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The impact of selective logging on
sympatric civet species in Borneo

Matthew J. Heydon and Pullin Bulloh

Selective logging is the predominant method of commercial timber exploitation in
South East Asia. Its effects upon mammalian carnivores have seldom been
addressed, despite the vulnerability of these animals at the top of many food
chains. The authors investigated the effects of logging by comparing the abundance
of sympatric civet species, which display feeding strategies ranging from strict
carnivory tofrugivory, in primary and selectively logged rainforest in the
Malaysian state ofSabah in northern Borneo. All species occurred in disturbed
forest, but the overall density of civets in logged forest (6.4 individuals per sq km)
was found to be significantly lower than in primary forest (31.5 individuals per sq
km). This reflected a marked reduction in the abundance of civets from the
predominantly carnivorous subfamilies Viverrinae and Hemigalinae.

Introduction

Civets form a highly diverse and prominent
group of carnivores in the Old World tropics.
On the island of Borneo alone, there are nine
species (Payne et ah, 1985), eight of which
occur sympatrically in the Danum Valley
Conservation Area, Sabah, Malaysia (ICSB,
1993). Although most civets are strictly noc-
turnal, other aspects of foraging behaviour
have undergone considerable adaptive radi-
ation (see Table 1). There are both terrestrial
and arboreal species, and an otter-like aquatic
form, Cynogale bennettii. In addition, despite
their taxonomic status within the Carnivora,
some civets feed extensively on fruit. Analysis
of the stomach contents of three species re-
vealed that, on average, fruit accounted for
approximately 45 per cent of food bulk in
Pamdoxurus hermaphroditus, 12 per cent in
Viverra tangalunga and 0 per cent in Hemigalus
derbyanus (Davis, 1962). Fruits favoured by
civets are generally sugar-rich and soft-pulped
(Bartels, 1964; Rabinowitz, 1991; Heydon, un-
publ. data). Arthropods and earthworms
make up the bulk of animal matter eaten, at
least in the species mentioned above.

Approximately 60 per cent of the land area
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of the Malaysian state of Sabah was forested
in 1990 (Marsh and Greer, 1992). Between 1975
and 1985 forest cover declined at a rate of 1.37
per cent per annum (FAO, 1987). Of the re-
maining forested areas, 64 per cent have been
disturbed by human activity, predominantly
through selective logging (Marsh and Greer,
1992).

In common with other forest-dwelling car-
nivores, little is known about the effects of
selective logging on the diversity and density
of civet populations. Studies investigating the
influence of logging on vertebrates have gen-
erally focused on primates (e.g. Johns and
Skorupa, 1987) or birds (e.g. Johns, 1986;
Lambert, 1992; Thiollay, 1992). In part, this is
due to the practical difficulties of studying
carnivores in densely forested habitats.

Our aim was to test the hypothesis that
selective logging has no effect on the density
of civets in lowland rain forest.

Study area

The study was carried out between January
1992 and December 1993 within the Ulu
Segama Forest Reserve in the Malaysian state
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Table 1. Sighting frequencies and overall density estimate for sympatric civet species in primary and
selectively logged lowland rain forest in the Ulu Segama Forest Reserve, Sabah, Malaysia

Subfamily
Species

Paradoxurinae (palm civets)
Paradoxurus hermaphroditus
Arctogalidia trivirgata
Arctictis binturong
Paguma larvata

Hemigalinae
(banded-palm civets)
Hemigalus derbyanus
Cynogale bennettii

Viverrinae
(true civets and linsangs)
Viverra tangalunga
Priondon linsang

Total distance surveyed (km)

Foraging
strategy*

A/T
A
A
A/T

T
T/H

T
A/T

Diett

F
F
F
I?

