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 i 

ABSTRACT 
 

The goal of this study was to contribute to the understanding of subtropical rainforest 

pollination systems and their natural variability in order to predict the likely impact of 

climate change on pollination in these systems. Pollination is a pivotal process within 

all forest ecosystems and the sustainability of any given plant species is dependent on 

its success. Climate change and associated changes in environmental cues to 

phenology and ontology of both plants and their pollinators has the potential to 

decouple pollinator mutualisms, decreasing reproductive success. 

 

Two approaches were used to investigate potential pollination variability:  

1. To understand broadly the characteristics of the elements that interact in 

pollination Ð that is the physical environment, flower morphology and 

phenology, and the flower-visiting insect fauna Ð at a community level.  

2. To estimate the natural variability of these elements along an altitudinal 

gradient as a surrogate for climate change.  

 

A profile of flower morphology and phenology for the rainforest plants of Lamington 

National Park demonstrated the predominance of small white flowers, seasonal 

flowering and the strong influence of El Ni–o on flowering patterns among this 

subtropical rainforest flora. A global comparison of morphological characteristics 

demonstrated that there was no ÒtypicalÓ rainforest flower morphology.  

 

An altitudinal gradient was established as part of the collaborative IBISCA 

Queensland project, the core of which was the establishment of a permanent set of 20 

reference plots, four at each of five altitudes in Lamington National Park, southeast 

Queensland. Effectively this allowed the examination of adjacent climates which 

differed in overall mean temperature by about 4.8¡C organised into five 1.2¡C stages. 

Along the environmental gradient temperature decreased and moisture increased with 

increased altitude. The higher altitudes showed less variability in temperature and 

daily relative humidity. High and constant atmospheric moisture was experienced at 

the two highest altitudes (900 m and 1100 m) and was considered the result of 
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frequent cloud cover at these higher altitudes. Changes in soil physical characteristics 

accompanied changes in moisture availability. 

 

A strong relationship between the increased light availability due to reduced cloud 

cover in El Ni–o years and the number of species flowering on a reference plot at 900 

m altitude was indicated. Rainforest below an altitude of 700 m is likely to be 

moisture rather than light limited and phenological activity should respond 

accordingly. 

 

Although assemblages of insect Orders known to include flower visiting species 

trapped along the altitudinal gradient did not show any overall linear patterns in 

increasing or decreasing abundance some individual families of beetles and flies did. 

Altitudinal patterns were strongly driven by the season of trapping and the specific 

altitude sampled. The lowest and highest altitudes were often different from all other 

altitudes. These patterns differed from those of insect assemblages collected at the 

flowers of individual plant species. Linospadix monostachya, an understorey palm, 

had a specialised pollination system with Thrips setipennis and a single species of 

ÒDerelominiÓ weevil consistent and dominant visitors at three different altitudes. 

Although the abundance of visitors diminished at the highest altitude, the proportion 

of reproductive success was the same for this palm, if not better than at lower 

altitudes. Two canopy tree species had generalist pollination systems that differed 

across altitudes. Diptera dominated the insect assemblage visiting Ackama paniculata 

flowers, while thrips dominated at the flowers of Pentaceras australis.  

 

The results of this study provide clear evidence that climate change will impact on 

pollination in subtropical rainforests. There was no evidence, however, that supported 

ÒdecouplingÓ of plant-pollinator mutualisms per se, rather that the outcome in terms 

of plant success is likely to depend on the level of specialisation of individual species 

(both plants and pollinators) and the distributional constraints of each species. For the 

generalist species studied here visitor abundance and diversity may in fact increase 

along with flower and fruit production with warming Ð certainly up to a point.  
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The use of altitudinal gradients to predict the impacts of climate change is limited by 

the assumptions that current distributions reflect fundamental niche space and that 

new biotic interactions will not occur as a result of new distributions. Increased 

understanding of the physiological limits of species involved in plant-pollinator 

interactions would be one step forward in understanding the likely resilience of 

speciesÕ interactions and the impact climate change will have on these interactions. 
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CHAPTER 1  INTRODUCTION AND AIMS 
 

1.1 Introduction  
 

The collapse of pollinator mutualisms and decline of pollinator species has been 

identified as one potential consequence of anthropogenic land use change (Kearns et 

al., 1998, Steffan-Dewenter et al., 2005). There is a building body of opinion that the 

worldÕs pollinators are in crisis (Allen-Wardell et al., 1998, Buchmann and Nabhan, 

1995). The potential implications of such a collapse are catastrophic. Yet our 

understanding of the impact of environmental change on plant reproduction is limited. 

The potential consequence of climate change on pollinator interactions is a case in 

point (Hegland et al., 2009). A key doubt has crept into the debate concerning 

pollinators that highlights the complexity of these interactions. Ghazoul (2005b, 

2005a) argued that although evidence of pollinator declines was indisputable for some 

plant species, other pollinator species showed resilience or adaptability to change and 

disturbance.  

 

The study of pollination biology has a long history, a strong theoretical basis and an 

extensive body of literature. In contrast, the impact of climate change on plant-animal 

interactions is a relatively new field of study, but one with a pressing need of 

understanding and the potential for catastrophic consequences. Predominantly a 

mutualism between plant and animal, the act of pollination often engages a complex 

array of variables to ensure its success. The distribution of animals and plants, the 

environmental cues for the timing of flowering and pollinator life histories are just a 

few examples of the tight coupling of pollination variables. Climate change is set to 

alter the behaviour and nature of many of these variables with many questions as to 

how this will impact on pollination success. Improving our understanding of natural 

variations in Australian subtropical rainforest floral systems and understanding the 

potential climate change impacts on pollination of individual plant species have been 

the central tenets of my study. 

 

In this chapter I present a review of the literature in order to begin understanding how 

climate change may impact on subtropical rainforest pollination and outline the aims 
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of this thesis. Separated into three sections, the literature review in this chapter will 

first selectively review the general literature associated with pollination biology and 

the natural variability of pollination systems, providing a theoretical background to 

the study. Second, I review what is known about the likely range of insect taxa 

available as pollinators in rainforests of Australia and elsewhere. I focus particularly 

on information from subtropical forests. Finally I consider the existing literature 

concerning climate change and how it might impact on pollinator systems. I then 

present the aims and structure of this thesis. 

 

1.2 Pollination biology  
 

The reproductive ecology of most flowering plant species is a complex response to 

the selective environment that exists among a plant and its visitor array (Dukas, 

2001a, Wyatt, 1983), phylogenetic constraints (Johnson and Steiner, 2000), 

phenotypic plasticity (Rathcke and Lacey, 1985, Miller and Diggle, 2003), and how 

these factors may have changed over the speciesÕ evolutionary history (Feinsinger, 

1983). The ultimate expression of these responses is in the form of flower 

morphology and phenology as well as the attraction of associated flower visitors. A 

plant's fitness depends upon its reproductive success, particularly in allogamous 

matings. For this reason pollination is of paramount importance to plant biology.  

 

In the case of biotic pollination, reproductive success of individual plants and plant 

species relies on attraction of flower visitors through a combination of advertisement 

(e.g. flower colour, shape, scent; Faegri & van der Pijl, 1979) and rewards (e.g. 

nectar, pollen, brood sites); the level of self-compatibility (Williams  and Adam, 

1994, Murawski, 1995, Kenta et al., 2002);  the timing of flowering (Rathcke and 

Lacey, 1985, van Schaik et al., 1993, Bishop and Schemske, 1998); and, the 

effectiveness (or otherwise) of pollinators (Herrera, 1989, Herrera, 1987, Stebbins, 

1970).  

 

A long history of pollination studies, particularly in temperate zones, has provided 

first, well established techniques of study (e.g. Dafni, 1992, Kearns and Inouye, 1997) 

and second, a theoretical tradition built on the assumption of mutualism and co-
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evolution (Gorelick, 2001). Floral traits are assumed to be the result of selection 

pressures by effective pollinators (Fenster et al., 2004). The division of disparate plant 

lineages into relatively few floral types or syndromes (the "pollination syndrome" 

concept sensu Faegri & van der Pijl, 1979) and the predictable association of flower 

types with particular higher taxa of animals has been taken as a priori evidence of the 

adaptive nature of plant-pollinator relationships (Herrera, 1995a). Our conceptual 

understanding of the relationships among flowers and their visitors, however, has 

undergone a shift recently and the dominant paradigm of ÒspecialisationÓ in plant 

pollinator interactions has given way to the concept of a continuum from generalised 

to highly specialised, with greater emphasis on the prevalence of generalised 

interactions (Bronstein, 1995, Johnson and Steiner, 2000, Waser et al., 1996). The key 

impetus for this shift has been the assembly of observational data showing that many 

seemingly specialised flowers are visited by numerous animal species (Fenster et al., 

2004). In addition, an increased understanding of the complex web of interactions 

among plants and pollinators through the concept of pollinator networks (Memmott, 

1999, Mitchell et al., 2009) has helped researchers to understand that specialised plant 

species tend to have generalist pollinators and that specialised pollinators will visit 

generalist plants (Mitchell et al., 2009).  

 

Traditionally, specialist-specialist relationships have been the primary focus of 

pollination studies because of their evolutionary significance (Darwin, 1882) as well 

as their inherent fascination and the relative ease with which they can be studied. 

Examples include fig-wasp mutualisms that involve one pollinator species to one 

plant species and studies of the yucca and yucca moth. In contrast, generalist plant-

pollinator interactions are both complex and highly variable in space and time 

(Ollerton et al., 2007). The ÔexpectedÕ morphology and phenology of a generalist 

flower is more difficult to define and there is considerable difference in the literature 

in the use of the term ÔgeneralistÕ. Ollerton et al., (2007) have proposed a conceptual 

framework for understanding plant-pollinator interactions and the different ways of 

being a generalist or specialist. Under their framework, interactions are defined 

according to several aspects of biology. Ecological generalisation or specialisation 

refers to the number of effective pollinators interacting with the plant. At the next 

level, functional generalisation or specialisation refers to the effective pollinators at a 

higher taxonomic level for example, at the level of family or order. Phenotypic 
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generalisation or specialisation refers to the adaptations specifically exhibited by a 

flower (e.g. specialist rewards, timing of flowering). And finally, the process by 

which a plant evolves towards specialisation or generalisation is referred to as 

evolutionary specialisation or generalisation. Depending on the class of definition 

used, a plant-pollinator interaction can be defined as both a generalist or specialist 

interaction. For example a flower visited by a number of different fly species might be 

viewed as ecologically generalised, but functionally specialised (Ollerton et al., 2007). 

 

The concept that the diversity of floral phenotypes reflects specialisation of different 

groups of pollinators (i.e. the basis of the pollination syndrome hypothesis) has a long 

tradition in pollination biology beginning with the seminal works of Christian 

Sprengel (Vogel, 1996) and later works of Charles Darwin (Darwin, 1882). Tests of 

the concept, however, often show that while the floral traits associated with a 

particular pollination syndrome can successfully distinguish profoundly different 

pollinators (e.g. hummingbirds vs Hymenoptera) they are less successful in separating 

more similar visitors (e.g. two types of bee) (Wilson et al., 2004). As a result, the 

concept of pollination syndromes has undergone renewed examination since the mid-

1990Õs. Interest has centred around two apparently conflicting ideas. First, that plants 

show a remarkable diversity of morphologies and rewards which cluster in phenotype 

space around something akin to pollination syndromes (Ollerton and Watts, 2000) 

and, second, that the wide array of flower visitors observed at many plants do not fit 

the traditional concept of pollination syndromes. The discordance between these two 

ideas underlies much of the current debate and focus in the literature, with some 

authors still relying on the pollination syndrome concept and others considering it 

unsupportable. The evolutionary connections among plants and their pollinators are 

obviously still important and informative, but the concept of pollination syndromes 

probably needs to be used with care and greater understanding of the complexity of 

pollination systems. Ollerton et al., (2009) undertook a global test of the pollination 

syndrome hypothesis, and concluded that as traditionally described, the pollination 

syndromes did not describe the diversity of floral phenotypes nor predict pollinators 

of most plant species adequately. They recommended a renewed approach by looking 

at floral traits and how they relate to pollination in order to determine if a more useful 

set of pollination syndromes could be developed (Ollerton et al., 2009). 

 



 5 

1.2.1 Natural variability of plant reproduction  
 

Pollination systems have been shown to vary with changes in altitude (Arroyo et al., 

1982), latitude (Sanchez-Lafuente, 2002), insularity (Ollerton et al., 2006, Janzen, 

1973, Olesen and Jordano, 2002), microclimatic conditions (Herrera, 1995b) and 

season (Lamborn and Ollerton, 2000). Changes can be in the identity of the dominant 

pollinator (Warren et al., 1988), the assemblage of visitors, or the degree of 

specialisation of pollinators (Olesen and Jordano, 2002).  

 

Some general trends in pollinator dominance with altitude and latitude in particular 

have been identified in temperate systems. In general, a decreasing number of plants 

are pollinated by Hymenoptera with increasing altitude, whereas Lepidoptera and 

Diptera in particular, are increasingly likely to be pollinators along the same gradient 

(Warren et al., 1988, Arroyo et al., 1982). In temperate systems, two explanations for 

these trends have been proposed. First, a reliance on endothermically generated 

energy in Hymenoptera, versus lengthy sun-basking in the other two Orders, may 

place them at a competitive disadvantage in higher, colder altitudes (Arroyo et al., 

1982, Warren et al., 1988). In contrast, differences in flower morphology between 

high and low elevations were considered by Warren et al., (1988) to present a 

competitive advantage to Hymenoptera at lower elevations. This second hypothesis 

suggests that competition among pollinators for flowers, rather than competition 

between plant species for pollinators, implied by the insect thermoregulatory basis of 

the first hypothesis, might drive these elevational patterns. Nevertheless, Warren et 

al., (1988) concluded that the dominance of flies among pollinator assemblages at 

high altitudes was the result of insect physiology. Competition with co-occurring 

plant species in part of a plantÕs range can change the pollinator system and dominant 

pollinator (Pellmyr, 1986). For example, a plant species present at a range of altitudes 

might have a primary pollinator; yet if another plant species found within a part of the 

altitudinal range can out-compete the first plant for its primary pollinator, then a 

change in the dominant pollinator of the first plant species may occur. Flies (Diptera) 

also dominate plant-flower visitor systems at high latitudes (Elberling and Olesen, 

1999) and the proportion of Diptera increases with increased latitude. 
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Environmental conditions that change with increasing altitude may impact on the 

presence or activity of different insect groups and consequently on the reproductive 

success of plants. For example, daily cloud formation can affect the ability of bees to 

fly (Cruden, 1972b) and the ability of different insect groups to thermoregulate will 

determine their presence and levels of activity in cooler environments. Bawa (1990) 

suggested that unpredictable weather conditions in high montane forests might be the 

reason for an increased incidence of self-compatibility. The implication being that 

because pollinator activity is unreliable, selfing becomes important for reproductive 

success. Flowers in high altitude rainforests may also last on average 2-8 days longer 

than those at lowland sites (Williams and Adam, 1994) possibly also due to the 

uncertainty of pollination at these higher altitudes according to Bawa (1990) or simply 

as a result of slowed metabolism. Other differences in flower morphology among 

geographically divergent species have been recorded that might impact on pollinator 

success (Armbruster, 1985, Johnson, 1997, Miller, 1981). Moving plants between two 

altitudes in a transplant experiment showed a remarkable change in flower 

morphology, although small sample sizes make this anecdotal evidence at best 

(Robertson and Wyatt, 1990). Reproductive success may also change with latitude, 

with evidence of low reproductive indicators in the extremes of a speciesÕ range 

(Mapula-Larreta et al., 2007). 

