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1  |  INTRODUC TION

The ecology of lianas (woody vines) is important in forest dynam-
ics, especially in seasonal tropical forests, where their diversity and 
abundance are typically high (Gentry,  1991). In comparison with 
freestanding trees, lianas can grow rapidly by allocating more carbon 

to stem elongation and leaf expansion than to mechanical support 
(Putz, 1983; Schnitzer, 2005). Once reaching the upper canopy, li-
anas increase shading and weight stress on their hosts, and thus, 
they impact forest dynamics and carbon balance of the forest stand 
(Medina-Vega et al., 2022; van der Heijden & Phillips, 2009). Many 
studies, especially those from Neotropical forests, report that liana 
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Abstract
Lianas require host trees to reach and stay in the forest canopy, but as seedlings and 
juveniles, they benefit from canopy gaps created by treefalls. Here, we evaluated the 
relative importance of these two aspects, that is, the availability of potential hosts 
vs. the legacy effect of past treefall gaps, on the local abundance of liana stems in a 
seasonal tropical evergreen forest in the Sakaerat Biosphere Reserve in northeastern 
Thailand. Within a 2.5-ha plot for forest dynamics monitoring, canopy height was 
measured in 1993 and 2018 at 5-m intervals to distinguish areas of mature (canopy 
height ≥ 20 m), building (10–20 m), and gap phases (< 10 m). In 2017–2018, we surveyed 
all liana stems ≥ 1 cm in diameter at breast height within 50 subplots (10 m × 10 m each) 
and recorded their diameter and the diameter of the host tree. Of a total of 445 liana 
individuals, 242 could be identified at least to the family level, while the others had 
clear morphological traits of climbing mechanisms. The number of liana stems was 
higher in areas that had been at the building/gap phase than those at the mature 
phase in 1993. When this 25-year-old legacy of past gap locations was considered, 
there was a positive association of local abundance between lianas and trees in areas 
at the mature phase in 2018. In conclusion, liana abundance reflected a long-term leg-
acy of past treefall gaps more than 25 years earlier in this seasonal evergreen forest.

K E Y W O R D S
canopy gap dynamics, forest stand structure, liana-tree interactions, light environment, spatial 
distribution
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abundance and their impact on forest dynamics are increasing in re-
cent decades (Laurance et al., 2014; Phillips et al., 2002; Schnitzer 
et al., 2012, 2021; Schnitzer & Bongers, 2011; Wright et al., 2004). 
At the global scale, tropical forests with lower mean annual precip-
itation and longer dry seasons tend to have higher liana abundance 
(DeWalt et al., 2010; but see van der Heijden & Phillips, 2008).

Lianas as a group tend to have higher light demands compared 
to freestanding trees, although there is wide variation among liana 
species (Putz, 1984; Webb, 1958). Canopy gaps created by treefalls 
locally increase light availability, often triggering rapid liana coloniza-
tion from seeds and vegetative propagation (Ledo & Schnitzer, 2014; 
Peñalosa,  1984; Schnitzer & Carson,  2001). Lianas that fall to the 
ground when their host trees fall are likely to survive, and their vege-
tative proliferation in the new gap results in liana tangles that reduce 
light availability and suppress regeneration of canopy tree seedlings 
near the ground (Putz, 1984). For example, Foster et al.  (2008) re-
port that canopy tree regeneration is suppressed for more than 
14 years once treefall gaps become occupied by lianas in the Bolivian 
Amazon.

Persistence of liana individuals recruited in treefall gaps may re-
sult in a legacy effect of canopy gaps on liana distribution, which 
is detectable even after successional changes have led to reclosure 
of the canopy (Schnitzer et al., 2000; Schnitzer & Bongers, 2002). 
From Panama, such a legacy effect is reported from a 10-year mon-
itoring study (Schnitzer & Carson, 2001). Another 10-year study in 
Panama (Schnitzer et al., 2021) reports that the local density of liana 
stems is about 1.5 times higher in former gap sites that have ex-
perienced canopy reclosure than compared to microsites that were 
continuously under closed canopy. However, how much longer such 
legacy effects of the past canopy gaps on the local abundance of 
liana stems may persist is unclear. Letcher and Chazdon (2009) found 
in a chrono-sequence of secondary forests in Costa Rica that abun-
dance of liana stems with diameter at breast height (DBH) ≥ 0.5 cm 
decreases with forest age > 20 years. These suggest that the positive 
effect of forest disturbance on liana abundance may fade with time 
but last for about two decades.

