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ORIGINAL ARTICLE

An assessment of the floristic composition, structure and possible origin
of a liana forest in the Guayana Shield

J. R. LOZADA!, C. HERNANDEZ?, P. SORIANO?, & M. COSTA?

' Facultad de Cs. Forestales y Ambientales, Instituto de Investigaciones para el Desarrollo Forestal, Universidad de Los Andes,
Meérida, Venezuela; > Departamento de Botanica, Facultad de Cs. Forestales y Ambientales, Universidad de Los Andes, Mérida,
Venesuela and >Fardin Botdnico de la Universidad de Valencia, Espaiia

Abstract

Liana is a life form that possesses high importance in many Neotropical forests. Density of climbers apparently increases with
the intervention rate (e.g. logging). The aim of this work is to characterize the structure, floristic composition and soils of a
sector classified as Liana Forest (LF). We identified an LF sector in a not-logged area; three 1 ha square plots were measured
(individuals = 10 cm dbh, “diameter at breast height”). In each plot, we evaluate four 100 m? square understory subplots (all
spermatophyta individuals < 10cmdbh). LF has a low canopy (<15m) and is dominated by Alexa imperatricis and
Pentaclethra macroloba. Basal area (20.4 m*ha™ ') and diversity (H = 2.6) are lower than other surrounding plots. Understory
is dominated by gnarled climbers, and the most important are Cheiloclinium hippocrateoides and Bauhinia scala-simiae. Soil is
extremely acidic, with very low fertility but is similar to neighboring places. We conclude that LF was neither originated by
edaphic restrictions nor logging; LF probably suffered a hurricane wind that fell down most of the canopy trees, thick
individuals of climber species also disappeared, and the current successional stage favors a recovery dominated with thin
individuals of this life form.

Keywords: Climber, liana tangle, forest succession, forest management, Imataca

Introduction 2008). Liana Forest (LF) patches can inhabit until
20% of old-growth forests in the Eastern Amazon
(Keefe et al. 2009). Lianas are responsible for 30% of
the canopy species richness in an Amazonian forest
(Schroder et al. 2013).

The reproduction strategies and growth of lianas
allow them to be successful in many environments.
Some species are epiphyte during the first stages of
the life cycle, then their roots arrive to the soil and
they only use the guest to climb (Hernandez 1992).
The stems are resistant to tension and torsion, as well
as they have thorns and earrings that help them to
ascend and to reach the light (Vareschi 1992). It suits

Lianas invasion is a serious threat in forest
ecosystems (Putz & Mooney 1991). They can
represent a “stalled” successional stage (Hernandez
1997; Jacinto Tabanez & Viana 2000; Schnitzer et al.
2000). In various tropical forests, liana infestation
fluctuates between 42% and 86% of trees
= 10cmdbh (Putz 1983; Pérez-Salicrup et al.
2001). Wright et al. (2004) and Wright & Calder6n
(2006) have pointed out that lianas could be
increasing their biomass in the tropical forests.
Some of the causes can be the increment in the

CO, concentration that has a fertilization effect
(Granados & Korner 2002; Zotz et al. 2006) or the
global climate change (Phillips et al. 2002; Van Der
Heijden & Phillips 2008). In the Amazon forests,
increments in the lianas dominance can generate
changes in the floristic composition, favoring to
arboreal species of quick growth and low density and
reducing the carbon storage (Van Der Heijden et al.

to highlight that during the development of the
present investigation, we opened pathways with
“machete”, we observed that some hanging individ-
uals had abundant buds of roots about 8 days after
having been cut. In fact, Gerwing & Vidal (2002)
reports that coppicing of cut stems is one of the
principal mode of liana recruitment. Lianas have
deep roots (until 10m of depth) and efficient
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vascular system that represent an advantage during
the dry season (Restom & Nepstad 2004; Schnitzer
2005). Accoding to Leicht-Young et al. (2011)
increased density does not decrease lianas height
growth, and they do not follow the self-thinning law
at least in their early stages of growth.

