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ECOLOGICAL OBSERVATIONS ON NEPENTHES WEDA ON THE ISLAND 
OF HALMAHERA, INDONESIA

M. Mansur  1 & F. Q. Brearley  2

Nepenthes weda Cheek is a carnivorous plant species found in the Indonesian province of Maluku. 
It was first described in 2015, growing in metal-rich ultramafic soils in minimally disturbed forest; 
ecologically, this species has not been studied. The present study was conducted at Weda Bay in 
Halmahera, the site of a large nickel-mining complex, to determine the habitat, population, nutrient 
interactions and prey spectra of Nepenthes weda. The known distribution of Nepenthes weda is 
extended to more open lowland disturbed maquis habitats in the mining concession, increasing 
the extent of occupancy, although the new population was relatively small, at 46 individuals per 
1000 m2. Foliar nutrient concentrations were low in P and Ca due to the plant growing in ultramafic 
soils that are typically low in these nutrients, and foliar Ni was at concentrations similar to those 
for other plants at this site. The prey spectra were dominated by yellow crazy ants (Anoplolepis 
gracilipes), along with mosquito and fly larvae as inquilines. Nepenthes weda remains a Critically 
Endangered species, and we propose urgent conservation actions.
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Introduction
Indonesia is one of the world’s ‘megadiverse’ countries formed of three major 
biogeographical zones: Sunda, Wallacea and Sahul. Wallacea, including the island of 
Halmahera, forms the transition zone between the Sunda continental shelf, containing 
Asian taxa, and the Sahul continental shelf, with Australasian taxa. Like many Indonesian 
islands, Halmahera is also geologically diverse, with a volcanic arc forming the northern 
peninsula, limestone forming much of the southern and eastern peninsulas, and ophiolitic 
ultramafic rocks forming an important portion of the eastern peninsulas. Soils derived from 
ultramafic rock are rich in nickel and cobalt (Proctor, 2003; Farrokhpay et al., 2019), making 
them attractive for exploitation by mining companies. However, ultramafic soils often 
host species-rich and unique vegetation assemblages (Proctor, 2003; Lopez et al., 2019; 
Garnica-Díaz et al., 2023), putting biodiversity conservation and economic development 
though mining activities in potentially conflicting situations. Indeed, more than 95% of 
Indonesia’s nickel is mined from Wallacea (Struebig et al., 2022).
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Weda Bay, in eastern Halmahera, was first confirmed as having valuable nickel deposits 
in 1996, and mining started in 2019. In the interim period, the area was explored botanically 
as part of the environmental impact assessment, with a number of new species having their 
only known location at this highly biodiverse site described (Callmander et al., 2015; Cheek, 
2015; Veldkamp & Kartonegoro, 2017; Gardner et al., 2021; van Welzen et al., 2021).

Nepenthes is a fascinating group of carnivorous plants whose diversity is centred on 
the Indonesian archipelago. Nepenthes generally live in marginal soils that are poor in 
nutrients, but the relationship between the edaphic conditions of Nepenthes habitats and 
their nutrient concentrations have been little studied. The nutrients nitrogen, phosphorus 
and potassium often (together) limit the growth of carnivorous plants (Ellison, 2006), and 
so understanding these complex nutrient relationships is of value to improve knowledge 
of habitat requirements of Nepenthes species. In addition to macronutrients, Nepenthes 
plants are also able to absorb metallic micronutrients such as copper, lead and zinc, as 
found in N. macfarlanei Hemsl. (Brearley, 2021). While numerous papers have studied the 
foliar ‘ionome’ of plants grown in ultramafic soils (e.g. Reeves et al., 2007; Lopez et al., 2019; 
Trethowan et al., 2021), there is little work on Nepenthes (van der Ent et al., 2015; Brearley, 
provisionally accepted).

Animals trapped in the Nepenthes pitcher are a source of nutrients that supplement those 
obtained from the soil in which they grow, especially nitrogen. Several studies have shown 
that insects belonging to the order Hymenoptera, family Formicidae (ants), are the dominant 
taxa trapped in most Nepenthes pitchers (Kato et al., 1993; Rembold et al., 2010; Gilbert 
et al., 2020; Tarigan et al., 2021).

