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Elevational gradients, particularly in the tropics, are among the most important centers, and 
generators, of biodiversity. They have been excellent model systems for the study of ecological 
and phylogenetic determinants of alpha, beta and gamma diversities across a wide array of 
environments in close geographic proximity. More recently, elevational gradients have risen to 
prominence as one of the best systems to demonstrate, and model, the dynamics of biodiversity 
in response to climate change. These studies, pioneered in the temperate zone ecosystems, are 
now expanding also to the tropics. New Guinea, the largest tropical island, is exceptionally 
well suited as a testing ground for altitudinal research as it harbors several complete 
rainforest altitudinal gradients from lowland to the alpine zone in a high-biodiversity settings. 
There are presently several research groups studying various aspects of biodiversity along 
elevational gradients, from ecosystem surveys through experimental manipulations to 
modeling and macroecological perspectives, and spanning a wide range of taxa, from plants 
through insects to vertebrates. These diverse emerging lines of research are now ready for 
review and synthesis, which we propose to initiate by this symposium.  
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Species richness distributions along elevational gradients show many different patterns, but 
for the majority, maximum richness is reached at some intermediate point on the domain. It is 
tempting to explain the location of peak richness as an optimum environment. Certainly, 
some portions of the gradient may be environmentally more favorable than others. But we 
show that environmental favorability interacts, sometimes strongly, with geometric 
constraints to influence the pattern of richness along bounded gradients. We model the 
simplest possible pattern of favorability on elevational transects from sea level to the highest 
habitable point on a mountain massif: somewhere along this elevational gradient lies a single 
“attractor” that represents the optimum environment for some specified group of species. We 
model the influence of the attractor on species’ ranges by envisioning it as a magnet for their 
elevational range midpoints: a midpoint attractor, with mean elevation A and standard 
deviation B. Using hypothetical and empirical datasets, we show how geometric constraints 
interact with environmental favorability to produce a wide variety of richness patterns over 
elevational gradients. In an informal Bayesian framework, we use a simple custom Monte 
Carlo Markov Chain (MCMC) sampler to find the model (A, B) that best explains each set of 
empirical data. 
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Trends in plant biomass, alpha and beta diversity, phylogenetic diversity and vegetation 
structure are described along a complete rainforest gradient from 200 to 3700 m above sea 
level sl. at Mt. Wilhelm in Papua New Guinea, and analyzed with respect to climate, soil and 
land area. The study focuses on entire vegetation, using 20 x 20 m plots, as well as on Ficus 
trees, and an example of a species-rich genus, using 10 x 500 m transects. 
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We analyzed re-census data for trees on 13 ha of plots across three elevational zones, lowland 
(Lakekamu Basin; 100-210m), middle (Crater Mountain; 1000-1200m) and upper (Mt. Stolle; 
1500-1600m).  On these plots 9,472 trees were tagged and re-censused 5-8 years later to 
determine growth, mortality and recruitment.  Growth rates (Δdbh) decreased with elevation 
from 0.4 cm/yr at the lowest plot to 0.18 cm/yr at the highest.  Annual mortality rates were 
similar for the low and high plots, 11.2-12.2 trees/ha/yr and highest in the middle plots on 
Crater, 17.9-22.6 trees/ha/yr.  This is possibly due to the steeper, less stable terrain at Crater 
where trees had higher probability of dying: .02.8-.03.4 percent per year compared to the 
lower plots (.01.6-.01.9 percent year-1) and higher plots (.01.2 percent year-1).  Although 
growth rates might correlate with changes in temperature and insolation at different 
elevations, overall dynamics of survivorship appear to be driven by factors other than 
elevation.  Recruitment on plots varied from well below mortality (12 trees/ ha less) to 
above mortality (5 trees/ha more) averaged over the sample periods.  This suggests that 
recruitment is not tightly correlated with mortality and might occur over longer time spans 
than episodic mortality (e.g., high mortality at an episodic treefall or landslip might be 
followed by replacement recruitment many years later). 
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The Malaise trap program of the IBISCA Mt Wilhelm transect produced 16 daily samples 
from each of 4 Malaise traps at 8 elevations (500 m intervals), generating 512 samples. The 
Diptera and Hymenoptera comprise the two most abundant orders in Malaise trap samples. 
