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Abstract

We investigated the effect of logging on Ficus species at a community level in the
Imbak Canyon Conservation Area (ICCA) in Sabah, Malaysian Borneo. We made
comparisons of species composition, density, fig size, and host-tree size (DBH)
between heavily logged and relatively old forests, and assessed factors affecting the
size of hemi-epiphytic species. There were no significant differences in species
composition, density, and fig size between the two habitats. There were significant
differences between the DBH of host and non-host trees in both young and old forests
as well as between those of host trees in young and old forests. The DBH of hemi-
epiphytic species was negatively affected by the DBH of host trees. The results
obtained in this study indicate that Ficus species, particularly hemi-epiphytes, can
survive in degraded habitats that have recently been logged as well as in undegraded
forests, and that their growth is not greatly affected by prior logging activities. Thus,
Ficus exhibits both flexibility and adaptability to habitat change. This indicates that
Ficus species make ideal plants for the restoration of logged forests considering that
figs are an important food resource for numerous animal species, and can promote
seed dispersal of other plants by attracting these animals into degraded habitats.
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Introduction

Ficus is one of the most species-rich plant genera, containing approximately 750
species that are pantropically distributed (Janzen, 1979), with around 150
species on Borneo alone (Berg & Corner, 2005). Hemi-epiphytic species account
for one-third to more than a half of all Ficus species in any given locality and
are an important component of forest ecosystems (Harrison et al., 2003). Their
seeds are dispersed among the branches of host trees by arboreal and/or volant
animals, where these plants start their life as epiphytes, until their aerial roots
grow and connect them to the ground (Putz & Holbrook, 1986). Climbers also
need host trees for physical support. Owing to the large crop size produced by
hemi-epiphytic species and their seasonal fig (inflorescence) availability, Ficus
are keystone plants in terms of food resources for more than 1,000 animal
species worldwide (Shanahan et al., 2001). Thus, Ficus is an ecologically
important genera and is closely related to the survival of other plants and
animals in forest communities.

Forest logging is the critical factor in forest degradation in Bornean rainforests
(Reynolds et al., 2011). Mechanical logging drastically alters forest structure and
species composition of the dominant plant family, which in rainforests comprises
dipterocarps (Ancrenaz et al., 2010), leading to a reduction in food resources
for frugivorous and folivorous animals (Johns, 1986, 1988). Therefore, the
effects of logging on Ficus may directly impact both plant and animal species
diversity and composition in any given forest ecosystem. The spatial distribution
of fleshy-fruited plants following logging is determined by seed dispersal via
animals (Wunderle Jr, 1997). Most animals that feed on figs are potential seed
dispersers for this plant, because fig seeds are numerous, tiny (ca. 1 mm) and
mostly egested in faeces without destruction, with the exception of some
animals, e.g. mice and green pigeons (Compton et al., 1996; Lambert, 1989a;
Shanahan et al., 2001). However, only large animals can disperse the seeds of
large fig species, e.g. Ficus punctata, because these species usually have thick
outer flesh, and most small animals leave the seeds inside, untouched
(Shanahan, 2016). Given that large animals are usually negatively affected by
logging (Meijaard et al., 2005; Ancrenaz et al., 2010), fig size could also
influence Ficus species composition and spatial distribution, especially in
degraded habitats. Therefore, the species composition, spatial distribution, and
fig size of each species will reflect the effect logging has on Ficus. For host-
dependent species, the host tree is a key factor for their survival and growth
(Putz & Holbrook, 1986), so the characteristics of host trees should also be
considered.
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Despite the importance of this matter, to the best of our knowledge there are
no such data available. Therefore, in this study, we investigated the effect of
logging on Ficus species at a community level in the Imbak Canyon Conservation
Area (ICCA), in Sabah, Malaysian Borneo. We specifically addressed the
following: 1) a comparison of species composition, density, fig size and host-tree
size between heavily logged and relatively old forests, and 2) factors affecting
the size of hemi-epiphytic Ficus individuals.

