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Abstract: Aclimatación de plántulas de Gnetum leyboldii Tul. (Gnetaceae) a los cambios de luz en un 
bosque lluvioso tropical. The neotropical liana Gnetum leyboldii (Gnetaceae) is a gymnosperm that resembles 
angiosperms in wood anatomy, overall morphology, and seed dispersal mechanism. Like other woody lianas, 
seedlings germinate in the shaded forest understory and start climbing towards the canopy, being exposed to 
sites with extreme differences in light conditions. However, the extent of physiological and structural adjust-
ment to contrasting light conditions in the early regeneration stages of Gnetum is unknown. To answer this 
question, we analyzed seedling growth and photosynthetic responses using a common garden experiment with 
two light regimes: full sun and low light (20% of full sun) at La Selva Biological Station, Costa Rica. We also 
characterized the germination pattern of this species. We monitored one and half-month old seedlings for four 
months. Leaf structure finely adapted to light treatments, but gas exchange properties were buffered by large 
seed reserves, which dominated biomass distribution (about 50% of the total biomass), followed by stem (27%), 
leaf (16%) and root biomass (6%) across light conditions. The presence of large seeds and the low photosyn-
thetic rates of seedlings in both environments show that G. leyboldii is specialized to exploit deep shade. More 
research is needed to determine if the patterns found in G. leyboldii are typical of similar lianas that initially 
exploit deep-shaded understories in their ascension to the canopy. Rev. Biol. Trop. 61 (4): 1859-1868. Epub 
2013 December 01.
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Lianas represent a conspicuous structural 
element of tropical forests. The great abun-
dance and distribution of lianas distinguishes 
tropical from temperate forests (Gentry, 1991; 
Putz, 1984; Schnitzer & Bongers, 2002). in 
their ascension to the forest canopy lianas 
develop a strategy of biomass allocation that 
enhances mobility and increases light intercep-
tion, using external substrates for mechanical 
support while expressing a variety of clim-
bing mechanisms and flexible biomass alloca-
tion, targeting sites with higher opportunities 
for carbon gain (Avalos & Mulkey, 1999a; 
Toledo-Aceves & Swaine, 2008). Lianas that 

germinate and survive in the shade show clear 
signs of shade tolerance (Nabe-Nielsen, 2002; 
Sanches & válio, 2008), despite that many 
species are considered typical pioneers in terms 
of their physiological and morphological res-
ponses to light changes as adults (Avalos & 
Mulkey, 1999a; Avalos, Mulkey, Kitajima & 
Wright, 2007; Cai, Poorter, Cao & Bongers, 
2007; Sanches & válio, 2002).

Compared to trees, lianas invest more bio-
mass in leaves (Castellanos, 1991; Putz, 1984) 
and roots (Toledo-Aceves & Swaine, 2008), 
and concentrate foliage on top of the canopy 
(Avalos &Mulkey, 1999b; Avalos et al., 2007). 
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These differences in biomass allocation facili-
tate a rapid liana response to light changes, and 
faster adjustment to heterogeneous light condi-
tions (Avalos & Mulkey, 1999a; Avalos et al., 
2007), favoring their potential increase under 
global warming scenarios (Granados & Kör-
ner, 2002; Schnitzer & Bongers, 2011). Their 
well-developed capacity for clonal growth, 
allows them to colonize the entire forest profile 
and simultaneously exploit sites with extreme 
differences in light (Avalos & Mulkey, 1999a; 
Avalos et al., 2007). Their physiological flexi-
bility, abundance and dominance of the canopy 
leaf area make lianas a highly dynamic element 
affecting the growth, structure and diversity of 
tropical plant species (Phillips, vásquez-Mar-
tínez, Monteagudo-Mendoza, Baker & Núñez-
vargas, 2005; Schnitzer & Carson, 2010).