All Hymenoptera were pulled and sorted to family level in Paris, while the large volume of 
the Diptera residues necessitated “triage,” and the targeted families were chosen because they 
were abundant, readily extracted from the residue soup, and had active and willing workers. 
The Hymenoptera fauna, based on some 7300 specimens (ants excepted), is reviewed and the 
large parasitoid superfamily Ichneumonoidea (some 1100 Ichneumonidae and 1400 
Braconidae) is treated in more detail. The Diptera are reviewed and two families, 
Drosophilidae (some 1300 specimens) and Dolichopodidae (some 1550 specimens) are 
discussed. Species richness and change with elevation, biogeography and other aspects of the 
Mt Wilhelm fauna are reviewed.  Also noted are the practical aspects of Malaise trapping, 
especially trap placement and intra-site variation. 
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Climate change and habitat degradation are two of the largest challenges for the persistence 
of biological communities. While the impacts of these two processes on biodiversity are 
becoming increasingly well-known, the effects on ecosystem functioning have been more 
poorly quantified. Ants are potentially important recyclers of dead animal material. However, 
the rate at which this nutrient redistribution occurs is seldom studied. To predict potential 
climate change impacts we assess ant-mediated nutrient redistribution rates using compressed 
dried earthworm baits along altitudinal gradients in Borneo and New Guinea. We also 
measure redistribution rates along a gradient of habitat disturbance in Borneo, from old 
growth forest to logged forest to oil palm plantation. We find that rates are similar between 
Borneo and New Guinea and decrease with increasing altitude, indicating that the dissimilar 
ant communities on either side of the Wallace line support ecosystem function in the same 
way. The reduction in redistribution rates with increasing altitude is probably due to reduced 
activity and density of ants with decreasing temperature. Redistribution rates decrease with 
habitat disturbance, although this reduction only occurs beyond a certain critical threshold of 
degradation. We speculate that this pattern is caused primarily by loss of ant species, since 
increases in temperature in disturbed areas are likely to increase activity of the remaining 
ants. Our results indicate that rising global temperatures could increase rates of ant-mediated 
nutrient redistribution, while habitat degradation has an opposing effect, tending to decrease 
the rate of this important ecosystem process. 
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Insects play a major role in the decomposition of wood in tropical rainforests. In lowland 
forests, termites (clade Isoptera) occupy a dominant place among wood feeders, but their 
abundance and diversity clearly decline with altitude. However, other insect groups such as 
Blattodea (excluding Isoptera) and Coleoptera retain a substantial diversity in montane 
forests. Yet, the pattern of occurrence of wood-feeding insects with elevation remained to be 
documented. Specifically, we hypothesized that cockroaches and beetles could compensate 
for the rarefaction of termites at higher altitudes. In 7 plots spaced by 500 m along an 
elevation gradient (200–3200 m) on the slopes of Mt Wilhelm, Papua New Guinea, we 
systematically sampled soft fallen logs in search for wood decomposing insects. 
The three major taxa observed in logs were termites, cockroaches and Passalidae. Passalidae 
were common up to 2700 m, but were especially abundant in the 700–1700 m range. 
Cockroaches occurred at all altitudes, but were most common in the moss forest at 1700 and 
2200 m. Termites were found with decreasing frequency up to 1200 m. These three taxa are 
dominant at different altitudes along a single transect: occurrence in more than 30% of the 
logs was recorded at 200 and 700 m for Isoptera, from 700 to 1700 m for Passalidae, and at 



1700 and 2200 m for cockroaches. The altitudinal shift in Passalidae and cockroach 
frequency suggests that they suffer from competition by termites at lower elevations. 