Several studies reported lianas proliferation in
logged forests (Neil 1984; Putz 1985). For instance,
Vareschi (1992) describes the extraordinary invasion
of climbers in the road sides. Laurance et al. (1997)
found that, in logged sector borders, lianas biomass
increases. Lianas inhibit tree regeneration and form
tangles in understory, which persist for extended
periods (Schnitzer et al. 2000). It is stated that tree
fall gaps are the optimal regeneration site for lianas
and climber cutting is a silvicultural practice in many
tropical countries, focused to minimize the future
effect of lianas on tree regeneration (Schnitzer et al.
2004; Schwartz et al. 2013). In logged forests, the
lianas increase is particularly palpable in the skid
tracks and loading areas (Guariguata & Dupuy 1997;
Kouamé et al. 2004). Selective logged forest (40
years old) can exhibit almost three times more lianas
stems than old-growth forests (Ding & Zang 2009).

Some ecosystems have high occurrence of lianas
and are called LFs (Balée & Campbell 1990;
Hernandez 1997; Pérez-Salicrup et al. 2001).
However, neither some of their ecological character-
istics (e.g. climbers density and basal area, relation-
ship with perturbation) nor how to make a
distinction with other “standard” forests are clear .
There are some evidence about lianas abundance
increase in altered conditions (DeWalt et al. 2000;
Laurance et al. 2001). But, Rice et al. (2004) found
that very perturbed forests in Puerto Rico possess
low lianas affectation in the crowns because they are
dominated by pioneer trees with very quick growth,
flat bark and branches with quick renovation rate.
On the other hand, Van Der Heijden & Phillips
(2008) and Anbarashan & Parthasarathy (2013)
show that lianas basal area is higher in the old growth
or relatively undisturbed forests.

Regarding the information given above, we
designed a study to understand LF structure and
their origin. The research was developed to evaluate
how are the canopy and layers of an LLF; how are the
density, basal area, and importance index of all the
species in an LF; which is the relationship between
logging and lianas; and which another factors can
influence the origin of an LF.

Materials and methods
Study site

The Guayana Shield is one of the oldest areas of the
planet, is dominated by granitic, basic volcanic and

turbidic metamorphosed rocks of the Precambrian.
Inside this region, the Imataca Forest Reserve (IFR)
covers a surface of 3,822,000 ha, between 6°00' and
8°30'N and 59°50' and 62°10'W (MARN-UCV
2003). Our surveys were carried out in the Biological
Reserve Area, Unit C4, located in the central sector
of the IFR.

Annual precipitation is near to 1700 mm, and the
annual average temperature is 26°C. (MARN-UCV
2003). Soils were formed in the past 200,000—
100,000 years, starting from a substratum previously
affected by weathering, erosion, transport and
deposition processes; therefore soils are acidic, very
leached, with very low cation exchange capacity, and
toxic aluminum levels (Franco 1988; Lozada et al.
2014).

In the Holdridge System, the study area belongs
to tropical humid forest (Ewel et al. 1976). More
than 80% of the IFR possesses a forest covering that
is attached to the jungles of Guyana, Suriname,
French Guiana and the Amazon rainforest, forming
one of the largest regions of the planet with
continuous forest cover (Huber & Foster 2003;
MARN-UCV 2003).

Research design

We used three 1ha square plots (Ifl1, 1f2, and If3).
In each plot, all the trees, palms and lianas were
measured (dbh = 10 cm). Furthermore, a census of
all the spermatophyta species was carried out
(dbh < 10cm) in four wunderstory subplots
(100m?) inside each plot. Voucher specimens are
located at Herbarium MER (Universidad de Los
Andes, Mérida, Venezuela) and species list was
verified at The Plant List website.

Data analysis

The Importance Value Index (IVI) was calculated for
each species (Curtis & MclIntosh 1951), according to
the following equation:

IVI = Abundance% + Dominance% + Frequency%.

In addition, an Enlarged Importance Index (EII) was
used, according to Lozada et al. (2011):

EIl = IVI+ UA% + UF%

UA%: understory relative abundance. UF%: unders-
tory relative frequency.

We estimate the biomass, using the equation from
Brown et al. (1989) corresponding to tropical humid
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forest:
Y = 38.49 — 11.788(d) + 1.193 (d?);

Y = weight of the individual (kg); d = dbh (cm).

Diversity was evaluated through the Index of
Shannon-Wiener (H') and the Fisher’s Alpha («),
according to the following equations:

H' = —[pi X Ln(pi)],

where pi = number of individuals of a species/total
of individuals of the plot (Magurran 1988).

S=aln[l+Na!]

