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A B S T R A C T

Seed production in tropical timber trees is limited by abiotic resources, pollination and pre-dispersal seed

predation. Resource availability is influenced by the number of competing trees and by lianas that often

reach high densities in disturbed parts of tropical forests. The distance between conspecific trees affects

pollination efficiency and seed predation intensity, and may therefore indirectly affect the long-term

sustainability of selective logging. Here we investigate how reproductive status and the number of seeds

dispersed per tree are affected by liana load, distance to the nearest conspecifics, number of competing

neighbours and tree diameter in the timber trees Cariniana ianeirensis and Terminalia oblonga. The study is

based on a large-scale silvicultural experiment in lowland Bolivia. We found that the reproductive status

of the two species was negatively correlated with liana cover and positively with tree diameter. In C.

ianeirensis the most liana-infested trees dispersed fewer seeds. In T. oblonga the intensity of pre-dispersal

seed predation decreased with distance to the nearest conspecifics. There was no evidence that seed

viability or seed production decreased with distance to nearest conspecifics in either species as would be

expected if isolation resulted in increased self-pollination. Our results indicate that reproduction can be

severely reduced in timber trees if the largest, most healthy and least liana-covered trees are logged, but

that liana cutting on the remaining seed trees can considerably improve seed production. In some species

seed production may be further improved by ensuring that seed trees are located far apart.

� 2008 Elsevier B.V. All rights reserved.
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1. Introduction

The regeneration of tropical trees is often limited both by the
availability of seeds and of microsites where seedlings can
successfully establish (Eriksson and Ehrlen, 1992; Dalling et al.,
2002; De Steven and Wright, 2002). Selective logging is therefore
likely to have a large impact on regeneration by reducing the density
of seed-dispersing trees and thus seed production (Ghazoul et al.,
1998; Ghazoul and McLeish, 2001). As forestry can only be
sustainable when timber extraction is balanced by recruitment, it
is important to understand how seed production can be maintained
or enhanced through improved forest management.
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One of the characteristic features of tropical forests is the
prevalence of lianas that often attain high densities in disturbed
areas (Putz, 1984; Laurance et al., 2001). Lianas compete with trees
for resources, thereby suppressing tree growth (Clark and Clark,
1990; Gerwing, 2001; Grauel and Putz, 2004; Campanello et al.,
2007) and reducing reproduction (Wright et al., 2005). In addition,
stand density negatively affects tree growth and fecundity
(Guariguata, 1999), whereas seed production is positively corre-
lated with tree diameter (Snook et al., 2005). A better under-
standing of the relative impact of liana densities, stand density and
tree diameter on seed production would be of great value for
improving the management of selectively logged tropical forests.

The larger distances between neighbouring trees in selectively
logged forests can also have a negative impact on reproduction by
resulting in decreased levels of cross-pollination (Hall et al., 1996;
Ghazoul and McLeish, 2001). This may result in lower seed
production or poorer seed viability in individuals that are far
from the nearest conspecifics. Alternatively the increased dis-
tances between the remaining trees may result in reduced
a load, tree diameter and distances between conspecifics on seed
i:10.1016/j.foreco.2008.10.033
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density-dependent seed and seedling predation (Augspurger,
1983; Clark and Clark, 1984; Cintra, 1997), which may partially
offset the negative effects that logging has on seed production.

The aims of the current study were to investigate whether
variations in liana load, distance between conspecific trees, stand
density and tree diameter were associated with (1) reproductive
status of individual trees, (2) variation in seed germination and
predation (3), and production of viable seeds on reproductive trees.
Finally, (4) we compared total number of viable seeds in logged and
unlogged areas in order to assess if logging had other effects on
reproduction that were not captured in the previous analyses. We
selected the two timber species Cariniana ianeirensis and Termi-

nalia oblonga for the study. Both species are common and
economically important in the tropical forests of lowland Bolivia.