At the same time, local abundance of lianas may be influenced by 
local density of potential host-tree stems, that is, support availabil-
ity (Campanello et al., 2007; Nabe-Nielsen, 2001; Putz, 1984). Such 
positive association, however, is not always observed (Laurentino 
et al., 2019; Reis et al., 2020). This inconsistency among studies may 
reflect differences in forest stand structure, but it may also be be-
cause they do not consider the legacy effects of past treefall gaps. In 
some cases, treefall gaps go through successional changes via build-
ing phases to canopy closure by tall trees, but in other cases liana 
dominance may persist and arrest succession (Schnitzer et al., 2000, 
2021).

Most studies about interactions between lianas and trees are 
from Neotropical forests. In contrast, our knowledge is limited as to 
how lianas and trees interact in SE Asian forests, which often have 
very different overall forest structures, including host tree allom-
etry (e.g., taller emergent trees in SE Asian forests dominated by 
Dipterocarpaceae; Ashton, 2014). Here, we report field data on liana 

dynamics from a seasonal evergreen forest in northeastern Thailand, 
where the distribution of the treefall gaps 25 years earlier had been 
recorded (Kanzaki et al., 2009). This forest is heavily dominated by 
Hopea ferrea (Dipterocarpaceae; Kanzaki et al., 1995). We examined 
how the spatial distributions of lianas were related to the spatiotem-
poral dynamics of the host trees or surrounding trees and tested the 
following two questions.

1.	 Is the legacy effect of canopy gaps 25 years earlier on local 
abundance of liana stems detectable, regardless of the current 
canopy condition?

2.	 Is there a positive association between the local stem density of 
lianas and trees when the legacy effect of past treefall gaps is also 
considered?

2  |  METHODS

2.1  |  Study site

This study was conducted in the Sakaerat Biosphere Reserve 
(82,100 ha) in Nakhon Ratchasima Province, northeastern Thailand. 
The mean annual precipitation is 1087 mm and the mean annual 
temperature is 26.3°C, with the dry season (monthly precipita-
tion < 50 mm) from November to February (meteorological obser-
vations in 1969–2012 by Sakaerat Environmental Research Station, 
https://www.tistr.or.th/sakae​rat/Meteo​rlogi​cal.htm). The reserve 
contains seasonally dry deciduous forest stands and seasonally dry 
evergreen forest stands. In an old growth evergreen stand with no 
logging records in the past, a 50 m × 500 m forest monitoring plot 
was established in 1993. This plot was further divided into a grid 
system of 10 m × 10 m subplots, each containing four 5 m × 5 m quad-
rats. Within the entire 2.5-ha plot, all tree stems with DBH ≥ 5 cm 
were recorded for their location, size, and subsequent survival in 
1993, 1995, 2003, 2006, and 2018 (Kanzaki et al., 2009; M. Kanzaki 
et al., unpublished). Hopea ferrea (Dipterocarpaceae) was the most 
dominant, accounting for 47.4% of the basal area of trees ≥ 3 cm 
DBH, followed by Hydnocarpus ilicifolius, Achariaceae (5.2%) and 
Lagerstroemia duperreana, Lythraceae (4.8%; more detailed descrip-
tion in Kanzaki et al.,  1995). Canopy height was measured at the 
center of every 5 m × 5 m quadrat in 1993, and these quadrats were 
classified to three canopy height classes corresponding to three 
regeneration phases, namely mature phase (canopy height ≥ 20 m), 
building phase (10 m ≤ canopy height < 20 m), or gap phase (canopy 
height < 10 m; Kanzaki et al., 2009). We repeated the canopy height 
survey in 2018 with the same method.

2.2  |  Liana and host tree measurements

The liana survey was conducted for the first time in 2017–2018 
in 50 subplots regularly spaced to subsample 20% of the entire 
50 m × 500 m plot. Following the standard protocol of Gerwing 
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et al. (2006) and Schnitzer et al. (2008) for liana surveys, we mapped 
all lianas ≥ 1 cm DBH that clearly had twining stems or climbing tools 
such as hooks and thorns and were rooted within the subplots, and 
recorded the species identity and DBH of each stem. We included 
freestanding liana juveniles but excluded hemi-epiphytes. For each 
liana stem, we determined the main host and recorded its species 
identity and DBH. When the original host was apparently dead, we 
recorded the live stem that the liana was attached as the first host. 
When liana stems branched above the point of DBH measurement 
and each branch was supported by a different host, we recorded 
only the host that supported the largest branch. Of 50 subplots, 23 
subplots were surveyed in October 2017 and additional 27 subplots 
were surveyed in November 2018. Since the DBH values of a given 
liana stem and its host were measured on the same day, we assumed 
that two surveys one year apart had minimal effects on our analysis 
combining the data collected in 2017 and 2018.