(Fisheretal. 1943, mentioned by ter Steege et al. 2003;
to make these calculations it was used a subroutine
available in www.bio.uu.nl/~herba/Guyana/ATDN/
pagina5.html).

We did an analysis of abundance in each
diametric category, and the Index Uhl-Murphy
(IUM) was calculated to illustrate the dominance
of thick or thin individuals (Uhl & Murphy 1981):

Number of Individuals = 10 cm dbh

IUM =
U Number of Individuals = 20 cm dbh.

Soil evaluation

To evaluate the soil, we opened a trial pit, the
horizons were identified, and in each one, we took
samples that were dried to the air, crushed, and a
2mm sieve was used to separate the thick skeleton.
Then, samples were subjected to the following
analyses (Klute 1986; Sparks et al. 1996): texture
determination (method of Bouyoucos); pH (deter-
mination in water, relationship 1:1 and using the

potentiometric method); organic matter (Walkley &
Black method); total nitrogen (Micro-Kjeldahl
method); organic carbon (Walkley & Black method);
phosphorus (P; colorimetric method with Vanadate-
Molybdate); sodium-Na, potassium-K, calcium-Ca,
magnesium-Mg, and iron-Fe (spectrophotometer of
atomic absorption, with North Carolina extractor
solution); exchangeable aluminum (potassium chlor-
ide method).

Results
Floristic composition and structure

When considering the structure of the forest and the
physiographic position, this LLF corresponds to a
hillside low forest. It possesses a canopy less than
15m height, with some emergent individuals that
arrive to 23 m. The highest trees belong to species
Carapa guianensis Aubl., Cordia exaltata Lam., Inga
alba (Sw.) Willd., I. ingoides (Rich.) Willd., Jacaranda
copaia (Aubl.) D. Don, Schefflera morototoni (Aubl.)
Maguire, Steyerm. & Frodin, Tachigali sp., Simar-
ouba amara Aubl., and Sterculia pruriens (Aubl.)
K. Schum.; these trees are isolated and make a cover
lower than 10%.

There is a layer between 5 and 15 m, with 70—
80% covering, and the most important species are
Alexa imperatricis (R. H. Schomb.) Baill. and
Pentaclethra macroloba (Willd.) Kuntze.; another
relevant species are Mabea piriri Aubl., Inga punctata
Willd., Protium decandrum (Aubl.) Marchand,
Duguetia pycnastera Sandwith, and Carapa guianensis
Aubl. (Table I).

We call understory to the inferior layer (<5 m), has
a 60—70% cover, and is dominated by herbs, shrubs,
little palms, and climbers. The main species are
Faramea torquata Mill. Arg., Bactris maraja Mart.,

Table I. Enlarged Importance Index (EII%) for the main species in all the plots (If1, 1f2, 1f3).

LP Species 1f1 1f2 1f3 Average
Sup Alexa imperarricis (R. H. Schomb.) Baill. 16.96 16.28 17.00 16.75
Sup Pentaclethra macroloba (Willd.) Kuntze. 15.46 12.72 13.12 13.77
Sup Mabea piriri Aubl. 2.36 2.91 4.46 3.24
Sup Inga puncrata Willd. 4.14 2.62 1.97 291
Sup Protium decandrum (Aubl.) Marchand 1.68 2.64 3.54 2.62
Sup Duguetia pycnastera Sandwith 1.97 1.90 3.08 2.32
Sup Carapa guianensis Aubl. 1.42 2.18 2.95 2.18
Und Faramea torquata Mill. Arg. 0.68 1.33 1.22 1.08
Und Bactris maraja Mart. 0.85 1.03 1.00 0.96
Und Rinorea cfr. riana Kuntze 1.47 0.37 0.00 0.61
Und Ischnosiphon arouma (Aubl.) Korn. 0.32 0.57 0.51 0.47
Cli Cheiloclinium hippocrateoides (Peyr.) A.C. Sm. 1.89 1.60 1.12 1.54
Cli Bauhinia scala-simiae Sandw. 1.18 1.02 0.94 1.04
Cli Bignonia sordida (Bureau & K. Schum.) L.G. Lohmann 0.97 0.66 0.47 0.70
Cli Suzophyllum riparium (Kunth) Sandw. 0.74 0.63 0.45 0.61

Abbreviations: LP, layer position (Sup: superior layer, big trees and palms; Und: exclusive for understory; Cli: climbers).


www.bio.uu.nl/~herba/Guyana/ATDN/pagina5.html
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Figure 1. Liana forest appearance.