2. Methods

2.1. Study area

The study was conducted in a semi-deciduous tropical moist
forest in lowland Bolivia within the 100,000 ha forestry concession
of Agroindustria Forestal La Chonta (158450S, 628600W) during
July–November 2002. Mean annual temperature in the area is
24.5 8C and annual rainfall is 1580 mm, with 5 months receiving
<100 mm (May–September). During the dry season the area is
affected by strong winds from the south and by occasional
wildfires (Blate, 2005).

The forest has a canopy height of �25 m. It is characterized by
abundant treefall gaps and numerous emergent trees (e.g. Ficus

boliviana C.C. Berg that reached a height of 50 m; J. Nabe-Nielsen,
unpubl. data). For trees >10 cm dbh (diameter at breast height,
measured 1.3 m above ground), the forest has an average density of
367 stems ha�1, a basal area of 19.3 m2 ha�1, and
59 tree species ha�1. Large areas are covered by lianas (predomi-
nately species of Clitostoma, Pleonotoma, Serjania and Hippocratea;
Alvira et al., 2004), and pioneer species (e.g. Triplaris americana L.
and Urera baccifera L.) are abundant, both in selectively logged and
in unlogged parts of the forest. There are 160 tree species identified
at La Chonta, 24 of which are considered to be merchantable for
timber. The site has been used for numerous studies (e.g.
Fredericksen et al., 2001; Fredericksen and Pariona, 2002; Alvira
et al., 2004; Schiøtz et al., 2006; Nabe-Nielsen et al., 2007; Peña-
Claros et al., 2008). It contains a unique logging experiment
conducted by Instituto Boliviano de Investigación Forestal (IBIF),
the Long-term Silvicultural Research Program (LTSRP). The present
study was conducted in four of the twelve 450-m � 600-m LTSRP
plots established in La Chonta (27 ha per plot, 108 ha in total). The
plots were located 0.5–2.5 km apart. Two of them had been used
for selective logging following the current Bolivian prescriptions 1
year prior to the study (the ‘Normal’ treatment in Peña-Claros et al.,
2008), and two had been left as unlogged reference plots
surrounded by 150 m buffer zones. Lianas growing on commercial
trees had been cut at least 6 months before logging.

2.2. Study species

Seed production and seed viability were studied in the timber
tree species Cariniana ianeirensis R. Knuth (Lecythidaceae) and
Terminalia oblonga Steud. (Combretaceae) (henceforth referred to
by genus names only). Both species regenerate poorly in the study
area (Pariona et al., 2003; Schiøtz et al., 2006) and very little is
known about the mechanism behind their poor regeneration
(Mostacedo and Fredericksen, 1999). Both species are monoecious
and bee-pollinated (Prance and Mori, 1979; Mori and Boeke, 1987;
Gentry, 1993). They rarely or never become reproductive before
Please cite this article in press as: Nabe-Nielsen, J., et al., Effects of lian
production in tropical timber trees. Forest Ecol. Manage. (2008), do
reaching 20 cm dbh (J. Nabe-Nielsen, unpubl. data). The seeds of
Terminalia are small and winged, but poorly dispersed (rarely
>35 m; J. Nabe-Nielsen, unpubl. data), whereas Cariniana produces
large winged seeds that may disperse>35 m from tall parent trees
in windy weather. In La Chonta the seeds of Cariniana were
frequently predated before dispersal by macaws that were able to
open the woody capsules (J. Nabe-Nielsen, unpubl. data).

2.3. Assessing the reproductive status of individual trees

The reproductive status of the study trees, i.e. whether they
produced seeds or not, was recorded for all individuals>20 cm dbh
in the four plots. Liana load (estimated as percent crown cover),
distance to conspecifics, number of competing neighbours (trees of
all species >20 cm dbh, <10 m away) and tree dbh were recorded
for all individuals. Instead of using distance to conspecifics directly
we used a nearest neighbour index (NNI), which was calculated as
the geometric mean of the distances to the two nearest
conspecifics, i.e. as the square root of the product of the first
and second nearest neighbour distances (cf. Ghazoul and McLeish,
2001). This allowed us to combine two distances into a single
measure that has proved to be valuable in other studies.