 

Differences in dominant pollinators have been found in individual subspecies of a 

plant (Cruden, 1972a, Johnson, 1997) and also with floral variation within a single 

plant species (Miller, 1981). Single plant speciesÕ studies have also detected 

differences in the dominant pollinator between disjunct populations of the plant 

(Robertson and Wyatt, 1990). In this case, the authors sought a pollinator-mediated 

explanation for these differences, their hypothesis being that floral morphology was 

the same between sites suggesting that local environmental conditions limit the 

dispersal of insects. Mismatches of insect morphology (i.e. length of proboscis) and 

floral morphology at one of the sites was adduced as the cause of reduced plant 

reproductive success (Robertson and Wyatt, 1990). Such shifts in pollinators within 

species and subspecies of plants may have been promoted by ecological gradients, 

and could contribute to plant diversification and pollinator specialisation (Johnson, 

1997). Indeed they may accelerate the speciation process itself. 
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The degree to which plant-pollinator interactions are generalised or specialised have 

been shown to vary at different latitudes, elevations and insularity (Olesen and 

Jordano, 2002). High altitude grasslands of southeastern Brazil, for example, 

demonstrate high levels of generalist pollination interactions (Freitas and Sazima, 

2006). Using existing data sets and a pollinator network approach (i.e. a 

representation of all interactions between co-existing plants and their flower-visiting 

animals at a given site), Olesen and Jordano (2002) demonstrated that plant species 

show greater generalisation at both higher latitudes and lowland habitats. On the other 

hand, flower-visiting animals did not vary in the same way (Olesen and Jordano, 

2002). Thus, plants (but not their flower-visiting fauna) show higher pollinator 

specificity in the tropics than at higher latitudes. Devoto et al., (2005) in contrast, 

used the network approach with original data, and found no variation in the level of 

specialisation along a rainfall gradient and nor did the diversity of flower visiting 

insects show a clear pattern. The authors did, however, find that flies dominated the 

wetter end of the gradient, while bees dominated the drier end (Devoto et al., 2005). It 

is important to note that the network approach, on which the above studies relied, has 

been criticised as inappropriate to determine the degree of specialisation of pollination 

systems (Kay and Schemske, 2004). Kay and Schemske (2004) demonstrated that the 

calculated value of connectance does not necessarily equate to specialisation.  

 

It is often hypothesised that pollination systems in the tropics are more specialised 

than in temperate counterparts (Johnson and Steiner, 2000). Although Ollerton and 

Cranmer (2002) used a large sample of published surveys to initially detect a pattern 

of increased specialisation in the tropics compared to temperate latitudes, further 

analysis revealed that the pattern was a result of sampling effect - with tropical 

surveys consistently under-sampled Ð compared with other latitudes. Debate 

surrounding not only how to measure specialisation but also whether there is any 

geographical dominance of these systems continues. 

 

1.2.2 Pollination in rainforests and the relative importance of 
di fferent pollinators  

 

Pollination systems in tropical rainforests have attracted considerable research 

attention in recent years (see reviews in Bawa, 1990, Corlett, 2004, Boulter et al., 
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2008). The geographical remoteness (certainly from centres of research expertise), 

biological richness, and lack of available information, however, has meant that 

tropical rainforest systems remain less well known than temperate systems. In 

addition much rainforest reproductive activity (i.e. that of trees, vines and epiphytes) 

occurs largely in the canopy where insects are considered Òhyper-diverseÓ (Murawski, 

1995, Ozanne et al., 2003). This knowledge shortage is even more critical for 

subtropical rainforests. Most tropical and subtropical rainforests exhibit levels of plant 

species richness an order of magnitude greater than those encountered in temperate 

regions (Wright et al., 1999). This richness includes substantial co-occurrence of 

congeners and con-familials. It also means that individuals of the same species may 

be spatially isolated (Bawa, 1990) and pollination systems must be equipped to deal 

with this distance for successful pollen transfer. As a result it has often been assumed 

that specialised plant pollinator interactions dominate in rainforests (Bawa, 1990).  

 

Conspicuous and well-studied pollinators in rainforests include birds (Bawa, 1990, 

Ippolito and Armstrong, 1993, Sazima et al., 1996, Sakai et al., 1999a), bats (Buzato 

et al., 1994, Crome and Irvine, 1986, Law, 2001, Law and Lean, 1999, Muchhala, 

2002, Muchhala and Jarrin-V, 2002, Sazima et al., 1993) and bees (Dressler, 1982, 

Kato, 1996, Momose et al., 1998a). Existing active programmes of pollination 

research in the tropics (Roubik et al., 2005, Inoue et al., 1995, Inoue and Hamid, 

1994) have however, generally down-played the early perception that pollination by 

bees dominates in rainforest canopies. Thrips (Appanah and Chan, 1981, Momose et 

al., 1998a, Moog et al., 2002, Williams et al., 2001), beetles (Bernal and Ervik, 1996, 

Irvine and Armstrong, 1990, Listabarth, 1996, Sakai and Inoue, 1999, Sakai et al., 

1999b), flies (Bawa, 1990, Kato, 1996, Sakai et al., 2000) and cockroaches 

(Nagamitsu and Inoue, 1997) have also been demonstrated to be important pollinators 

in the rainforest canopy. Wind pollination is generally supposed to be rare (Turner, 

2001) but this may be because it has been poorly investigated. Nevertheless, insects 

are generally thought to perform 90% of rainforest pollination (Bawa, 1990). 

 

In addition, both generalist (House, 1993, Ibarra-Manriquez and Oyama, 1992, 

Boulter et al., 2005, Crome and Irvine, 1986) and specialist (Harrison, 2001) 

pollination systems are known to exist within rainforests. Specialised pollination 

systems have been identified for species from a range of life forms including 
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understorey shrubs, epiphytes and trees (Williams & Adam, 1994; Johnson & Steiner, 

2000) and a range of microhabitats such as in light gaps (Momose et al., 1998c) and 

different rainforest strata (Bawa et al., 1985, Kress and Beach, 1994, Momose et al., 

1998a). In a comprehensive review of rainforest pollination worldwide, Bawa (1990) 

concluded, that the majority of rainforest plant species are specialised in that they are 

pollinated by one or a few species belonging to the same taxonomic group. The 

empirical evidence offers little to contradict this, with most studies identifying a 

dominant, if not singular visitor (see review in Boulter et al., 2008). Many pollination 

studies, however, focus on a single visiting species or group often with field work 

conducted only in one season (Corlett, 2004) and so, perhaps, are predisposed to find 

ÔspecialisedÕ relationships. Few studies look at the entire flower-visiting assemblage 

and there is an argument in favour of specialised pollination in rainforests is biased 

because of the traditional approaches to pollination studies. Where an assemblage of 

plants is studied, some overlap of pollinators is often found across different plant 

species (e.g. Kitching et al., 2007, Listabarth, 1996) and certainly specialisation is not 

always equal in both directions, for example, a plant may be visited by two species of 

bee but those bee species might visit dozens of plant species (Waser, 2006). 

 

The sheer diversity of rainforest floras and the associated (potential) pollinator fauna 

mean that any generalisations are almost invariably made from arguably inadequate 

datasets. The plant species composition (Corlett and Primack, 2006), their 

reproductive characteristics (Gross, 2005) and dominant pollinators of rainforests of 

the major geographic regions show considerable variation (Primack and Corlett, 2005, 

Corlett and Primack, 2006, Bawa, 1990, Turner, 2001). In La Selva, Costa Rica in the 

Neotropics, for example, bees are the most important pollinators (Roubik, 1989) 

followed by a diversity of small insects (i.e. generalists) then moths with a greater 

diversity of pollinators found in the understorey than in the canopy. In contrast, the 

forests of Lambir Hills, Sarawak in Indonesia, show a greater reliance on beetles and 

small bees than was found at La Selva (Turner, 2001). 

 

The differences between the Australian flora and other floras of the world are obvious 

and indisputable. It is likely that these differences will be reflected in the Australian 

pollinator fauna. Tropical rainforests of northern Australia seem to have a strong 

beetle (Irvine and Armstrong, 1990, Armstrong and Irvine, 1990, Armstrong, 1997, 
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Kitching et al., 2007, Turner, 2001) and fly (House, 1992, House, 1993) pollinator 

association and a low frequency of bee pollination (Williams  and Adam, 1994). 

Certainly the predominance of bees in Neotropical pollination systems is not reflected 

in the Australian flora, although Australian examples certainly exist (Gross, 2001b, 

Gross, 2001a, Gross, 1993, Boulter et al., 2008). 

 

Considering the entire Australian fauna, Armstrong (1979) listed 44 families (of 87 

recognised families) of flies and 28 (of the then 128 recognised families) of beetles as 

containing flower-visiting taxa. He did state that all bee families were flower visiting 

and concluded that they constituted the most important pollinators in Australia (but 

not necessarily in rainforest). In a comparative study of Australian alpine areas, 

Inouye and Pyke (1988) found that the insect pollinator fauna was significantly 

different from that of other alpine areas on other continents. In particular, they noted 

the absence of bumblebees in Australia - major pollinators in other alpine areas. These 

authors also noted shorter proboscis lengths among pollinators and shorter corolla 

tube lengths in the plant species, and an increased diversity and possible significance 

of fly pollinators (Inouye and Pyke, 1988). As far as I am aware, this is the only 

comparative study of Australian pollination with that occurring on other continents. 

 

In the subtropical rainforests of eastern Australia, Williams and Adam (1994) 

considered that general entomophilous pollination dominates and that the flexibility of 

these interactions may enable individual plant species to survive anthropogenic 

changes. Pollination by beetles, flies, bees and wasps was readily identified as well as 

some examples of vertebrate pollination (Williams & Adam, 1994). Williams et al., 

(2001) suggested that thrips Ð tiny pollen feeding insects Ð by sheer numbers alone, 

make a greater contribution to rainforest pollination in the sub-tropics at least, than 

previously supposed. As with most Australian plant communities (Boulter et al., 

2008), there is limited knowledge of the reproductive systems of these subtropical 

floras. A collaborative effort to understand these systems by Paul Adam, Geoff 

Williams and colleagues has contributed a number of significant publications. These 

include information on breeding systems (Adam and Williams, 2001), wind 

pollination (Williams  and Adam, 1999) and the role of insect pollinators (Williams, 

1995, Williams and Adam, 1995, Williams, 1998, Williams and Adam, 2001), in 

particular thrips (Williams et al., 2001). In reviewing pollination in AustraliaÕs 



 11 

subtropical rainforests, Williams and Adam (1994) identify a number of highly 

specific plant-pollinator relationships including thrips pollination of Wilkea 

huegeliana (Williams et al., 2001), fig-wasp mutualisms in Ficus species and weevil-

pollination of Eupomatia laurina (Williams & Adam, 1994). In spite of this, they 

conclude that generalist pollination is the dominant pollination system, with Diptera, 

Hymenoptera and Coleoptera as the main pollen vectors. The published evidence to 

support this assumption is limited to a few studies (Table 1.1) and is largely based on 

ad hoc observations as it also is in the tropics.  
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Table 1.1 Flower visitors and pollinators known for subtropical rainforest plant species. 

Family Species Habit
Sexual 
system

Flower 
colour

Flower 
diameter

Flower shape Pollinators Flower visitors Habitat/location sampled in
Found in 

Lamington NP
Source

Anarchardiaceae Euroschinus falcata Tree
Bisexual or 
dioecious

Cream 6mm Dish N/A

bees; cetoniine scarab beetle Glycyphana brunnipes, Poliste 
humilis (Hymenoptera-Vespidae), Myrmecia nigrocincta 

(Hymenoptera-Formicidae), Amata sp. (Lepidoptera-
Arctiidae), Apis mellifera, Castiarina producta (Coleoptera-

Buprestidae)

Subtropical rainforest, NSW yes Williams, 1995

Atherospermataceae Daphnandra micrantha Small tree Bisexual
White/ 
Green

8mm Dish Nematocera?
Riparian rainforest, Lorien Wildlife 

Refuge, NSW
no Williams, 1995

Commelinaceae Pollia crispata Herb Bisexual White 10mm Open/ Dish Syrphid flies, halictid bees, Trigonia carbonaria
Subtropical rainforest, Lorien Wildlife 

Refuge, NSW
yes Williams & Walker, 2003

Cunoniaceae Davidsonia johnsonii Tree Bisexual Pink 7mm Dish unknown bees (native included), beetles and ants Subtropical rainforest, NSW no
Department of Environment and 

Conservation NSW, (2004) 
Ebenaceae Diospyros australis Shrub/tree Dioecious Cream 5mm Tube Bees - Anthophoridae, Hylaeus ?primulipictus Subtropical rainforest, NSW yes Williams, 1995

Eupomatiaceae Eupomatia bennetti Shrub Bisexual Yellow 25mm Complex structure
Elleschodes spp. 

(weevils)
Subtropical rainforest, NSW yes Endress, 2003

Eupomatia laurina Shrub/tree Bisexual White 20mm Complex structure
Elleschodes spp. 

(weevils)
ptilid beetle, cockroach, thrips Subtropical rainforest, NSW yes

Endress 2003; Williams & Adam, 
1994 and various references cited 

therein

Fabaceae Senna acclinis Shrub Bisexual Yellow ? Cup shaped
Amphylaeus nubilosellus, 

Hylaeus turgicollaris, 
Lasioglossum polygoni

diverse assemblage of native bees Littoral rainforest, HalidaysPoint, NSW no Williams, 1998 

Lauraceae Neolitsea dealbata Tree Dioecious Cream 2mm Tube Coleoptera, Hymenoptera, Diptera Tropical rainforest yes House, 1985; House, 1989

Monimiaceae Wilkiea huegeliana Shrub/tree Dioecious Cream 3mm Urceolate Thrips setipennis
Trigona carbonaria (Apidae) ?Crematogatser and 

Camponotus ants
Subtropical rainforest, NSW yes Williams, 1995

Moraceae Ficus macrophylla Tree Monoecious Orange 22.5mm Fig Pleistodontes froggatti yes Lopez-Vaamonde et al., 2002

Ficus obliqua Tree Monoecious Orange 9mm Fig
Pleistodontes  

greenwoodi; Pleistodontes  
xanthocephalous sp. Nov.

yes
Lopez-Vaamonde et al., 2002; 

Dixon et al., 2001

Ficus rubiginosa Tree Monoecious Yellow 15mm Fig Pleistodontes  imperialis yes
Lopez-Vaamonde et al., 2002; 

Dixon et al., 2001

Ficus watkinsiana Tree Monoecious
Purple/ 
Black

30mm Fig Pleistodontes  nigriventris yes Lopez-Vaamonde et al., 2002

Maclura cochinchinensis Vine Dioecious Yellow 1mm
Inflorescence: 

Globulose head
thrip Subtropical rainforest, NSW yes Williams et al., 2001

Streblus brunonianus Tree Dioecious Cream 4mm Dish
facultatively wind 

pollinated
Subtropical rainforest, NSW yes Williams & Adam, 1993

Myrsinaceae
Rapanea (Myrsine) 

howittiana
Shrub/tree Bisexual Cream 3mm

Closed; fused 
perianth

Thrips
Riverine rainforest, Landsdowne 

Reserve, NSW
yes Williams, 1995

Rapanea (Myrsine) 
subsessilis

Understory 
shrub

gynodioecious Cream 3mm
Closed; fused 

perianth
thrips Trigona sp.; thrips Tropical rainforest yes Harrison, 1987; Jackes, 2005

Rapanea (Myrsine) 
variabilis

Shrub/tree Bisexual Cream 2mm
Closed; fused 

perianth
Thrips Subtropical rainforest, NSW yes Williams, 1995

Myrtaceae Acmena smithii Tree Bisexual Cream 7mm Cup shaped bees Littoral rainforest, Harrington, NSW yes Williams, 1995
Tristaniopsis laurina Tree Bisexual Yellow 10mm Dish bees Subtropical rainforest, NSW yes Williams, 1995

Waterhousea(Syzygium)  
floribunda

Tree Bisexual White 3mm Cup shaped bees Subtropical rainforest, NSW no Williams, 1995

Orchidaceae
Dendrobium 
monophyllum

Epiphyte Bisexual Yellow 10mm Orchidaceous Trigona
Herberton, Atherton TablelandsTropical 

rainforest
yes Bartareau, 1993

Proteaceae
Hicksbeachia 

pinnatifolia
Shrub/tree Bisexual Pink 15mm Tube

Native & introduced bees, moths None seen to contact 
pollen presenter

Lismore, NSW yes Goldingay & Bowen, 2003

Triumia youngiana Shrub Bisexual
White/ 
pink

15mm Tube
Butterflies & moths (contacted pollen presenter)

Flies, ants & beetles (no contact with pollen presenter) Lismore, NSW yes Goldingay & Bowen, 2003

Rhamnaceae Alphitonia excelsa Tree Bisexual White 4.5mm Dish bees Littoral rainforest, Harrington, NSW yes Williams, 1995

Rousseaceae Cuttsia viburnea Shrub/tree Bisexual White 4mm Dish Colletidae-Colletinae (?Leioproctus)
Subtropical rainforest, Lorien Wildlife 

Refuge, NSW
yes Williams, 1995

Rutaceae Acradenia euodiiformis Shrub Bisexual White 8mm Dish bees Subtropical rainforest, NSW yes Williams, 1995

Sapindaceae Alectryon coriaceus Shrub/tree Monoecious White 2mm Cup shaped
Facultatively ant-

pollinated?
bees Littoral rainforest, Harrington, NSW no Williams, 1995

Guioa semiglauca Tree
Monoecious/ 

dioecious
Cream 3mm Dish bees, Apis mellifera, Phyllotocus australis (Scarabaeidae) Littoral rainforest, Harrington, NSW yes Williams, 1995

Smilacaceae Smilax glyciphylla Vine Dioecious White 4mm Cup shaped thrip Subtropical rainforest, NSW yes Williams, 1995
Vitaceae Cissus antartica Vine Bisexual Yellow 5mm Dish generalist Subtropical rainforest, NSW yes Williams, 1995
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1.3 Climate change  
 

The impacts of climate change will eclipse any other anthropogenic environmental 

damage in its potential social, economic and environmental ramifications (Thomas et 

al., 2004, Stern, 2007, Parmesan, 2006). Increases in atmospheric greenhouse gases 

and subsequent global warming has attracted not only the attention of the planetÕs 

political community (IPCC, 2007), but a vast research effort worldwide (Hughes, 

2000). 