Rinorea cfr. riana Kuntze, Ischnosiphon arouma (Aubl.)
Korn., Geonoma deversa (Poit.) Kunth, Calathea sp.,
Dimerocostus strobilaceus Kuntze, Micomia sp., and
Adiantum petiolatum Desv.

There are 32 climber species, and the most notable
are Cheiloclimium hippocrateoides (Peyr.) A.C. Sm.,
Bauhinia scala-simiae Sandw., Bignonia sordida (Bureau
& K. Schum.) L.G. Lohmann, Stizophyllum riparium
(Kunth) Sandw., Machaerium quinatum (Aubl.)
Sandw., Bignonia corymbosa (Vent.) L.G. Lohmann,
Rourea frutescens Aubl., Forsteromia cfr. gracilis Mull.
Arg., Mucuna urens (..) Medik., and Uncaria guianensis
(Aubl.) J. F. Gmel. All climbers are very gnarled, and
they constitute good part of the understory covering.
For this reason, these communities have been
denominated as LF (Figure 1).

Structural and floristic results for all the plots and
all the species are showed in electronic supplementary
material. We found a total of 161 species, but in 1 ha
plots, the species-area curves do not become
asymptote with the x-axis (Figure 2). However, 1 ha
plots was estimated right for the purpose of this
research.

Density oscillates between 524 and 579 ind ha ™',
the basal area oscillates between 19.6 and 21.8 m?
ha~!, and the biomass oscillates between 191 and
217ton ha™ ' (Table II). The diametric structure for
all the species (Figure 3(a)) shows a truncated
pyramid-shaped distribution, typical of tropical

Table II. Summary of structural characteristics.

Abundance Dominance Biomass
Plots (trees ha 1) (m®ha™ 1) (ton ha™ 1)
1f1 579 21.77 216.86
1f2 524 19.87 198.25
1f3 570 19.66 190.79
Average 558 20.43 201.97
Hillside forests® 503 24.9 269.8

#Data from Lozada et al. (2007) in other plots of the IFR.

forest ecosystems. But, practically there are not
individuals bigger to 50cm dbh, which is also
observed in the structure (Figure 3(b)) of the most
important species (A. imperarricis). Obviously, they
are vigorous populations, with a wide base and
dynamic development without difficulties for the
regeneration.

Soil characteristics

In general, the soil texture is dominated by clays, but
due to the high rain and the physiography, there is an
intense vertical washing that increase clay particles
toward the deepest horizons (Table III). The same
washing process, acting during millions of years
(typical of the Guayana Shield), has originated
diminishing of exchangeable bases (K, Na, Ca, and
Mg), increase of exchangeable acid cations (Al, H),
and iron (Fe); therefore, the pH is extremely acidic
(<4.5). The contents of phosphorus (P), nitrogen
(N), and organic matter (OM) in general are low.
All these characteristics give this soil a very low quality,
and it can be identified as oligotrophic ecosystem.

Lianas significance

An analysis about the lianas importance was carried
out, and these data were contrasted with 30
surrounding plots in logged and old-growth forests
at the central area of the IFR (Figure 4(a), (b)).
Logged forests were selectively harvested, and post-
disturbance time varies between 3 and 18 years. Total

#spp
70

60
50
40
30
20
10

0

—If1 -=If2 =f3

0 2000 4000 6000 8000 10000m2

Figure 2. Species-area curves.
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Figure 3. Diametric structure for all the liana forest plots.

importance (EII%) of all the liana species does not
have a defined correlation neither with the age after
logging nor with logging intensity (measured as the
number of found cut stumps). In this analysis, not-
logged forests appear with cero years or cero cut
stumps and includes LF because they are located in a
biological reserve.

The relationship between the lianas basal area
(individuals = 10 cm dbh) and the logging level was
analyzed (Figure 4(c)). LFs are those that have
smaller lianas dominance and, again, there is no
connection between lianas presence and logging
intensity. Some not-logged forests exhibit higher
lianas basal area than plots in high logging intensity
(six to nine cut stumps).

