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a b s t r a c t

There is an extensive ecological literature documenting the importance of fig trees (Ficus spp.) as providers
of food and other resources for many tropical animals. What is less apparent is that some Ficus species
form free-standing stems that are targeted in logging operations. Despite the potential implications of
such harvesting for biological conservation, the existence of this market has largely gone unrecognized
by ecologists and conservation biologists. Here we describe the extent of this market in the Neotropics
and discuss its implications for wildlife conservation and sustainable forestry. We find that large-scale
commercial harvesting of Ficus timber primarily occurs in Bolivia, although some logging concessions in
Peru and Brazil also harvest trees from this genus. Annually extracted volumes increased after records
began being collected in Bolivia in 1998, peaked in 2005–2007 at approximately 34000 m3/year, but are
currently relatively low, partly due to the effects of the global financial down-turn of 2008–2009. We
suggest that this presents an opportunity to re-assess current Ficus harvesting policies before further
market expansion and harvest intensification could occur. We emphasize that because selective logging
maintains tree species composition, structure, and disturbance regimes to a much greater extent than
forest-converting land-use alternatives, it is important that opportunities to ensure ecologically sustain-
able forest management are identified and acted upon. We therefore call on forest ecologists, certification
agencies, and conservation biologists to engage with the issue of commercial scale harvesting of Ficus.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Ficus (Moraceae) is one of the most widespread genera of trop-
ical trees (Weiblen, 2002), and it plays an important and some-
times critical role in the ecology of many tropical frugivores
(Bleher et al., 2003; Felton et al., 2008b; Kinnaird and O’Brien,
2005; Shanahan et al., 2001). Their importance is derived in part
from their asynchronous provision of large fruit crops over short
time-intervals, which often makes their fruits available at times
of general fruit scarcity (Janzen, 1979; Milton et al., 1982). In addi-
tion, figs contain a wide range of essential nutrients and minerals
(O’Brien et al., 1998) and can provide a nutritionally balanced

and abundant staple food (Felton et al., 2009). Because of the dis-
proportionately strong influence of Ficus on species assemblages
at many trophic levels, it has been proposed that a failure to
maintain viable fig populations can result in an extinction cascade
(Terborgh, 1986).

A small proportion of the 120 Neotropical species of Ficus
(subgenera Pharmacosycea and Urostigma, Berg, 1999) form free-
standing and relatively straight stems suitable for harvesting in
selective logging operations (Fredericksen et al., 1999). The soft
wood of Ficus can be used locally after extensive drying and
fumigation, although many local forestry companies cannot afford
the necessary infrastructure (E. Vargas, CFB, pers.comm). Without
such treatment, the wood is non-durable in tropical climates, and
is often exported to North America and Europe as doors, furniture,
sawn wood, and plywood (CFB, 2010).

Selective logging is a land-use option that retains tree species
composition, structures and disturbance regimes more than
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forest-converting land-uses, such as intensive agriculture (McElh-
inny et al., 2005; Putz et al., 2012). To ensure the persistence of
forestry concessions, forest management must be sustainable with
respect to biodiversity and timber yields (Nasi et al., 2011). How-
ever, commercial logging of Ficus raises concerns in both regards,
as densities of Ficus trees may be reduced below the minimum
population size necessary for pollination by their symbiotic
agaonid wasps (Anstett et al., 1997; McKey, 1989), and can lead
to significantly reduced food availability for frugivores (Frederick-
sen et al., 1999). For example, the harvesting of Ficus is considered
to contribute to the reduced abundance of monkeys in a logged
concession in Bolivia (Felton et al., 2010). Furthermore, there is
now a demonstrated link between declining population densities
of large fruit-eating primates and poor regeneration rates of pri-
mate-dispersed trees (Nunez-Iturri et al., 2008). Selectively logged
forestry concessions in the tropics typically depend on natural
regeneration (Mason and Putz, 2001). In areas where a substantial
percentage of timber tree species are animal dispersed (e.g. up to
40% of tree species logged in Bolivia, Felton et al., 2010), the ability
of these concessions to sustainably produce timber is dependent
on the maintenance of healthy populations of frugivore/seed
dispersers and their food resources.

Conservation biology is often a reactive science producing
ineffective conservation outcomes (Sodhi and Ehrlich, 2010). Here
we highlight an emerging issue that has the potential to negatively
affect population viability of tropical frugivores and the long-term
integrity of selectively-logged tropical forests. In this paper we
examine the extent and trajectory of Ficus timber harvesting in
the Neotropics, with the principle aim to bring this issue to the
early attention of certifying agencies, forest ecologists, and conser-
vation biologists.

