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Physical factors at salt licks influenced the frequency of wildlife
visitation in the Malaysian tropical rainforest
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Abstract: Mineral reservoirs or salt licks are commonly used by wildlife to regulate the
concentration of salt and minerals in their bodies. Salt lick utilisation is known to be
influenced by the chemical composition, but information on their physical properties,
particularly vegetation surrounding the salt licks is scarce. In this study, physical factors
and wildlife utilisation at two natural salt licks (SPU and SPS) located in Perak,
Malaysia, were determined. Wildlife visitation data were retrieved from camera traps.
SPU exhibits two reservoirs represented by rocky and clay substrate, with minimally
dense vegetation dominated by hardwood species and climbers. SPS encompasses
muddy topsoil, open canopy cover, with highly dense forest floor vegetation. The
wildlife survey shows a higher frequency of visitation in SPS, especially by ungulates,
potentially due to dense understorey foliage that provides foraging sites for these
animals. SPU exhibits more diverse but less frequent wildlife species, particularly
primates, carnivores, and avian groups. High emergence and closed canopy cover at this
lick serve as perching sites for primates and birds, while less dense understory vegetation
could aid in prey detection among carnivore. Regardless of their physical assemblages,
salt licks are an essential local hotspot for wildlife, therefore, elucidating the need to
prioritise conservation areas by maximising the complementarities of salt licks.

Key words: Natural salt licks; salt lick design; tropical rainforest; vegetation
composition; wildlife visitation.

Introduction

Salt licks, locally known as sira or jenut, are mineral reservoirs visited by various
wildlife species to regulate the concentration of salt and other essential minerals like zinc,
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magnesium, and calcium in their bodies. The behaviour of soil consumption (geophagy)
and drinking water from the licks are typical in many animals, particularly mammals like
the Ussuri moose and Alaskan moose (Tankersley and Gassaway 1983; Panichey et al.
2002), herbivores (Kreulen 1985), and even birds (Dudley et al. 2012). The behaviour is
most readily observed in ungulates and primates, particularly herbivores, to compensate
for the lack of sodium in their daily diet of plant tissues (Dudley et al. 2012; Gomez-Hovos
et al. 2017). Salt licks are also widely recognised to attract a large number of wildlife
species and can be considered hotspots of their own (Blake et al. 2011).

Studies are mainly focused on the characteristics of salt licks known to attract several
species and individuals and to display the differences in salt lick usage by different species
according to seasonal and temporal factors (Weeks 1978; Hon and Shibata 2013; Molina
et al. 2014; Li et al. 2018). Factors influencing the preference and frequency of visitation
to salt licks are related to the mineral composition, which varies during the dry or rainy
season (Lizcano and Cavelier 2004), accessibility of the licks, and threat of predators (To-
bler et al. 2009). In some cases, sexual differences also exist in the seasonal pattern of salt
lick usage (Ping et al. 2011). A few studies focused on the chemical properties and com-
position of minerals utilised by a myriad of species and on the analysis of different mineral
concentrations, such as sodium and potassium (Klaus et al. 1998; Sitienei et al. 2012).
However, physical factors explaining the preferences and frequency of visitation of the an-
imals to the salt licks are poorly documented.

The Royal Belum State Park (RBSP) is one of the oldest protected and pristine forest
in Peninsular Malaysia. It is located at the northern tip of the main range of Banjaran Titi-
wangsa, which is the backbone of Peninsular Malaysia. RBSP hosts 12 natural salt licks,
most of them are closely guarded, with only a few open to visitors. This study is particularly
significant considering the impact that salt licks can have in terms of ecotourism (Chuan
et al. 2012). An extensive look into the habitat, ecology, and distribution of salt licks in
RBSP is almost non-existent, making this study the first of its kind to understand the phys-
ical properties and the existence in enriching the survival of wildlife.

Salt lick designs (slope, position, and location to nearest stream) and vegetation com-
position are hypothesised to influence the frequency of visitation by animals to the salt
licks. We expected that each wildlife species would demonstrate its unique preferences on
salt lick design and vegetation composition. Thus, the study aimed to investigate the phys-
ical characteristics of salt licks and how they affect the frequency of wildlife visitation.
This study is crucial to provide a guideline for the construction of artificial salt licks.