Lianas of the genus Gnetum are broad-
leaved gymnosperms with more than 30 spe-
cies of pantropical distribution (Rodin & Kapil, 
1969). Among non-flowering vascular plants, 
Gnetum is most similar to angiosperms in 
vegetative structure. The anatomical organi-
zation of leaves and woody tissues of Gnetum 
is very similar to those of dicotyledoneous 
plants (Fisher & Ewers, 1995) to the extent that 
Gnetales is considered a phylogenetic link bet-
ween Gymnosperms and Angiosperms (Shutov, 
Braun, Chesnokov, Horstmann, Kakhovskaya 
& Bäumlein, 1998). Most of the research 
on this genus has focused on anatomical (C. 
R. B., 1908; Coulter, 1908; J. M. C., 1915, 
1916a, 1916b; Thompson, 1916; Haining, 
1920; Johnson, 1950; Muhammad & Sattler, 
1982; Fisher & Ewers, 1995; Carlquist, 1996) 
and genetic questions (Frohlich & Meyerowitz, 
1997). The study of Feild and Balun (2008) is 
the only one that has examined physiological 
responses in this genus. These authors consi-
dered adults of four species (the only two tree 
species in the genus, and two liana species) 
growing under full sun in the rainforests of 
Papua New Guinea, and expected high pho-
tosynthetic rates similar to woody tropical 
pioneers due to the climbing habit (being the 
only gymnosperm with this growth form), 
wide vessels, broad pinnate-veined leaves and 

abundance in productive lowland rainforest. 
in contrast, all Gnetum species showed phy-
siological responses similar to shade tolerant 
angiosperms (Field & Balun, 2008). Despite of 
this contribution, there is a dearth of ecophy-
siological studies on Gnetum, especially on its 
early regeneration requirements, and how their 
responses compare with those of other lianas, 
especially those that start in the shade (i.e., 
Nabe-Nielsen, 2002; Sanches &válio, 2008).

in this study, we examined the biomass 
allocation and the photosynthetic performance 
of seedlings of Gnetum leyboldii Tul. to con-
trasting conditions of sun and shade environ-
ments. We also characterized its germination 
pattern. Seedlings of this liana established 
under full shade, but adults display foliage on 
top of the canopy. As G. leyboldii is a gymnos-
perm with many angiosperm-like morphologi-
cal traits, the analysis of its light acclimation 
and biomass allocation strategies at the see-
dling stage is crucial to understand the diversity 
of the early regeneration niche of lianas (and 
tropical plants in general) within the context of 
the light-limited forest understory.

MATERiALS AND METHODS

Study site: We conducted the research 
at La Selva Biological Station, Costa Rica 
(10°25’58’’ N - 84°00’06’’ W, 30-150m). La 
Selva is a forest reserve of 1 600ha managed by 
the Organization for Tropical Studies, located 
in the NE Caribbean lowlands at the base of the 
Central volcanic Mountain Slope. Hartshorn & 
Peralta, (1988) classifies La Selva as a tropical 
wet forest, according to the Holdridge life zone 
system. La Selva has a mean liana density of 
1 493 stems/ha and a mean species richness of 
23 species per 864m2 (Marasco, Schnitzer & 
Carson, 2004). The incident mean daily solar 
radiation at this site is 14.9M/Jm2/d, with a 
range of 0.4 to 31.3M/Jm2/d (1993-1998), and 
the mean annual temperature (1982-1998) is 
24.6°C (Loescher, Oberbauer, Gholz & Clark, 
2003). Mean annual precipitation is 4 000mm 
(1963-1991), with a short dry period from 
December to late May, although no month 
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receives less than 100mm (Sanford, Paaby, 
Luvall & Phillips, 1994). 

Study species: The dioecious liana Gne-
tum leyboldii Tul. (Gnetaceae) can reach 
heights of up to 30m above the ground, with 
stems of 15-20cm in DBH. Leaves are simple 
and opposite, decussate, coriaceous, broadly 
ovate, 9-15cm long and 5-10cm wide. Seeds 
are 4.5-5.0cm long and 2cm wide, oblong, with 
an external reddish tissue, which is moderately 
fleshy resembling a drupe, and about 1mm 
thick (Grayum, 2003; Fig. 1). Seeds have an 
average weight of 12.86±0.16g (n=125).