2. Methods

We obtained information on the volume of Ficus wood traded
globally, source countries, the number and location of relevant
certified forestry areas, and particular production information
and export values regarding Bolivia. Global and regional scale
information was obtained from annual reports provided by the
International Tropical Timber Organization (ITTO). Unfortunately,
Bolivia has not supplied data to the ITTO since 2008 (ITTO, 2008,
2010, 2011). However, Cámara Forestal de Bolivia (CFB) provided
data regarding harvesting (1998–2010), timber export (2005–
2011) and the number of relevant concessions (2010–2011) (CFB,
2006a,b, 2010, 2012a,b; Villca, 2007). Data on annual harvesting
rates (2006–2010) and authorized volumes (2009–2010) was
provided by the Bolivian Ministry of Agriculture (ABT, 2012).
Authorized volumes are based on inventories undertaken by the
forestry company of how many harvestable Ficus trees (straight
stemmed, good condition) above minimum harvesting size
(70 cm dbh) occur per block. Eighty percent of these stems may
be harvested, while the remainder must, by law, be retained as fu-
ture crop trees (Peña-Claros et al., 2008). Data on relevant certified
concessions in the region was sourced from the Forest Stewardship
Council (FSC, 2010, 2012). As our data stem from governmental
and NGO sources, the volume of Ficus wood removed by illegal
activities is unaccounted for.

To map the distribution of free-standing and potentially har-
vestable Ficus species in the Neotropics, we consulted the Smithso-
nian Tropical Research Institute (S.T.R.I., 2012) and a Ficus expert,
C.C. Berg. The taxonomy of Ficus boliviana Berg (locally ‘‘bibosi col-
orado’’) is currently under scrutiny (C.C. Berg, pers.comm), and the
species has been confused with F. glabrata and F. insipida (Mostace-
do and Rumiz, 2010). In this paper we use the name F. cf. boliviana.

3. Results and discussion

In the Neotropics, large scale commercial harvesting of Ficus oc-
curs primarily in Bolivia (CFB, 2010; ITTO, 2008), with some certi-
fied Peruvian and Brazilian companies also listing Ficus as a
harvested genus (FSC, 2010, 2012; Fig. 1). Most likely F. cf boliviana
is the species that represents the majority of extracted trees, as a
relatively high proportion of individuals form straight harvestable
stems (Fredericksen et al., 1999; Mostacedo and Rumiz, 2010), and
this species is found throughout the relevant countries. In addition,
other Ficus species are occasionally extracted (Fredericksen et al.,
1999), and thus contribute to some unknown proportion of total
harvest. This uncertainty arises in part from the failure of official
sources to distinguish between different Ficus species (CFB,
2012b). Extracted volumes are generally reported simply as
‘‘bibosi’’ which may refer to F. killipii, F. maxima, F. pertusa, F. cf
boliviana or possibly other species (ABT, 2012). Given the high lev-
els of misidentification, or lack of identification, we are limited to
discussing the likely implications from harvesting Ficus in general,
or F. cf boliviana specifically. We are also limited to discussing legal
harvesting activities, as illegal activities are unaccounted for in the
available data.

Accepting these limitations, our assessment indicates that the
volume of Ficus wood extracted in Bolivia has increased since
1998 when records began (Fig. 2), with harvesting rates in 2011
25% higher than this baseline. There was a peak in harvesting in
2005–2007. In 2006, approximately 34000 m3 of Ficus wood was
legally harvested according to official Bolivian records, represent-
ing 3.4% of the nation’s total volume of harvested wood (CFB,
2006b). The subsequent reduction in extraction rates (2008 and
onwards, Fig. 2) overlaps with the global financial crisis of 2008–
2009, which has negatively affected the international trade in all
tropical timbers (ITTO, 2010). For example, the ITTO reports that
total exports from Latin American producers plunged by 34% in
2009 (ITTO, 2010), corresponding to the 36% decline in Bolivia’s Fi-
cus harvest that year (Fig. 2). The recovery of the global economy
gained momentum during 2010 (IMF, 2012), with associated in-
creases in tropical timber exports and wood prices (ITTO, 2010,
2011). If the Ficus export market mirrors this global trend, then
we expect to see a corresponding rise in extraction rates. For exam-
ple, the 40% increase in harvested Ficus volumes between 2009 and
2010 (Fig. 2) is consistent with the 65% increase in Bolivia’s export
of builders’ work wood and joinery recorded during the same per-
iod (ITTO, 2011), and is indicative of the link between international
demand and Bolivia’s harvesting rates.

Notably, during the financial crisis local producers compensated
for the drop in international demand by shifting their focus to-
wards local markets (CFB, 2012a; Fig. 2). This indicates that more
Bolivian companies are investing in the equipment needed to en-
able the use of Ficus wood in tropical climates. It is therefore likely
that an increase in harvesting pressure due to a recovering interna-
tional market may be exacerbated by an increased demand from
local markets.