Study area

Two salt licks within Royal Belum State Park were evaluated at the Sungai Papan area,
identified as Sungai Papan Utara (SPU; X: 379428, Y: 623224) and Sungai Papan Selatan
(SPS; X: 379490, Y: 622427; Figure 1). RBSP possesses a mean annual temperature of
24.2 °C, rainfall of 240.46 mm yearly, and relative humidity of 96.6%. These two sites are
located 45 minutes away on a boat ride from the main jetty of the RBSP (Banding Jetty)
and receive a relatively high number of tourists annually. The distance between these two
salt licks is 805 m. The SPU salt lick is located close to the riverbanks of Sungai Papan,
with an elevation of 274 m above sea level and the size of 3 m?. It is easily accessible and
can be reached in approximately 30 minutes on foot from the riverbanks of Sungai Papan.
SPS, on the other hand, is located 30 minutes away on foot from the estuary of Sungai
Papan, 176 m above sea level, with an area of 18 m?. Information regarding the macrohab-
itat, microhabitat, ecology, and distribution of salt lick in the Royal Belum forest reserve
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is scarce, and this is the first effort in understanding the properties and its significance in
supporting wildlife at RBSP.

Methods

The physical environment surrounding the salt licks

The physical environment of the surrounding salt licks was thoroughly documented,
including the slope, position, location to the nearest streams and any other observation
deemed significant in the field. Any signs of disturbance were also recorded either from
human or animal predators (e.g., tiger) that prevented other wildlife from visiting the salt
licks. The location, position and slope of each salt lick was drawn schematically.
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Figure 1. Map with the locations of both salt licks in RBSP.
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Inventory of flora diversity at the salt licks

An inventory of vegetation surrounding the salt licks was conducted to document the
species presence, the location of the trees in relation to salt licks, and other plant groups.
Flora survey was carried out in 4 subplots (5 m x 5 m), totalling to 10 m x 10 m plot. The
plots were set in a way that positioned the salt licks in the middle of the plot. Trees with 1
cm and above breast height (DBH) were measured, and other non-tree species were
recorded by clump or individuals. All specimens were dried, identified, and deposited at
UKMB Herbarium. Each plant species was measured for the diameter at breast height
(DBH), identified to species level, and mapped according to the position of the salt licks.
A list of plant species was generated for each salt licks, and diversity parameters were cal-
culated. These species were assigned to different vegetation type (tree, small tree, shrub,
herb, climber, palm, and fern) based on Turner (1995).

Documentation of wildlife species

The presence of wildlife at the salt licks were recorded using camera traps and direct
and indirect observation in the field for rapid and non-invasive assessment of wildlife (De
Bondi et al. 2010; Burton et al. 2015). Depending on the geography of the salt licks, two
to three camera traps were installed facing the salt licks to document the occurrence and
the number of visitations for each salt licks. Images were retrieved every month from Feb-
ruary 2017 to August 2018. All camera traps were set to capture images in one-minute in-
tervals. This is to allow the images captured in succession within one minute to be
considered as the same individual, while the image that is noted sequential after the one-
minute mark can be considered as different individuals. Images were identified and subse-
quently sorted out into their respective species groups using DigiKam software version
5.7.0-02 (DigiKam team 2019). This software was also programmed to estimate the fre-
quency of visits by wildlife. Next, each species was assigned to specific feeding types, i.c.,
HF = herbivore-frugivore, C = carnivore, O = omnivore, F = frugivore, I = insectivore,
and G = granivore, according to Francis (2008).

Data analysis

The frequency of wildlife visitation diversity and flora diversity were analysed using
R software version 3.4.2 (R Core Team 2017) and Ecological Methodology version 7.2
(Informer Technologies Inc. 2019). A significance level of 95% confidence interval or
at probability p < 0.05 were set. Shannon’s diversity index (H’), Simpson’s diversity
index (1-D), and the evenness index were used to measure the diversity of wildlife vis-
iting each site. Assigning a value to the diversity of a site allows us to make a comparison
based on the indices (Izsak and Laszlo 2000; Keylock 2005). Next, the comparison of
wildlife visitation frequency and the frequency according to the feeding guilds were
made between the two study sites. The normality test was performed prior to the analysis,
and the outcomes of the Shapiro-Wilk test (p < 0.05) indicated that data were not nor-
mally distributed; thus, non-parametric analyses were used. The Mann-Whitney U
test was performed to compare wildlife visitation frequency and wildlife frequency ac-
cording to feeding guilds of each species at both licks. A Principal Component Analysis
(PCA) biplot was produced to distinguish the pattern of wildlife visitation based on their
feeding types at different salt licks based on the first two axes, which represent the most
variation. This analysis was performed using the PRIMER 7 version 7.0.13 (Quest Re-
search Limited).
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Results