 

It is irrefutable that changes in the earthÕs climate have occurred that are closely 

correlated with increases in greenhouse gases (i.e. carbon dioxide, methane). Credible 

mechanisms linking increases in atmospheric concentrations of greenhouse gases with 

a warming ÔgreenhouseÕ effect have been proposed and substantiated (IPCC, 2007, 

Rosenzweig et al., 2008). Current changes in climate are producing markedly 

different atmospheric and climatic conditions at accelerating rates. In its most recent 

report, the Intergovernmental Panel on Climate Change stated that the global average 

surface temperature of the earth had increased by 0.74 ± 0.18¡C since 1906 (IPCC, 

2007). Climate models predict that these continued increases in atmospheric 

greenhouse gases will cause global temperatures to continue to rise and change 

patterns of rainfall (IPCC, 2007).  

 

Regional climate modelling in Australia suggests that during the remainder of this 

century we will experience temperature increases of 1.0 to 6.0¡C (CSIRO, 2001) with 

an increase of 0.8¡C already detected since 1910 (Collins et al., 2000). Modelling of 

future changes in rainfall patterns for Australia has not produced a clear future 

scenario, with both drying and increased rain possible (IPCC, 2007). The accuracy of 

predictions of rainfall patterns is limited because of differences in modelling 

techniques and the complication of predicting changes against a background of the El 

N“no Southern Oscillation (ENSO) (Hughes, 2003). To date, recorded changes in 

rainfall patterns are variable across the Australian continent, with an overall slight 

increase in rainfall since 1900 (Hughes, 2003). On a state-by-state basis, up to 1995, 

New South Wales, South Australia, Victoria and the Northern Territory have 
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experienced on average a 15% increase in rainfall, while Queensland and Tasmania 

have been steadily drying (Hennessy et al., 1999). 

 

1.3.1 The impact of climate change on biodiversity and ecological 
systems  

 

For land managers and ecologists alike, the challenge has been to predict the likely 

implications of any anthropogenic induced climate changes and changes in 

atmospheric composition on species and their habitats. Hughes (2000) provided four 

broad categories of ways that organisms, and therefore ecosystems, might respond to 

climate change. 

 

1. Effects on physiology Ð direct impacts on metabolic rates, photosynthesis, 

respiration and growth of organisms. 

2. Effects on distribution Ð expected shifts in species towards the poles or up in 

elevation in response to changing climate zones. 

3. Effects on phenology Ð changes in life cycle events that are triggered by 

environmental cues. 

4. Adaptation Ð those species with short generation times may undergo 

microevolutionary changes in situ and therefore avoid distribution shifts. 

 

Empirical evidence of plant and animal responses in all four categories is beginning to 

emerge supporting predicted impacts of climate change. However, responses are often 

not consistent across species or ecosystems. It is becoming clear that climate change 

impacts will depend not only on the rate and extent of change, but also the inherent 

resilience of species and communities (Williams, 2006). In order to predict the 

impacts of various climate change scenarios on particular species, an understanding of 

natural patterns and processes of species distributions and interactions is essential and 

a clear imperative for future research (Williams, 2006, Hughes, 2003). 

 

1.3.2 The impact of climate change on flowering and pollination  
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Many studies have shown that climate change results in shifts in the latitudinal and 

altitudinal ranges of affected species (Thomas et al., 2004, Hughes, 2003, Beaumont 

and Hughes, 2002, Williams et al., 2003, Shoo et al., 2005, Wilson et al., 2005), the 

timing of phenology, as well as complex changes in assemblage structure and 

ecosystem function (Andrew and Hughes, 2005b, Andrew and Hughes, 2005a, 

Andrew and Hughes, 2004, Hughes and Bazzaz, 2001). The potential for these 

changes to have a negative impact upon plant-pollinator interactions has been 

frequently reported (Bazzaz, 1998, Kerr, 2001, Hegland et al., 2009) Ð with the 

temporal or spatial decoupling of plant-pollinator mutualisms an expected outcome of 

climate change. With clear and mounting evidence of phenological changes and shifts 

in distribution, it is reasonable to conclude that these changes might alter relationships 

among many species and disrupt plant-pollinator interactions (summarised in Figure 

1.1).  

 

Hegland et al., (2009) consider that changes to the phenology or life history of plants 

and animals might create temporal mismatches between plants and their pollinators. 

For example, if warmer temperatures advance the first date of flowering for a plant 

species, pollinators with different temperature thresholds may not be available to visit 

these early flowers. Such reduced visitation may result in reduced reproductive 

success for the plant. It may also mean reduced survival for flower visitors relying on 

that species for feeding, particularly if flowering finishes before the end of the 

animalÕs feeding period. The length of flowering period will be critical in determining 

the potential for temporal mismatches, with those species with short flowering 

durations likely to be the most vulnerable. In addition, changes in species distributions 

may create spatial mismatches in plant-pollinator interactions. For example, if 

warming means a pollinator restricts foraging to areas further up-slope than the 

distribution of a plant relying on that species for pollination, there will likely be 

diminished reproductive success for that plant species. Any of these changes could 

result in pollinator declines, changes in plant or pollinator behaviour or growth (e.g. 

flower morphology) and declines in reproductive success (Biesmeijer et al., 2006). Of 

course these sorts of changes need not be negative for all species. Some species may 

experience improved reproductive success. To date, however, empirical evidence of 

decoupling or other interruptions of pollinator mutualisms by climate change is 

limited (Hegland et al., 2009). 
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Figure 1.1 Conceptual framework of how climate change may affect the phenology/life history 
and distribution of plants and their pollinators. The potential outcome of these changes includes 
the decoupling of plant pollinator interactions and decreased reproductive success for some 
species while others may benefit from increased visitation or food availability. (Modified from 
Hegland et al., 2009) 

 

Phenology 
 

Some of the most readily detected biological responses to climate change are changes 

in phenological or life history events (Cleland et al., 2007, Rosenzweig et al., 2008, 

Menzel et al., 2006a). Climate is, for example, an important proximate cue for 

flowering in all ecosystems (Wright and Calderon, 2006, Wright and Calderon, 1995, 

Wright, 1996, Boulter et al., 2006a, Chapman et al., 2005). Small changes in climate, 

especially the timing and duration of wet and dry seasons in tropical systems, can 

have a major impact on flowering and, consequentially, resource availability to 

pollinators (Bazzaz, 1998). Evidence of changes in flowering patterns from temperate 

zones, where the best long-term records are available, have shown advancements in 

flower timing of several days (Fitter and Fitter, 2002). There is similar evidence of the 

alteration of animal phenologies with warming, especially in insects. First appearance 

dates for important pollinator groups such as butterflies (Parmesan et al., 1999) and 

bees show strong correlations with temperature (Walther et al., 2002). On average, 
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advancement of first flowering date and insect flight activity is four days for every 

degree of warming (Memmott et al., 2007). Based on current predictions of warming 

of between 0.3¡C Ð 6.4¡C by the end of the century we would expect average 

phenological advancements of between 1 day and more than 3 weeks. 

 

However, rates of change are different in individual species and considerable 

variation is seen within species. There seems to be a clear relationship between the 

mean date of flowering and the degree to which flowering becomes advanced (Menzel 

et al., 2006b) with the greatest advances occurring in plants that flower in early 

spring. This trend, however, seems associated with the time of year when temperature 

variability is greatest (Menzel et al., 2006). Plants flowering later in the season show 

less inter-annual variation in flowering times than those flowering in early spring. 

This is also seen in the later stages of a plantÕs annual cycle such as the fruiting phase 

(Menzel et al., 2006b, Miller-Rushing and Primack, 2008, Fitter and Fitter, 2002). 

Species that flower early in the season also show greater variability in flowering times 

at different latitudes than do later flowering species (Menzel et al., 2006). Insect-

pollinated species also appear to react more strongly to warmer weather than those 

that are wind-pollinated (Hegland et al., 2009), annuals more than perennials and 

those individuals at the centre of their distribution more so than those at the extremes 

(Fitter and Fitter, 2002). Not all species, however, respond to warming by flowering 

earlier and other potential cues to flowering include photoperiod and rainfall (van 

Schaik et al., 1993).  

 

In addition to early flowering, there is some evidence that flowering period may also 

increase in length with warmer conditions (Miller -Rushing and Primack, 2008). This 

relationship is less clear (Hegland et al., 2009) with experimental warming not 

altering the length of flowering season in at least one study (Price and Waser, 1998). 

In a similar fashion, there is some evidence that the adult life cycle of pollinating 

insects remains unchanged or is even shortened under warming scenarios (Memmott 

et al., 2007). 

 

Distribution 
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Climate, along with other physical parameters, is an important determinant of a 

species distribution. For example, spatial distributions of Canadian butterflies are 

strongly related to current climate conditions from which it may be inferred that small 

changes in climate will affect the distribution of these species (Kerr 2001). Modelling 

has been used extensively to predict shifts in population distributions based on 

existing climate envelopes, future climate scenarios and extinction risks (Thomas et 

al., 2004). The limitation of most of this class of model, is the basic assumption that 

climate is the only factor affecting distribution. Clearly many other factors may be 

involved. Atmospheric increases in CO2 in controlled experiments, for example, 

increase plant growth (Bazzaz, 1998) and the deleterious impacts of warming 

predicted for plant communities, may be offset by increased growth under higher CO2 

levels (Rochefort and Woodward, 1992). Predicted distribution changes are supported 

by long-term evidence of range expansions and contractions, particularly from the 

temperate region (Parmesan et al., 1999, Thomas et al., 2006, Hickling et al., 2006, 

Hickling et al., 2005). The modest changes in climate that have occurred to date have 

already resulted in altered distributions and species declines (Biesmeijer et al., 

2006).Changes in distributions of individual species, both actual and predicted, are 

also expected to result in changes to community composition (Walther et al., 2002). 

Regional communities will experience changes in species richness, although these 

may occur at a slower rate than or lag behind the rate of actual climate changes 

(Menendez et al., 2006). 

 

Mismatches between plants and pollinators 
 

Given that both plants and their pollinators, on average, have been shown to 

experience the same amount of phenological advancement with climate warming, we 

might reasonably suggest that no serious ÔmismatchÕ or decoupling of mutualisms will 

occur under climate change. One of the key problems with understanding impacts of 

climate change on mutualistic interactions, however, is that individual species will 

respond differently and averages do not represent this variability. Memmott et al., 

(2007) presented two reasons why plant and pollinator shifts might not be 

automatically coupled. First, individual species respond to different combinations of 

environmental cues (i.e. temperature is unlikely to be the only trigger of a 

phenological event). Second, plants and their pollinators are part of a network of 
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interactions. So if a pollinator visits three plant species which each experience a 

differential shift in flowering phenology, then the pollinator may not be able to shift 

its phenology to encompass the changes of all three host species. This is likely to 

leave the pollinator without a food source at some stage of its adult life or one of the 

plant species without a pollinator at some stage in its flowering period (see Figure 

1.2). In the absence of any compensatory changes (such as new host species becoming 

available to pollinators) modelling of these differential shifts predict that up to fifty 

percent of floral resources might be lost to pollinator species (Memmott et al., 2007). 

However, an opposite effect might also occur, where phenological shifts make more 

resources or plants available to a pollinator (Figure 1.2). Co-evolution of highly 

specialised plant-pollinator interactions (e.g. fig-wasp mutualism) could conceivably 

mean both species have evolved to respond to highly correlated phenological cues and 

in this case, these interactions would be only minorly disrupted (Memmott et al., 

2007). Changes to species distributions may likewise disrupt the overlap between a 

species in flower and its pollinatorsÕ area of flight activity. 

Plant species 1

Plant species 2

Plant species 3

Time of year

Plant species 1

Plant species 2

Plant species 3

Plant species 4

Time of year  

Figure 1.2 Two hypothetical scenarios of shifted phenologies. In the first case, the original flowering 
period (grey bars) of the three plants allowed continuous food supply to the pollinator (grey arrows). 
When the phenologies of all plants and pollinator are shifted forward in time (black arrows), but to 
varying degrees in each species, creating new flowering periods (black bars) a gap in the food source 
(stippled bars) for the pollinator is produced. In the second scenario no gap in food supply is created 
and a fourth species that previously was not available to the pollinator to visit becomes a new food 
source. (Modified from Memmott et al., 2007). 
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Experiments aimed at testing the impacts of climate change on particular species are 

few. Most consider natural variation in shifts in flowering with changes in 

environmental conditions (as reviewed above) and the resultant changes in pollination 

(Wall et al., 2003, Saaverdra et al., 2003, Inouye et al., 2002). In one study, 

manipulative warming in a subalpine region did, however, impact on the fecundity of 

a single species - Delphinium nuttallianum (Saaverdra et al., 2003). 

 

In addition to direct impacts caused by changes in climatic variability, climate change 

may affect plant reproduction indirectly. For example, range shifts due to increasing 

temperatures are likely to cause alpine snow bed habitats to become more fragmented 

and smaller in area (Scheffknecht et al., 2007). Under such a scenario, plants living 

under short growing seasons and unpredictable pollinator services (e.g. high altitude), 

are expected to be selected for their high selfing ability - a strategy that maintains 

populations during tough years. In a study by Scheffknecht et al., (2007) this was not 

the case for seven species studied, which encompassed a wide range of mating 

systems from high to low self-compatibility. Scheffknecht et al., (2007) suggest that 

those species with a the ability to self-pollinate are better equipped to adapt to 

increasing fragmentation as a result of global warming, although this outcome has 

potential negative implications for the plantÕs success due to increased inbreeding or 

genetic drift. 

 

Impacts of climate change on specific plant species will be dependent largely on the 

inherent characteristics of the plant-pollinator interaction (e.g. generalised vs. 

specialised), the extent and type of climate changes, the differential impact of changes 

on the pollinator and the host plant, the life history of the plant and its pollinators and 

the phenotypic plasticity of affected characteristics. 

 

1.4 Conclusion and summary  
 

This review demonstrates there is considerable scope for disruption to pollination 

under climate change. Changes in phenological patterns of both plants and their 

pollinators as well as alterations of distribution in response to drying and warming has 
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the potential to lead to decoupling of pollinator mutualisms. Of course, response by 

individual species will vary according to responses to different climate cues, 

phenotypic constraints and adaptability. For subtropical rainforests where so little is 

known about pollination biology and phenology, a first step towards predicting the 

impacts of climate change on pollination interactions requires a greater understanding 

of the flora and its phenology as well as the pollinator assemblage. 

1.5 Aims and Objectives  
 

The primary aim of the research described in this thesis is to contribute to the 

understanding of subtropical rainforest pollination systems and their natural 

variability in order to predict the likely impact of climate change on pollination in 

these systems. This has been an ambitious aim and has necessitated an exploratory 

and comparative approach in order to generate a better understanding of the 

community of interest and some understanding of its natural variability. As discussed 

above, the pollination systems, and most other mutualistic interactions within 

rainforests, remain largely unknown. In order to predict the impacts of climate change 

on pollination systems, a broad understanding of a systemÕs characteristics and its 

uniqueness in a global sense, is essential. To achieve this depth of understanding and, 

therefore be able to predict impacts of climate change on reproduction at the 

community level, I have used a Òtop downÓ approach. This allows for a broader 

understanding of the floral biology and pollinator resources of the subtropical 

rainforest of Lamington National Park. This has involved, first, examining flowering 

phenomena and insect diversity at the level of the entire community before focusing 

on specific interactions within that community.  