Materials and Methods

Study site

This study was conducted between 18 and 23 August 2017 in the forests around
Batu Timbang Research Station (BTRS, 5°00N, 117°04'E), near the border of
Imbak Canyon Forest Reserve and Mt. Magdalena Forest Reserve, in the south-
eastern section of the Imbak Canyon Conservation Area (ICCA, 5°04'N, 117°06'E).
The ICCA covers an area of approximately 30,000 hectares. Most of the habitat
within the ICCA comprises lowland dipterocarp rainforest and upper montane
forest, including montane heath forest patches (Sugau et al. 2012, Suleiman et
al. 2012). The ICCA was formerly a part of the Yayasan Sabah Concession Area,
and in the past the habitat around the periphery of the ICCA was heavily logged.
The forests around the BTRS were logged several times during the 1980s and the
2000s (Yap, S.W. personal communication). Logging activity was totally
prohibited when the ICCA became a Class | (Protection) Forest Reserve in 2009.
The forests inside the canyon are relatively pristine (Latif & Sinun, 2012).

Survey methods

We established plots consisting six transects (250 x 250 m at 50 m intervals)
andsearched for Ficus species along the transects in heavily logged (hereafter
referred to as ‘young’) forest and old forest habitats (Figure 1). In addition to
these plots, we also searched them using transects in each area. When we
detected a Ficus species, we recorded the species name, coordinates (using a
GPS: Garmin 64S, Garmin International, Olathe, Kansas, USA), diameter at
breast height (DBH, cm), height (using a laser range finder: Laser 550AS, Nikon,
Tokyo, Japan), host-tree species, and the host tree’s DBH. For hemi-epiphytes,
we also measured the DBH of the largest aerial roots that reached the ground.
We regarded the height of the position of colonisation as the height of hemi-
epiphytes, while for climbers we regarded the height of the crown as the height.
The nomenclature of plant species, plant growth form, and taxonomic rank
followed Berg & Corner (2005).
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Figure 1. Map of the surveyed area and all fig locations

Data analysis

We assessed the similarity of Ficus species composition between the two habitats
(young and old forest) using Jaccard’s similarity index (Jaccard, 1912; Koleff et
al., 2003). A value of zero indicates completely dissimilar sets; a value of 1
indicates identical sets. The difference in densities between the two habitats
was assessed by comparing the number of Ficus individuals in each habitat with
the expected number of individuals if they were distributed equally in the two
habitats, using Fisher’s exact test.

We investigated whether there were differences in fig size between the two
habitats using a simulated distribution of indices that would be expected if there
was no effect of habitat differences, by performing an exact permutation test
estimated by Monte Carlo (9,999 replications) using the perm package in R 3.4.2
software (R Development Core Team, 2017). We calculated the fig size index as
diameter (mm)*length (mm)/100 for each species. Fig sizes were based on
Lambert (1989b) and Nakabayashi (2015, including unpublished data). We also
compared the DBH of host trees of host-dependent species, such as hemi-
epiphytes and climbers, with that of non-host trees, and also the DBH of host
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trees between the two habitats, by using exact permutation tests with
Bonferroni corrections.

We assessed the factors affecting the size (DBH) of hemi-epiphytic species using
generalised linear mixed models (GLMMs) with Gamma distributions. We used
the restricted maximum likelihood with the lmer function to fit the GLMMs.
Random effect was individual, and the fixed effects were habitat type (young or
old forest), colonisation height, fig species, and DBH of host trees. We evaluated
the support for all models using the Akaike information criterion (AIC) and found
the best fit models with the lowest AIC value. We tested whether the coefficient
estimates in the best model deviated from zero using the Wald test. GLMMs and
the Wald test were executed using the lme4 package in R 3.4.2 software.