To evaluate how liana load, distance to conspecifics, number of
competing neighbours and dbh affected the reproductive status of
the trees, we employed a logistic regression for each of the two
study species. This yielded estimates of variations in the
probability that trees produced seeds. All explanatory variables
were Loge-transformed. Due to the risk of spatial autocorrelation,
the significance of the variables was assessed both parametrically
and using a randomisation test with 10,000 permutations (Manly,
1997).

2.4. Measuring seed production using seed traps around reproductive

trees

We assessed the seed production by collecting seeds in seed
traps. The number of viable seeds was subsequently calculated by
multiplying the number of seed by their germination probability
(in Section 2.6) to address the second objective of our study. Seed
production was monitored for five reproductive trees of each
species in each plot whenever possible, yielding a total of 18
Cariniana and 19 Terminalia trees >20 cm dbh. Seed traps
(perforated umbrellas fixed upside down at the forest floor) with
an area of 0.61 m2 were placed around each tree in the distances 5,
10, 20, 30 and 35 m in the four cardinal directions. Only relatively
isolated trees were selected for the study in order to avoid
overlapping seed shadows, and traps were removed if the distance
to a reproductive conspecific was<30 m. For trees�40 cm dbh the
traps 30 m and 35 m from the tree were removed after eight weeks,
as seeds apparently were not dispersed that far from small trees.
Seeds were collected from the traps two times per month during
the period when seeds were dispersed, i.e. from the beginning of
July to mid-November 2002 (nine censuses). No seeds were
dispersed outside this period (J. Justiniano and T. S. Fredericksen,
pers. comm.).

Traps far from a seed tree captured a smaller proportion of the
seeds dispersed to that distance, and the proportion captured
decreased linearly with the distance. For each tree the ‘relative’
number of seeds Rc was therefore estimated by weighting the
number of seeds in each trap by its distance to the tree, so Rc ¼P

t Stcðdt þ 1Þwhere Stc is the number of seeds in trap t in census c

and d is the distance of the trap from the centre of the tree crown.
This measure allows comparison of seed production among trees
but does not give the absolute number of seeds produced by each
tree. For missing traps Stc was replaced by the mean number of
a load, tree diameter and distances between conspecifics on seed
i:10.1016/j.foreco.2008.10.033
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Table 1
Change in reproductive status (whether trees produced seeds or not) with tree dbh,

liana load (percent crown cover), distance to conspecifics (NNI, geometric mean of

distance to two nearest conspecifics) and stand density (neighbours of all species

>20 cm dbh <10 m away), calculated using logistic regressions.

Source Estimate SE z Ppar Pran

Cariniana

Intercept �22.228 4.698 �4.731 <0.001 <0.001

Loge(dbh) 6.708 1.283 5.229 <0.001 <0.001

Loge(liana + 1) �0.917 0.199 �4.607 <0.001 <0.001

Loge(NNI) �0.561 0.334 �1.680 0.093 0.002

Loge(stand + 1) �0.178 0.592 �0.301 0.763 0.156

Terminalia

Intercept �10.975 1.377 �7.969 <0.001 <0.001

Loge(dbh) 3.406 0.368 9.269 <0.001 <0.001

Loge(liana + 1) �0.426 0.084 �5.094 <0.001 <0.001

Loge(NNI) 0.042 0.193 0.215 0.829 0.462

Loge(stand + 1) 0.248 0.272 0.912 0.362 0.908

Significance levels based on parametric tests Ppar and on randomization tests Pran

are provided.
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seeds collected in the other traps at that distance from the tree. A
tree’s seed production was calculated as the total number of seeds
over the entire seed dispersal season. This number underestimated
the real seed production for large Cariniana trees that were able to
disperse seeds >35 m.