 

Although long-term projects are essential for monitoring change, a three-year PhD 

study is unlikely to provide a sufficient length of time to detect significant changes. 

Altitudinal gradients and latitudinal gradients have been widely used to investigate 

natural changes of flora and fauna ((Wilson et al., 2007, Gonzalez-Megias et al., 

2008)), community structure (e.g. Andrew and Hughes, 2005a) and ecosystem 

function ((Toju, 2008)). Their power as predictive tools for understanding how 

communities might respond and adapt to future climate change is becoming widely 

recognised (Andrew and Hughes, 2005b, Andrew and Hughes, 2005a, Andrew and 

Hughes, 2004). My PhD project has used an altitudinal gradient in Lamington 
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National Park as the central organising location for the broader community study and 

as the experimental site for gaining a better understanding of the natural changes in 

pollinators and reproductive success associated with a climatic gradient. 

 

Given the points discussed above, in order to understand the likely impacts of climate 

change on pollination in the subtropical rainforest two approaches have been 

employed in this thesis. 

1. Understand the characteristics of pollination systems in a subtropical 

rainforest by considering: 

a. the physical environment,  

b. flower morphology, 

c. flower phenology,  

d. the flower-visiting insect fauna at a community level, and   

e. a global comparison of features using other rainforests around the 

world.  

2. A survey of the natural variability of these elements along an altitudinal 

gradient as a surrogate for climate change.  

 

To achieve these goals I have addressed these questions: 

1. What are the dominant floral characteristics of the Lamington flora and are the 

floral traits common to rainforests elsewhere or unique to Lamington? 

2. What is the community-wide phenological pattern in flowering and fruiting? 

Are climate drivers of phenological pattern evident? 

3. What environmental changes are associated with changes in altitude? 

4. Do floral morphology and phenology change in response to environmental 

gradients associated with increased altitude? 

5. How does the available insect assemblage (and therefore potential pollinators) 

change with altitude? 
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6. Does the flower-visiting insect assemblage change with altitude? Is this 

consistent with the changes in the community-wide insect assemblage and 

across different species? 

7. Does plant reproductive success change with altitude? 

 

1.6 Thesis structure  
 

The general structure of the thesis and how its sections link to the aims of the thesis 

are represented diagrammatically in Figure 1.3. 
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Figure 1.3 A diagrammatic representation of the structure of this thesis demonstrating the two 
approaches to characterising the elements associated with pollination and how these vary 
naturally along an altitudinal gradient. The outcome of this research is intended to determine 
some of the likely impacts of anthropogenic climate change. 
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CHAPTER 2 STUDY AREA AND METHODOLOGY 
 

Australian subtropical rainforests are widely distributed along the Australian eastern 

seaboard, but cover only a fraction of Australia. Webb (1959) described the 

Australian subtropical rainforests as Òan ecological entity in a broad latitudinal senseÓ. 

He was referring to the shared structural and floristic elements of subtropical 

rainforest with tropical rainforests, but that the geographical range of subtropical 

rainforests is well beyond the latitudinal delineation of the tropics (Richards, 1996) 

and are therefore should be considered a separate vegetation formation type. Although 

quasi-tropical rainforests also exist along the Atlantic coast of Brazil and the northern 

low and mid-elevation regions of Southeast Asia at comparable low latitudes 

(Richards, 1996), these are only partially comparable to the Australian systems 

(Webb, 1959) and differ fundamentally in floristics, diversity and structure. 

 

Extending from approximately 20¡S to about 37¡S, the Australian subtropical 

rainforests have a number of distinctive features, the most notable of which is the 

dominance of notophyll leaf sizes amongst the trees (i.e. intermediate between the 

truly tropical meso- and megaphyll, and the cool temperate microphyll forests: Webb, 

1959). It is generally supposed that rainforests of this kind dominated a large part of 

the Australian continent during the Tertiary Era (Adam, 1992), dwindled to a few 

refuge areas during the last glacial maximum and are now restricted to relatively 

small discontinuous patches. The present day distribution of subtropical rainforests in 

Australia results from the interaction of complex rainfall patterns, high altitudes and 

extant soil types as well as anthropogenic clearing and disturbance (Richards, 1996). 

Floristically, these subtropical rainforests distinguish themselves from their tropical 

neighbours at the species level (Webb and Tracey, 1981) with typical Australian 

tropical families such as Elaeocarpaceae, Lauraceae and Rutaceae well represented. 

Some of the more abundant species belong to families considered typical of the 

southern hemisphere such as the Cunoniaceae (Richards, 1996). Structurally, 

Australian subtropical forests resemble Australian tropical rainforests. The trees reach 

similar heights and have a comparable presentation of life-forms but with the addition 

of some more typically temperate groups such as the hemicryptophtyes (Richards, 

1996).  
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Within the distribution of Australian subtropical rainforests, increasing latitude 

coincides with a decrease in species diversity and the loss of some tropical 

characteristics such as cauliflory Ð the development of flowers on well-developed 

trunks or major branches. The subtropical rainforests of Queensland and New South 

Wales experience a dry season (five to six months of rainfall less than 100mm) and a 

regular and seasonal pattern of substantial temperature variation. As Richards (1996) 

points out the coincidence of low temperatures with a dry period, as is the case in 

AustraliaÕs subtropical rainforests, may allow the vegetation to be less affected by 

water stress than would be the case in seasonal tropical climates. Other microclimatic 

factors, such as the conditions created by different substrate, aspect and topography, 

also impact on vegetation associations and are important in supporting the survival of 

particular combinations of subtropical rainforest species. 

 

2.1 Locality and geography  
 

The field work component of this thesis was conducted in Lamington National Park, 

approximately 100 km south of Brisbane in southeast Queensland at a latitude of 28¡S 

(Figure 2.1). Lamington National Park represents a large continuous reserve of 

predominantly subtropical rainforest. Lamington National Park supports several 

structural types of subtropical rainforest, including the extensive and dominant type, 

complex notophyll vine forest (sensu Webb et al., 1984, Laidlaw et al., 2010) as well 

as wet sclerophyll forest, open forest and heathlands. 

 

Climate in the study region is driven by the movement of high and low pressure 

systems from the west producing strong seasonal patterns (McDonald and Whiteman, 

1979). The area experiences an average annual rainfall total of 1600 mm, with totals 

exceeding 3000 mm at times (Bureau of Meteorology Station Number 040182, 

ÒGreen MountainsÓ, 917 m a.s.l). A pronounced wet season occurs during the austral 

summer driven by low pressure systems and tropical cyclonic depressions (Morand, 

1996). Almost thirty percent of annual precipitation falls between February and 

March while only seven percent is received between August and September (Figure 

2.2). Moisture laden onshore winds are orographically lifted as they meet the 

McPherson Range, producing highly erosive rainfall particularly at the highest 
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elevations. Rainfall is supplemented at higher elevations by low cloud and fog 

(Morand 1996). Evapotranspiration rates recorded at Murwillumbah, located on the 

coastal side of the caldera, peak in December (5.3 mm/day) and are at a minimum in 

June/July (1.7 mm/day) (Morand, 1996). The dry season from winter to spring is 

characterised by dry, westerly winds associated with the passage of cold fronts and by 

calm conditions associated with large stable high pressure systems (McDonald and 

Whiteman, 1979). Under calm conditions frosts are common but their frequency and 

intensity is greatly affected by topography (McDonald and Whiteman, 1979). The 

mountainous terrain produces innumerable microclimates linked with both coarse and 

fine scale changes in altitude, aspect and slope and this variability is considered in 

greater detail in section 2.3. 

 

 

Figure 2.1 The location of Lamington National Park, Australia. The satellite image (on right) of 
the national park and surrounding area clearly shows the Mt Warning caldera. 

 
The area covered by Lamington National Park is part of the Mt Warning erosion 

caldera (Figure 2.1) the remnants of the Tweed shield volcanoÕs northern flank. 

AustraliaÕs land mass drifted northward over a stationary Òhot-spotÓ, forming and 

erupting several large volcanoes along the east coast. The southeast Queensland 

region passed over this hot spot between 20 and 24 million years ago (Graham, 2001) 

causing three major periods of volcanic activity. As a result, the area has a complex 

banded geology. Small, disjunct regions of Binna Burra Rhyolite are sandwiched 

between both younger Beechmont Basalt and older flows of the Hobwee Basalt 

(Stevens, 1976). The basalts in the region vary from fine-grained to textured dolerites 
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and porphyritic basalts and can be vasicular, scoriaceus or amygdaloidal (Morand, 

1996). 
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Figure 2.2 Long-term monthly rainfall averages within and adjacent to Lamington National Park 
at 917 m a.s.l (Green Mountains Met station) and 100 m a.s.l (Canungra Finch Road). Source: 
Australian Bureau of Meteorology. 

 

Weathering of these basaltic volcanic deposits have generally produced deep, red, 

well-structured clay soils (Krasnozems) with poorer skeletal soils (lithosols) forming 

on slopes (Beckmann and Thompson, 1976). Differential weathering, subtle 

differences in the chemical composition of the basalts, varied topography and 

microclimate have produced a variety of soils despite development predominantly on 

one geology (Beckmann and Thompson, 1976). High nutrient levels of magnesium, 

calcium, potassium and phosphorous allow the basalt derived krasnozems to support 

the diverse rainforest flora of the Lamington National Park region.  

 

2.2 The IBISCA project  
 

My PhD project was undertaken as part of an international collaborative effort 

investigating the future impacts of climate change on biodiversity. The ÒIBISCA 

QueenslandÓ project is a joint initiative of Griffith University, the Queensland 

Museum, the Queensland Herbarium, Queensland National Parks and Wildlife 



 29 

Service, National Parks Association of Queensland and SEQ Catchments, with 

additional support from the Queensland Government through its Smart State 

Innovation Projects Fund. The IBISCA Queensland project (Kitching et al., 2010) 

was designed to explore the diversity of arthropods, plants and fungi from the soil to 

rainforest canopy along an altitudinal transect in Lamington National Park, Australia, 

for the purpose of assessing and predicting the impact of climate change on 

biodiversity. The core of the project was the establishment of a permanent set of 20 

reference plots, four at each of five altitudes at approximately 300 m, 500 m, 700 m, 

900 m and 1100 m in the Green Mountains section of Lamington National Park, in 

southeast Queensland (Figure 2.3). A single rainforest catchment - West Canungra 

Creek Ð was used for the altitudinal gradient. At each plot, a centre point was 

permanently marked using a galvanised star picket and welded label denoting the plot 

number. A 20 m x 20 m plot was then established and marked around the centre point. 

The location of the centre point was recorded using a GPS to determine coordinates 

and altitude (Table 2.1). Staff at the Queensland Herbarium have permanently tagged 

and identified all woody plants with a diameter at breast height (dbh) > 5 cm and 

rooted within the central 20 m x 20 m plot. They also identified and recorded all 

species of understorey plants within each plot, but these were not individually tagged 

or counted. The vegetation surveys identified a total of 320 species of plant across the 

20 sites. A summary of vegetation characteristics and topography are provided in 

Table 2.2. The nature of the vegetation at the study sites is considered in greater detail 

in Chapter 3. 

 

At the core of the IBISCA project was a seasonally repeated set of Òbase-lineÓ 

trapping using a range of standard trap designs. Eight trap techniques were used on up 

to four occasions in order to capture seasonal variability and details of the trapping 

schedule are summarised in detail by Kitching et al., (2010). The baseline trapping 

programme included light traps, pitfall traps, Malaise traps, flight intercept traps, bark 

spraying, yellow pan traps, foliage beating and leaf litter extraction. The basic trap 

designs used are described in detail in Kitching et al., (2005). 

 

The IBISCA Queensland collaboration attracted the efforts of over 30 scientists from 

multiple countries. Each participant targeted a particular taxonomic group or a 

measure of ecological functionality. My primary contribution was to consider floral 
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morphology, pollination and phenology, although I also assisted in the general sorting 

of the baseline trapping programme and assisted a number of the taxonomists in the 

identification of major insect groups to family.  

 

Figure 2.3 Location map of the IBISCA Queensland altitudinal gradient made up of 20 plots at 
five altitude classes. Source: Rosemary Niehus, Queensland Herbarium. 
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Table 2.1 Location and altitude at centre point for all plots in five altitude classes along the IBISCA Queensland 
altitudinal gradient.  

Plot ID Altitude class Longtitude Latitude Altitude (m)
IQ-300-A 300 153.13701 -28.14818 267
IQ-300-B 300 153.13894 -28.15462 282
IQ-300-C 300 153.13829 -28.15064 260
IQ-300-D 300 153.13319 -28.14191 248
IQ-500-A 500 153.14182 -28.21617 560
IQ-500-B 500 153.14103 -28.21248 514
IQ-500-C 500 153.13865 -28.20989 474
IQ-500-D 500 153.13727 -28.20691 471
IQ-700-A 700 153.12123 -28.18834 746
IQ-700-B 700 153.12419 -28.19219 775
IQ-700-C 700 153.12753 -28.19312 748
IQ-700-D 700 153.12857 -28.20421 748
IQ-900-A 900 153.14087 -28.23368 904
IQ-900-B 900 153.14505 -28.2377 950
IQ-900-C 900 153.14863 -28.23994 944
IQ-900-D 900 153.13125 -28.22693 920
IQ-1100-A 1100 153.15858 -28.25821 1141
IQ-1100-B 1100 153.16229 -28.25873 1142
IQ-1100-C 1100 153.16702 -28.2598 1106
IQ-1100-D 1100 153.16975 -28.2615 1140

WGS84, decimal degrees Position

 

 

The field experiments described in this thesis were all carried out in Lamington National Park, 

primarily on or near the IBISCA plots, although due to the nature of my study, in order to find 

target plant species, alternative areas were used at times. Some of the data used in the analysis was 

derived from the collecting efforts of other collaborators as part of the broader IBISCA programme 

(see Chapter 5). 

 

2.3 The physical environment of the IBISCA gradient  
 
Changes in environmental conditions associated with changes in altitude are well known and 

broadly predictable. As altitude increases, temperature and partial pressure of atmospheric gases 

decrease; rainfall, UV radiation and wind speed can be expected to increase. The temperature lapse 

rate of the atmosphere with increasing altitude is 5.5 to 6.5 ¡C with every 1000 m increase in 

height. In reality the changes in temperature along a mountain are highly variable due to local 

topography and regional meteorological conditions (Hodkinson, 2005).  
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Table 2.2 General Regional Ecosystem descriptions (Sattler and Williams, 1999), slope, aspect, number of species, density and average canopy height (trees & liana >5cm 
DBH) at each altitude used for IBISCA Qld sites. Compiled by Melinda Laidlaw, EPA Qld. 

 
Altitude 

(m) 

 
Regional Ecosystem number and short description 
 

 
Slope (¼) 

 
Aspect 

No. species 
DBH>5cm 
(1600m-2) 

Density 
(1600m-2) 

Average 
canopy 
height 

300 12.8.4 Complex notophyll* vine forest with Araucaria spp. on Cainozoic 
igneous rocks 

Complex notophyll vine forest with scattered Araucaria cunninghamii. 
Characteristic species include Argyrodendron actinophyllum, Baloghia 
inophylla, Brachychiton acerifolius, Dendrocnide excelsa, Elaeocarpus kirtonii, 
Diospyros pentamera, Dysoxylum fraserianum, Toona ciliata, Orites excelsa 
and Sloanea woollsii. 

8-12 S 51 242 12.2 

500 12.8.3 Complex notophyll vine forest on Cainozoic igneous rocks. Altitude 
<600m 

Complex notophyll vine forest. Characteristic species include Argyrodendron 
trifoliolatum, Argyrodendron sp. (Kin Kin W.D. Francis AQ 81198), Olea 
paniculata, Castanospermum australe, Cryptocarya obovata, Ficus 
macrophylla, Syzygium francisii, Diploglottis cunninghamii, Pseudoweinmannia 
lachnocarpa, Podocarpus elatus, Beilschmiedia obtusifolia, Neolitsea dealbata 
and Archontophoenix cunninghamiana. 