Results

In total, we surveyed 8.1 km in young forest areas and 12.6 km in old forest
areas. We defined 5 m on either sides of a transect as the visible range, and
therefore the total surveyed area in young and old forests was 8.1 and 12.6 ha,
respectively. We found 14 and 20 (total 27) Ficus species in young and old forests,
respectively (Table 1, 2). There were three and 12 unidentified species in young
and old forests, respectively. It was unclear whether these unidentified species
included the same species. The growth form of 18 out of 27 identified species
was hemi-epiphytic (66.7%), five species were climbers (18.5%), two species
were shrubs (7.4%) and two species were trees (7.4%). We found 18 and 51 (total
69) individuals, including 15 unidentified species, in young and old forests,
respectively. The growth form of 44 out of 55 species-identified individuals was
hemi-epiphytic (80.0%), seven were climbers (12.7%), two were shrubs (3.6%)
and two were trees (3.6%).
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Table 2. Attributes of Ficus species detected in each habitat. The numbers in parentheses
in the N column indicate surveyed area.

growth . N fig size
form species young (8.1 ha) __ old (12.6 ha) index
H
F. binnendijkii 2 4.0
F. callophylla 2 0.6
F. consociata 1 2 2.9
F. delosyce 1 0.4
F. dubia 2 7.9
F. globosa 1 4.2
F. kerkhovenii 6 1.6
F. microcarpa 1 0.7
F. pellucido-punctata 2 2.1
F. pisocarpa 1 1 1.4
F. spathulifolia 2 0.4
F. stricta 2 3 2.5
F. stupenda 2 3 42.5
F. subcordata 1 15.8
F. subgerderi 2 1.3
F. sundaica 1 3 2.7
F. caulocarpa 1 1 0.3
F. virens 1 0.5
C
F. deltoidea 1 0.1
F. punctata 1 1 56.1
F. spiralis 1 0.4
F. trichocarpa 1 2.5
F. tinctoria gibbosa 2 -
S
F. beccarii 1 -
F. uncinata 1 0.8
T
F. treubii 1 -
F. variegata 1 3.8
unidentified spp. 3 12
Total species 14 20
Total N 19 51
density (ha') 2.35 4.05

Density (individuals/ha), including unidentified species, was 2.35 and 4.05,
(total 3.43), in young forest and old forest, respectively. There was no significant
difference in density between the two habitats (p=0.11), although the density
in the old forest tended to be higher than that in the logged forest. The Jaccard
similarity index between the species composition of the two habitats was 0.75.
The fig size index was 11.0+£5.1 (mean+SD) in the young forest, while that in the
old forest was 7.2+3.6 (Figure 2). There was no significant difference in fig size
index between the two habitats (p=0.14).
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Figure 2. Fig size index of the two habitats. Asterisks indicate mean values.
Table 3. Attributes of the host trees of hemi-epiphytic and climber Ficus species
famil
Family species N % DBH + SD (cm) ﬁ
o
Achariaceae Ryparosa acuminata 1 2.7 30.0 1 2.7
Calophyllaceae Calophyllum spp. 2 5.4 42.0+£21.0 2 5.4
Dipterocarpaceae 24 64.9
Dipterocarpus spp. 4 10.8 93.3+20.5
Dryobalanops lanceolata 1 2.7 170.0
Parashorea spp. 2 5.4 80.0+30.0
Shorea johorensis 1 2.7 68.0
Shorea pauciflora 3 8.1 176.7+17.0
Shorea platyclados 5 13.5 161.7+12
Shorea spp. 6 16.2 131.7+43.7
Vatica oblongifolia 1 2.7 170.0
Vatica sp. 1 2.7 180.0
Fagaceae Lithocarpus spp. 3 8.1 63.3+18.9 3 8.1
Lauraceae Eusideroxylon zwageri 3 8.1 53.3+11.8 3 8.1
Myrtaceae Decaspermum fruticosum 3 8.1 30.0 3 8.1
Rubiaceae Neonauclea sp. 1 2.7 1 2.7
Total 37 100.0 93.1+55.4 100
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We found 37 host trees belonging to seven families (Table 3). Due to the small
sample size of identified host trees (n=5), we excluded host species or genus
from the analysis. The most common host was the genus Shorea of the
Dipterocarpaceae, which accounted for 40.5% of all host trees. Family
Dipterocarpaceae accounted for 64.9%, followed by Fagaceae, Lauraceae, and
Myrtaceae (all 8.1%). The DBH of the host trees was 93.1+55.4 cm (meanzSD),
but 40 to 50 cm was the most common size in both habitats (Figure 3). The DBH
in the young and old forests was 51.1+30.5 cm (mean+SD, n=10) and 111.2+59.2
cm (n=32), respectively. The DBH of non-host trees in young and old forests was
17.9+£19.6 (n=39) and 33.0+41.8 (n=284). There were significant differences
between the DBH of host and non-host trees in both young (p < 0.01) and old
forests (p < 0.01), as well as between those of host trees in young and old forests
(p < 0.01) (Figure 4).