Germination and seedling growth 
experiments: Seed germination and seedling 
growth experiments started in June 2003. We 
collected seeds of G. leyboldii from two sites: 
one along the Holdridge Trail “SHO” (23 seeds 
collected on June 6, and 42 on June 27), and 
the other along the Experimental Trail “CES” 
(71 seeds collected on June 6, and 41 on June 
18). We put seeds to germinate under moderate 
sun conditions in flats filled with filter paper 
soaked in water, and watered using the natural 
precipitation of the La Selva greenhouse. After 
one week, we transplanted all seeds to a flexi-
ble plastic bag (226cm3) filled with soil taken 
from the field in an area close to the common 
garden (see below). The bags were sufficiently 
large to prevent the adverse effects of root 
binding, and provided appropriate conditions 

prior to transplant into the common garden. We 
monitored each individual seedling for changes 
in leaf production and stem elongation every 
two weeks.

Common garden experiment: We esta-
blished a common garden in a large gap 
(250m2) without crown interference from 
surrounding trees. We removed plant debris 
from an area of 13.5x7.5m, and randomly 
assigned each seedling to four contiguous 
subplots of 5x2.5m (two sun and two shade 
plots), leaving a distance of 50cm between 
seedlings using a total of 15 individuals per 
plot. We exposed seedlings under the high light 
treatment (or “sun seedlings”) to direct sun and 
enclosed them with chicken wire held up with 
bamboo poles to prevent large and medium 
sized mammals from entering the garden. We 
exposed seedlings under low light (or “shade 
seedlings”) to 20% of the natural light using 
neutral greenhouse shade cloth put over shade 
houses made of 2m tall bamboo poles. We veri-
fied these light intensities using two quantum 
light sensors (Li-190SZ, Li-COR inc., Nebras-
ka, USA) connected to a data logger (Li-1400, 
Li-COR inc., Nebraska, USA). The understory 
at La Selva under deep canopy cover in pri-
mary forests usually receives 1-5% of full sun 
(Chazdon & Fetcher, 1984). Although we did 
not replicate these light levels, the ones used 
in this experiment (full sun vs. 20% of full 
sun) presented sufficient differences to trigger 

Fig. 1. G. leyboldii seeds. (A) Naked seed, (B) seed covered by the external fleshy tissue. La Selva, Costa Rica (wet season, 
June, 2004).
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a response in seedlings. After four months 
(October to February 2003) we harvested all 
seedlings and partitioned their biomass into 
leaves, stems and petioles, roots, and embryo-
nic cotyledons (which were included as part 
of the seed biomass). Seedling age (days after 
germination) ranged from 131-212 days at the 
date of harvest.

Adjustment to different light conditions: 
We monitored changes in leaf structure, pho-
tosynthetic responses, and biomass allocation of 
seedlings in each light treatment. Physiological 
measurements were restricted to leaves fully 
expanded under sun or shade. We took care 
to distinguish new leaves produced after the 
transfer from the shade house into the common 
garden by numbering leaves with plastic tags. 
We measured the proportion of total biomass 
distributed to roots, stems and petioles, and 
leaves from dry weights of at least 30 replicates 
per treatment. We also calculated the leaf area 
ratio (LAR), the leaf weight ratio (LWR), and 
the leaf mass per unit of area per plant after 
adding all leaves in a seedling (LMAP). Total 
leaf area (cm2) of all leaves in a seedling was 
calculated by adding up the area of individual 
leaves after fitting a linear regression between 
leaf width and length versus actual leaf area 
measured with a Li-COR leaf area meter. We 
stored and dried all plant material used for bio-
mass allocation in an oven at 60oC for two days 
until constant weight prior to measurement.