C
C

I

c

Primary forest (PF)

N

5
1
1
0

11
0

12
2

49.5

Total civet density n/sq km (95% confidence limits) 31.5

Sighting frequency§
(n/100 km trail)

11.1 ±4.4
2.1 ± 2.1
1.7 ±1.7
P

19.5 ±9.1
P

24.4 ± 6.9
4.1 ± 2.4

(19.9^9.9)

Logged forest (LF)

N

2
0
2
0

2
0

5
0

72.3

Sighting frequency§
(n/100 km trail)

3.1 ± 2.0
P
2.4 ± 1.6
P

2.2 ± 2.2 **
P

6.1 ± 2.1 **
P

6.4 (3.2-13.1) **

* A, arboreal; T, terrestrial; H, aquatic.
t Estimated percentage of animal matter in diet: C, > 95%; 1,95-60%; F, < 60% (Davis, 1962; Payne et al, 1985).
§ Mean (± SEM) for four transects in PF and six in LF.
P, not recorded during survey but seen between 1992 and 1993.
** P < 0.05 for difference between PF and LF (Wilcoxon-Mann-Whitney test used for sighting frequencies and
z-test for densities).

[M Primary forest

Q Logged forest

River

Boundary

Survey transect

1: Research station
2: Logging camp

Figure 1. Map of study area
showing locations of survey
transects. Blocks of different-aged
logged forest are distinguished
by the year in which they were
logged (e.g. 88 = 1988, ?? =
uncertain age).
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of Sabah (4°58'N, 117°48'E, see Marsh and
Greer, 1992). The reserve is dominated by low-
land, evergreen dipterocarp forest (Newbery
et al., 1992) and encompasses both selectively
logged areas and primary forest (including the
Danum Valley Conservation Area). Logging is
monocyclic, in which all commercial stems are
removed in the first cut and regeneration is ef-
fected from seedlings or the seed bank. The
logging operation, using tracked vehicles and
overhead cable systems, involves removal of
approximately 7 per cent of large trees for
commercial purposes (Johns, 1989). Damage
levels (defined as percentage of trees greater
than 30 cm girth destroyed) average 62 per
cent using tractors and up to 80 per cent using
overhead cables (Johns, 1989). Extraction rates
of timber are typically high, averaging 118 cu
m per ha over the period 1970-90, with a
range of 73-166 cu m per ha between different
logged areas (Marsh and Greer, 1992).

Human settlement in the study area is lim-
ited to a logging camp and a research station,
both established since 1985 (see Figure 1).
Historically, human presence in the area ap-
pears to have been limited to sporadic use of
riverine fringes for shifting cultivation of rice
paddy, with no clear evidence for this occur-
ring during the twentieth century. Hunting is
prohibited within the reserve and little, if any,
poaching is believed to occur. This enabled the
present study to examine the direct conse-
quences of logging without the added compli-
cations associated with increased hunting
pressure accompanying improved access fol-
lowing logging.

Methodology

Records were kept of all civets observed
within the Ulu Segama Forest Reserve during
1992 and 1993. Additionally, the density of
civets was estimated by nocturnal line transect
surveys. Ten transects following either a
north-south or east-west compass bearing
were used. Transect paths were approximately
1 m wide and between 2 and 3 km long. This
design was adopted to ensure that the mosaic
of vegetation types that make up selectively
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logged forest (including patches of undis-
turbed forest) were sampled in proportion to
their abundance. Four of the trails were in pri-
mary forest (PF), and two each were in forest
logged 2, 5 and 12 years previously (LF, see
Figure 1). Details of the vegetation compo-
sition of primary and logged forest areas have
been described in Heydon (1994). Surveys
were carried out on foot by two observers
using spotlights with a 5.3 V, 1A halogen
bulb. Each survey started at 19.00 h (1 hour
after dusk) with observers travelling at
500-700 m per h. The perpendicular distance
from the transect line of each civet observed
was measured with a tape measure. Transects
were surveyed once a month over a 5-month
period between August and December 1993.
Densities were determined using the DIS-
TANCE program (Laake et al., 1993).