B young forest
B old forest

Frequency
3
|

[ I I I I 1
0 50 100 150 200 250

host DBH (cm)

Figure 3. Distribution of DBH of the host trees. Overlapped areas show different colour
(purple).



Effect of logging on figs

243

The GLMM analysis showed that the size (DBH) of hemi-epiphytic species was
affected by the DBH of host trees, habitat type, and colonisation height, with
an AIC value of -354.5, followed by the model with height as its fixed effect,
with an AIC value of -351.1. The third best model was the null model, with an
AIC value -347.6. The species did not affect the DBH of hemi-epiphytes. Only
the DBH of host trees was a significant fixed effect in the best model according
to the Wald test, but the colonisation height was marginally significant (Table

4).

DBH (cm)

60

100 120 140

80

40

20

#
1 M host tree

young forest

[ non-host tree

old forest

Figure 4. DBH of the host trees of hemi-epiphytic and climber Ficus species and non-host
trees in the two habitats (mean + SE). Asterisks indicate significant differences (p < 0.01).

Table 4. Attributes of the best model of the GLMM analysis on the DBH of the hemi-epiphytic

Ficus species

parameter coefficient+SE t-value p value
intercept 0.41+0.19 2.22 0.03
young forest 0.08+0.15 0.56 0.58
colonisation height 0.01+0.001 1.76 0.07
DBH of host tree -0.004+0.001 2.9 0.004
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Discussion

Although the species diversity and richness around Batu Timbang Research
Station (BTRS) cannot simply be compared with other sites, because of the short
survey period (six days) and small area surveyed (20.7 ha), we found quite a
diverse range of Ficus species, especially those belonging to subsection
Conocycea, which comprises only hemi-epiphytic species (Table 5). The density
of hemi-epiphytic species in the BTRS, in terms of both species and community
level, and the Ficus species richness around the BTRS during the study period,
were basically the same as seen at other sites on Borneo, except for the
subgenus Ficus (Table 5). These results indicate that the Ficus species richness
and density of hemi-epiphytic species found around the BTRS is very common on
Borneo (Table 1, 5).

Table 5. Ficus species richness in five sites on Borneo. GP, Gunung Palung National Park; KP,
Kutai National Park; MK, Mount Kinabalu National Park; LH, Lambir Hills National Park. Data
from Laman & Weiblen (1998).

subgenus and section

Y S EE S G D) GP KP MK LH Batu Timbang
1996 &
survey effort 1997 - 3.5 months 120 ha 6 days 20.7 ha
Urostigma
Urostigma (5) 1 2 2 1 2
Conosycea (36) 27 23 16 19 16
Malvanthera (1) 0 0 0 0 0
Pharmacosycea
Oreosycea (5) 0 1 0 0 0
Sycomorus
Sycomorus (3) 0 1 0 0 1
Ficus 28 25 60 34 8
Total 56 52 78 54 27