Description of the design of the salt licks

Sungai Papan Utara Salt Lick (X: 379428, Y: 623224). Figure 2a illustrates the physical
properties surrounding the salt lick, with the vegetation distribution and composition. This
salt lick comprised of two reservoirs; a hilly area with a high degree of steepness (>80°)
and rocky substrates (P1), and a flat area dominated by soil (P2) (Figure 2b). The total area
of the reservoir for P1 is 3 m?while P2 is 4 m?. The salt lick is located near a river (approx-
imately 1.5 m away). The water source for the salt lick was found oozing from the cracks
and deposited in the reservoir. The vegetation density was lower compared to SPS, with
only 20 plant individuals recorded in the plots. A thin layer of leaf litter covers the area on
the forest floor.

Sungai Papan Selatan Salt Lick (X: 379490, Y: 622427). Figure 3a illustrates the phys-
ical properties of the SPS salt lick. The total area of the salt lick is 18 m? and located close
to a hilly area with a high degree of steepness (>80°). The reservoir is dominated by muddy-
texture soil that forms a distinct puddle (Figure 3b). The steep landscape within 10 m radius
from the reservoir, is overgrown by small-sized trees (2—17 cm DBH) with medium height
(10-25 m). Each of the subplots at this salt lick is covered by at least 7 plant individuals
and up to a maximum of 11 individuals. However, no plant species are observed on the
salt lick reservoir itself. The nearest point to the river is 4 m. The vegetation is denser with
no canopy cover accompanying, with only a small number of shrubs and also covered by
a thin layer of leaf litter on the forest floor.

Flora diversity at the surrounding area of salt licks

About 37 species of plants from 23 families were identified within the plots established
at SPU, with less forest floor vegetation surrounding the salt lick, compared to trees. Some
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Figure 2. a) Position of plant individuals divided into 4 subplots, b) illustration of reservoir and
steepness of the slope at SPU.

Note: 1. Pometia pinnata, 2. Shorea macroptera, 3. Shorea macroptera, 4. Indet. 3, 5. Artocarpus
lanceifolius, 6. Cynometra malaccensis, 7. Callicarpa sp., 8. Dipterocarpus baudii, 9. Maesa ra-
mentacea, 10. Antidesma cuspidatum, 11. Leea indica, 12. Shorea macroptera, 13. Shorea
macroptera, 14. Shorea macroptera, 15. Ficus hispida, 16. Antidesma cuspidatum, 17. Baccaurea
brevipes, 18. Antidesma stipulare, 19. Instia palembanica, and 20. Antidesma cuspidatum.
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small trees and shrubs grew in the salt lick such as Artocarpus lanceifolius, Cynometra
malaccensis, Callicarpa sp., and Baccaurea brevipes. Common riverbank communities
such as Ficus hispida, Antidesma cuspidatum, and Antidesma stipulare are abundant, as
the salt lick is located near the river. Medium and large trees are dominated by Shorea
macroptera and other trees such as B. brevipes, Dipterocarpus baudii, Pometia pinnata,
and Intsia palembanica growing sparsely around the salt lick. A highly diverse community
of medium and large trees provided a defined canopy surrounding the salt lick. Two indi-
viduals that can only be identified up to the family level due to the incomplete morpholog-
ical structure were Euphorbiaceae (Indet 3) and Urticaceae (Indet 6). The details on
vegetation at SPU is presented in Table S1.