Another analysis in all the understory subplots was
carried out using the lianas abundance and a
posteriori analysis by means of the Scheffé test
(Table IV). Although a high variability exists, the LF
has the highest averages, and it is significantly
different to all the other plots. Ecologically, 20%
seems to be an appropriate level (in the abundance%
of all the climbers, among all the individuals
<10 cm dbh) to differ the LF. It is observed that this
value overcomes thoroughly to the value of 14%, and
all the other plots are below this value. The sector

Table III.  Soil characteristics.

dbh (cm)

50_60 | b: Alexa imperatricis

oo I

30_40

10_20

0 10 20 30 40 50 60 T0
Abundance (trees ha-1)

1gf18 has the second higher average of climbers, bigger
to 20%, and indeed has the typical physiognomy of a
LF (although with many tall trees). But it should be
remembered again that this it is not the most impacted
place and another sector (Igf6) has more cut stumps
and fewer lianas presence.

Discussion
Liana forest description

The size of the plot (1 ha) is considered guessed right
because in that surface there is not a significant
amplification of the floristic richness because an
increase in 10% of the study area generates an increment
lower to 10% in the species number (approach of Cain
1938, mentioned by Mieller-Dombois & Ellenberg
1974).

In the LF, the dominance and biomass are lower
than the surrounding plots measured by Lozada et al.
(2007), which indicate that LFs have smaller
development than other communities located in the
same physiographic position.

The data confirm that, from the floristic point of
view, these plots belong to the Alexa imperatricis
Facies inside the Carapo guianensis-Pentaclethretum

OM K Na Ca Mg Al H Ca/Al  Fe

Plot sld C S1 Sn pH P TN OC
smf* _ 35.1 119 531 3.6 7 0.1 1.3
hmf* _ 409 223 36.8 4.1 6 0.1 1.2
If, 0_10 26.4 7.2 66.4 35 11 0.2 2.1
Ify, 10_80 46.4 112 424 39 8 0.1 1.3

If, 80_180 56.4 9.2 344 44 0 00 04

22 0.05 0.10 0.22 0.19 0.68 0.73 0.3 498
2.1 0.08 0.32 0.29 0.17 0.93 0.25 0.3 125
37 012 0.09 052 045 0.66 0.40 0.8 370
22 0.04 0.10 020 0.13 0.60 0.40 0.3 130
0.6 0.03 0.07 1.01 0.14 048 040 2.1 45

#Data from Lozada et al. (2014) in other hillside plots of the IFR. If,, Ify,, If.: soil layers in the liana forest trial pit. Abbreviations and units: sld
(soil layer deep, cm); C (clay,%); Sl (silt,%); Sn (sand,%); P (phosphorus, ppm); TN (total nitrogen,%); OC (organic carbon,%); OM
(organic matter,%); K (potassium); Na (sodium); Ca (calcium); Mg (magnesium); Al (exchangeable aluminum); H (exchangeable
hydrogen); K, Na, Ca, Mg, Al, and H (Cmol kg™ '); Ca/Al (calcium/aluminum ratio); Fe (iron, ppm).
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Figure 4. Lianas presence in liana forests (“X” points) and other
old-growth and logged forests evaluated by Lozada (2008) (“O”
points). A. Lianas importance vs age after logging. B. Lianas
importance vs logging level. C. Lianas basal area vs logging level.

macrolobae Association that typify the central region
of the IFR (LLozada et al. 2011).

The Uhl-Murphy Index is 2.65, confirming that
these communities are very dominated by thin
individuals (Uhl & Murphy 1981). The percentage
of individuals bigger than 70 cm dbh is 0.06%, which
is noticeably lower than the value of 1-2%, usually
found in “terra firme” forests (Zent & Zent 2004).
The main species A. imperarricis is a medium tree,
can reach about 70 cm dbh, but others species of the
same physiographic position grow over 100 cm dbh
(Lozada et al. 2007).

These ecosystems are located in the tops and
sides of the small topographical elevations of the
study area. The climbers are very common, and they
can have big woody individuals (>10cm dbh),
associated with the highest and stout trees in the
canopy. In some cases, lianas regeneration is

abundant and many of them have remarkable
importance index values (ILozada et al. 2007).