Photosynthetic capacity: To characterize 
the photosynthetic capacity of seedlings, we 
measured fully expanded leaves using a por-
table in situ photosynthesis system (Li-6400, 
Li-COR inc., Nebraska, USA), an ambient CO2 
concentration of 386µmol CO2 a water vapor 
concentration of 24-28mol H2O and a light 
intensity of 1500µmol photons/m2/s (PFD).

The following analyses were performed:

Germination: We used failure-time analy-
sis to compare germination trajectories for 
each site and collection date (Fox, 2001). 

This method consists of a univariate survival 
analysis, which estimates the survival functions 
using the product-limit (Kaplan-Meier) method 
for one or more groups (site and collection 
date). The survival data contain duration times 
until the occurrence of a specific event, in this 
case the time until seed germination. We used 
a log-rank c2 statistic to test for homogeneity 
between groups (SAS 1994).

Biomass allocation among light treatments: 
We used a Principal Component Analysis 
(PCA, Quinn & Keough, 2002) to consoli-
date the main relationships between biomass 
allocation variables among light treatments. 
PCA removes the colinearity among the five 
variables included in this analysis (root, shoot, 
leaf and seed mass, and leaf area), which 
are functionally related. We used a one-way 
MANOvA (light treatment as the main factor) 
to compare the mean value of the two principal 
components for each light condition.

Assessment of differences in leaf structu-
re and photosynthetic responses among light 
treatments: We used a one-way MANOvA with 
light treatment as the main factor to compare 
differences in LAR, LWR and LMAP after con-
solidating these variables using a PCA. We used 
one-way ANOvA to determine physiological 
differences among light conditions in terms of 
photosynthetic rates and stomatal conductance. 
in all instances, we adjusted F-values with 
a sequential Bonferroni correction following 
Rice (1988). All statistical analyses were done 
using the JMP statistical package (SAS, 1994).

RESULTS

Germination: The germination of G. ley-
boldii was cryptocotylar and hypogeal, and the 
embryo had opposite cataphylls. Germination 
time ranged from nine to 166 days. There 
were no significant differences in the propor-
tion of germinating seeds per collection site 
and collection date (χ2=5.88, d.f.=3, p=0.11; 
Fig. 2). Overall, 62% of the seeds had a mean 
germination time of 114.2±3.74 days (n=177; 
Table 1).
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Leaf production and leaf loss: Leaf pro-
duction in the common garden was higher 
under shade conditions (average new leaves per 
seedling=11.1±0.7, n=20) as compared to sun 
seedlings (average=9.4±1.1, n=20). Leaf loss 
was higher under sun (average leaves lost per 
seedling=1.00±0.05, n=20) relative to shade 

conditions (average=0.65±0.05, n=20). in both 
cases, there was high variation among seedlings.

Effects of light treatments on biomass 
allocation and leaf structure: Biomass dis-
tribution maintained similar patterns across 
light treatments, although shade seedlings had 
higher seed biomass relative to sun seedlings, 
and sun seedlings had more biomass allocated 
to leaves (despite of lower leaf numbers in this 
environment, Table 2). This is consisting with 
a slightly higher LWR in the sun and lower 
LMAP in the shade. Sun seedlings have con-
siderably more weight in leaves relative to leaf 
area than shade seedlings.

The first principal component explained 
49.62% of the total variation in overall biomass 
allocation, having leaf biomass as the domina-
ting factor. Root and seed biomass dominated 
the second principal component, which explai-
ned 21.31% of the variation (Table 3). The first 
component was normally distributed, whe-
reas the second component was transformed 

TABLE 1
Mean germination time (days) and standard deviations of 
seeds of G. leyboldii from two sites and three collection 

dates at La Selva, Costa Rica

Site Number 
of seeds Mean (SD) Date

CES 1 46 110.5 (6.35) June 6
CES 2 23 107.5 (6.85) June 18
SHO 1 12 130.1 (6.12) June 6
SHO 3 29 99.8 (5.88) June 27
All Combined 110 114.2 (3.74)

No significant differences were observed in germination 
rates per collection site and date (χ2=5.88, d.f.=3, p=0.11, 
n=177).