2.5. Assessing differences in seed germination and predation among

trees and censuses

The viability of the collected seeds was tested by planting them
in a shade-house at the end of each census (20 seeds per tree and
census when available). Seeds were kept moist and trays with
seeds from different trees and censuses were frequently shuffled
around to ensure that they received the same amount of light. The
germination time of each seed was recorded. Seeds that had not
germinated 4 months after they were planted were considered
dead. Parasitized, partly eaten seeds were counted separately in
the field and not included in the analyses of seed viability.

The seed germination probability varied synchronously for all
trees, so the germination probability of seeds from each tree and
census was calculated as Pci ¼ P̄cP̄i, where P̄i is the average
germination probability for tree i, and P̄c is the average germination
probability in census c. This measure is less sensitive to the random
death of a single seed than germination measured directly in the
shade-house. After excluding three outliers the two germination
measures correlated well (r = 0.82 for Cariniana; r = 0.81 for
Terminalia). To analyse if seed germination differed among trees
and censuses we used the log-linear model ln f̂igc ¼ mþ Ii þ Gg þ
Cc þ IGig þ GCgc where f̂ is the expected frequency and G is
germination status; see Crawley (2002) for details on the statistical
model. The significance of ICic and the three-way interaction could
not be tested as not all trees dispersed seeds in all censuses.

Seed parasitism was only observed in Terminalia. In order to
analyze whether the intensity of parasitism varied among censuses
and trees we employed a G-test.

2.6. Assessing variations in production of viable seeds among

reproductive trees

The effects of liana load, distance to conspecifics (NNI), number
of competing neighbours and tree dbh on the number of viable
seeds per tree were analyzed using generalized linear models (to
address objective 3). The total number of viable seeds produced per
reproductive tree over the season was calculated as V =

P
PcRc. The

number of viable seeds produced by a tree in census c is the
‘relative’ number of seeds � germination probability. For one
Terminalia too few seeds were planted to allow calculation of Pc.
Instead the observed germination percentage was used for
calculation of the number of viable seeds. Non-reproductive
conspecifics were included in the calculation of NNI as many of
them probably had flowers and could increase the amount of cross-
pollination even though they did not produce any seeds. All
variables were Loge-transformed in order to obtain a linear
relationship with Loge(V).

All statistical analyses were performed using R 2.6.1 (R
Development Core Team, 2008), except regressions with permuta-
tion tests that were performed using Permute 3.4.9 (Legendre et al.,
1994).

3. Results

3.1. Reproductive status of individual trees

The probability of producing seeds was related to liana load and
tree diameter for both Cariniana and Terminalia (Table 1). The
Please cite this article in press as: Nabe-Nielsen, J., et al., Effects of lian
production in tropical timber trees. Forest Ecol. Manage. (2008), do
likelihood of producing seeds was lower for trees with a high liana
load (Fig. 1). For Cariniana few of the trees with>20% of their crown
covered by lianas were reproductive, whereas most Terminalia were
reproductive as long as<80% of their crowns were covered. Very few
trees <30 cm dbh produced any seeds (none of the 41 Cariniana

trees, 22% of 186 Terminalia), whereas the large majority of the trees
>80 cm dbh produced seeds (91% of 11 Cariniana, 91% of 22
Terminalia). Distance to nearest conspecifics (NNI) affected the
reproductive status for Cariniana (Table 1), but the effect was only
significant when the randomization test was used, indicating that
there was strong spatial autocorrelation. The probability of
producing seeds was slightly higher for trees that were far from
conspecifics. The number of competing neighbouring trees had no
effect on the reproductive status of Cariniana and Terminalia.

3.2. Seed germination and predation

For Cariniana 58% of the seeds germinated, usually <2 months
after they were planted. A higher proportion of the seeds
germinated at the peak of the seed dispersal season (G2 = 133.2,
d.f. = 16, P < 0.001) but there was no significant difference in
germination among trees (G2 = 17.2, d.f. = 10, P = 0.07), although
the two trees where the smallest proportion of the seeds
germinated (13% and 20%) had seeds that were infected by fungi
throughout the seed dispersal season, and one of these trees was
old and decaying.