Based on the high value of the Jaccard similarity index, the young and old forest
habitats had similar Ficus species composition. The density and fig size did not
differ between the two habitats, and species producing large figs (F. punctata
and F. stupenda) were found in both habitats. There were relatively young
individuals of F. stupenda in both young (DBH = 4 cm) and old (7 cm) forests,
and therefore the seed dispersal system of large fig species is working in these
areas, regardless of their logging history. Habitat degradation by logging can
negatively affect most animals, including important seed dispersers such as
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hornbills (Meijaard et al. 2005), but some animals, for example palm civets
(Nakabayashi et al., 2014), take advantage of the higher levels of light in these
habitats in terms of the food resources available, such as flowers, fruits, new
leaves and herbivorous insects (Fowler et al., 1993). Such animals are important
seed dispersal agents in degraded habitats (Corlett, 2017). The similar species
composition and lack of differences in tree density and fig size between the
young and old forests in the BTRS indicate that, in this area, animals act as seed
dispersal agents for Ficus species, including large-fig species.

Dipterocarpaceae comprised the most common hosts in the BTRS area; this
result is consistent with results from other study sites (Harrison et al., 2003).
Several studies have indicated that DBH is the most important host factor for
some hemi-epiphytic Ficus species, rather than bark roughness or host species
(Laman, 1996, Harrison et al., 2003), and the results of the present study
corroborate this pattern, as the size of host trees (DBH) was significantly larger
than that of non-host trees in both habitats. Although preferred host size varies
among hemi-epiphytic species (Laman, 1996), we were unable to assess this
because of the small sample size. Host size seems to be determined by relative
tree size in a given environment, because the host DBH in the old forest was
significantly larger than that in the young forest (Figure 3, 4), and there was a
similar species composition between the two habitats. The results of the current
study suggest that even in recently logged forests, host-dependent species
depend on relatively large trees rather than specific species as their host.
Considering that habitat type (old or young forest) did not affect density or
species composition in the BTRS area, it appears that host-dependent species
can colonise relatively disturbed habitats if there are suitable potential host
trees and seed dispersal agents.

The size (DBH) of host-dependent species was negatively affected by the DBH of
host trees. This result indicated that host-dependent species grow well when
they colonise relatively small host trees. Water stress is the critical limiting
factor for the germination of hemi-epiphytic Ficus species seeds, but once they
are established on their hosts, the level of light is the most important factor for
seedling growth (Laman, 1995). Although not significant, the parameters of
young forest and colonisation height were selected as the fixed effects of the
best model (Table 4), and both of these factors are linked to a high level of light.
Other than light level, physical factors of large hosts might also affect the size
of host-dependent species, especially hemi-epiphytes. Once the aerial roots
from epiphytic hemi-epiphytes reach the ground, they begin to thicken. They
then usually produce horizontally growing roots around their host tree to
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increase their physical support (Putz & HolBrook, 1986). When hosts are large,
they may consume energy to obtain horizontal support, inhibiting diameter
growth. Our results suggest that logging history would not strongly affect the
growth of hemi-epiphytes across species, and that their growth is dependent on
host size.

Conclusion

The results obtained in this study indicate that Ficus species, particularly hemi-
epiphytes, can survive in degraded habitats that have recently been logged as
well as in undegraded forests, and that their growth is not greatly affected by
prior logging activities. Thus, this genus exhibits both flexibility and adaptability
to habitat change. This indicates that Ficus species make ideal plants for the
restoration of logged forests. In an Indian agricultural mosaic landscape, sapling
density and species richness of plants growing under isolated Ficus trees was
higher than under non-Ficus trees (Cottee-Jones et al., 2016). Successful seed
dispersal is one of the critical factors that limits tropical forest restoration
(Wunderle Jr 1997, Cole et al., 2010, Holl et al., 2013). Figs are an important
food resource for numerous animal species (Shanahan et al., 2001) and can
promote seed dispersal of other plants by attracting these animals into degraded
habitats. However, the present study was based on a short-term survey;
therefore, more long-term, fundamental studies in this area are needed to
obtain a greater understanding of the ecology and ecological roles of Ficus in
this region and on Borneo as a whole.
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