Results

Observations between 1992 and 1993 con-
firmed that all eight species of civet identified
in the virgin forested Danum Valley
Conservation Area were also present in the
surrounding logged forest, including the rare
otter civet Cynogale bennettii (Table 1). During
the transect surveys, 32 individuals from six of
these species were sighted in primary forest,
whereas only 12 individuals from four species
were recorded in logged forest, despite a
greater sampling effort (Table 1).

There were insufficient sightings to estimate
the densities of individual species of civet
using line transect methodology (Buckland et
al., 1993). Instead, we have pooled the data to
produce an estimate of the total density of all
civets for each forest type. This required two
assumptions: that the probability of sighting
civets in primary and logged forest at similar
distances from the transect line was compar-
able, and that the different species were seen
with equal probability. In both cases it is pre-
dicted that sighting probabilities will be most
affected by the density of vegetation and the
height at which the civets foraged. Differences
in body colour and size (head-body-length
range 38-79 cm; Payne et al, 1985) had little
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consequence when locating individuals by
their eye-shine. Despite differences in forest
structure there were, however, no statistically
significant differences (z-test, P > 0.05) in the
effective strip-width of sampling when data
were stratified by forest type (PF = 9.8 ± 1.6 m;
LF = 9.1 ± 2.4 m) or height at which individ-
uals foraged (terrestrial = 8.3 ± 1.5 m; arboreal
= 11.2 ± 3.8 m). There were also no differences
in the average sighting distances of civets
from transect paths (Kruskal-Wallis test, for-
est type: K-W = 0.12, df = 1, P = 0.73; foraging
height: K-W = 2.03, df = 1, P = 0.15).

We believe that the density estimates ob-
tained (Table 1) provide a reasonable compari-
son of the two forest types and that the
substantially lower density of civets in logged
forest is a genuine difference. The variation
between the forest types mainly reflects the
markedly lower sighting frequencies of Malay
civet Viverra tangalunga and especially the
banded palm civet Hemigalus derbyanus in
logged forest. The data suggest that the pre-
dominantly carnivorous species of civet (sub-
families Hemigalinae and Viverrinae) were

more adversely affected by logging than the
more omnivorous civets (subfamily
Paradoxurinae). Sighting frequencies of the
former in logged forest were only one-sixth of
frequencies in primary forest, whereas for
Paradoxurinae, the value was one-third.

Conclusions

There have been few attempts to investigate
the effects of selective logging upon mam-
malian carnivores. Unpublished data collected
by A.D. Grieser Johns from the same forest
also found lower sighting frequencies of civets
in logged forest, but not a marked difference
between the carnivorous and omnivorous sub-
families (Table 2). Variation between the pres-
ent study and these data may reflect
methodological differences; the transect paths
used by Grieser Johns often followed logging
roads, rather than a compass bearing (Johns,
1989). The forest along old roads is a distinct
micro-habitat within the mosaic of vegetation
types that comprise logged forest. The use of

Table 2. Sighting frequencies for sympatric civet species in primary and 6-year-old selectively logged lowland
rain forest in the Ulu Segama Forest Reserve

Primary forest* 6-year-old logged forest*

Subfamily
Species N

Sighting frequency
(n/100 km trail) N

Sighting frequency
(n/100 km trail)

Paradoxurinae (palm civets)
Paradoxurus hermaphroditus 4 8.3
Arctogalidia trivirgata 3 6.2
Arctictis binturong 0 P
Paguma larvata 0 0

Hemigalinae (banded-palm civets)
Hemigalus derbyanus 1 2.1
Cynogale bennettii 1 2.1

Viverrinae (true civets and linsangs)
Viverra tangalunga 8 16.6
Priondon linsang 1 2.1

Total distance surveyed (km) 48

0
2
0
0

1
0

2
0

0
8.8
0
0

4.4
0

8.8
0

23

* Data from two sites combined. Logged forest transects often followed old logging roads.
P, present but not seen during surveys.