At SPS, 62 species of plants from 37 families were recorded within the established plot,
with more forest floor vegetation and trees growing in abundance and close to each other.
The high density of forest floor compared to trees indicated an open canopy cover. Shorea
macrantha dominated the area for medium to large trees group and other trees such as
Drypetes longifolia, Horsfieldia superba, Chisocheton macrophyllus ssp., B. brevipes, Ca-
narium littorale, and Artocarpus elasticus were also observed. On the other hand, shrubs
were mainly dominated by Leea indica followed by Scolopia macrophylla and Aporosa
arborea. Despite a distance of 4 m from the river, some riverine flora was also found around
the salt lick such as Syzygium palida, Syzygium polyanthum, and Ficus fistulosa. Compared
to SPU, this salt lick exhibited a higher composition of herbs and ferns due to the muddy
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Figure 3. a) Position of plant individuals divided into 4 subplots, b) illustration of reservoir and
steepness of the slope at SPS.

Note: 1. Scolopia macrophylla, 2. Syzygium palida, 3. Shorea macrantha, 4. Syzygium polyanthum,
5. Shorea macrantha, 6. Shorea macrantha, 1. Scolopia macrophylla, 8. Aporosa arborea, 9. Euony-
mus javanicus, 10. Aporosa arborea, 11. Scolopia macrophylla, 12. Polyalthia clavigera, 13. Leea
indica, 14. Drypetes longifolia, 15. Horsfieldia superba, 16. Aporosa arborea, 17. Chisocheton
macrophylla ssp., 18. Saurauia rubens, 19. Baccaurea brevipes, 20. Leea indica, 21. Leea indica,
22. Leea indica, 23. Saurauia rubens, 24. Rinorea angulate, 25. Aporosa aurea , 26. Canarium lit-
torale, 277. Syzygium sp., 28. Leea indica, 29. Licania splendens, 30. Horsfieldia punctatifolia, 31.
Ficus fistulosa, 32. Leea indica, 33. Artocarpus elasticus, 34. Bauhinia bidentata var. breviflora, and
35. Scolopia macrophylla.
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soil, indicating a high level of humidity in this area. Four individuals that can only be iden-
tified up to the family level due to the incomplete morphological structure were Apocy-
naceae (Indet 1), Campanulaceae (Indet 2), Gesnariaceae (Indet 4), and Poaceae (Indet 5).
The details of vegetation for SPU and SPS are shown in Table S1.

Overall, there were 90 species of plants from 41 families identified within the plots es-
tablished in the salt licks. Ten species were found to exist in both plots, with six species ex-
isting as forest floor vegetation at both sites, namely Homalomena sp., Schismatoglottis sp.,
Licuala sp., Bolbitis sp., Clidemia hirta, and trees of Indet 6. L. indica was found in both
study areas, while 4. lanceifolius exist as trees in SPU and as forest floor vegetation in SPS.
Syzygium sp. exists as forest floor vegetation in SPU and as trees in SPS, while B. brevipes
were found as trees in SPU and as both trees and forest floor vegetation in SPS. Altogether,
SPS encompassed higher vegetation stands (n = 62) compared to SPU (n = 37), and both
sites were dominant with trees and herbs. SPU was exceptionally high with trees and climbers
compared to SPS with a higher proportion of understorey vegetation, namely shrubs, herbs,
and ferns. Table 1 lists the number of vegetation stands based on the vegetation type.

Wildlife diversity and frequency of visitation at the salt licks

Results from camera trappings revealed a total of 21 species identified from 361 images
captured at both salt licks (Table 2). Out of all the 21 species, two of them are listed as Near
Threatened, four as Vulnerable, and three as Endangered by IUCN Red List of Threatened
Species. The three species listed as Endangered were Tapirus indicus, Elephas maximus, and
Trachypithecus obscurus. From these numbers, 14 species were salt-lick users (indicated in
asterisks), whereas the others were visiting or passing by. Wildlife visitation frequency was
significantly different between SPU and SPS (Mann-Whitney U, Z =-2.469, p <0.1), with
higher frequency in SPS (242 individuals) compared to SPU (119 individuals).