Fig. 2. Predicted proportion of G. leyboldii seeds germinated over time for combined collection sites and dates (CSE1, 
CSE2, SHO1, and SHO2, table 1) total of 110 seeds at La Selva, Costa Rica. Dashed lines are 95% confidence intervals of 
predicted values.
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using the Box-Cox procedure to satisfy the 
requirements of MANOvA, which used these 
components as response variables and light 
treatment as predictor variable. it showed lack 
of significant differences between sun and 
shade treatments in overall biomass allocation 
(F1,57=0.01, p=0.42). Patterns of biomass dis-
tribution were similar for sun and shade see-
dlings, being dominated by seed mass (about 
half of total biomass in all cases) followed by 
shoots, leaves and roots. 

in terms of leaf structure, the first principal 
component explained 68.21% of the total varia-
tion, whereas the second component explained 

30.66%. LWR dominated the first component, 
followed by LMAP in the second component 
(Table 4). LWR almost doubled in the sun, 
whereas LMAP was 60% higher in the shade. 
Minor changes in leaf structure facilitated the 
adaptation to light conditions under sun and 
shade environments in G. leyboldii.

TABLE 3
Eigenvectors of principal component analysis based on 
the correlation matrix of biomass allocation variables in 
30 shade and 29 sun-exposed seedlings of G. leyboldii 

grown in a common garden at La Selva, Costa Rica

PC1 PC2
Root 0.18 0.76
Seed 0.23 0.46
Stem 0.51 0.16
Leaf 0.58 -0.26
Leaf Area 0.56 -0.32
Eigenvalue 2.48 1.06
Proportion of variance 49.62 21.31
Cumulative proportion 49.62 70.93

TABLE 2
Biomass distribution in G. leyboldii

Shade Sun
Roots 0.26 (0.1) 0.29 (0.09)
Seeds 2.14 (0.9) 1.61 (0.66)
Stems 1.42 (0.29) 1.57 (0.53)
Leaves 0.36 (0.23) 0.74 (0.47)
Total biomass (g) 4.20 (1.08) 4.21 (1.44)
Leaf Area (cm2) 133.92 (71.23) 150.76 (95.38)
LAR 32.22 (16.90) 33.72 (17.05)
LWR 0.09 (0.05) 0.16 (0.07)
LMAP 365.52 (16.9) 215.84 (51.0)

Roots, seeds (cotyledons), stems, leaves and total weight in 
g, leaf area in cm2.
values are means (± SD) of 30 shade and 29 sun-exposed 
seedlings grown in a common garden at La Selva.

TABLE 5
Photosynthetic rate and stomatal conductance of G. 

leyboldii under sun and shade treatments in a common 
garden at La Selva, Costa Rica

Light 
treatment

Photosynthetic rate 
(µmol CO2/m

2/s)
Stomatal Conductance 

(mol/m2/s)
Sun 2.41(1.37) 0.084 (0.03)
Shade 2.18(1.05) 0.10 (0.02)

A light intensity of 1.500µmol photons/m2/s (PFD) was 
used. values are means (± 1 SD) of 10 shade and 9 sun 
measurements.

TABLE 4
Eigenvectors of principal component analysis based on 

the correlation matrix of three leaf structural variables in 
30 shade and 29 sun-exposed seedlings of G. leyboldii 

grown in a common garden at La Selva, Costa Rica

PC1 PC2
LAR 0.58 0.55
LWR 0.69 0.03
LMAP -0.42 0.82
Eigenvalue 2.04 0.91
Proportion of variance 68.21 30.66
Cumulative proportion 68.21 98.87

DiSCUSSiON

The growth and photosynthetic responses 
of seedlings of G. leyboldii conformed to a 
shade-adaptive character syndrome (Mulkey, 
Wright & Smith, 1993). Plants that conform to 