Only 11% of the collected non-parasitized Terminalia seeds
germinated. Germination times progressively decreased towards
the end of the cold dry season, with seeds planted in the end of
November germinating after <2 months. The proportion of seeds
that germinated increased over the season (G2 = 205.9, d.f. = 8,
P < 0.001) and germination varied among trees (G2 = 105.5,
d.f. = 18, P < 0.001). The differences in seed germination among
Terminalia trees were not related to liana load, NNI or dbh (GLM),
and the average seed germination did not differ between trees in
logged and reference plots.

A large part of the Terminalia seeds had been parasitized by
bruchid beetles before dispersal, which left a small hole in the seed.
The proportion of seeds that were parasitized dropped from 43% to
7% over the season (G-test; G2 = 843.9, d.f. = 182, P < 0.0001). The
intensity of the parasitism varied among trees (G2 = 1001,
d.f. = 173, P < 0.0001), and trees that were far from the nearest
conspecifics were rarely parasitized (R2 = 0.35, P = 0.013; regres-
sion with permutation test). Parasitism was not related to tree dbh,
liana load or to number of seeds produced (R2 = 0.02, P = 0.94).
a load, tree diameter and distances between conspecifics on seed
i:10.1016/j.foreco.2008.10.033
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Fig. 1. Effect of liana load and tree diameter on the probability that trees produced seeds. Histograms show total number of trees in the four plots (intervals include upper

limit). Curves show probability of producing seeds in three liana load classes, calculated from logistic regressions with dbh and liana load as independent variables. Points

indicate predicted values corresponding to the full logistic model (Table 1).
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3.3. Variation in number of viable seeds among reproductive trees

In Cariniana the number of viable seeds per seed tree was strongly
related to liana load and tree diameter (Table 2; Fig. 2). The
reproductive trees that had lianas in their crowns and trees with
small diameter produced very few viable seeds, but the distance to
nearest conspecifics and the number of competing trees did not
affect seed production. In Terminalia the number of viable seeds per
tree was not related to any of these variables (Table 2). There was no
Table 2
Change in Loge number of viable seeds with tree dbh, liana load, distance to

conspecifics (NNI) and number of competing neighbours, calculated using GLM.

Source Estimate SE t P

Cariniana

Intercept �8.665 3.293 �2.63 0.027

Log(dbh) 4.436 0.959 4.624 0.001

Liana load �0.728 0.193 �3.765 0.004

Log(NNI) �1.008 0.494 �2.042 0.072

Log(neighb) �0.051 0.682 �0.074 0.942

Whole model: R2 = 0.741

Terminalia

Intercept 14.619 6.247 2.34 0.036

Loge(dbh) �1.588 1.422 �1.117 0.284

Liana load 0.399 0.359 1.110 0.287

Loge(NNI) 0.005 1.253 0.004 0.997

Loge(neighb) �2.304 1.534 �1.502 0.157

Whole model: R2 = 0.227

Please cite this article in press as: Nabe-Nielsen, J., et al., Effects of lian
production in tropical timber trees. Forest Ecol. Manage. (2008), do
consistent change in liana load with tree diameter, except that only
relatively small trees had �90% liana cover in the studied species.

3.4. Total number of viable seeds in logged and unlogged areas

The total number of viable seeds was smaller in logged areas
than in unlogged reference plots (Table 3). For Cariniana the
Fig. 2. Relationship between increasing liana load and number of viable seeds per

tree for trees in the size classes �60 cm dbh and >60 cm dbh. Only the correlation

for Cariniana >60 cm dbh was nearly significant (P = 0.07, F1,8 = 4.3, R2 = 0.35).

a load, tree diameter and distances between conspecifics on seed
i:10.1016/j.foreco.2008.10.033

http://dx.doi.org/10.1016/j.foreco.2008.10.033


Table 3
Effects of selective logging on reproductive status, seed production and viability of Cariniana ianeirensis and Terminalia oblonga trees.