The visitors of SPU salt lick comprised of 18 species, 16 families, and 10 orders, with
Cervidae being the most dominant representing 14.4% of all the images captured. This is
followed by Suidae (3.3%), Hystricidae (3.0%), Cercopithecidae (3.05%), Tapiridae
(2.7%), Muscicapidae (2.2%), Canidae (0.8%), Elephantidae (0.5%), Columbidae (0.5%),
Muridae (0.5%), and 0.2% of Tragulidae, Felidae, Mustelidae, Herpestidae, Varanidae, and
Accipitridae. Muntiacus muntjak was found to be the most frequent visitor at this salt lick,
with 52 visitations. SPS, on the other hand, recorded 7 species, 7 families, and 6 orders of
wildlife. Similar to SPU, Cervidae is the most dominant family, representing 39.6% of all
the images. This is followed by Suidae (23.5%), Hystricidae (1.6%), Ursidae (0.5%), and

Table 1. Number of vegetation stands (%) at both salt licks sites.

Tree 17 (45.9) 26 (41.9)
Small Tree 1(2.7) 2(3.2)
Woody Climber 0(0) 1(1.6)
Climber 4 (10.8) 3(4.8)
Palm 2(5.4) 4(6.5)
Shrub 3(8.1) 6(9.7)
Herb 8(21.6) 17 (27.4)
Fern 2(5.4) 3(4.8)

Total tree stands 37 62
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0.1% of Elephantidae and Phasianidae. Similar to SPU, M. muntjak also exhibited the high-
est visitation frequency in SPS. On another note, nine species were only found visiting the
salt lick once, including Tragulus kanchil, Macaca nemestrina, T. obscurus, Prionailurus
bengalensis, Lutrogale perspicillata, Herpestes urva, Varanus salvator, Gallus gallus, and
Nisaetus cirrhatus at any salt licks. Altogether, 96.5% of the recorded species were mam-
mals, 3.3% avian, and 0.2% reptiles.

Table 2. Frequency of wildlife visitation at each salt licks.

Order/Family Species SPU SPS IUCN Diet|
Status type|
ARTIODACTYLA
Suidae Sus scrofa (Linnaeus, 1758)* 12 8 LC O
Cervidae Muntiacus muntjak (Zimmermann, 1780)* 52 143 LC HF
Rusa unicolor (Kerr, 1792)* 0 4 VU HF

Tragulidae Tragulus kanchil Raffles, 1821%* 1 0 LC HF
PERISSODACTYLA

Tapiridae Tapirus indicus Desmarest, 1819* 10 0 EN HF
PROBOSCIDEA

Elephantidae Elephas maximus Linnaeus, 1758* 2 1 EN HF

PRIMATES
Cercopithecidae Macaca nemestrina (Linnaeus, 1766)* 1 0 VU O
Presbytis siamensis (Miiller & Schlegel, 1841)* 9 0 NT HF

Trachypithecus obscurus (Reid, 1837)* 1 0 EN HF
RODENTIA

Hystricidae Hystrix brachyura Linnaeus, 1758* 11 6 LC HF
Muridae Rattus sp.* 2 0 - o
Felidae Prionailurus bengalensis (Kerr, 1792) 1 0 LC C
Canidae Canis lupus familiaris Linnaeus, 1758 3 0 - C
Ursidae Helarctos malayanus (Raffles, 1821) 0 2 VU O
Mustelidae Lutrogale perspicillata (1. Geoffroy Saint-Hilaire, 1826) 1 0 VU C
Herpestidae Herpestes urva (Raffles, 1821) 0 LC C

SQUAMATA

Varanus salvator (Laurenti, 1768)
COLUMBIFORMES

Chalcophaps indica Linnaeus, 1758*
PASSERIFORMES

Muscicapidae Enicurus ruficapillus Temminck, 1823* 8 0 NT I
GALLIFORMES

Gallus gallus (Linnaeus, 1758)*

‘

Varanidae

Columbidae

Phasianidae

ACCIPITRIFORMES
Accipitridae Nisaetus cirrhatus (Gmelin, 1788) 1 0 LC C
Total 119 242

Note: the asterisk (*) indicates salt lick users.
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The Shannon diversity index of wildlife at SPU was higher, with 2.01 compared to 0.92
in SPS. On the other hand, SPS has a higher species dominancy (0.47) compared to SPU
(0.23). A higher level in dominance usually indicates a low evenness in species distribution.
This is proven with SPS having a lower evenness value (0.36) compared to SPU. Finally,
by using Chao-1 estimator with more sampling effort, SPU could yield a total of 25 species
compared to 18 species currently recorded, whereas SPS could potentially increase to 7.5
species compared to the currently observed value of 7 species. This suggests that more
species could be obtained in SPU, but SPS almost reached an accumulated species number.