6-14 S & 
NE 

44 253 14 

700 12.8.5 Complex notophyll vine forest on Cainozoic igneous rocks. Altitude 
usually >600m 

Complex notophyll vine forest. Characteristic species include Argyrodendron 
actinophyllum, Sloanea australis, S. woollsii, Cryptocarya erythroxylon, Ficus 
watkinsiana, Dysoxylum fraserianum, Caldcluvia paniculosa, Geissois 
benthamii, Orites excelsa, Acmena ingens, Syzygium corynanthum, S. 
crebrinerve and Citronella moorei. 

8-13 NE 35 197 14.9 

900 12.8.5 Complex notophyll vine forest on Cainozoic igneous rocks. Altitude 
usually >600m 

Complex notophyll vine forest. Characteristic species include 
Argyrodendron actinophyllum, Sloanea australis, S. woollsii, Cryptocarya 
erythroxylon, Ficus watkinsiana, Dysoxylum fraserianum, Caldcluvia 
paniculosa, Geissois benthamii, Orites excelsa, Acmena ingens, Syzygium 
corynanthum, S. crebrinerve and Citronella moorei. 

14-20 NE 47 254 12.6 

1100 12.8.6 Simple microphyll* fern forest with Nothofagus moorei and/or Doryphora 
sassafras, Caldcluvia paniculosa, Orites excelsa on Cainozoic igneous rocks 
 

5-25 NW 29 271 9.5 

*Notophyll refers to leaves 7.5-12.5 cm in length, while microphyll refers to leaves 2.5-7.5cm in length
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A set of physical measurements were made at the IBISCA plots in order to better 

understand the local variability of these environmental factors as altitude increased. 

Information was collected on both microclimate and soils in the forest. A subset of 

that data is presented and analysed here. A complete report of results is available in 

Strong et al., (2010). 

 

2.3.1 Microclimate  
 

Climate data was collected in two ways. First, automatic weather stations (La Crosse 

WS-3600 Weather Prom; La Crosse Technology Ltd. Figure 2.4a) were installed 

close to the permanent central 20 m x 20 m quadrat of one plot per altitude (300D, 

500A, 700A, 900A, 1100B). These weather stations had the capacity to record relative 

pressure (hPa), absolute pressure (hPa), temperature (¡C), relative humidity (%), 

dewpoint temperature (¡C), windchill (¡C), windspeed (km/h), wind gust direction 

(km/h), and absolute and relative rainfall (mm). Recordings were taken at 30 min 

intervals and data downloaded monthly via serial cable to a notebook PC in the field 

using Heavy Weather Pro T"' software (La Crosse Technology Ltd.). Data was 

collected from October 2006 until February 2008. Unfortunately, the data recording 

via the weather stations was sporadic under field conditions, with frequent and 

sometimes extended gaps in recordings. In particular, the tipping bucket style rainfall 

meters provided no useable data. Recordings of relative humidity, temperature, dew 

point temperature, wind direction and wind speed were made for parts of the period. 

 

Figure 2.4 Climate data was recorded on the IBISCA plots using (a) an automatic weather 
station installed at each altitude (n = 5) and (b) a datalogger in the understorey and canopy of 
each plot (n = 40). 

 

(a) (b) 
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A second set of temperature and relative humidity records were captured using data 

loggers (LogTag TM HAXO-8, LogTag Recorders Ltd. Figure 2.4b) installed at both 

ground and canopy level. Because these units are small and relatively inexpensive, 

one was installed in the understorey and one in the canopy of all 20 plots across the 

five altitudes. The ground-level loggers were attached to the centre post of each plot, 

and the canopy-level units were suspended in the upper (but not outermost) canopy as 

close as possible to the centre post. The data loggers were programmed to take 

recordings every 60 minutes allowing continuous recording for 333 days. Data 

loggers were installed at ground level during the week 16th July 2007 and left to run 

for 333 days until the week of the 13th June 2008. The canopy loggers were installed 

at various times between the 20th September and 12th October 2007 and each 

recorded data for 333 days with the first one finished on the 19th August 2008 and the 

last on the 10th September 2008. As the height of the canopy varied between altitudes 

(35 m at 300 m and 25 m at 1100 m) the height of the loggers also varied, but 

importantly the measurements represented the local canopy microclimate. They were 

installed without any environmental enclosure (e.g. Stevenson screen) affecting at 

times the quality of data. For example, occasional canopy temperatures at one plot 

will be 10 degrees higher than any other plot at the same altitude at the same time. We 

assume that this is a result of direct exposure to the sun and have excluded any such 

outliers in our analysis. A summary of the climate data collected from the IBISCA 

plots is presented in Strong et al. (Strong et al., 2010) and key descriptions of climate 

data included in Appendix 1. 

2.3.2 Soil  
A single set of soil samples were collected from each of the 20 plots between 11th and 

14th March 2008. Five samples were taken randomly within each plot by first scraping 

aside all leaf litter and surface organic matter and obtaining a 6 cm by 15 cm soil core. 

The five cores were thoroughly mixed and a sub-sample extracted to represent each 

plot. A standard set of soil chemical analyses was carried out by Phosyn Analytical 

Pty Ltd. The soil samples were tested for pH levels (both H20 and CaCl2), electrical 

conductivity (EC), cation exchange capacity (CEC), presence of organic matter, NH,-

N, NO3- N; the levels of trace elements phosphorous, potassium, calcium, 

magnesium, sulphur, boron, copper, iron, manganese, zinc, aluminium, sodium and 

chloride; ratio of calcium to magnesium; and percent base saturation of calcium, 

potassium, magnesium, sodium and aluminium. An appraisal of the soil colour and 
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texture for each sample was also made. The means of all parameters (except soil 

colour and texture) were compared across altitudes using one-way ANOVA. 

 

2.4 Summary and conclusions  
 

Mountains are regions of high environmental heterogeneity as climate, soils and 

topography change over small distances, creating an abundance of environmental 

niches (Foster, 2001). Changes in vegetation stature, species richness, relative 

abundances of different life forms and plant physiognomies (Bruijnzeel and Proctor, 

1995) occurring along an altitudinal gradient have been linked to a number of factors 

including temperature, rainfall and associated changes in soil properties. The primary 

factors thought to limit the distribution of vegetation on mountains are temperature 

and radiation (Grubb, 1977) although Helman (1983) found altitudinal changes in 

rainfall, temperature and topographic shelter, to be the dominant factor influencing 

rainforest composition and distribution in southern New South Wales. In general 

species diversity, leaf size and forest stature all decrease with increasing altitude 

(Grubb, 1977, Bruijnzeel and Proctor, 1995) and the presence of a cloud cap will 

magnify these effects (Foster, 2001) The microclimate data collected from within the 

twenty IBISCA plots demonstrates the variability of moisture, temperature and wind 

regimes at the different altitudes and a corresponding change in vegetation 

characteristics has been determined by Laidlaw et al., (2010). 

 

At high altitudes, frequent immersion in cloud leads to high relative humidity and 

reduced solar radiation (Foster, 2001) with both high incident rainfall and cloud 

stripping important moisture sources (Hutley et al., 1997). While the relative 

availability of moisture through rainfall and cloud stripping were not successfully 

measured on the IBISCA plots, all altitudes demonstrated high levels of overnight 

relative humidity throughout the year. This suggests that atmospheric moisture may 

provide an important source of moisture to plants at all altitudes leading to low 

evapotranspiration and evaporation rates. The extended periods of high relative 

humidity at the higher altitudes is likely to indicate the prevalence of fog and cloud at 

these altitudes. 
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Altitudinal differences in atmospheric moisture and temperature will have 

implications for not only the floristic composition of vegetation at the different 

altitudes but also on the timing and length of flowering periods. These differences are 

explored in greater detail in the next chapter. In addition, differences in microclimate 

will impact on the species composition and activity of the insect fauna at these 

different altitudes, which in turn will determine the availability and type of 

pollinators. For example, the limited availability of wind will reduce the opportunity 

for successful wind pollination, increasing the importance of biotic pollination in 

these rainforests and an increase in cloudiness will reduce the activity of ectothermic 

insects. The variability of available insect pollinators is explored further in Chapters 

5, 6, and 7.  
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CHAPTER 3 MORPHOLOGY OF THE LAMINGTON FLORA 
  

Under regimes of global change the ability of an ecosystem to withstand such changes 

will reflect, in part, the ability of its pollination systems to adapt. Without continued 

successful plant reproduction (the key outcome of pollination) the ecosystem will 

decline and the many services provided by that ecosystem will similarly deteriorate. 

There is undoubtedly value in taking a Ôtop-down approachÕ to understanding this 

resilience. That is, beginning investigations at the community-level and breaking the 

investigation down into smaller components. In such an approach the flowering 

landscape can be regarded as just that: a landscape. Of course such a community-level 

approach needs, subsequently, to be complimented by specific studies. In this and the 

succeeding chapter, a community-level approach is taken in order to understand the 

floral landscape presented by flower morphologies (this chapter) and phenologies 

(Chapter 4) of the rainforest plant species in Lamington National Park. 

 

3.1 Flower morphology  
 

The flora of any ecosystem contains a wide range of taxa and a concomitant variety of 

floral traits. This is especially the case in the highly complex rainforest systems, such 

as that found in Lamington National Park considered in this thesis. The set of 

flowering plant species that co-occur within a particular forest or, indeed, within a 

particular stratum within a forest, present characteristic ranges and distributions of 

floral traits. At the community level this is the background against which pollination 

systems operate.  

 

The adaptive significance of the diversity of flower morphology has been a central 

tenet of scientific studies for over 200 years. A particular focus has been the 

Òpollination syndromeÓ hypothesis (Faegri and van der Pijl, 1979) introduced in 

Chapter 1 (Section 1.1). Under this paradigm, floral traits were considered the result 

of direct selection by different pollinator taxa and the convergence of traits in 

unrelated taxa was the result of this selection pressure. The pollinator syndrome 

concept can make a useful contribution to our understanding of pollination systems 

(Hingston and McQuillan, 2000, Ollerton et al., 2009), however, that individual 
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pollinator taxa have narrowly defined, innate affinities with particular floral traits is 

no longer considered the dominant paradigm (Waser, 1983, Waser, 2006). In the 

alternative approach, some authors suggest that the diversity of floral traits serves as a 

set of signals to distinguish plant species from other species when attracting 

pollinators, not unlike racing colours distinguish individual horses to race-goers. In 

this way, pollinators do not necessarily prefer a particular colour or flower shape and 

so forth, rather they associate certain flower characteristics with certain rewards thus 

ensuring pollinator fidelity (Gumbert et al., 1999). Bees, for example, are less likely 

to move between species whose flower morphology (signal) is distinct (Waser, 1983, 

Gumbert et al., 1999). Under this hypothesis, the diversity of flower traits promotes 

pollinator constancy.  

 

Many flowers, at least superficially, do appear to conform to a particular suite of 

floral traits. For example, small, white, dish-shaped flowers are commonly found in a 

diverse array of plant species and families and have often been described as 

Ògeneralist flowersÓ. Alternate hypotheses suggest that being similar to other species 

(as opposed to having flower traits that distinguish pollinators systems) may in itself 

be an advantage to attract pollinators (the Ômass action hypothesisÕ). This is often 

associated with general flowering, a phenomena widely recognised among species of 

Dipterocarpaceae in southeast Asia (Sakai, 2002). Of course, for some species, there 

may be selection pressures other than those of pollination that are more important to 

success. In this case the plants may not be under a strong selection pressure to diverge 

from competitors (Feinsinger, 1983). 

 

The floral traits of any species may also be the result of local environmental selective 

factors (i.e. climate, nutrient availability) or conserved through phylogeny. In the case 

of these selective pressures, floral traits may in fact determine the success of different 

pollinator groups. In reality, it is likely that floral traits are the result of a combination 

of these selective pressures.  

 

3.1.1 Are all rainforests the same?  
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Rainforests, despite an often collective use of the term, are not all the same, and the 

differences are important (Primack and Corlett, 2005). Each of the worldÕs rainforest 

has a unique evolutionary history and set of biotic and abiotic influences. As a result 

each supports a different suite of plants and animals. Obvious differences exist 

between major regions. Examples include the absence of primates in Australian 

rainforests or the dominance of dipterocarps in southeast Asia (Primack and Corlett, 

2005). Primack and Corlett (2005) group the explanations of these differences into 

two categories. The first type calls upon ecological explanations that relate to present-

day differences in environmental conditions and include soil nutrients, rainfall and 

aspect. The second type are categorised as ÒhistoricalÓ explanations (i.e. evolutionary 

and biogeographic) that relate to events of the past and these include plate tectonics, 

and past climate change as examples. When we consider angiosperms, this would 

include any evolutionary impact of pollinator interactions in driving floral 

morphology. A complementary approach to explaining what differences exist between 

rainforests of different regions is to consider the functioning of the different 

rainforests (Corlett and Primack, 2006, Primack and Corlett, 2005). Such attributes 

include the dominance of different types of pollination systems and these differences 

or similarities may be important to understand functional responses to disturbance. 

 

A number of generalisations have been made about the make-up of pollination 

systems in Australian rainforests. It has been suggested that bees are underrepresented 

in AustraliaÕs rainforests at higher latitudes (House, 1989, Irvine and Armstrong, 

1990) although, as Boulter et al., (2008) point out, there is indeed evidence of bee 

pollinators from the Wet Tropics region of Queensland. Beetles are considered to be a 

dominant rainforest tree pollinator in the absence of bees (Irvine and Armstrong, 

1990). As discussed in Chapter 1, Ôgeneralist pollinationÕ (i.e. pollinator assemblages 

are made-up of numerous different taxa, from several insect Orders) is considered an 

emergent feature of Australian subtropical rainforest plant species (Williams and 

Adam, 1994). Statements such as these are, by necessity, based on a small handful of 

studies and ad hoc unpublished observations, a pitfall of working with a large and 

diverse flora. The relative importance of different pollinator groups does, however, 

appear to differ among rainforests around the world based on existing commentaries 

(see Section 1.2.1 for a description of these). These purported differences raise a 

fundamental and very basic question: Is the floral morphology of subtropical 
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rainforests different from that of other tropical forests either in Australia or other 

countries and does this influence the dominant pollination systems?  

 

A number of hypotheses can be constructed as to why rainforest floral morphology 

might be similar or different.  

 

¥ First among these, is the idea that similarities in flower morphology arise as a 

result of convergent evolution. Similar environmental conditions experienced 

in rainforests (e.g. low light in the understorey, extended wet periods etc) may 

create similar evolutionary pressures, support similar pollinator taxa and 

similar pollinator behaviour. The result being flowers with similar floral traits.  

 

¥ Second, there are a number of plant families common to rainforests. If flower 

traits are phylogentically conserved, then similar traits should be expected 

among closely related species in different locations.  

 

¥ Finally, differences may arise as a result of different site-specific 

microclimatic conditions and evolutionary histories as outlined at the start of 

this section.  

 

Of course the reliability of predicting pollinators from flower morphology is not well 

established despite its frequent use (Hingston and McQuillan, 2000, Ollerton et al., 

2009, Hansman, 2001). I shall not be testing the validity of the pollination syndrome 

concept here, nor relying on it to predict the dominant pollinators of the Lamington 

flora, rather acknowledging that some evidence of floral adaptation to pollinators will 

manifest as floral morphological characteristics and making a comparison of these 

traits across floras.  

 

3.1.2 Aims  
 
The aim of this chapter and the next (Chapter 4) is to describe the floral landscape in 

the rainforest of Lamington National Park against which pollination occurs. This will 

provide a baseline understanding and context of the floral and flowering 

characteristics of the Lamington flora as an example of an Australian subtropical 

rainforest. To do so, the following three questions will be addressed: 
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1. Are the range and distribution of floral traits the same in Australian 

subtropical rainforests (represented by the Lamington flora) as that of tropical 

rainforests both in Australia and from elsewhere around the world? 

2. Is there any evidence that the traits of the Lamington floral are 

phylogenetically conserved?  

3. Are there phylogenetically independent correlations between flower trait states 

among species found in Lamington National Park? 