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Mosaics of ant territories resulting from the mutual exclusion of dominant arboreal ants from 
tree crowns are common in tree plantations and in lowland tropical forests. In temperate zones 
arboreal-nesting ants, especially territorial ones, are much less abundant probably because of 
unfavourable climatic conditions. Therefore along a tropical mountain one can expect the 
decay of ant mosaics with increasing elevation. We mapped the distribution of numerically 
dominant ant colonies, often spreading on several neighbour trees, in ¼ ha plots distributed 
between 200 and 2700m asl along Mt Wilhelm, Papua New Guinea. Ants were captured at 
tuna/honey baits spread along tree trunks from the ground to the top of canopy trees. In 
lowland forests (200-700m) Crematogaster polita large carton nests were omnipresent and 
often formed supercolonies. Other major players were Oecophylla smaragdina nesting in 
leaves and Anonychomyrma cf scrutator nesting in live plant tissues. At mid-elevation (1200-
1700m) dominant ants were Anonychomyrma spp. and two species found in myrmecophytes 
(Monomorium sp. nov. aff. edentatum and Philidris cf. cordata). At 2200m ants found in the 
canopy (e.g. Ancyridris, Pheidole) were probably living in suspended soil. No ants were 
observed at 2700m. In conclusion, with increasing elevation it seems that there is a progressive 
filtering of the most abundant arboreal ant species. Typical territorial ants, living in carton or 
leaf nests are eliminated first. At mid-elevation myrmecophytes allow to maintain high ant 
populations in trees. At high elevation only species nesting in suspended organic matter 
remain. 
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Understanding the abiotic and biotic factors along altitudinal gradients have huge potential in 
advancing our understanding of species distributions, species richness patterns and 
conservation. Using standard light traps and butterfly transects, we recorded 15000 moths in 
978 species, and 8800 butterflies in 276 species. This dataset was collected along a complete 
altitudinal gradient from 200 m asl. to 3700 m asl. at the foothills of Mt. Wilhelm, Papua 
New Guinea. The altitudinal transect included 8 study sites in undisturbed tropical primary 
rainforest separated by 500 m altitudinal difference. Using univariate and multivariate 
statistics, we describe trends in species composition, species diversity and abundance of 
moths and butterflies along altitudinal and successional gradients, as well as, specific habitat 
preferences of common butterfly species. Further, we test relationships between altitudinal 



range, habitat specificity and geographic range for common species of butterflies. 
Ultimately, we illustrate how abiotic factors change with elevation, and how moths and 
butterflies respond to these changes to uncover their biological drivers. 
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Signals given off by plants to alert predators to herbivore attack may provide exciting 
examples of coevolution among organisms from multiple trophic levels. We examined 
whether signals from herbivore- damaged trees attract predators of insects along a complete 
altitudinal rainforest gradient in tropical region, where various predators are expected to 
occur at particular altitudinal belts. We studied predation of artificial caterpillars on trees with 
and without herbivorous damage; as well as diversity and abundances of potential predators 
at eight study sites along the altitudinal gradient (200 – 3700 m). We focused on attacks by 
ants and birds, as the main predators of herbivorous insect. The predation rate decreased with 
altitude from 10% day-1 at 200 m to 1.8% day-1 at 3700 m. Predation by ants was more 
important towards the lowland forests (200 – 1700 m) and it decreased with altitude; whereas 
bird predation became more important at mid-altitudes (1700 – 2700 m). Caterpillars exposed 
on trees with herbivorous damage were attacked significantly more than caterpillars exposed 
on trees without damage. In conclusion, our study demonstrates (i) the large importance of 
plant damage as a cue of herbivore presence for predators, (ii) decreasing attack rate of 
predators with increasing altitudes in tropical forests, and (iii) a transition in predator 
dominance from ants in the lowland forests to birds at the mid to high altitudes. Further, the 
change in dominant predator group with altitude could lead to dramatic changes in anti- 
predation strategies of herbivores, and the structure of local food webs, along altitudinal 
gradients. 
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This project provides the first description of bat community structure across a complete 
altitudinal gradient in the Huon Peninsula of Papua New Guinea (from sea-level to 3000m), 
assembles the largest reference collection of echolocation calls for Papua New Guinean bats 
(22 species, a valuable tool for species inventory work), and provides species accounts for 
all 22 microchiropteran (& 4 megachiropteran) bats captured in the YUS Conservation Area. 