Effects of light treatments on pho-
tosynthetic responses: The photosynthetic rate 
and stomatal conductance for shade and sun 
seedlings were low, and we did not observe 
significant differences between light environ-
ments (F2,18=0.37, p=0.6; Table 5).
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this syndrome are able to not only tolerate long 
periods in the shade, but also grow, survive and 
reproduce under a closed canopy (valladares 
& Niinemets, 2008). A shade-tolerant plant 
will survive, grow and eventually move into 
a different life stage under shade. The ability 
to gather enough resources while avoiding 
losses determines this shade-adaptive character 
syndrome as an integrated life-history strate-
gy, combining whole-plant level responses, 
including biomass allocation, morphological 
adjustment, plant architecture and leaf-level 
physiological changes (Foster & Janson, 1985; 
Callaway, 1992; Osunkoya, Ash, Hopkins & 
Graham, 1994). Shade-tolerants have lower 
phenotypic plasticity and slow growth over 
short time scales (e.g., limited biomass increa-
ses in low light), but can show high plasticity 
for morphological features that optimize light 
capture, as well as survival in the shade. The 
presence of recalcitrant seeds in this species is 
congruent with this syndrome. 

The main adjustment to contrasting light 
environments was effected through changes in 
leaf packaging after leaf expansion. There was 
an increase of over 50% in leaf biomass and 
LWR in the sun, with a consequent decrease in 
LMAP of a similar magnitude. Leaves in the 
sun had a smaller area per unit of leaf weight, 
and overall more biomass in leaves relative to 
the overall plant weight. More leaves in the 
shade of a relatively larger area per unit of leaf 
weight target light interception. These diffe-
rences were subtle and were not reflected in 
gas exchange properties, and were potentially 
buffered by large seed reserves still present 
under both environments and in seedlings that 
started to climb after 4 months. The changes in 
leaf structure observed here are consistent with 
the expected direction of differences under sun 
and shade environments and are not unique to 
lianas (i.e., Poorter, 2001).

Compared to other tropical species, G. 
leyboldii has large seeds (e.g. Foster & Janson, 
1985; Hammond & Brown, 1995; Kitajima, 
1996a, 2002) and large nutrient reserves, con-
sistent with the shade-adaptive character syn-
drome. Large seeds are favored when carbon 

deficits are likely to occur early in life due 
to deep shade (Armstrong & Westoby, 1993; 
Harms & Dalling, 1997; Kitajima, 2003). The 
fact that seedlings were still attached to their 
cotyledons after four months, and that seed 
mass represented the highest allocation com-
partment (nearly 50% of total weight) in see-
dlings with stem lengths of over 1.5m and 
a relatively well-developed leaf area, may 
explain the lack of physiological differences 
among light treatments, although differences in 
light availability were significant. Seed reser-
ves buffered the effects of environmental diffe-
rences, and created a seedling phenotype with 
a similar performance under sun and shade 
environments. The long connection period bet-
ween seedlings and seed reserves may provide 
G. leyboldii with enough time to establish 
under a wide variety of light conditions, and 
even start a necessary ecto-mycorrhizic asso-
ciation (Onguene & Kuyper, 2001). The low 
photosynthetic rates observed here are also 
characteristic of shade-adapted species (Kitaji-
ma, 1996b), and are consistent with the patterns 
reported by Feild & Balun (2008) for adult 
Gnetum plants, although from different species.

in contrast to our data, Gómez (1983) 
reported a germination period of 25-35 days. 
This difference is due to a lower seed number 
used in that study, and that seeds were on the 
ground for some time before being put to ger-
minate. Another characteristic associated with 
delayed germination is the presence of cryp-
tocotylar cotyledons (Duke, 1969; Flores & 
Rivera, 1983) also present in G. leyboldii. What 
really determines the time of seed germination 
is yet to be determined, and more research is 
needed to fully understand this pattern.