Cariniana Terminalia

Reference Logged Reference Logged

Number of trees >20 cm dbh, N 108 40 262 321

Percent reproductive trees, q 31.5% 25.0% 47.7% 54.2%

Seeds per reproductive tree,
P

Rc 932 147 11,333 3,443

Mean germination probability,
P

Pc 56.9% 55.5% 10.8% 15.4%

Viable seeds per reproductive tree,
P

PcRc 530 82 1,224 530

Total viable seeds, qN
P

PcRc 18,020 820 153,000 92,220

Mean dbh �1SD for trees >20 cm dbh 47.0 � 22.0 45.5 � 17.6 39.9 � 16.9 41.8 � 19.1

Trees with �20% liana load 68.0% 72.5% 84.4% 80.4%

Trees with �80% liana load 35.9% 32.5% 48.3% 37.3%

Number of trees harvested per ha 0 0.27 0 0.42

Proportion of trees >40 cm dbh harvested 0% 39% 0% 12%

Mean dbh �1SD of harvested trees 76.5 � 15.6 60.9 � 7.9

The total relative number of viable seeds produced by all trees in two 450-m � 600-m plots was calculated assuming that the studied seed trees were representative of all

reproductive trees. The relative number of seeds strongly underestimates the true seed production, but scales among trees in the same way. Over-bars indicate mean values

for the studied seed trees. Logging caused smaller decreases in tree density for Terminalia than for Cariniana (IBIF unpubl. data).

Fig. 3. Variation in mean number of viable seeds per reproductive tree in Cariniana ianeirensis and Terminalia oblonga (mean � 1SE). The two peaks in the seed dispersal for

Terminalia results from variations in number of seeds dispersed rather than in seed viability, which increased monotonously over the study period.
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decrease was caused by a combination of a strongly reduced
number of seed trees and a very limited seed production on the
trees that were left. For Terminalia the difference between logged
and reference plots was small and mostly due to one single tree in a
reference plot that produced 45% of all collected seeds (but only
21% of collected viable seeds). Only a small proportion of the
Terminalia had been logged in the studied plots. The production of
viable seeds peaked at the same time in logged and reference plots
(Fig. 3).

4. Discussion

In Cariniana and Terminalia the largest trees and trees with
small liana loads had a higher probability of producing seeds,
whereas distance to conspecifics and number of competing trees
had no effect on their reproductive status. Cariniana was
particularly strongly affected by lianas, and the majority of the
trees that had more than 20% of their crowns covered by lianas did
not produce seeds. On Barro Colorado Island (BCI), Panama, five of
16 tree species were less frequently fertile when covered by lianas
(Wright et al., 2005), presumably due to competition for light. In
Cariniana the liana-covered fertile trees at the same time produced
fewer seeds, which amplified the negative impact of lianas. Similar
relationships between liana load and number of seeds produced
Please cite this article in press as: Nabe-Nielsen, J., et al., Effects of lian
production in tropical timber trees. Forest Ecol. Manage. (2008), do
have, to our knowledge, only been reported for the trees Bursera

simaruba in Costa Rica (Stevens, 1987) and for Bertholletia excelsa in
Brazil (Kainer et al., 2006).

Lianas may generally have a strong impact on tree fertility
because of their ability to grow fast and to position their leaves on
top of the tree crowns, thereby causing significant reductions in
the amount of light that is available to the trees (Putz, 1984; Grauel
and Putz, 2004). Kainer et al. (2006) suggested that liana-infested
trees may also experience reduced nutrient availability, as leaves
that are less exposed transpire less and transport less water and
minerals. Although lianas grow fast they probably need >1 year to
fully exploit a new logging gap. Their densities are therefore likely
to have increased further in the logged plots in La Chonta after this
study took place, which may have increased their negative effects
on tree reproduction.