Microchiropteran bat communities vary across altitudinal gradients, with greatest species 
abundance at lowland sites, and greatest individual abundance at mid-altitude sites. Despite 
the reduction in species with increasing elevation there is still a significant number of 
potential high-altitude species (6) occurring at or above 3000m. 

 
Acoustic monitoring techniques proved to be a cost and labour effective method of surveying 
bat communities, revealing twice the number of microbats with only one half the surveying 
effort of traditional capture techniques.  When implemented in concert, traditional survey 
techniques based on captures (using mist net and harp traps) and more recently developed 
techniques (acoustic monitoring) significantly advance our understanding of the bat fauna of 
the YUS Conservation Area, the Huon Peninsula and Papua New Guinea, resulting in 22 new 
species-specific echolocation call types for YUS and the Huon Peninsula, 2 new species 
records for the Huon Peninsula and 5 altitudinal range extensions for Papua New Guinea. 
Species accumulation curves indicate that the total number of bat species detected in the YUS 
Conservation Area will increase with greater sampling effort. 
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Our understanding of the underlying mechanisms that shape patterns along elevational 
gradients is in many ways still in its infancy. This study analyses distribution, diversity and 
abundance of bird from a complete rainforest altitudinal gradient of Mt. Wilhelm in Papua 
New Guinea (200 - 3700 m), in order to explain observed patterns and determine distinct 
communities. Avifauna was surveyed on eight sites (500-m altitudinal increment) during 
three independent surveys, by three methods – point counts, mist-netting and standardized 
random walks. Three complementary data sets on forest birds partitioned into feeding guilds 
were analysed. Five predictors of diversity were tested: locally measured habitat complexity 
and weather, regional species pools and area available at altitudinal belts, and mid-domain 
effect simulated from empirical ranges. Bird species richness (238 species; 33,639 
individuals) displayed a monotonic decline with elevation. This decline was driven by 
herbivores, whose species richness decreased steeply between 200 m and 1200 m, while 
species richness of insectivores exhibited a plateau from 200 to 1700 m. The observed 
patterns of species richness were best explained by habitat complexity for the whole bird 
community and insectivores, whilst climate was best predictor for herbivores. Abundance 
patterns were well explained by available food resources. The highest rate of change in 
community composition was recorded in mid-elevations. We found that the avian species 
richness was predicted by habitat complexity, climate, and regional species pool. The results, 
however, vary among feeding guilds. In contrast to previous studies, we find evidence of an 
elevational zonation of distinct communities within a seemingly homogeneous habitat. 
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New Guinea is amongst the few tropical areas where it is possible to study faunal 
diversity along a complete,  continuous rainforest altitudinal gradient, starting near 
the seacoast and climbing towards the alpine zone. We report on such study for 
frogs, a highly diverse taxon in New Guinea with 353 species described so far. We 
quantitatively surveyed eight primary rainforest sites regularly spaced from 200 to 
3700 m a.s.l., and recorded 3390 individuals frogs representing 55 frog species in 
four families (Hylidae, Limnodynastiade, Microhylidae and Ranidae). We 
demonstrate the usefulness of the DNA barcode sequences of COI in frogs, 
particularly in defining a species altitudinal limits along different environmental 
gradients. 
We also analyzed patterns of beta diversity along the gradient and found that most 
frog species have a restricted altitudinal range distribution. This has interesting 
consequences for community rearrangement and species range shift as a result of 
climate change. We found local frog diversity peaked at 1700 m a.s.l. Further, we 
swabbed frog populations for Batrachochytrium dendrobatidis (BD) infection, an 
important conservation issue for frog populations in Australia but we found no 
BD infection in our frog samples. Finally, we discuss perspectives for ecological 
and conservation research of amphibians in Papua New Guinea. 
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Global changes impact not only the distributions of species, but also the 
distributions of species interactions. Understanding how a warming climate might 



affect species interaction networks is therefore of interest. Here we investigate how 
the mutualistic interaction network between ants and their host plants changes along 
an altitudinal gradient (up to 1600m asl) on Mt Wilhelm in Papua New Guinea, with 
a quantification of benefits of the interaction for a subset of the species involved. 