4. Do floral traits change with altitude along the IBISCA gradient?  

 

3.2 Methods  
 

3.2.1 The Lamington flora  
 

Database construction  
 

A complete list of the plants of Lamington National Park was drawn up using 

McDonald and Thomas (1990). A total of 1040 species from 148 families are 

recorded from the Park across all vegetation types of which 603 species occur in 

rainforest vegetation. Of these, 33 species were classified as ÒnaturalisedÓ (i.e. 

introduced or exotic) and were discarded. Eighty-one species were ferns. Accordingly 

our analysis of floral characteristics addressed a set of 489 flowering species 

belonging to 115 families. For this set we built a database of floral morphological 

characteristics by extracting data from existing flora treatments (see below). 

Information on flowering and fruiting phenology using herbarium records and 

published floras was also entered into the database and this information is presented 

in the next chapter. 

 

Floral morphology  
 
Information on each speciesÕ inflorescence structure and size, individual flower size, 

colour, shape and scent, reproductive structures, breeding system (e.g. bisexual, 
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dioecious, monoecious) as well as the plants habit and latitudinal and altitudinal 

ranges was compiled using published floral accounts (McDonald and Thomas, 1990, 

Harden, 2000, Leiper, 2008, Floyd, 2008, Botanic Gardens Botanic Gardens Trust, 

2009). I assessed photographs and descriptions where available to assign a dominant 

colour to each species. Flower shape was based on seven of those illustrated in 

Hansman (2001) with the addition of three categories for flower shapes particular to 

the families Orchidaceae, Fabaceae and Proteaceae (Figure 3.1). 
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Flower shape Illustrations of examples of flower shapes 

Bowl/Dish 
 
L to R: Hibbertia scandens, 

Pentaceras australis, 

Tylophora paniculata. 
   

Brush 

L to R: Callicoma 

serratifolia, Archidendron 

randiflorum. 
  

 

Funnel 

L to R: Pittosporum 

lancifolium, Brachychiton 

acerifolus. 
  

 

Globular 

L to R: Ficus coronata, 

Wilkea 

austroqueenslandica. 
  

 

Gullet 

L to R: Anopterus 

macleayanus, Anthocarapa 

nitidula. 
  

 

Papilionaceae 

L to R: Callerya 

megasperma, Derris 

involuta. 
  

 

Tube 

L to R: Alyxia ruscifolia, 

Attractocarpus chartaceus, 

Pittosporum oreillyanum. 
 

 
 

Urceolate 

L to R: Berberidopsis 

beckleri, Diopsyros 

australis, Pittosporum 

lancifolum.    

Figure 3.1 Flower shapes with examples from the Lamington flora. Illustrations by M.R. Baker. 
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3.2.2 Hypothesis 1: Cross -forest comparison of floral traits  
 

A comparable sized rainforest flora from southeast Asia (Xishuangbanna, China) and 

one from the Neotropics (Barro Colorado Island) were selected to compare floral 

morphology with that of the flora of Lamington National Park. In addition, data from 

the Wet Tropics region of far north Queensland was used as this is LamingtonÕs 

nearest tropical forest, has an overlap of species and is well described. For each of 

these forests, a list of rainforest plant species was collated and information on the 

flower colour, size and breeding system was assembled into a database. Floras were 

chosen based on the availability of comprehensive floral treatments, comparable sized 

floras and geographical dominance of different pollination systems. The number of 

species with flowers of different colour categories, size categories, symmetry and 

breeding systems at each of the four locations were compared using Chi-square tests. 

The interaction of flower colour, size and locality was tested using a G test (Sokal and 

Rohlf, 1981). 

 

In addition, published summaries of flower colour, size and breeding system of other 

floras were extracted from the literature. 

 

3.2.3 Hypothesis 2: Are floral traits phylogentically conserved?  
 

The angiosperm plant species recorded from Lamington National Park were arrayed 

on a phylogenetic tree using the software Phylomatic (Webb et al., 2008). This 

program takes a list of taxa and matches them by genus or family name to a megatree 

constructed from published phylogenies (Phylomatic tree version: R20091110). 

Where any are missing, the tree returns a polytomy of genera from within that family. 

Phylogenetic signal strength was examined to determine if closely related clades are 

more similar with respect to the flower traits of colour, corolla size, and breeding 

system than would be expected by chance.  
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3.2.4 Hypothesis 3: Are there phylogenetically independent 
correlations between flower trait ? 

 

Any apparent correlation between floral traits (e.g. white flowers are generally 

smaller than coloured flowers) may be biased because of strong phenotypic 

similarities. Therefore, evidence of correlations between floral traits was carried out 

using phylogenetic independent correlations. Analyses were performed by using the 

ÒAnalysis of Traits (aot)Ó module of phylocom. Phylocom-aot calculates internal node 

averages for continuous traits by using the method described by Felsenstein 

(Felsenstein, 1985). 

 

For the traits analysis, flower size was analysed as a continuous variable. Flower 

colour, breeding system (bisexual, unisexual or both), flower symmetry were analysed 

as ordered multistate categorical variables (e.g.1, blue; 2, brown; 3, cream/white etc). 

Phylocom-aot presently treats ordered multistate categorical variables in the same 

manner as continuous variables.  

 

3.2.5 Hypothesis 4: Do floral traits change with altitude along the 
IBISCA gradient   

 

Species lists from the twenty IBISCA plots representing five altitudinal zones (see 

Chapter 2 for a description of data collection methods) were used to compare floral 

morphology at different altitudes. For each altitude I allocated flower morphology 

data (see section 3.2.1) to each species (excluding ferns). Thus the data set for 

analysis consisted of five altitudes comprising habit; flower colour, size, shape and 

symmetry; and plant breeding system. The association between altitude and each of 

these character states was tested using Chi-square tests (Sokal and Rohlf, 1981). 

 

3.3  Results  
 

3.3.1 Laming ton - whole flora description  
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Habit. Of the 570 plant species found in the rainforests of Lamington National Park, 

approximately 21% are trees, 23% shrubs and a further 7% can take the form of either 

a small tree or a tall shrub (Figure 3.2). Vines made up about 14% of the total, as did 

ferns. Other life forms included forbs (7%), epiphytes (7%), graminoids (3.5%) and 

parasites (i.e. mistletoes) (1%).  

 

Flower size. Floral diameter could be determined for 448 plant species with almost 

three quarters (73.7%) having flowers less than 10 mm in diameter and fewer than 

10% greater than 20 mm. 

 

The distribution of flower sizes appears more or less consistent across all habits with 

the exception of parasites (Figure 3.2) with no significant relationship between the 

two variables (! 2 = 24.78, d.f. = 21, P = 0.26).  

 

0

20

40

60

80

100

120

140

epiphyte forb graminoid parasite shrub shrub/tree tree vine

N
o.

 o
f s

pe
ci

es

>20mm

10-20mm

5-10mm

0-5mm

 

Figure 3.2 Number of species of each habit type in one of four flower diameter size classes for 
flowering subtropical rainforest species found in Lamington National Park. 

 

Flower symmetry. Over 80% of species (340 species) had flowers that were 

actinomorphic (radial symmetry) with the remaining zygomorphic (79 species). Two 

species had flowers that could be either actinomorphic or zygomorphic. 
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Flower colour. Dominant flower colour was determined for 350 of the target species 

which were grouped into the following categories: white/green, yellow/orange, 

pink/red, blue/purple and brown. These groupings were based on colour groups 

generally associated with pollination syndromes (e.g. red or pink associated with bird 

pollination syndromes: (Faegri and van der Pijl, 1979)). The overwhelming majority 

of flowers were white/green (73%). Of the remaining species, 12.5% were 

yellow/orange, 6% pink/red, 6% blue/purple and 2% brown. When we considered the 

proportion of flowers represented by each colour group within each habit type (Figure 

3.3), not surprisingly, white/green flowers were dominant across all types. There was 

a strong association between colour and habit type (! 2 = 170.11, d.f. = 28, P < 

0.0001), largely due to the colour bias in graminoids and parasites. When these were 

omitted from the analysis there was no significant association (! 2 = 9.6, d.f. = 12, P = 

0.65).  

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

epiphyte forb graminoid parasite shrub shrub/tree tree vine

P
er

ce
nt

ag
e 

of
 s

pe
ci

es

Brown
Pink/Red
Yellow/Orange
Blue/Purple
White/Green

 

Figure 3.3 Percentage of dominant flower colour displayed by Lamington National Park 
rainforest species surveyed by their habit type. 
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Figure 3.4 Percentage of dominant flower colour displayed by Lamington National Park 
rainforest species surveyed by their flower diameter size class. 
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Figure 3.5 Total number of rainforest plant species in Lamington National Park in each of 11 
flower shape categories. 
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Flower size and colour show a clear association (! 2 = 36.69, d.f. = 12, P = 0.0003). 

The proportion of white/green flowers decreases with increasing flower size (Figure 

3.4) with small flowers more often a dull white or green colour and large flowers 

more often colourful. 

 

Flower shape. The most common flower shape was an open, simple structure referred 

to as a bowl/dish (Figure 3.1) with 35% of species fitting into this category (Figure 

3.5). The second most prevalent flower shape was the bell/funnel, with 20% of 

species falling into this category. With the exception of blue/purple and brown 

flowers all flower shapes were represented by each flower colour (Figure 3.6). 

Blue/purple flowers were restricted to trumpet, tube, papilionaceous, bowl/dish and 

bell/funnel flower shapes while brown flowers were either bowl/dish, orchid, trumpet 

or urceolate (urn-shaped) flowers. There was a statistical association between flower 

colour and shape (! 2 = 81, d.f. = 40, P = 0.0001). Most flower shapes showed a 

similar range and proportion of flower size categories with a few exceptions Figure 

3.7. All urceolate flowers were less than 10 mm in diameter, while all papilionaceous, 

proteaceous and trumpet-shaped flowers were greater than 5 mm in diameter. The 

association between flower shape and size is highly significant (! 2 = 70.92, d.f. = 40, 

P = 0.00003). 
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Figure 3.6 Percentage of species of each flower shape type in each flower colour category for 
flowering species found in the rainforests of Lamington National Park. 
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Figure 3.7 Percentage of species in different flower size classes displaying each flower shape type. 
for flowering rainforest species found in Lamington National Park. 
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Figure 3.8 Number of plant species known from the rainforest of Lamington National Park with 
(a) different breeding system types and (b) the number of those species with unisexual flowers 
that demonstrated dioecy or monoecy. 

 

Sexual systems 
 

Most plant species in the Lamington rainforests are bisexual (ca. 67%, N = 479). The 

remainder of species have unisexual flowers although about 5% can have both 
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bisexual and unisexual flowers (e.g. Asteraceae) (Figure 3.8a). Of the 127 unisexual 

species, more than half (n = 71) are monoecious (Figure 3.8b). 

 

3.3.2 Hypothesis 1: Cross -forest comparison  
 

A total of 3282 species from 201 families were surveyed across the four floras 

(Lamington N.P., Wet Tropics Australia, Xishuangbanna and Barro Colorado Island). 

Twenty-four families were common to all locations and 87 were unique to a single 

location (Appendix 3). The most speciose eight families across the entire survey were 

common to all locations, with the most abundant family Myrtaceae (199 species) 

followed by Euphorbiaceae (189) and Rubiaceae (179). 

 

Flower size. The proportion of plant species with flowers in four different size 

categories at the four localities was significantly different (Figure 3.9) (! 2 = 46.06,d.f. 

= 9, P < 0.001). The floras of Lamington National Park and Xishuangbanna showed 

the most similar break-down of flower size and the comparison of this pair of sites 

were not significantly different (! 2 = 3.21, d.f. = 3, P = 0.36). All other pairs were 

significant at the P < 0.05 level. 
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Figure 3.9 Proportion of species in four flower size categories in four locations, Xishuangbanna 
China, Barro Colorado Island (BCI) Panama The Wet Tropics bioregion Australia and 
Lamington National Park Australia.  
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Flower colour. The proportion of plant species with flowers in different colour 

categories at the four localities differed significantly (! 2 = 85.06, d.f. = 12, P < 0.001; 

Figure 3.10). The floras of Lamington National Park and the Wet Tropics of Australia 

showed the most similar division of flower colours although the comparison of this 

pair of sites showed a significant difference - but only just (! 2 = 10.25, d.f. = 4, P = 

0.03). All other pairs of locations were significantly different at the P < 0.05 level.  
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Figure 3.10 Percentage of species with flowers of different colour categories from four rainforest 
floras from around the world. 

 

Colour and Size. The proportion of species with flowers in different colour and class 

sizes at each of the four locations appeared to differ, particularly at Xishuangbanna in 

southwest China (Figure 3.11). With the exception of Xishuangbanna, the smallest 

flowers were predominantly white, with the proportion of colourful flowers increasing 

with increased flower size. The forest a plant is from, the flower colour and size were 

not independent in the sampled floras (Log-likelihood ratio, G2 = 234, P < 0.001). 

There was also a significant association among all three variables confirming the 

association between location and flower size Ð as well as location and flower colour 

determined above, but also between flower colour and size regardless of location 

(Table 3.1). 
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Table 3.1 The log-likelihood values for all combinations of flower colour, flower size and location 
for plants found at four rainforest locations globally. 

Interaction G2 df P Interpretation of result  

Size*Colour*Location 234 69 <0.0001 None of three variables are independent 
Size*Colour 92.6 12 <0.0001 Flower size is not independent of colour 
Size*Location 47.3 9 <0.0001 Flower size is not independent of location 
Colour*Location 45.4 12 <0.0001 Flower colour is not independent of location 
Size*Colour (Location) 141 48 <0.0001 Location is not independent of colour & size 
Size*Location (Colour) 95.9 45 <0.0001 Colour is not independent of location & size 
Colour*Location (Size) 93.9 48 <0.0001 Size is not independent of colour & location 
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Figure 3.11 Flower size and colour for the flowering plant species of four rainforest floras 
worldwide. 

 

There is an apparent difference in the proportion of flowers with zygomorphic flowers 

(bilateral symmetry) compared with actinomorphic flowers (radial symmetry) at the 

four different locations (Figure 3.12) and there was a statistically significant 

association between flower symmetry and location (! 2 = 42.11, d.f. = 3, P < 0.001). 

 

The proportion of species with unisexual versus bisexual flowers or a combination 

(Figure 3.13) showed a significant association with location (! 2 = 103.85, d.f. = 6, P < 

0.001). The subset of plants with unisexual flowers also showed a significant 
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association between location and whether trees were monoecious or dioecious (! 2 = 

74.35, d.f. = 6, P < 0.001). 
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Figure 3.12 The symmetry of flowers of rainforest plant species found at four locations globally. 
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Figure 3.13 The percentage of species with (a) unisexual or bisexual flowers (or a combination Ð 
ÒbothÓ). (b)The percentage of species with unisexual flowers that are dioecious or monoecious. 

 

To put these rainforest results into a wider context, I sought additional examples of 

community-level summaries of flower morphology from the literature (Table 3.2). 

Information on flower colour was found for 15 additional locations of various floristic 

types (Weevers, 1952, Hansman, 2001, Boulter et al., 2008, Momose and Hamid 

Karim, 2005, Godley, 1979, Bernardello et al., 2001) and demonstrated there was 

considerable variation in the dominant flower colour among locations. Only one study 

provided flower size information Ð Juan Fernandez Islands, Chile (Bernardello et al., 

2001) which represented a very different break-down of flower size to the ones 

surveyed here (Table 3.2 and Figure 3.14). 
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Table 3.2 Percentages of species in different flower colour categories from around the world. The 
values from the present study are shaded. Note no flowers were recorded as ÔbrownÕ by the 
Godley (1979), Weevers (1952) and Hansman (2001) studies and are noted as not recorded (NR) 
in the table. 