We emphasize that there is substantial room for increasing har-
vesting rates within current legal requirements. For the years 2009
and 2010, when comparative data is available, harvested volumes
were 30–40% below authorized extraction volumes (ABT 2012).
Regulatory barriers are therefore not acting as limits to harvesting.
Whether increases in harvesting rates are possible will however
ultimately depend on the number of individual Ficus trees possess-
ing stems suitable for harvesting (Fredericksen et al., 1999).
Although this is a valid consideration when projecting the limits
of market expansion, the proportion of F. cf. boliviana suitable for
harvesting does not appear to be sufficiently low to prevent ad-
verse impacts on at least some important seed-dispersers (toucans
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Ramphastos tucanus, Felton et al., 2008a; spider monkeys Ateles
chamek, howler monkeys Allouatta seniculus and guans Penelope
jacquacu, Fredericksen et al., 2007).

This is because the removal of large Ficus individuals can result
in a drastic reduction of food resources, as many frugivorous spe-
cies are disproportionately reliant on large fig crops (Korine
et al., 2000). Thus, what may appear as a relatively low harvesting
rate of Ficus trees may cause a severe depletion of food resources.
For example, the F. cf. boliviana harvesting rate of 0.4 trees/ha in a

Bolivian forestry concession in 1998, equated with the loss of
approximately 30% of spider monkeys’ staple food source (Felton
et al., 2010). In addition to the effect on food availability, the felling
of large Ficus individuals disproportionately contributes to canopy
discontinuity (Felton et al., 2006), which can compound negative
effects on the energy expenditure of large-bodied arboreal frugi-
vores (Felton et al., 2003; Hardus et al., 2012; Marsh et al., 1987).

Similarly, the relatively low proportion of well-formed stems of
F. cf. boliviana (Fredericksen et al., 1999) has not prevented

Fig. 1. Map of Latin and South America displaying the distribution Ficus cf. boliviana, F. insipida and F. yoponensis, which may form harvestable stems. Uncertain boundaries
are indicated by hatching. Also shown are the approximate location of 13 forestry areas (dots) that harvested Ficus in 2010 (CFB, 2010): At least 11 of these were certified by
the Forest Stewardship Council (FSC, 2010). (Sources for map: S.T.R.I., 2012, and C.C. Berg, pers.comm.)

Fig. 2. Official production values of Ficus wood (m3/year, grey bars) harvested in Bolivia 1998–2010. For the years 2006–2010 data on annual revenue gained from the
exportation of Ficus wood products from Bolivia (US $) is available (second axis, black squares and line) (CFB, 2006a, 2012a,b; Villca, 2007).

98 A.M. Felton et al. / Biological Conservation 159 (2013) 96–100



Author's personal copy

harvests from contributing to the decline of this tree species’ abun-
dance, and as a result, instigated a move to change its conservation
status. Mostacedo and Rumiz (2010) used IUCN criteria to conclude
that F. cf. boliviana should have its conservation status in Bolivia
changed to vulnerable. This was due to the species’ restricted geo-
graphic distribution, limited abundance (Mostacedo et al., 2003),
and the low or non-existent rates of natural regeneration within
normal logging gaps (Fredericksen and Pariona, 2002). Their con-
clusion was consistent with a prior independent assessment
(Meneses and Beck, 2005). Notably, both assessments argue that
timber harvesting has contributed to this tree species’ vulnerable
status (Meneses and Beck, 2005; Mostacedo and Rumiz, 2010),
even though harvesting rates have been below authorized limits.

The impact of Ficus timber harvesting on wildlife thus needs to
be considered in combination with the implications for the tree
species itself and the sustainability of forestry operations. Consid-
ering the limited knowledge regarding the taxonomy, ecology, dis-
tribution, and regeneration rates of the various harvested Ficus
species, a precautionary approach is warranted until sufficient
knowledge is available to ensure sustainable extraction.

4. Conclusions

We suggest that the commercial timber harvesting of Ficus in
the Neotropics needs to be re-assessed for four key reasons: First,
there is an extensive literature documenting the importance that
members of this genus play in forest ecosystem function and bio-
diversity retention. Second, there is evidence that timber harvest-
ing has contributed to F. cf. boliviana becoming vulnerable to
extinction in Bolivia. Third, several unidentified Ficus species are
being harvested despite uncertainty regarding their ecology and
population status. Fourth, global economic recovery is likely to
reinvigorate the international trade in Ficus tree species, with asso-
ciated increases in harvesting rates beyond those already called
into question. We therefore suggest that now may be an opportune
time for a potential adjustment in regulations, as the market in Fi-
cus timber appears not to have fully recovered. Timber certification
bodies could take this opportunity to re-assess whether the har-
vesting of Ficus should be reduced or avoided, due to potentially
detrimental impacts on the long-term sustainability of certified
concessions, the tree species themselves, and the wildlife popula-
tions they support. Furthermore, the global distribution of Ficus
means that this issue may extend beyond the Neotropics to the
biodiverse regions of tropical Africa and Asia (e.g. harvesting of F.
sycomorus in Uganda, Odokonyero, 2005). Official data regarding
the harvesting of most Ficus species globally is scarce, and this lack
of information needs to be addressed. We trust that our findings
will foster discussion among interested parties about the impacts
of commercial harvesting of Ficus trees.
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