Until a few years ago, there were thought to be just three species of Nepenthes in Maluku. 
In 2015, Cheek described two new species of Nepenthes from Halmahera: Nepenthes weda 
Cheek (Figure 1) and N. halmahera Cheek. The former species was first discovered in 2012 
in the Weda Bay mining concession area, growing in ultramafic soil, and its conservation 
status is considered to be Critically Endangered (Cheek, 2015). Cheek (2015) provides a 
description of the species and its characteristic features, along with those of closely related 
species. Given its recent discovery, limited distribution range, and potential threats to its 
population, it is important to provide further information on the ecology of this species. 
The purpose of this study was therefore to determine the population, habitat, nutrient 
concentrations, and prey spectra of Nepenthes weda at a newly discovered locality.

Materials and methods
The research was conducted in March 2022 in the area of PT Indonesia Weda Bay Industrial 
Park (https://iwip.co.id/) in Central Halmahera Regency, North Maluku Province, Indonesia 
(0°30′N, 127°55′E). The climate, according to Schmidt & Ferguson (1951), belongs to type B 
(wet).

https://iwip.co.id/
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Figure 1. Nepenthes weda at Weda Bay, Halmahera, Indonesia: A, lower pitcher; B, upper pitcher; 
C, male flowers; D, fruit. Scale bars (approximate): A and B, 1 cm; C, 2 cm; and D, 5 cm. Photographs: 
M. Mansur.
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The study focused on a small area of around 0.1 ha at an elevation of 246 m a.s.l. 
in ultramafic maquis vegetation. A plot of 20 m × 50 m (1000 m2) was established to 
determine the population of Nepenthes weda in its habitat. The abundance of individuals 
of all species present was recorded, and relative dominance and relative frequency were 
calculated according to Mueller-Dombois & Ellenberg (1974).

Morphological parameters of the plants were recorded, and voucher specimens were 
prepared and deposited at Herbarium Bogoriense (BO). Samples of leaf laminae (second 
leaf from the tip of the stem estimated to be 6 months old) and open pitcher fluid were 
taken, with three replicates each from different plants. Nutrients were analysed using the 
methods outlined in Mansur et al. (2021, 2022), but with the phenate method used for the 
analysis of nitrogen (Searle, 1984). Leaf chlorophyll was measured using a Konica Minolta 
SPAD-502 meter (Konica Minolta, Tokyo, Japan) following the protocol described in Mansur 
et al. (2022). Metallic elements were determined by atomic absorption spectrophotometry 
(Shimadzu AA-6200, Shimadzu, Kyoto, Japan).

Soil samples were collected from around the plants for analysis and analysed using a 
Rigaku NEX CG energy-dispersive X-ray fluorescence spectrometer (Rigaku, Tokyo, Japan). 
Semiquantitative analysis of the pitcher in-fauna was made on three mature pitchers (two 
lower pitchers and one upper pitcher). The pH of the pitcher fluid was measured using a 
Hinotek pH meter model H-009(1)A-3 (Hinotek, Ningbo, China).

Results
Nepenthes weda was found to grow in open shrubby maquis vegetation that had been 
disturbed by mining roads (Figure 2). The soil types at the study site (see Figure 2A) 
generally consisted of Cambisols and Gleysols on ultramafic substrates with sloping to 
slightly steep topography (10–15°). Bare soil was fairly common in the area, but Nepenthes 
weda does not appear to grow on it. The vegetation height in the habitat was typically up to 
3 m for larger shrubs and included undergrowth dominated by Dianella sp. and Smilax sp., 
while the dominant tree species were Ficus crassiramea (Miq.) Miq., Gymnostoma sp. and 
Psychotria viridiflora Reinw. ex Blume (Table 1). The Shannon–Wiener diversity index of the 
plot as a whole was 1.75.

In the plot of 0.1 ha (see Figure 2A), only one species of Nepenthes was recorded, namely 
N. weda, with a total of 46 individuals, equating to 460 plants per hectare. Distribution among
the 10 m × 10 m subplots was random, i.e. Morisita’s (1959) index of dispersion was 1.01.

The morphology of the sampled Nepenthes weda plants is characterised as follows. Stem 
terrestrial, climbing, terete, < 4 m long, stem diameter < 7 mm, internodes < 15 cm. Leaves 
oblong, length < 33 cm, width < 6 cm, petiole length < 6 cm, tendril length < 25 cm, mean 
(± SD) leaf thickness 0.51 (± 0.04) mm. Upper pitcher cylindrical, < 20 cm high, < 4 cm wide, 
peristome < 4 mm wide with ribs, single spur < 4 mm. Plants with rosette shoots (sensu 
Cheek, 2015) were also found.
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Table 1. List of plant species and their relative dominance (RD) and relative frequency (RF) in the 
habitat of Nepenthes weda at Weda Bay, Halmahera, Indonesia

Speciesa RD (%) RF (%)