Flower Colour

Green/ 
White

Yellow/ 
Orange

Red/     
pink

Purple/ 
Violet/Blue

Brown 0-5mm 5-10mm
10-

20mm
>20mm

Sweden2 58-69¼N Temperate 34 33 13 21 NR

Tierra del Fuego, 

Argentina1 55¼S Temperate 60.3 26.6 7.5 5.6 NR

Scandanavia2 53-70¼N Temperate 35 31 15 19.5 NR

British Isles1 50¼N-
58¼N

Temperate 36.3 25.5 21.7 16.5 NR

Netherlands2 51¼N Temperate 34 32 15 19.5 NR

Switzerland2 47¼N Temperate 32.5 31 16 20 NR

France2 46-50¼N Temperate 33 31 18 18 NR

Tropical Africa2 Tropical 34 27 15 24 NR

Xishuangbanna 
China

21-22¼N
Tropical 

Rainforest
48.8 30.6 13.2 6 1.4 27.5 42 14.5 16

Barro Colorado 
Island, Panama

9¼N
Tropical 

Rainforest
69 17.5 9 4 0.5 23 27 24 26

Lambir Hills 
National Park, 

Sarawak, 

Malaysia6

4¼N Lowland mixed 
Dipterocarp

49 32 12 6 0.75

Java2 8¼S
Tropical 

Rainforest
37 30 15 18 NR

Dry Rainforest5 

Northern 
Australia

18-19¼S Dry Rainforest 60 26.5 3.5 10 NR

Wet Tropics4 

Australia
19¼-
15¼S

Tropical 
Rainforest

72 12.5 8 6 2 41 30 16 13

Lamington NP 
Australia

26¼S
Subtropical 
rainforest

71 12.5 8 5.5 3 38.5 35 16.5 10

Juan Fernandez3 

Chile
33¼S

Temperate 
Broadleaf and 
Mixed Forests

67 12 9 5 7 60 24 9 7

Cape Colony2 

Sth Africa
34¼S 32 32 16 20 NR

New Zealand1 34-47¼S Temperate 64.6 17.2 5.7 12.4 NR

Victoria2 

Australia
44-46¼S Temperate 36 33 15 16 NR

Source: 1 Godley 1979; 2Weevers 1952; 3Bernadelio et al ., 2001; 4Boulter et al ., 2008; 5Hansman 2001; 6Momose & Karim 2005

Flower Size

Location Latitude Habitat Type
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Figure 3.14 Percentages of species with flowers of each of five colour categories found in (a) 
tropical forests and (b) temperate forests. 

3.3.3 Hypothesis 2: Are floral traits phylogentically conserved?  
 

Phylogenetic signal is tested in Phylocom using a test based on the variance of 

standardised independent contrasts. If the related species are similar to each other 

with respect to a trait, then the magnitude of the independent contrasts will generally 

be similar across the tree, resulting in a small variance of contrasts value (Webb et al., 

2008). Of the four traits considered, sister taxa were similar in colour (P = 0.02), 

breeding system (P = 0.001) and symmetry (P = 0.001). A strong phylogenetic signal 

was not detected for flower size. 

 

3.3.4 Hypothesis 3: Are there phylogenetically independent 
correlations between flower trait ? 
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The floral dataset for Lamington National Park yielded 274 phylogenetically 

independent contrasts. The correlation coefficient between flower colour and flower 

size is significant and positive (r = 0.265, d.f. = 273, P < 0.05) as it was for flower 

colour and symmetry (r = 0.389, d.f. = 273, P < 0.05), flower size and breeding 

system (r = 0.145, d.f. = 273, P < 0.05) and flower size and symmetry (r = 0.219, d.f. 

= 273, P < 0.05). For flower colour and breeding system (i.e. bisexual or unisexual) 

the correlation coefficient was negative but not significant (r = -0.089, d.f. = 273, P > 

0.05). 

 

3.3.5 Hypothesis 4: Do floral traits change with altitude along the 
IBISCA gradient   

 
Including both understorey and tree species, the twenty IBISCA vegetation plots 

surveyed between 248 m a.s.l and 1142 m a.s.l contained a total of 287 plant species 

from 82 families. Looking at the number of species at each altitude (Figure 3.15), 

there was a clear decrease in diversity with increase in altitude. At the 900 m and 

1100 m altitudes this appears to coincide with a decrease in the number of tree 

species, fern species and an absence of forbs (Figure 3.15). Note, however, that 

species that were classified as graminoids were present at the higher altitudes and 

include Drymophila moorei which is only found in the plots on the 1100 m zone. No 

epiphyte species were recorded at the 300 m sites. The proportion of each habit type, 

however, was not dependent on its position along the altitudinal gradient (! 2 = 22.07, 

d.f. = 28, P = 0.78). The proportion of species with flowers less than 5 mm in  
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Figure 3.15 Habit type of all species surveyed at each of 20 plots across five altitude categories. 
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Figure 3.16 Percentage of species in each of four flower size categories for species recorded at 
each of five altitudes. 
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Figure 3.17 Percentage of species in each of five dominant flower colour categories for species 
recorded at each of five altitudes. 
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Figure 3.18 Percentage of individuals of each flower shape type at each altitude along the 
IBISCA gradient.  
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diameter appeared to decrease slightly with an increase in altitude (Figure 3.16) but 

no significant statistical relationship was detected between flower size and altitude 

(! 2 = 7.74, d.f. =12, P = 0.80). Although no significant association between flower 

colour and altitude was detected (! 2 = 6.78, d.f. =16, P = 0.98) there appears to be an 

increase in the proportion of species with white/green flowers the higher along the 

altitudinal gradient we sampled (Figure 3.17) and a concomitant decrease in the 

proportion of yellow flowers.  

 

The proportion of bisexual and dioecious species increased with altitude (Figure 3.19) 

although neither of these characteristics show a statistically significant relationship 

with increasing altitude (flower sexuality vs altitude, ! 2 = 14.74, d.f. = 8, P = 0.07; 

dioecy/monoecy vs altitude, ! 2 = 10.54, d.f. = 8, P = 0.22). Flower shape appeared to 

be fairly consistent across altitudes (Figure 3.18). A slight decrease in the proportion 

of species with open flower structures (i.e. bowl/dish and bell/funnel) was 

accompanied by a slight increase in more complex flower structures although there 

was no statistical relationship between flower shape and altitude (! 2 = 13.76, d.f. = 

44, P = 0.99). 
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Figure 3.19 Proportion of species with (a) different breeding systems and (b) the proportion of 
those plants with unisexual flowers showing dioecy or monoecy or both at each of five different 
altitudes. 

 

3.4 Discussion  
 

The results of this chapter are of interest from three perspectives. First, those that 

relate to the Lamington rainforest flora as a whole; second, those that place the 
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Lamington forests into a wider context both within Australia and elsewhere; and, 

third, those that quantify altitudinal trends. The first two offer an opportunity to 

understand how the Lamington flora might differ from other floras in terms of 

pollination phenomenology and opportunity. The third addresses the impacts of 

closely adjacent climates upon floral biology and is relevant to predicting likely 

impacts of climate change. 

 

3.4.1 The Lamington rainforest flora  
 

Small, white or green flowers dominate the Lamington flora and, as would be 

expected, the majority of flowers are bisexual. Small dull-coloured, simple flowers 

have been traditionally associated with (ecological1) generalist pollination systems 

(Faegri and van der Pijl, 1979). Williams and Adam (1994) suggested that generalist 

pollination (defined in this case as having pollinators drawn from a wide range of 

small insects) prevails in subtropical rainforest systems and associated this with a 

dominance of unspecialised flower structures.  

 

Larger flowers are generally more colourful. Flowers greater than 10 mm in diameter 

display more colour than their smaller counterparts. About a third of the species in 

Lamington rainforests for which information was available (109 species out of 350) 

had flowers greater than 10 mm in diameter, and more than 40% were a colour other 

than white or green. Families with a number of large coloured flowers were 

Orchidaceae (6 spp.), Fabaceae (6 spp.), Moraceae (5 spp.), Solanaceae (4 spp.) and 

Asteraceae (4 spp.) Four of five of these families also include species with smaller, 

non-colourful flowers (Fabaceae are the exception). This suggests that the incidence 

of large colourful flowers may not necessarily be phylogenetically constrained. While 

there was some conservation of flower colour as a trait, flower size was not. When the 

correlation between flower colour and size was consider without the effect of 

phylogeny, there remained a strong correlation. 

 

                                                
1 The conceptual framework to understand the different types of generalist flowers, which include 
ecological generalisation, proposed by Ollerton et al., (2007) is discussed in Chapter 1. 
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Larger, more colourful flowers are generally associated with bird, butterfly and beetle 

pollination (Faegri and van der Pijl, 1979), although the attraction of pollinators to the 

flowers of particular species is also related to other attractants such as scent and the 

success of pollination will depend on more complex morphological characteristics 

such as flower shape and the position of reproductive structures.  

 

Flower colour was strongly related to growth habit for parasites, graminoids and 

forbs. All five species of parasites, from two families, have red flowers. Brightly 

coloured flowers are common in species from these families (Loranthaceae and 

Viscaceae) and have been associated with bird pollinators. Among the graminoids, 

mainly consisting of members of the families Cyperaceae and Poaceae, flowers were 

white, green or brown with the exception of the spectacular pink flowers of 

Helmholtzia glaberrima (Hook.f.) Caruel (Philydraceae). The results here support the 

concept that the relationship between flower colour and flower size is more likely to 

be the result of biotic or environmental drivers. 

 

The sexual systems of the flora of the Lamington rainforests represent the typical 

array of variations with the majority of species being bisexual. Of those species with 

unisexual flowers, monoecy dominated as it does across the Australian flora in 

general (Gross, 2005). This is in contrast to other Old World and New World tropical 

systems wherein dioecy is the dominant unisexual system. Among the broader 

Australian flora the prevalence of monoecious sexual systems relates to the numerical 

dominance of the families Euphorbiaceae, Phyllanthaceae, Sapindaceae, Malvaceae, 

Moraceae and Combretaceae that are dominated by monoecious flowers. It is 

intriguing to note that southeast Asian species of these families are more commonly 

dioecious (Boulter et al., 2008). Gross (2005) hypothesised that the dominance of 

ÔunreliableÕ insect pollinators in Australia precluded the evolution of dioecious 

systems. In the Lamington flora there are numerous dioecious species from the 

families Euphorbiaceae, Sapindaceae and Moracaeae, but all five species from the 

family Sterculiaceae are also dioecious. The phylogenetic analysis performed here 

identified a strong phylogenetic signal for breeding system and supports the 

prevalence of particular families as the driver of certain breeding systems. 
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3.4.2 Comparative morphology  
 

To what degree is the Lamington flora typical of other rainforest and non-rainforest 

floras regarding its flower morphology? Kevan et al.,(1996) certainly allude to a 

world-wide dominance of white flowers but did not quantify this phenomena. My 

search of the literature has shown that only limited flora-wide analyses of floral 

characteristics exist. The four floras studied in detail here did, however, show 

considerable difference across all morphological characteristics tested. Similarities 

and differences among sites varied with each morphological characteristic, so while 

the distribution of flower size was similar between Lamington National Park and 

Xishuangbanna, the distribution of flower colour was very different. Close floristic 

links between the rainforests of the Wet Tropics and Lamington National Park should 

be reflected in the flower morphologies and indeed these two sites were often the 

most similar of the four sites. At all sites, white/green flowers were dominant 

although the proportion changed with location. Likewise, across all locations, larger 

flowers were more colourful, but inter-location variation was strong. At 

Xishuangbanna in particular, the suite of flowers 10-20 mm in diameter were 

predominantly a colour other than white or green. 

 

If we also include information from the floras drawn from the literature, we see that 

the dominant flower colours vary considerably across locations. The proportions of 

flowers in different colour categories, for some locations do appear to be consistent 

for individual authors [e.g. the proportions reported by Weever (1952) are very 

similar across all locations but differ from most others]. The explanation for this 

correlation may be two-fold. First, there may simply be differences in the 

categorisation of colours across studies. For example, in the floras summarised by 

Weevers (1952), only about a third of the species had white and green flowers, 

whereas for those summarised by Boulter et al., (2008), Hansman (2001) and 

Bernardello (2001) 60% to 70% of the flora had white or green flowers. One possible 

technical reason for this discrepancy is that is that Weevers (1952) may have included 

ÒcreamÓ coloured flowers in his yellow category whereas Boulter et al., (2008) and 

this study included these flowers in the white category. Alternatively, of course, the 

floras may in fact represent different dominant flower colours. With the exception of 

the floras described by Weevers (1952), there is no clear pattern to the division of 
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flower colours. So, for example, the difference among floras is not simply between 

non-rainforest floras and rainforest floras, nor between temperate and tropical floras 

(Figure 3.14).  

 

Possible explanations for differences or similarities between flower morphologies 

were outlined at the start of this chapter and in brief were - convergent evolution as a 

result of pollinator selection or environmental conditions, phylogenetic constraints, 

and differences as a result of microclimatic conditions and site specific evolutionary 

histories (Section 3.1.1). While the prevalence of small white flowers in the 

subtropical rainforest of Lamington may be indicative of generalist pollination 

systems, how do other floras match their dominant pollinators? For the Lambir Hills 

forest, Momose (2005) has described the main pollinators of the plant species for 

which flower morphology was described. Just over half the pollinators were bees, 

20% beetles, 13% generalist pollinators (i.e. small insects from a range of taxa) and 

7% birds. The balance was made-up of bats, mammals, cockroach, thrips, flies, moths 

and butterflies. Bee pollination is traditionally associated with colourful flowers, in 

particular yellow, blue and purple. The flower morphology described for Lambir Hills 

has about half its flowers a colour other than white/green (Momose, 2005). In 

contrast, both the rainforest floras of Lamington National Park and the Wet Tropics of 

Australia have a much higher proportion of flowers falling into the white/green 

category and neither are seen as bee pollination systems (Irvine and Armstrong, 1990, 

House, 1989, Williams and Adam, 1994, Gross and Mackay, 1998, Gross, 1993). 

Initially, this might seem to be evidence of the evolutionary consequence of plant-

pollinator interactions in these forests under the pollination syndrome hypothesis. Of 

all flowers visited by bees in the Lambir Hills project, however, only 41% were a 

colour other than white/green (Momose, 2005). Indeed, the proportion of flower 

colours from Barro Colorado Island is quite similar to both the Wet Tropics and 

Lamington, yet bee pollinators are considered the dominant pollinators in the 

Neotropics generally and on Barro Colorado Island (Dressler, 1982, Croat, 1978). 

While flower colour varied between the locations considered in this study, it on its 

own is not necessarily a good indicator of pollination systems. 

 

There are fewer published data on flower size for regional floras with comparative 

information available only for the Wet Tropics of Queensland (Boulter et al., 2008) 
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and Juan Fernandez Islands of Chile (Bernardello et al., 2001). As at Lamington, 

small flowers were prevalent at both localities. More than 60% of the species from 

Juan Fernandez, however, were recorded as having flowers 5 mm or less in diameter 

compared with 38.5% of those from Lamington that were categorised in this fashion. 

The frequency of flower size classes in the Wet Tropics was more similar to that 

found in Lamington National Park which is unsurprising given the close floristic links 

of these two floras.  

 

Breeding systems varied across locations with a higher proportion of plants recording 

unisex flowers at Xishuangbanna than any other location. Lamington showed similar 

levels to both the Wet Tropics and Barro Colorado Island. In all four locations more 

plants with unisexual flowers were monoecious than dioecious, although at 

Xishuangbanna the differences reflected the state of just a single species. This result 

confirms those reported by Gross (2005) for northern Australia, where the species 

surveyed were predominantly monoecious, but contrasts to her finding that all other 

locations had greater proportions of dioecious plants. She considered that monoecy 

might have been favoured over dioecy in Australia in response to inefficient 

pollinators such as beetles (Gross, 2005), but generalist pollination systems are likely 

to also fit this description. Monoecy is frequently considered an evolutionary step 

toward dioecy with the latter considered an evolutionarily derived state although, as 

Gross points out, the specialised, long-distance pollen dispersers (e.g. bats, birds, 

large social bees) associated with pollination of dioecious plants elsewhere, are 

infrequent pollinators in Australia (Gross, 2005). Her comments about the rainforest 

system in Northern Australia are likely to apply equally to the flora of the Australian 

subtropical rainforests. 

 

3.4.3 Altitude t o altitude changes  
 
By global standards the IBISCA Queensland Lamington transect is a rather short one 

spanning a change in altitude of just 800 m. Accordingly, although we might hope to 

identify clear trends, the low magnitude of altitudinal change along the transect 

mitigates against dramatic contrasts. In addition, the data is based on a single 

representative of each species and the floral landscape presented to pollinators at any 

given time or altitude may vary from the pattern produced here. However, given that 
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pollinator movements are driven by climatic cues (Torres-Diaz et al., 2007), we 

would expect that the microclimatic variation along the altitudinal gradient would 

give rise to variation in pollination systems. Whether this has translated into different 

floral morphologies, either through a plant response to the physical environment or an 

evolutionary plant response to pollinator interactions is more difficult to determine 

and my data has not provided conclusive evidence to support this supposition. 