We also use an experimental seedling transplant approach to see whether ant-plants 
might undergo an Allee effect, whereby reduction in host plant density leads to 
reduced ant partner sharing by mature plants with younger, uninhabitated plants. In 
the lowlands multiple ant and plant species are involved in the mutualistic network, 
with little apparent specialisation. At higher altitudes, the interaction network 
becomes dominated by Anonychomyrma-inhabited Myristica subalulata. With 
increasing altitude, the Anonychomyrma inhabiting Myristica plants patrol less and 
take longer to find a model herbivore with parallel increases in herbivory. The driver 
of this pattern may be reduced ant activity due to lower temperatures at higher 
altitudes, thus reducing the benefits for plants of ant inhabitation. Experimental 
transplants indicate that although ant protection of seedlings is important, these ants 
do not originate in nearby mature ant plants. We have demonstrated that interaction 
networks shift with altitude, and also, for one particular interaction, that the 
corresponding change in temperature may drive a shift in the balance of costs and 
benefits for one partner. 
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Rapidly growing human populations accompanied by changes to customary laws, 
economic drivers and technology are increasingly threatening local wildlife 
populations in Papua New Guinea. Recent conservation initiatives in the country 
have emphasised the establishment of community-based ‘no-take’ zones where 
hunting is prohibited. Critical to the success and management of such areas is cost-
effective monitoring. Here we assess the effectiveness of areas designated by a local 
community as ‘no-take’ zones for protecting key game wildlife species and 
providing a sustainable resource in buffer areas in the YUS Conservation Area, 
Papua New Guinea’s first conservation area. Survey transects were established 
along nominal clines in hunting intensity in relation to twelve focal villages. The 
relative abundance of three broadly defined focal game taxa, macropods, possums 
(including cuscus) and cassowary, 
were assessed using standing faecal counts at varying distances from focal villages 
and within and outside ‘no-take’ zones. Relative abundance was higher in 
protected areas than other sites for each of the three broad taxa groupings 
considered, and a notable effect of distance from village (a proxy measure for 
hunting intensity) was demonstrated for macropods and possums. Our results 
suggest that setting aside ‘no-take’ zones can rapidly increase key game 



populations within community-based protected areas where participation is 
voluntary and enforcement limited. However, long-term and more detailed 
information is required for assessment of the status and ongoing population 
viability of individual species. Such efforts should also consider socio-economic 
factors driving hunting. The study lays a foundation for more detailed examination 
of the effects of hunting and protected areas on individual species, for the design 
of ‘no-take’ zones in the region and for predicting the potential effects of 
intensification of future threats in the area. 
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Among the geographical patterns of biodiversity, the latitudinal gradient of 
increasing species richness from the polar regions towards the tropics is certainly 
the most prominent. For most organisms, diversity is highest in the tropics. Yet, the 
factors determining this high tropical diversity remain poorly understood partly due 
to the large geographic extent of latitudinal gradients. In this regard elevational 
gradients of species richness have become increasingly popular to disentangle 
potential drivers of diversity. They are easier to replicate than latitudinal gradients, 
and allow for disentangling ecological factors that vary differently along elevational 
gradients but not along latitudinal gradients. They are further more restricted in 
geographical extend, but also span from the warm (lowland) climates, to the cold 
(high 
alpine) climates. Due to the similar change in environmental conditions along both 
latitudinal and elevational gradients, diversity was long considered to decline 
monotonically towards high elevations in a manner similar to the decline from the 
equator towards the poles. Latitudinal and elevational gradients thus both represent 
biogeographical gradients along which diversity changes in a clear and often 
predictable way. Because of the different spatial extents and specific ecological 
transitions of the two types of gradients, a combination of latitudinal and 
elevational gradients offers the unique opportunity to disentangle the relative roles 
of different drivers of diversity patterns. Here we present a comparison between six 
elevational gradients along an latitudinal gradients in species diversity and 
composition ranging from the island of New Guinea via the Philippines, Taiwan, 
Kyushu, Honshu, to Hokkaido. We present changes in community composition as 



well as diversity in ferns and discuss the challenges and opportunities that which 
arise from combining elevational and latitudinal gradients of species diversity. 