Nepenthes weda Cheek (Nepenthaceae) 5.43 12.5
Dianella sp. (Asphodelaceae) 31.0 12.5
Smilax sp. (Smilacaceae) 31.0 12.5
Psychotria viridiflora Reinw. ex Blume (Rubiaceae) 14.3 12.5
Ficus crassiramea (Miq.) Miq. (Moraceae) 6.98 12.5
Xylopia peekelii Diels (Annonaceae) 5.04 9.38
Gymnostoma sp. (Casuarinaceae) 3.49 9.38
Rhodamnia blairiana F.Muell. (Myrtaceae) 1.16 6.25
Macaranga tanarius (L.) Müll.Arg. (Euphorbiaceae) 0.39 3.13
Planchonella vrieseana (Pierre ex Burck) Dubard (Sapotaceae) 0.39 3.13
Timonius rufescens (Miq.) Boerl. (Rubiaceae) 0.39 3.13
Trichospermum morotaiense Kosterm. (Malvaceae) 0.39 3.13

a After Nepenthes weda, species are ranked according to their RD.

Figure 2. Habitat of Nepenthes weda at Weda Bay, Halmahera, Indonesia: A, in the 0.1 ha plot in 
which sampling was conducted in the present study; and B, about 1 km from the plot. Photographs: 
M. Mansur.

Soil metal concentrations were high, particularly for Cr, Ni and Mn, whose concentrations 
were all around 1%, but Cu could not be detected (Table 2). The most abundant 
macronutrients in leaves were K (0.92%) and N (0.77%) (Figure 3), with a N:P ratio of 22.0 ± 
SD 0.86 and a Mg:Ca ratio greater than one. Mean leaf chlorophyll concentration was 39.9 
(± SD 2.3) SPAD meter units. The concentrations of nutrients in the pitcher fluid were less 
than that in the leaves and dominated by Ca (410 ± 33 mg/L), Mg (74 ± 6.5 mg/L) and K (71 
± 7.7 mg/L). Similarly, metal concentrations were lower in the pitcher fluid than in the leaves 
(see Table 2).
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Table 2. Concentration of metals in leaves and pitcher fluid of Nepenthes weda and soils around the 
plants at Weda Bay, Halmahera, Indonesiaa

Metal Leaves (mg/kg) Fluid (mg/L) Soils (%)

Cobalt  87 ± 21  28 ± 4  0.21 ± 0.08
Copper  60 ± 11  13 ± 2      BDL
Lead 220 ± 51 119 ± 9 0.008 ± 0.002
Manganese  16 ± 5   4 ± 1  0.78 ± 0.15
Nickel 311 ± 92  54 ± 16  0.92 ± 0.22

BDL, below detection limits.
a All values are mean ± SD (n = 3 for each).

Figure 3. Concentrations of macronutrients in leaves of Nepenthes weda at Weda Bay, Halmahera, 
Indonesia. Red bars show the mean (± SD, n = 3) concentrations for the six macronutrients. The blue 
dots show the mean concentrations determined by Lopez et al. (2019) for plants in the study area, 
based on results for 677 samples of non–metal-hyperaccumulating species. NB: Lopez et al. (2019) 
did not provide data for N or Na.

The pH of the pitcher fluid was 5.8 ± SD 0.9, and the trapped and dead insects were 
dominated by yellow crazy ants (Anoplolepis gracilipes [Smith, 1857], syn. Anoplolepis 
longipes [Jerdon, 1851]), which comprised about 97% of all insects found within the 
pitchers. Other animals found were mosquito larvae (c.2%) and fly larvae (c.1%), which were 
both observed living in the pitcher fluid as inquilines.
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Discussion
When Cheek (2015) first described Nepenthes weda, all collections were made from lower 
montane forest on Bukit Limber about 7 km from the current location. In the present study, 
it was also found in more open shrubby maquis habitats, with its distribution extending to a 
lower elevation, about 250 m a.s.l. Morphologically, the plants examined broadly agree with 
the description of Cheek (2015).

In the study plot, the distribution of Nepenthes weda was random, which contrasts with 
the clumped distribution patterns of N. clipeata Danser (Mansur et al., 2021). A study of 
Nepenthes species in a Sumatran montane forest (Mansur et al., 2024) found N. inermis 
Danser and N. talangensis Nerz & Wistuba to have clumped distributions but N. pectinata 
Danser to have a more random distribution. Clearly, the scale at which the measurements 
are made will affect the results, but it would be interesting to determine ecological factors 
that lead to clumped or random distributions in this genus.