Similar mechanisms are likely to be responsible for the
decreased reproduction in Cariniana and Terminalia, but the reason
why reproduction is not affected to the same extent in the two
species is less clear. Terminalia experienced higher liana loads than
Cariniana (Table 3), probably because of its Y-shaped architecture
and its lower height to the first branches. Consequently, we
speculate that a generally higher liana load on Terminalia has made
it particularly beneficial to evolve the ability to produce seeds even
when covered by lianas. This hypothesis is supported by the fact
a load, tree diameter and distances between conspecifics on seed
i:10.1016/j.foreco.2008.10.033
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that Terminalia growth rates are less affected by liana infestation
(0.28 cm y�1 and 0.17 cm y�1 for liana-free trees and trees entirely
covered by lianas, respectively) than are Cariniana growth rates
(0.68 cm y�1 and 0.17 cm y�1; IBIF unpubl. data). The five tree
species on BCI that produced seeds less often when liana infested
varied in life forms (Wright et al., 2005), and it is not clear if the
species that were most strongly affected by lianas were the ones
that were least susceptible to being infested. If lianas have a larger
impact on reproduction in trees that rarely host lianas, it would
help focussing silvicultural treatments like liana removal on the
species where it has the largest impact.

Cariniana and Terminalia did not produce nearly as many viable
seeds in logged forest as compared with the reference plots. This
was apparently not due to lower levels of cross-pollination for
trees that were further apart, as the distance between neighbour-
ing trees had no significant effect on the probability of seed
germination or on the total number of viable seeds produced per
tree in either species. A similar result was obtained by Herrerias-
Diego et al. (2006) who found no effect of forest fragmentation on
the level of outcrossing. Lourmas et al. (2007) reported that
average pollination distances exceeded 250 m in the bee-
pollinated Entandrophragma cylindricum, suggesting that logging
may have a weak effect on the outcrossing levels in tropical trees as
long as post-logging densities remain high. In our study, there was
instead evidence of distance-dependent seed predation by bruchid
beetles in Terminalia and of an increasing probability of producing
seeds for Cariniana trees that were far from conspecific neighbours
(Table 1). These trends serve to reduce the negative effects of
logging on seed production but they were not able to compensate
completely for the reduction in number of seeds produced
(Table 3).

The reduced seed production in logged forest may partly be
caused by alterations of forest structure induced by logging,
although such changes were not easily perceived in La Chonta.
Selective logging often results in reduced canopy heights (Okuda
et al., 2003; Blate, 2005; Dietz et al., 2006; Villela et al., 2006),
which may lead to increased transpiration of the remaining large
trees (Laurance et al., 2000) and reduce their seed production.
Alternatively the fruits and seeds may be more visible in the logged
forest, which could make them more exposed to predation by
birds. Our results indicate that there can be variation in seed
viability among trees and that seeds from healthy trees may be
more viable. Another possible reason for the lower average seed
production in logged areas could therefore be that all the large,
healthy and more fecund trees had been logged, which would have
a detrimental long-term impact on forest regeneration. This must
be taken into account when selecting the individuals that should
be left as seed trees when logging takes place.

5. Conclusion

The intensive logging of Cariniana, combined with a lower
average seed set on the remaining trees means that the species
contributed much less to the total seed production in logged
than in unlogged forest stands. This is expected to result in long-
term changes of the species composition, thus rendering logging
unsustainable unless regeneration is improved through silvi-
cultural treatments (Dalling et al., 2002; De Steven and Wright,
2002). Our results indicate that seed production can be
substantially improved in Cariniana by cutting lianas on the
seed trees. If lianas were removed on the relatively abundant
trees with 50–70 cm dbh, it could result in a 50–100% increase
in the number of reproductive trees (Fig. 1), and in a
considerable increase in the number of viable seeds produced
per tree (Fig. 2). Liana-cutting experiments have revealed that
Please cite this article in press as: Nabe-Nielsen, J., et al., Effects of lian
production in tropical timber trees. Forest Ecol. Manage. (2008), do
the effects of removing lianas persist for at least 4 years in La
Chonta (Peña-Claros et al., 2008). Liana cutting may therefore be
a relatively cost effective way of improving regeneration of trees
with poor seed production.
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