Wildlife visiting both salt licks were assigned to six feeding guilds, with the HF type
being the most dominant (240 individuals, 8 species), followed by omnivore (102 individ-
uals, 4 species), and carnivore (8 individuals, 6 species). Insectivore, frugivore, and grani-
vore were recorded only occasionally. From these, carnivore visits were significantly
different at both sites (Mann-Whitney U, Z = -3.07, p = 0.02), with an only presence at
SPU salt lick. Canis lupus familiaris was the dominant carnivorous species recorded, other
than P. bengalensis, L. perspicillata, and H. urva from the family Canidae and N. cirrhatus
from the family Accipitridae. HF and omnivore visit did not show significant differences
at both salt licks (p > 0.05).

PCA revealed two components with eigenvalues that explained 75.8% and 24.2% of
the total variance, respectively. Marked differences in species distribution are noted in the
PCA case scores biplot (Figure 4), according to diet types at both SPU and SPS. A more
diverse species assemblage is present at SPU compared to SPS, which consists of different
feeding types, including carnivore, frugivore, herbivore-frugivore, insectivore, represented
by M. muntjak, Hystrix brachyura, T. indicus, Presbytis siamensis, Enicurus ruficapillus,
E. maximus, Rattus sp., and C. lupus familiaris. These species were generally found in high
number in SPU, which could coincide with the lower vegetation composition, particularly
forest floor vegetation. On the other hand, only a handful of species assemblage is present
at SPS, particularly from the herbivore-frugivore, omnivore and granivore diet groups, rep-
resented by Rusa unicolor, Helarctos malayanus, G. gallus, and T. kanchil. They show the
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Figure 4. PCA biplot for wildlife visitation frequency based on diet types at different salt licks.
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highest frequency of visitations at SPS salt licks due to high vegetation cover and incredibly
dense forest floor vegetation.

Discussion and conclusions

Consistent with other studies, the salt licks from this survey were visited by different an-
imal species, mostly herbivores and frugivores (Matsubayashi et al. 2007; Molina et al. 2014),
and usually from the mammal and avian groups (Kreulen 1985; Krishnamani and Mahaney
2000; Bravo et al. 2008). According to Blake et al. (2011), species composition and frequency
of wildlife visitation at salt licks vary in terms of the mineral content, accessibility, and the
topographic features of the licks, apart from habitat preference, foraging, and ranging behav-
iour of the animal troops. Images and footages showed that most of the visitors consisted of
ungulates, primates, rodents, carnivores, Proboscidea, and Perissodactyla. The species could
be identified as salt lick users and non-users. Our study revealed 14 species as salt licks users.
The use of mineral licks was often associated with diets low in essential nutrients, such as
sodium. Salt licks also offer other supplementary diets such as calcium, magnesium, and zinc
(Moe 1993). Frugivores and herbivorous animals are known to have a diet low in sodium,
which explains the need for geophagy, particularly at salt licks (Ayotte 2005; Bravo et al.
2008); hence, the high abundance of these two groups of wildlife in our study. Matsubayashi
etal. (2007) reported that despite a significantly high concentration of potassium than sodium
in herbivore diets, an excess of sodium excretion through urine was noted, justifying the high
demand for sodium at licks among herbivores. Our study did not record high visitation among
frugivores, although this group of animals consume diets low in sodium. This observation
supports the findings by Blake et al. (2011) that frugivorous diet does not necessarily use salt
licks for mineral supplementation. Apart from that, fruit-eating bats were demonstrated to
consume salts to buffer the effects of secondary plant compounds that they ingest in large
quantities during high energy demand (Voigt et al. 2018).