Finally, we expect the preferred light stra-
tegy of G. leyboldii to shift from shade toleran-
ce in seedlings to light demanding in adults, 
which display their foliage on top of the cano-
py. This expectation emerges from the evidence 
of Fetcher, Oberbauer and Chazdon (1994), 
who reported changes in leaf structure, with 
adult lianas doubling leaf thickness relative 
to seedlings grown in full shade, whereas in 
seedlings there was a sustained increase in leaf 
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thickness with increasing light. Seedlings adapt 
to heterogeneous light conditions by changing 
leaf structure, as shown in our study. Ontoge-
netic niche shifts along a vertical gradient are 
common in canopy trees (Poorter, Bongers, 
Sterck & Wöll, 2005) and should be the norm 
in lianas that regenerate in the shade but ascend 
to the canopy, as in this case. The results of 
Feild and Balun (2008) for adult Gnetum plants 
challenge this expectation by showing that 
adult species of Gnetum were shade tolerants. 
More research is needed to proof ontogenetic 
niche shifts in G. leyboldii. To do this, it will 
be necessary to couple the examination of phy-
siological responses with the analysis of foliage 
distribution along the forest profile in adults of 
this species.

in conclusion, the large seeds, slow germi-
nation time, long permanence of seed reserves 
during initial seedling growth, low photosynthe-
tic rates, and fine-tuning adjustment of leaf 
structure among light treatments of sun and 
shade show that G. leyboldii initially regene-
rates as a specialized shade-adapted species 
(Poorter & Rose, 2005). More time under 
different light conditions may be needed to 
characterize the ontogenetic niche shift of G. 
leyboldii when seed resources are completely 
depleted and the liana climbs into the canopy. 
Since lianas are increasing in abundance and 
biomass across the tropics (Schnitzer & Bon-
gers, 2011) the understanding of the functional 
basis of this shade tolerance is crucial to increa-
se our knowledge on the range of physiological 
responses associated with lianas especially 
under global warming scenarios. Within this 
context, G. leyboldii represents an excellent 
model organism.
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RESUMEN

La liana neotropical Gnetum leyboldii (Gnetaceae) 
es una gimnosperma que se asemeja a las angiospermas 
en la anatomía de la madera, morfología general de la 
planta y mecanismo de dispersión de semillas. Al igual 
que otras lianas leñosas, las plántulas se regeneran en el 
sotobosque bajo dosel cerrado y eventualmente ascienden 
hacia el dosel, explotando sitios con diferencias extremas 
en condiciones lumínicas. Se desconoce el grado de ajuste 
fisiológico a condiciones lumínicas contrastantes en las pri-
meras fases de regeneración de Gnetum. Para contestar esta 
pregunta, analizamos las respuestas de crecimiento de las 
plántulas a ambientes contrastantes de luz de sol y sombra 
en un jardín común con condiciones de alta (cielo abierto) y 
baja luminosidad (20% del ambiente de sol) en la Estación 
Biológica La Selva, Costa Rica. También caracterizamos 
su patrón de germinación. Monitoreamos plántulas de 1.5 
meses de edad por 4 meses. La estructura foliar mostró una 
fina adaptación a los tratamientos de luz, pero las propieda-
des de intercambio gaseoso no cambiaron sino que fueron 
amortiguadas por las reservas de las semillas grandes, las 
cuales dominaron la distribución de biomasa (aproximada-
mente 50% de la biomasa total) seguidas por el tallo (27%), 
la hoja (16%) y raíces (6%). El tener semillas grandes y 
plántulas con bajas tasas fotosintéticas muestra que G. ley-
boldii en su etapa de plántula está adaptado para explotar 
la sombra profunda. Se requiere más investigación para 
determinar si los patrones encontrados en G. leyboldii son 
típicos de otras lianas que inicialmente explotan la sombra 
profunda en su ascensión al dosel.

Palabras clave: Gnetum leyboldii, lianas, aclimatación 
fotosintética, adaptación a la sombra, distribución de bio-
masa, germinación criptocotilar, Costa Rica.
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