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Global changes impact not only the distributions of species, but also the distributions 
of species interactions. Understanding how a warming climate might affect species 
interaction networks is therefore of interest. Here we investigate how the mutualistic 
interaction network between ants and their host plants changes along an altitudinal 
gradient (up to 1600m asl) on Mt Wilhelm in Papua New Guinea, with a 
quantification of benefits of the interaction for a subset of the species involved. We 
also use an experimental seedling transplant approach to see whether ant-plants might 
undergo an Allee effect, whereby reduction in host plant density leads to reduced ant 
partner sharing by mature plants with younger, uninhabitated plants. In the lowlands 
multiple ant and plant species are involved in the mutualistic network, with little 
apparent specialisation. At higher altitudes, the interaction network becomes 
dominated by Anonychomyrma-inhabited Myristica subalulata. With increasing 
altitude, the Anonychomyrma inhabiting Myristica plants patrol less and take longer to 
find a model herbivore with parallel increases in herbivory. The driver of this pattern 
may be reduced ant activity due to lower temperatures at higher altitudes, thus 
reducing the benefits for plants of ant inhabitation. Experimental transplants indicate 
that although ant protection of seedlings is important, these ants do not originate in 
nearby mature ant plants. We have demonstrated that interaction networks shift with 
altitude, and also, for one particular interaction, that the corresponding change in 
temperature may drive a shift in the balance of costs and benefits for one partner. 
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Studies in the tropics show herbivore communities are rarely saturated with species, 
so their diversity is determined by the size of the regional species pool from which 
they are assembled. Unfortunately, these species pools remain poorly documented 
in the tropics. Although food webs are often inventoried, few studies explore their 
potential for novel trophic interactions, e.g. by feeding experiments. These 
hypothetical food webs can become important tools for the assessment of the effect 
of species dispersal caused by changing environment. Plant and insect species are 
already responding to changing climate in their altitudinal distribution, but we 
remain unable to predict the structure of new food webs arising in the process. 
Here, we present findings from New Guinea, one of the few tropical areas with 
undisturbed rainforests along complete altitudinal gradients from seacoast to the 
alpine zone. Folivorous insects feeding on Ficus trees – keystone species are used 
here as a model system. All externally feeding holometabolous larvae (Lepidoptera) 
including leaf rollers and leaf tiers, and adult insects (Orthoptera, Phasmatodea and 
Coleoptera) were collected by hand from 1500 m2 of foliage area in 5 ha of forest 
per altitudinal site starting at 200 m asl. to 2700 m asl. All altitudinal study sites 
were separated by 500 altitudinal metres. Combining local and regional analyses of 
food webs with experimental assessments, we attempted to predict (possibly for the 
first time), the structure of new plant-herbivore food webs arising from the 
dispersal of species along altitudinal gradients in response to changing 
environment. 

Conclusion 
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Altitudinal transects describe local biodiversity effectively and enable the 
exploration of the relationships among environmental variables (particularly 
synoptic climate) and dimensions of species diversity.  The Mt Wilhelm transect is 
now the most northerly of such sets of sites within Australasian rain-forested 
landscapes.  My group has established sets of comparable sites in the Australian 
subtropics in Lamington and Border Ranges National Parks, and tropical sites at 
Mt Lewis and Eungella National Parks.  At each of these sites we have surveyed a 
range of arthropod target taxa as well as local vegetation.  Meta-analyses of data 
from these (and other) transect presents a set of analytical challenges which we are 
currently exploring.  The first of these challenges is the search for a common 
currency to align sites established at different latitudes and over different ranges.  
The use of the notional tree-line at each elevation holds promise and captures both 
latitudinal change and contrasting study- ranges.  An alternative approach may be 
to use the deuterium:hydrogen-1 ratio in selected marker species to “self-define” 
the effective altitude of samples.  This ratio is known to change with altitude but 
its sensitivity and consistency within, say, insect samples, has not hereto been 



tested.  We will examine both of these approaches critically using insect and plant 
data from the Australasian and other transects.  Last, the challenge of connecting 
ecological diversity with ecosystem function through the conversion of taxon-
based data to functional group based data will be discussed and exemplified using 
beetle and moth data from the Australian transects. 
	
  