Concerning LF definition, it is considered that
Hernandez (1997) makes a trustworthy description
of this ecosystem:

. a forest community with small basal area, with
a low canopy, very irregular and densely covered
by an almost continuous mantel of climbers, most
of them woody: lianas. The still standing trees are
distanced of others in such a way that they don’t
make a closed canopy. A great quantity of the
bigger trees has broken crowns ... the inferior
stratum blends with the understory ... the liana
forest ... offers a chaotic aspect....

To these concepts, we have to add that lianas
abundance (individuals < 10 cm dbh) should be
higher than 20% to designate an ecosystem as LF.
Therefore, the definition of an LF is not linked to
climbers dominance (basal area). In a “standard”
forest, lianas can exist as some few thick individuals,
perhaps long-lived and contemporary with the trees
where they lean on. Under this point of view, a very
strong intervention harms the lianas dominance
because it eliminates their thicker individuals. Later
paragraphs expose some examples about these
arguments.

“Liana tangles” have been reported in many
ecosystems (Balée & Campbell 1990; Oliveira-Filho
et al. 1997; Kennard 1998; Gerwing 2001; Vieira &
Scariot 2006; Garrido-Pérez & Gerold 2009). Liana
tangles start in a treefall that pulls down adult lianas.
These individuals sprout new stems which compete
with another derived from seed regeneration. If a
liana do not find a trellis it shows rapid lateral grow
rather than vertical growth, contributing to the liana
tangle (Putz 1984b; Schnitzer et al. 2000).

Environmental and successional features

Soil does not have outstanding differences with the
soils of other hill plots. Our results are similar to
those obtained by Franco (1988), Lugo (2006),
Schargel and Marvaez (2009) in another lowland
sites of the Guayana Shield. These oligotrophic
ecosystems have some constrains to plant develop-
ment, but they have adaptations that allow their
existence and majority of these forests are high,
dense, and diverse. So, there are not particular
edaphic restrictions that impede the development of
the vegetation in LF; in any case, lianas density is
unrelated to soil fertility or to other soil gradients
(Van Der Heijden & Phillips 2008). As it has been
established by Lozada et al. (2014), it should not
have environmental limitations for the development
of trees to great height. In fact, LF has emergent
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Table IV. “A posteriori” analysis (Scheffé test; P < 0.1), for the lianas abundance% in logged and old-growth understory plots.

vi2 smf If hmf 1gf12 1gf15 1gf18 1gf3 1gf6 1gfo vfl
vf2 - 0.95 0.00 1.00 0.98 1.00 0.00 0.99 1.00 0.99 0.94
smf - - 0.15 0.97 1.00 0.93 0.33 1.00 0.80 1.00 0.11
If — - — 0.00 0.08 0.00 1.00 0.07 0.00 0.07 0.00
hmf - - - - 0.99 1.00 0.00 1.00 1.00 1.00 0.89
1gf12 - - - - - 0.98 0.20 1.00 0.90 1.00 0.19
1gf15 - - - - - - 0.00 0.98 1.00 0.98 0.95
1gf18 - - - - - - - 0.17 0.00 0.18 0.00
1gf3 - - - - - - - - 0.93 1.00 0.22
1gf6 - - - - - - - - - 0.92 0.99
129 - - - - - - - - - - 0.21
vfl - - - - - - - - - - -

Homogeneous groups. Average of lianas abundance%.

vfl 4.74
1gf6 8.12
1gf15 8.96
vi2 9.20
hmf 9.58
1gf3 12.68
1gf9 12.73
1gf12 12.86
smf 13.53
1gf18

If

12.68
12.73
12.86
13.53 13.53
20.92 20.92

21.89

vfl and vf2: valley forests; smf: summit medium forest; If: liana forest; hmf: hillside medium forest; 1gf3, 1gf6, 1gf9, 1gf12, 1gf15, and 1gf18:
respectively 3, 6, 9, 12, 15, and 18 years old logged forests. Bold values indicate significant differences.

individuals, and we understand them as relict from
the old-growth forest. So, the current low canopy
(15 m) should be the expression from a successional
stage later to any interference. Next evaluations will
indicate the rate of growth of the biomass of this
community and will allow obtain conclusions more
guessed right on its successional stage.

With regard to diversity, we got average values of
2.6 in H', 58 spp ha ! and 16.4 in « (Table V). It is
considered that these values are low, when compar-
ing them with other plots in the same sector and
physiographic position (LLozada et al. 2007). These
results confirm the theories that point out the
existence of low diversity in the early stages of a
forest succession, originated by a strong disturbance
(Odum 1972; Lamprecht 1990; Finegan 1997;
Guariguata & Ostertag 2001; Terradas 2001).