2.3  |  Statistical analysis

For statistical analyses to test differences among canopy height 
classes, we merged building and gap phases into one (building/gap 
phase) to have more balanced sample sizes. The key results were 
fundamentally the same when we analyzed the data with three 
canopy height classes (Tables S1 and S2). We used a generalized lin-
ear mixed model (GLMM, negative binomial regression) to examine 
the relationship of liana stem density in 5 m × 5 m quadrats to their 
canopy height classes, using the canopy height classes in 1993 and 
2018 as fixed effects and treating the subplot identity as a random 
variable. To consider the influence of tree stem density along with 
the legacy effect of canopy gaps 25 years earlier, we used GLMM 
(negative binomial regression) for only quadrats that were at the 
mature phase in 2018, using the canopy height classes in 1993 and 
tree stem density as fixed effects and treating the subplot identity 
as a random variable. The local density of tree stems ≥ 5 cm DBH at 
the quadrat level did not show consistent differences among canopy 
height classes either in 1993 or 2018 (Table S3 and Figure S1). We 
could not determine taxonomic identity for 46% of liana individu-
als due to lack of canopy access to obtain leaf and flower samples, 
but DBH distributions and the relationship between liana DBH and 
host DBH did not differ between identified and unidentified stems 
(Figure S2). All statistical tests were conducted with R 4.2.1 (R Core 
Team, 2021; lmerTest package for GLMM).

3  |  RESULTS

3.1  |  Liana community

A total of 511 liana stems ≥ 1 cm DBH belonging to 445 individu-
als occurred across the 50 subplots (a total of 5,000 m2). We iden-
tified 242 individuals at least into the family level (31 species 
belonging to 15 families), but not the remaining 203 individuals (18 

individuals belonging to 10 morphospecies, and 185 individuals with 
no identification). These data on the liana community are reported 
as supporting information (Table S4). The most abundant family was 
Convolvulaceae with 65 individuals, followed by Ancistrocladaceae 
(50 individuals) and Fabaceae (34 individuals). We did not find any 
root climbers, which use adventitious roots to attach and can climb 
large-diameter host trees. The DBH was < 5 cm for > 80% of the 
stems, while the largest stem had DBH of 18.5 cm. For lianas with 
DBH ≥ 5 cm, the basal area was 4,089 cm2, which was equivalent 
to 2.10% of the basal area of trees with DBH ≥ 5 cm. The size of 
liana stems was larger on larger host trees (Type II regression, log10 
y = −0.26 + 0.63log10 x, N = 451, R2 =  .33, p < .001), with the scat-
ter plot showing that small-diameter lianas were rare on trees with 
DBH > 10 cm (Figure S3).

3.2  |  Impacts of past canopy gaps on 
liana abundance

Figure 1 summarizes the liana stem density in 2018 for each of the 
canopy height class combinations (2 classes in 1993 × 2 classes in 
2018), along with the sample size for each combination. Of the 139 
quadrats that had been at the mature phase (canopy height ≥ 20 m) in 
1993, 25 quadrats were at the building (10 m ≤ canopy height < 20 m) 

F I G U R E  1  Box plot summarizing the number of liana stems 
in 5 m × 5 m quadrats for combination of canopy height classes in 
1993 and 2018 (Mature: canopy height ≥ 20 m, and Building/Gap: 
canopy height < 20 m). The number of quadrats in each combination 
is shown as “N”. The mean (open circle), median (horizontal line in 
the box), and the first and third quartiles (the top and the bottom 
of the box) are indicated within each box. Above and below each 
box, whiskers indicate 1.5 times the range of interquartile and black 
dots are outliers. See Table 1 for the statistical differences of liana 
stem density explained by canopy height classes in 1993 and 2018.
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or gap (canopy height < 10 m) phase in 2018, while 114 quadrats 
were again at the mature phase in 2018. Of the 61 quadrats that had 
been at the building/gap phase in 1993, 35 quadrats were classified 
to the mature phase in 2018, while 26 quadrats were classified to 
the building/gap phase. The quadrats that had been at the building/
gap phase in 1993 had higher liana stem density, compared to those 
at the mature phase in 1993 (e0.45 = 1.6 times higher; Table 1). In 
contrast, canopy height classes in 2018 showed no significant as-
sociation with liana stem density (Table 1).

3.3  |  Relationship between local densities of 
liana and tree stems

Liana stem density in 2018 increased with tree stem density, both 
for quadrats that had been at the mature phase in 1993 and for those 
at the building/gap phase in 1993 (Table 2, Figure 2). The quadrats at 
the building/gap phase in 1993 showed stronger positive correlation 
of tree stem density with liana stem density than those at the mature 
phase in 1993 (e0.45 = 1.6 times higher; Table 2, Figure 2).