Generally, the foliar concentrations of all macronutrients were low. Lopez et al. (2019) 
described the soil and vegetation chemistry of plants from a range of locations at Weda 
Bay (with a focus on metal-hyperaccumulating plants), thereby generating an extensive 
dataset. When compared with the foliar concentrations presented in Lopez et al. (2019), P, 
Mg and particularly Ca in the leaves of Nepenthes weda were lower, while K was at similar 
concentrations. The foliar N:P ratio was the broadest so far recorded, indicating strong P 
limitation, which might be expected because P regularly limits plant growth in ultramafic 
soils (Brearley, 2005).

Foliar nutrient concentrations were lower than the mean for a number of Nepenthes 
species across their range; in particular, P and Ca were about one-third of the mean for the 
genus (Mansur et al., 2021, 2022). Using the dataset of Mansur et al. (2021, 2022, 2024), 
combined with that of Brearley (provisionally accepted) (39 samples from 32 taxa, in 
total), we find significant differences between ultramafic and non-ultramafic soils in terms 
of Nepenthes foliar P (t = 4.19, p = 0.001) and K (t = 3.03, p = 0.003), but not N, Ca or Mg 
(p > 0.30 in all three cases). It is also notable that foliar Ca is low in Nepenthes generally; 
low Ca requirements may be advantageous on ultramafic substrates.

Foliar nickel concentrations were similar to the mean for non-hyperaccumulator 
plants recorded by Lopez et al. (2019) of 230 mg/kg, but greater than the concentration 
presented by Amin et al. (2015), who studied Nepenthes mirabilis (Lour.) Druce in an 
ultramafic wetland on Obi island, south of Halmahera, and found Ni at 37 mg/kg; foliar 
Co was an order of magnitude greater than that found by Lopez et al. (2019). There 
was no indication that Nepenthes weda could be considered a hyperaccumulator of Ni 
(a Ni concentration greater than 10,000 mg/kg), although foliar Co was high and around 
one-third of the hyperaccumulation threshold for Co of 300 mg/kg (van der Ent et al., 
2013). Foliar Pb concentrations were surprisingly high (< 250 mg/kg) and similar to the 
highest concentrations recorded by Brearley (2021) for Nepenthes macfarlanei in peninsular 
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Malaysia (< 240 mg/kg). Foliar metal concentrations in plants growing on ultramafic 
substrates are often greater than in those that are not, but there were no indications of 
metal toxicity in the case of Nepenthes weda.

Ants have long been known to be the dominant insect prey in Nepenthes pitchers (Kato 
et al., 1993; Adam, 1997; Rembold et al., 2010), often contributing more than 90% of the 
items found within them. However, it has been less easy to identify these ants, because they 
are regularly found in a state of decomposition within pitchers, although Bauer et al. (2011) 
noted that Anoplolepis gracilipes is a common prey species of Nepenthes rafflesiana Jack 
ex Hook. in Brunei. Halmahera is probably within the native range of Anoplolepis gracilipes 
(Lee & Yang, 2022), but it has been reported as invasive in similar ultramafic maquis in 
New Caledonia, which is its preferred habitat on that island (Berman et al., 2013), and its 
presence is indicative of habitat disturbance (Latumahina et al., 2015). The morphology 
of the pitchers of Nepenthes weda is of a ‘dry type’, with a fairly narrow peristome, which 
is generally considered better for trapping ants (Moran et al., 2013; Clarke et al., 2014). 
Mosquito and fly larvae have been reported as contributing to the Nepenthes phytotelmatic 
food web as inquilines in numerous other studies (Clarke, 1998).

Nepenthes weda is recorded from minimally disturbed forest (Cheek, 2015) as well as 
disturbed maquis vegetation at this newly noted location. Although this increases the plant’s 
known population, area of occurrence and extent of occurrence, we do not currently suggest 
any changes to the proposed Red List categorisation of Critically Endangered (CR) (Cheek, 
2015). The species still has a very limited distribution and small population, and so, with 
the expansion of industrial areas for mining, the population is under considerable threat. 
Nevertheless, the knowledge that the species grows in more open and disturbed habitats 
provides some promise for its survival, as all other collections have been made from Bukit 
Limber, which is the site of the richest ultramafic nickel deposits and thus under greatest 
threat from mining. Additional surveys of the area for Nepenthes weda would be valuable. 
Conservation actions should include moving plants to nursery areas on site where they 
can be reproduced by stem cuttings or seed sowing before being returned once mining 
operations have ceased. Seed banking of the species should also be considered to aid in 
the successful conservation of this rare and endangered species.
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