep in mind that in this combination
of treatments sampling only covered areas with high levels of �ooding. Since this zone of the gradient is
the least favorable for I. tiliacea, this species is expected to accumulate more biomass after plant
removal in areas with lower �ood levels. In contrast, high �ood values are the most favorable for I. indica
in plots with the herbaceous vegetation intact. Therefore, the low biomass of Ipomoea in these plots is
not explained by the effect of �ood level on the growth of established plants, but rather by the effect it
has on its regeneration.

From the start of plant removal, the level of the water table in areas with no to very low Ipomoea
regeneration was very close to the ground’s surface or even above it, thus the remaining underground
biomass was always under �ooded conditions. This would have limited the mechanisms of �ood
tolerance and restricted the possibility of sprouting from the rhizome. This pattern denotes an interaction
between defoliation stress and �ood stress that has been previously observed in some wetland grasses
for which regeneration after herbivory is much lower when they are in �ooded conditions (Striker et al.,
2008).

            Likewise, even when sprouting occurs, the survival of plants that are not very tolerant to �ooding is
severely limited during the early stages of growth (Kim et al., 2013). The probability of sprout (o shoot)
survival decreases when the �ood level increases, since the height that the plant must reach before
emerging is greater (Edwards et al., 2003). The probability of survival also decreases when the sprouts
are submerged during their early development and have a lower carbohydrate reserve (Mauchamp et al.,
2001). Taken together, this indicates that shoot production and survival will be lower in topographically
less elevated areas, where both the duration and the level of the �ood are greater.

The regeneration of Ipomoea from shoot recruitment but not from the germination of seeds concurs with
the �ndings of various studies that indicate vegetative reproduction is the most important mechanism in
the colonization and proliferation of climbing plants, especially in areas with a high degree of disturbance
and in response to disturbance events (Young and Peffer 2010; Ledo and Schnitzer 2014). In this sense,
although the results of this study suggest that when the remaining rhizome is in waterlogged soil, the
vegetative reproduction of Ipomoea after plant removal is restricted, it is known that this type of rhizome
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can survive long periods in �ooded soils (Capon, 2016). Therefore, this effect could be limited to the wet
season and shoot production could be reactivated in the dry season.

Finally, the observed effects of �ooding and shading on shoot production shows that it follows the same
patterns as the accumulation of biomass in the two species, thus reinforcing the importance of
vegetative reproduction in the life history of both I. indica and I. tiliacea. It is worth mentioning that, since
shoots were counted only once (one month after planting), it is likely that the number of shoots recorded
re�ects the speed with which each species can produce them—higher in I. tiliacea in this case—and not
necessarily the species’ ability to produce shoots in the long term.

The positive effect of trellis availability on biomass accumulation is more evident in the absence of
shade, and particularly in I. tiliacea (the more abundant and problematic of the two species). It illustrates
what occurs when trees with thin trunks and small crowns are planted: vine growth is facilitated and the
growth and survival of trees is negatively impacted. Thus, removal of the initial herbaceous layer is
necessary at the start of the restoration process in order to limit the impact of climbers on the recently
planted trees.

            The regeneration and growth patterns of the vines in this wetland also show that an understanding
of hydrology is very important when designing control strategies for the vines of the genus Ipomoea
during �oodplain forest restoration in the CFNPA. This highlights the importance of characterizing the
topography, as well as the spatial and temporal variations in hydrology in wetland restoration projects.

            Increasing the level and duration of �ooding has been proposed as a strategy to control weed
growth in wetlands, when the desired vegetation has greater tolerance to �ooding (Laubhan et al., 2006;
Liu et al., 2016; López-Rosas et al., 2013). However, we argue that for the CFNPA this is neither feasible
nor necessary. Instead, we propose taking advantage of the heterogeneity of the microtopography. In this
study we found that the �ood level gradient spans about 40 cm at the beginning of the wet season.

Therefore, we suggest prioritizing areas with higher �ood levels for planting trees, where the proliferation
of the most problematic species is not favored and the production of regrowth of both species of
Ipomoea is limited, at least in the short term. Trees tolerant to these �ood levels should be chosen.
Likewise, the removal of the vines would preferably be carried out during the weeks before the water level
increases above the soil’s surface, from July to August, to ensure that the vines’ underground biomass
remains in �ooded soils that limit vegetative regeneration for as long as possible. In contrast, cutting and
plant removal should be avoided when the dry season begins, since the low level of the water table during
this season will favor the growth of I. tiliacea, and the regeneration of both I. tiliacea and I. indica.
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Figure 1

Location of the Ciénega del Fuerte Natural Protected Area on the coastal plain of the Gulf of Mexico. The
vegetation and types of land use in the CFNPA and the study site (star) are shown.
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Figure 2

Photographs of the installation of the experiment. a. PVC trellises with wood rods simulating branches; b.
Detail of the texture on the trellises; c. Trellis setup in an experimental plot without Ipomoea removal and
with shade; d. Trellis setup in an experimental plot with Ipomoea and herbaceous plant removal and
without shade; e. Herbaceous vegetation removal method using a staff and a machete.
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Figure 3

Biomass accumulation in Ipomoea indica and Ipomoea tiliacea under contrasting conditions of trellis
availability, shade and initial herbaceous vegetation removal, along a �ood level gradient in the CFNPA
wetland.
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Figure 4

Number of shoots produced by Ipomoea indica and Ipomoea tiliacea during the month after initial
removal of the herbaceous vegetation.