4  |  DISCUSSION

4.1  |  Legacy effects of canopy gap locations on 
liana abundance

We detected the predicted legacy effect, that is, liana abundance 
should reflect locations of past canopy gaps even after 25 years. The 
duration of this legacy effect could last even longer because a lo-
cation in the building phase in 1993 had been a canopy gap even 
further back in the past. A similar legacy effect of 10 years is dem-
onstrated by previous studies in Panama (Schnitzer & Carson, 2001; 
Schnitzer et al., 2021). Our study included liana stems with DBH ≥ 
1 cm. For this size class, whether a location is currently a treefall 
gap or not did not affect liana abundance. Perhaps liana seedlings 

recruited in gaps would require several years to grow up to reach 
DBH ≥ 1 cm. More detailed information on canopy gap dynamics is 
desirable in order to understand how long it might take liana seed-
lings to persist and grow during the building phase. Nevertheless, 
the result of our study strongly supports the idea that the spatial 
distribution of canopy gaps continues to explain local abundance of 
lianas over multiple decades, long after the site shows successional 
transition to the mature phase.

4.2  |  Positive effects of local densities of tree 
stems on liana abundance

Beyond the seedling stage, lianas require host stems to reach and 
persist in the forest canopy. Our study found that this effect, that 
is, a positive correlation between local stem density of lianas and 
trees, could be detectable when we took into account whether a 
microsite was in the building/gap phase 25 years earlier or not. We 
have no information about factors that make the variation in the tree 
stem density among microsites, which could reflect many ecologi-
cal factors including colonization and competition dynamics among 
trees. Our study enumerated tree stems with DBH ≥ 5 cm as po-
tential hosts, whereas previous studies that examined the potential 
correlation of liana abundance with tree stem density used trees 
with DBH ≥ 10 cm (Campanello et al., 2007; Laurentino et al., 2019; 
Reis et al., 2020). Thus, we ran similar analyses for tree stems with 
DBH < 10 cm versus DBH ≥ 10 cm at the quadrat scale. Doing so, we 
found that liana stem density was positively correlated with the den-
sity of small tree stems but not with the density of large tree stems 
(Table S5). Similar effects of host stem size are reported by Nabe-
Nielsen (2001). Thus, the availability of small tree stems, rather than 
that of large tree stems, would contribute to liana abundance.

Overall tree density (and other stand characteristics) of the 
forest may also influence whether a positive correlation exists be-
tween liana abundance and stem density of large trees. In a semi-
deciduous subtropical forest, Campanello et al.  (2007) found a 
positive correlation between liana abundance and density of tree 
stems ≥ 10 cm DBH (293 stems/ha). In contrast, neither our study 
nor Nabe-Nielsen  (2001)'s found such a strong correlation in for-
ests with much higher density of tree stems ≥ 10 cm DBH (498 and 
700 stems/ha, respectively).

5  |  CONCLUSION

In this seasonal tropical evergreen forest, the locations of past 
canopy gaps 25 years earlier, rather than those of current gaps, ex-
plained the spatial distribution of established liana stems. For areas 
currently under a closed canopy, by simultaneously considering the 
legacy effect of past gap locations in areas, local abundance of liana 
stems showed positive correlation with tree stem density. These re-
sults suggest that the legacy effects of treefall gaps on liana abun-
dance remain over multiple decades. To test these phenomena more 

TA B L E  1  Result of a GLMM analysis to examine local stem 
density of lianas, as a function of canopy height class in 1993, 
canopy height class in 2018, and subplot identity (random effect).

Canopy height 
class contrast Coefficient

Standard 
error Z p

(Intercept) 0.62 0.11 5.67 <.001

1993 Building/
Gap vs. 
Mature

0.45 0.15 2.89 .004

2018 Building/
Gap vs. 
Mature

0.12 0.15 0.82 .412

Note: Negative binomial distribution was assumed for the liana stem 
density (= number of stems per 5 m × 5 m quadrat). Three canopy height 
classes in 1993 and in 2018 are coalesced to two: mature phase and 
building/gap phase.
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directly, a longitudinal study will be necessary to follow recruitment 
of liana juveniles with over multiple decades. Data of canopy gap 
dynamics which have multiple and shorter-interval measurements 
will help us examine the temporal fluctuation of the legacy effects.
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TA B L E  2  Result of a GLMM analysis 
(negative binomial regression) of local 
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mature phase in 2018, as a function of 
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1993, subplot identity (random effect).

F I G U R E  2  Liana stem density plotted against tree stem density 
in areas at the mature phase in 2018, distinguishing those that 
had been at the mature phase (closed circles) and the building/
gap phase (open circles) in 1993. A dashed curve and a solid curve 
are the predictions by negative binomial regression for the mature 
phase and the building/gap phase, respectively. Because many 
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