Table V. Summary of diversity results.

Plots H a Richness
If1 2.4 16.4 59
1f2 2.7 15.9 56
1f3 2.7 16.9 60
Average 2.6 16.4 58
Hillside forests® 3.1 22.8 71

H': Index of Shannon-Wiener; «: Fisher’s Alpha. Data from
Lozada et al. (2007) in other plots of the Imataca Forest Reserve.

Another aspect to stand out is the dominance of
Alexa imperarricis. In these plots, this species has an
average of 16.8 in EII% (Table I). But in other hill
forests, where it is also the most important species, it
reaches an average of 9.1 in EII% (Lozada et al.
2007). It is interpreted that this is a late secondary
species, is able to take advantage of the small gaps,
frequent in the forest due to windthrows and also
other possible strong disturbances.

Liana forest origin

One of the main results of this research is that it can
have as many lianas in not-logged forests as in those
logged. This is opposite to findings of Schnitzer et al.
(2000), Schnitzer et al. (2004), Kouamé et al.
(2004), and Ding and Zang (2009). But, Hernandez
(1992) found similar results to ours in the Caparo
Forest Reserve (Venezuela). In fact, our LFs are in a
biological reserve without logging use. Mascaro et al.
(2004) ascertain that light logging can be the cause of
the lack of differences in liana presence between old
growth and selectively logged forests. Van Der
Heijden & Phillips (2008) established that when
lianas reach the canopy they expand in diameter and
invest in leaves and reproductive organs; to do that
they need suitable hosts, but, many secondary
species have structural characteristics that avoid
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liana infestation; so, lianas basal area is highest in
undisturbed forests.

Another element to stand out is that, the
communities with less lianas presence (vfl and 1gf6;
Table IV) are dominated by Mora excelsa (LL.ozada
et al. 2011), a species that seems to gather the set of
characteristics that keep away from the attack of
climbers (Putz 1984a; Balfour & Bond 1993; Van
Der Heijden et al. 2008): high rate of diametrical
growth, flexible young shafts, big leaves, trunks free
of big branches, flat bark, and great height mature
individuals.

In summary, we can neither qualify the logging
nor edaphic restrictions as causes of LF origin.
Therefore, why does the LF exist? There are no
current evidence, but it is believed that our LF is
linked to some type of a hard perturbation that
destroyed most of the original canopy. Then, there is
a possibility that LF happens after an alteration by
hurricane winds.

Some natives, workers, and helicopter pilots have
mentioned the occurrence of strong winds that result
in desolated areas in the IFR. Fortunately some
credited references support these popular beliefs.
Webb (1958) indicates that high velocity wind
produces “... cyclone scrubs. Because of extensive
windthrows, these have a low uneven canopy with
scattered emergents densely draped by vines ...”.
This description seems to be analogous to that
observed in the present investigation. The work of
Rollet (1971), in the IFR, designates the hurricanes
as the cause of the LF and suggests that this
appearance “can be perpetuated during several
years”; this author mentions numerous studies that
have reported this phenomenon in Suriname,
Guyana, Brazil, Nigeria, Congo, and Malaysia.
Likewise, Allen et al. (2005) found that lianas
density increased more than 50% in the forests
affected by the Hurricane Hugo in 1989, in the
south-east of United States. The LFs in the basin of
the Caura River, seen during an overflight by plane,
have an oval shape, similar to the forest areas affected
by strong windthrows (personal communication
Lionel Hernandez). However, it is appreciated that
hurricanes are more frequent in the Caribbean and
other coastal areas. There are not many references of
the effects of strong winds in “inland” places as the
IFR. Therefore, it is considered that this aspect
justifies detailed investigations in the future, mainly
in the meteorological characterization of the
phenomenon, their localization, and frequency.

Concluding remarks

We can conclude that, in our study site, logging is not
the cause of lianas increase. The current area
occupied by LF very probably suffered a hurricane

wind that knocked down most of the canopy trees
(but some of them are still standing and they are
considered emergent), the thick individuals of
climbers also disappeared (which generates a
minimum basal area for this species), and the current
successional stage favors a recovery dominated with
thin individuals belonging to this way of life.
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