Source: A. D. Grieser Johns, unpublished data (collected 1987-88).
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straight-line transects in this study should
provide a more representative assessment of
the abundance of civets in such a heteroge-
neous environment.

Evidence that dietary generalists fair better
after logging than taxa with more restricted
feeding habits has also been reported in pri-
mates and ungulates within the Ulu Segama
Forest Reserve (Johns, 1992; Heydon, 1994).
Species dependent on invertebrates appear to
be particularly vulnerable. Lambert (1992) re-
ported that most of the rare bird species in
logged forest were insectivores. Among pri-
mates, densities of the predominately insec-
tivorous and entirely carnivorous western
tarsier Tarsius bancanus showed a decline of
approximately 50 per cent (Heydon, 1994).
Similarly, our data on civets suggest that the
more carnivorous species, again mainly feed-
ing on invertebrates (Davis, 1962), are pro-
portionately scarcer in logged forest. While
these observations imply that logging has an
adverse effect on the availability of invert-
ebrates, data from studies investigating this
issue are ambiguous. Burghouts et al. (1992)
found that the overall numerical abundance of
litter invertebrates was lower in logged forest
than primary forest in the Ulu Segama.
Nevertheless, of the invertebrates known to be
eaten by civets (Davis, 1962; M. J. Heydon, un-
publ. data) only Scorpionidae and Isoptera are
reported to be significantly more abundant in
primary forest while Coleoptera and
Hymenoptera are more common in logged
forest (Burghouts et al., 1992; Korthals, 1990).
To resolve this issue, information is needed on
the dietary importance of different invert-
ebrates, as well as other factors affecting their
significance as a food resource (e.g. temporal
availability and biomass).

Timber extraction rates in Sabah are among
the highest in the world (Sundberg, 1983),
which undoubtedly contributes to the high
levels of forest disturbance during logging
(Johns, 1989). Thus, it may be appropriate to
view the effects of selective logging on animal
populations in the Ulu Segama as represent-
ing a 'worst-case scenario' (Lambert, 1992).
With this in mind, the presence of all civet
species in logged forest is promising. Similar
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high levels of survival have also been reported
for primates, ungulates and birds in the Ulu
Segama (Heydon, 1994; Johns, 1992; Lambert,
1992). This should not encourage a com-
placent attitude towards conservation.
Overall, the density of civets was dramatically
reduced by logging and it is uncertain what
long-term effects this might have on breeding
success of individual species. Depressed
breeding rates have been reported in primate
species 6 years after less intensive logging in
Tekam, peninsular Malaysia (Johns, 1992). The
effects on breeding rates in civets could not be
assessed because juveniles are seldom ob-
served, even in primary forest.

Because the specific causes of the decline in
civet abundance were not identified, the best
conservation strategy that can be recom-
mended is to reduce the level of forest dis-
turbance caused by timber harvesting, in
particular damage to non-commercial trees.
To achieve this, radical changes are necessary
in the methods used to harvest timber. The
impetus may be provided by carbon seques-
tration initiatives (see Marsh, 1993). The Sabah
Foundation (Yayasan Sabah), which manages
the Ulu Segama Forest Reserve, is undertaking
a pilot programme aimed at developing im-
proved forestry practices for use in future log-
ging operations (Putz and Pinard, 1993). If
successful, it is envisaged that disturbance to
the forest will be reduced by approximately 50
per cent (Putz and Pinard, 1993). At a site in
west Malaysia, where timber extraction levels
are significantly lower than in Sabah (typically
50 cu m per ha; Johns, 1988) sighting fre-
quencies of some civets increased after log-
ging (A.D. Grieser Johns, unpubl. data). This
suggests that, with reduced disturbance dur-
ing logging, civet densities may not be as ad-
versely affected. It is vital that further research
is carried out to assess the consequences of
these 'improved' logging techniques for civet
and other vertebrate populations.
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