The non-salt lick users recorded at the natural salt licks and their surrounding mainly
belonged to the carnivore and omnivore groups. Unlike herbivores and frugivores, carniv-
orous and omnivorous animals obtain their sodium intake direct from their prey (Matsub-
ayashi et al. 2007), suggesting that these predators use salt licks for hunting preys that
depend on the natural licks. The presence of these animal groups could also be associated
with their home range or roaming areas during hunting and foraging (Matsubayashi and
Lagan 2014). The less-dense vegetation could aid in the foraging of prey among carnivores
due to the high visibility and ease of movement, as demonstrated among leopard cats (Ra-
jaratnam et al. 2007) at the SPU site. In another instance, other groups of wildlife such as
ungulates, rodents, Proboscidea, and Perissodactyla are known as the predators’ target at
salt licks, making visits inherently hazardous (Moe 1993). Thus, there is a high possibility
that these animals frequent SPS for concealments from predators provided by the dense
understorey vegetation. Therefore, natural salt licks are indeed important for both plant-
eating mammals and predatory mammals as well.

The presence of arboreal species such as P. siamensis and T. obscurus only at SPU
showed that higher canopy vegetation plays a vital role in their presence. Arboreal species
are seldom thought to descend to the ground and are usually highly mobile through dense
vegetation with high canopy (Maklarin 2008; Hambali et al. 2016). Therefore, a closed
canopy due to the high emergence of tall trees surrounding salt licks would have an ad-
vantage for the arboreal species. This justifies the absence of primates from the SPS site
due to the lack of high trees.
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However, the high vegetational cover in SPS benefits the herbivores, particularly un-
gulates, explaining their high visitation frequency to the area. Moreover, ungulates were
found to prefer feeding in forest gaps instead of closed-canopy forest (Kuijper et al. 2009).
For instance, M. muntjak and R. unicolor were known to browse for understorey vegetation
such as shrubs and herbs (Ilyas and Khan 2003; Teng et al. 2004). These two species were
known as the most common deer species in tropical Asia (Corbet and Hill 1992), and are
relatively dominant wildlife species in both licks. The frequency of visits by Sus scrofa
was exceptionally high in SPS, indicating the low presence of predators, as demonstrated
by the absence of any carnivorous species in this area. The high population of this species
in the tropical rain forest was reportedly due to the absence of feline predators and abundant
all-year-round food supply of the forest (Ickes 2001). Therefore, the hyper-abundance of
this species has massive implication to the dynamics of the forests due to their soil-rooting
behaviour, which facilitates the spread of exotic plant into the primary forest (Peters 2001).
Other behaviours include the snapping off woody saplings during nests building among
female pigs (Liu et al. 1999) and reducing the local density of small terrestrial mammals
(Kemper and Bell 1985). Moreover, according to camera trap images, S. scrofa and M.
muntjac were seen together with their young. A study by Ampeng (2013) proved that groups
of reproductive females and juveniles have a higher visitation frequency at the salt licks,
indicating the importance of salt licks to enrich the nutrients of their young. The denser
vegetation, flat surface, and absence of predators provide better security, especially for fe-
males and the young. There were no records of 7. indicus in SPS, unlike in SPU. This
species is among the primary seed dispersal agents in rainforests (Fragoso et al. 2003) and
highly prefers feeding on several plant species from the family Euphorbiaceae (leaf flow-
ers), Myristicaceae (nutmegs), and Sapindaceae (Simpson 2014), that were more readily
available in SPU. Therefore, this study confirms that salt lick use by ungulates is not only
a reserve for geophagy but also foraging.

Another factor that might influence the frequency of wildlife visitation at both natural
salt licks is the texture and substrate of the salt lick reservoir. SPU exhibits rocky substrate,
whereas SPS has a muddy texture, which allows the growth of herbs and ferns in this area.
According to Molina et al. (2014), the salinity of rocky substrates exceeds muddy salt licks,
suggesting that dilution effects exist at the muddy salt licks, which might explain the dif-
ferences in wildlife composition in our study. The muddy substrate could easily wash away
the minerals during the wet season or rainfalls, but a more in-depth look on this regard is
needed. In general, regardless of their physical properties, salt licks are important local
wildlife hotspots, and this study emphasises the need to prioritise conservation areas by
maximising the complementarities of salt licks. Information on the vegetation composition
is also helpful in the management of the natural salt licks and in designing artificial ones.
A detailed study on the chemical properties of salt licks is deemed necessary to further un-
derstand their mineral compounds in order to protect and manage salt licks for wildlife
conservation in the Royal Belum State Park rainforest in particular and tropical rainforests
in general. This study also provides a useful guideline to be considered for effective arti-
ficial salt licks design.
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