However, some trends were apparent, even along this short gradient: more ÒmediumÓ 

sized flowers (less tiny and large flowers), more dull-coloured flowers and less yellow 

flowers, an increase in bisexual flowers but an increase in dioecy among those few 

plants with unisexual flowers. Further evidence is required to confirm these trends, 

but they present some possible support for the notion that the floral display at higher 

altitudes might be responding to a pollinator-driven selection pressure. For example, 

of the six dioecious plant species found at the 1100 m sites, four have complex flower 

structures (Wilkiea austroqueenslandica, W. huegeliana, Myrsine subsesselis, and 

Palmeria scandens) and two are known to be thrips pollinated (Williams, 1995, 

Williams et al., 2001). This may correspond with an increased need for specialisation 

among dioecious species at this altitude due to decreased insect activity. 

 

With altitude, the relative abundances of different rainforest life forms and their 

physiognomies are known to change (Bruijnzeel and Proctor, 1995). Decreases in leaf 

size and canopy height, an increase in leaf thickness and toughness are all 

characteristic of increasing altitude (Bruijnzeel and Proctor, 1995, Grubb, 1977). In 

southeast Queensland and northern New South Wales, movement from complex 

notophyll vine forest to mesophyll fern forest (approximately 800 - 1200m) results in 

a change of dominant leaf size from notophyll (7.5-12.5 cm) to microphyll (2.5-7.5 

cm) (Webb, 1959, Webb, 1968). Concomitant floral changes as a response to the 

physical environment are therefore quite plausible. Plant species distribution is a 

factor of temperature, radiation, rainfall and topography (Helman, 1983, Grubb, 1977) 

but many plant physiognomic changes are thought to be the result of changed nutrient 

availability (Grubb, 1977). Certainly the results presented in Chapter 2 confirm many 

of the changes in the physical environment. Changes such as decreasing flower size 

seem most likely to be a response to these physical changes, but characteristics such 

as flower colour, symmetry and breeding system seem more likely to be related to 

other selection pressures. 
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Floral traits have been shown to be under selection pressure from pollinators (Waser, 

1983) and as a result these flower traits have traditionally been thought to demonstrate 

a significant association with the dominant pollinator of each plant species that is the 

pollination syndrome concept. With increasing altitude we would expect a general 

decrease in the abundance and diversity of some insect groups with some less able to 

function at higher altitudes (see review in Chapter 1, and results in Chapter 5). As a 

result availability of particular insect taxa as pollinators will change with altitude and 

the dominant pollinator groups change accordingly. Generally, a decreasing number 

of plants are pollinated by Hymenoptera with increasing altitude, whereas 

Lepidoptera and Diptera in particular, become increasingly important pollinators 

along the same gradients (Warren et al., 1988, Arroyo et al., 1982, Kearns, 1992). 

Previous studies have found more blue flowers in upland sites (Weevers 1952), higher 

proportions of- and increased visitation to- white and yellow flowers (reviewed in 

Arnold et al., 2009). Arnold et al., (2009), however, did not find a relationship 

between altitude and flower colour although in that case colours were determined 

using an Ôinsect perception of colourÕ model (as opposed to human perception of 

colour) so flowers were categorised on their UV reflectance rather than whether they 

were a colour such as white or yellow. In the current study, although considerably 

more information is needed, the trends discovered give preliminary evidence that 

plant-pollinator interactions might well change with altitude and that this has created 

some selection pressure on floral morphology. 

 

3.4.4 Likely pollinators and pollination syndromes  
 

As already highlighted, the subtropical rainforests of Australia are considered to be 

dominated by generalist pollination systems (Williams and Adam, 1994). These 

systems are usually characterised by white or dull coloured flowers with simple, 

general flower structures (e.g. bowl or dish shaped flowers). Under the pollinator 

syndrome concept, white or dull coloured flowers, are usually associated with beetles, 

flies, non-specialised bees, moths, bats and thrips (Ollerton and Watts, 2000). The 

distinctions among flower types matching each of these pollinator groups generally 

comes down to flower structure, scent and anthesis. So for example, a night-flowering 

species with a white, musky-smelling brush-like flower would be associated with 
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bats. Coloured flowers are more often associated with butterflies, bees, birds and 

other vertebrates. Based on the pollination syndrome concept then, we might 

conclude, that over seventy percent of the flowers in the subtropical rainforest of 

Lamington National Park could be visited by generalist pollinators. Hansman (2001) 

found a similar result for the flora of a dry rainforest in northern Australia, and 

likewise concluded the predominance of small, generalist pollinators. Of course, 

caution must be exercised in relying too heavily on flower colour as the success of a 

flower visitor also relies on their behaviour, the structure of the flower structure, 

presence and accessibility of rewards and so on. The traditional pollinator syndrome 

idea should be used with caution when organising floral diversity, or inferring 

pollinators as a recent test of the concept has shown limited match between predicted 

and actual pollinator (Ollerton et al., 2009). Ollerton et al., (2009) suggest that rather 

than abandoning the concept of pollination syndromes, the relationships of floral traits 

and pollinators with visitation and pollen transfer needs reconsideration. This will 

determine if a new categorisation of floral functional diversity may be more useful 

than the traditional syndromes. 

 

Very few studies undertaken in subtropical rainforests actually distinguish pollinators 

from the general spectrum of flower visitors. The only general comment that can be 

made is that insect pollination is dominant and that ecologically generalised 

pollination may be the norm. Of the few published studies, the overwhelming 

majority describe specialised pollination, wherein a single species or set of closely 

related taxa are identified as pollinators. I would suggest that this presents a biased 

picture of the dominant pollination system in subtropical rainforests, as these studies 

were all made on plants with complex flower structures not suited to a wide variety of 

pollinators. 

 

A number of pollination studies exist from both Barro Colorado Island and 

Xishuanbanna as well as the Wet Tropics (Boulter et al., 2008). Barro Colorado 

Island and the Neotropics in general are well recognised for the prevalence of large 

social bees and hummingbird pollinators (Croat, 1978, Roubik, 1993, Dressler, 1982, 

Feinsinger, 1978). Pollination studies in Xishuangbanna also note the importance of 

bees as pollinators (Gao et al., 2006) as well as other insects (Liu et al., 2002). This is 

in complete contrast to the Australian situation where bees are not considered 
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dominant pollinators. The increased importance of flower colours other than 

white/green may reflect the importance of bees in these non-Australian floras, 

although as noted earlier, this was not the case for the Lambir Hills flora. 

 

Walker (1990) suggests that fluctuations in the extent and duration of rainforests may 

reduce opportunities for the wide establishment or retention of complex 

interdependencies and strong co-evolutionary mutualism such as specialised plant-

pollinator interactions. The Australian rainforests have, over their history, experienced 

numerous contractions and expansions (Adam 1992) and, under this hypothesis, may 

not have had the opportunity to develop specialised pollination systems, although 

there are of course examples of specialisation in endemic plants such as Eupomatia 

bennetti (Endress, 2003). Williams (1995) suggests that selection against narrow 

specialised interactions could mean that generalised pollination becomes a 

specialisation of its own. Floral traits described for the species of Lamington National 

Park differ from those of other floras and certainly the high number of small white or 

green flowers and low numbers of large colourful flowers may support the claim that 

in this subtropical flora at least, generalised pollination may be dominant. Differences 

in complexity of morphology will filter and focus the amount and direction of 

selection pressure (Fenster et al., 2004). So forests with more specialised flowers 

would be expected to become more specialised while general flowers may not 

experience that sort of directional pressure. 

 

3.4.5 Conclusions  
 

This chapter has explored the general morphology of the Lamington rainforest flora 

and provided a profile of the floral landscape. It has also demonstrated that while 

there are some common features, significant differences do exist between the floral 

landscapes of different rainforest floras. 

 

Within the Lamington flora, a strong phylogenetic signal was found for certain floral 

traits: flower colour, breeding system and symmetry. However, the correlation 

between certain characteristics (e.g. flower colour and size) was apparent even when 

the phylogenetic influence was accounted for. This suggests that while a certain 
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amount of phylogenetic constraint is involved, the relationship between flower 

morphology and biotic or environmental factors remains important. 

 

The vulnerability or resilience of different flower morphologies at different locations 

may have implications under climate change. If the dominance of specialised 

interactions seen in the literature reflects that of the flora as a whole, then these 

systems maybe more vulnerable to changes in climate with the uncoupling of 

mutualistic interactions a key threat. However, if subtropical rainforest plants are 

indeed predominantly generalist pollinated as suggested by Williams and Adam 

(1994) and with some support from the findings presented here, then this might offer 

these forests reproductive robustness under a changing climate. Altitudinal studies of 

changes in flower visitors and pollinator assemblages associated with particular plant 

species identified as potentially generalists should aid determination of the resilience 

of these systems under different climate conditions.  

 

A study of the type presented here offers the opportunity to gain a broad 

understanding of a flora and reproduction in the absence of fine-scale studies that 

would take many years of effort to achieve. By its very nature, however, the 

information derived at this scale cannot reveal the intricate and complex interactions 

among plant species and their pollinators within Lamington National Park. For this 

level of understanding, first we need to combine this overview of floral traits with 

what is known of flowering phenology (Chapter 4). Then detailed studies of plant 

species that are spread over several altitudinal zones, is required (Chapters 6 and 7). 
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CHAPTER 4 THE PHENOLOGY OF THE LAMINGTON FLORA 
 

4.1 Introduction  
 

Individual plant species demonstrate a range of flowering and fruiting patterns from 

simple and predictable annual rhythms, to more complex patterns such as supra-

annual or mass flowering events (Appanah, 1993). Flowering patterns vary not only in 

timing but also frequency, duration and amplitude. For example, flowering frequency 

may be continual (throughout the year), episodic (flowering in more than one cycle in 

a year), annual, and supra-annual (one cycle over more than one year) (Newstrom and 

Frankie, 1994).  

 

A number of theoretical explanations have been posed to explain the evolution of 

flowering patterns of individual species or whole plant communities that encompass 

abiotic, biotic and phylogenetic hypotheses. The Ôclimatic hypothesisÕ links patterns 

of flowering and fruiting to variation in seasonally limited resources such as moisture 

and light (Waser, 1979, van Schaik et al., 1993, Ramirez, 2002). ÔBiotic hypothesesÕ 

on the other hand, link the activities of pollinators, predators and dispersers to the 

synchrony of phenological activity among plants. The pollinator competition 

hypothesis, for example, predicts that flowering events of conspecific species should 

be spread evenly through time in order to avoid competition between individuals for a 

limited set of pollinators, (Pleasants, 1980, Bolmgren et al., 2003). In contrast, the 

mass action hypothesis suggests that facilitation is more important than competition 

for plants that share pollinators or predators and this will synchronise their flowering 

phenology (Rathcke, 1983, Sakai, 2002). Finally, the Ôphylogenetic hypothesisÕ 

proposes that phenological patterns are in some way constrained by phylogeny 

(Kochmer and Handel, 1986). An example of this would be a group of taxonomically 

related plants that flower at similar times regardless of their geographical location. It 

is important to note that the predicted outcomes in terms of flowering pattern of many 

of these competing hypotheses, may be indistinguishable from one another, and the 

different selection pressures identified by the various hypotheses may co-occur at 

different temporal or spatial scales. 
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The hypotheses outlined above attempt to explain the ultimate cause of flowering 

patterns. However, climate is viewed as an important proximate cue to flowering 

patterns that have evolved as a result of ultimate causes (Boulter et al., 2006a). For 

example, in seasonal tropical forests many tree species flower at the end of the dry 

season, triggered by environmental factors such as an increase in overnight minimum 

temperatures and lengthening period of time with little or no rainfall. This timing of 

flowering means that fruiting will occur when conditions are optimal for seed 

germination at the onset of the wet season (Ramirez, 2002). In this example, the 

environmental cue/s of overnight temperatures or rainfall are the proximate cues for 

flowering, but the evolutionary significance of this phenological timing is to ensure 

the optimal germination success of the species. A number of climatic factors have 

been identified as cues to phenological events and these include rainfall, solar 

irradiance or photoperiod and temperature. Many of these abiotic cues are 

interrelated, and changes in one or a combination of factors may signal to a plant that 

the season is changing. 

 

Overarching phenological cycles are often recognisable for individual plant species, 

but these cycles may well contain deviations in flowering start times, flowering 

intensity and duration, in response to short-term changes in environmental conditions 

 

Box 4.1 Some important definitions used throughout Chapter 4 

Continuous flowering:  year round flowering, flower production totalling more than six
months of the year.

Episodic flowering: flower production occurring more than once a year but totalling less
than six months.

Annual flowering:  flowers produced once a year, every year.

Supra-annual flowering:  flower production not occurring every year.

Mass-flowering (general flowering): flowering occurs at multi-year intervals, with many
different species synchronising there flowering during the mass-flowering or general
flowering period.

Mast frui ting:  large numbers of trees fruit simultaneously at multi-year intervals, following
mass-flowering.

Ultimate cues: evolutionary processes that have shaped phenological patterns and the
timing of phenological activities.

Proximate cues: environmental or physical changes that trigger phenological activity

Photoperiod (day length): The duration of an organism's daily exposure to light.

Irradiance:  the amount of light or other radiant energy striking a given area of a surface.
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(Anderson et al., 2005). Anderson et al., (2005) suggested that intensity should be 

most responsive to environmental fluctuations due to the linkage between different 

phenological stages. For example, if fruiting time was altered as a result of altered 

flowering time, then the timing of fruiting may not occur when conditions are optimal 

for germination. In terms of plant investment a better strategy would be to reduce the 

intensity of flowering so that the fruiting time is unaltered and more likely to coincide 

with conditions best for germination. 

 

In general, most studies of community-wide phenology demonstrate seasonal patterns 

in a number of species in a particular phenological state (i.e. leaf flush, flowering, 

fruiting) and the intensity at which that activity is occurring (e.g. Boulter et al., 2006a, 

Boulter et al., 2008, Morellato et al., 2000, McLaren and McDonald, 2005, Anderson 

et al., 2005). Temperate regions tend to show the most pronounced seasonal patterns 

due to the highly seasonal nature of abiotic factors, particularly temperature and 

photoperiod or day-length. In contrast, tropical regions show less seasonality in 

temperature and day-length, yet phenological patterns still show seasonal variability 

and this is thought to relate to seasonal variation in rainfall (Brearley et al., 2007). In 

these forests, flowering and fruiting coincide with the wet season and a number of 

authors have suggested, as I have already noted, that this allows fruiting at the optimal 

time for germination and seedling growth (van Schaik et al., 1993).  

 

Some degree of phenological synchrony within plant communities and across species, 

such as seasonal patterns, generally exists, although this varies from total 

independence to almost absolute synchrony (van Schaik et al., 1993). For a proportion 

of tree species in southeast Asia, flowering does not occur annually, rather every 3-8 

years in a population-level phenomena referred to as general flowering (also known as 

mass flowering) and associated mast fruiting (Sakai et al., 1999c, Appanah, 1993, 

Sakai, 2002, Ashton et al., 1988). Species of the dominant family of rainforest trees in 

the southeast Asian region, Dipterocarpaceae, are well known for their general 

flowering and fruiting and are major contributors to this community-wide 

phenomenon. Two main ultimate causes have been proposed for the origin of this 

general flowering. The first is that mast fruiting following general flowering will 

satiate seed-predators, increasing the chances of some seeds germinating successfully 

(Ashton et al., 1988, Brearley et al., 2007). The other hypothesis is that increased 
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pollination success occurs with flowering synchrony (Sakai et al., 1999c). Suggested 

environmental cues for general flowering include prolonged drought, a drop in night-

time temperatures or an increase in sunshine hours.  

 

The El Ni–o - Southern Oscillation (ENSO) is the greatest source of interannual 

climate variability in the tropical region (Wright and Calderon, 2006) and has a 

marked effect on AustraliaÕs climate (Nicholls, 1991). The term El Ni–o refers to a 

sequence of changes in circulations across the Pacific Ocean and Indonesian 

archipelago when warming is particularly strong (on average every three to eight 

years). El Ni–o events are characterised by extended drought periods that in turn lead 

to increased sunshine hours (due to reduced cloud) and an increase in radiative 

cooling at night (again due to reduced cloud cover). In contrast, the alternative cycle 

to El Ni–o, La Ni–a, is characterised by cooler than normal ocean temperatures across 

the central and eastern tropical Pacific Ocean and increased convection or cloudiness 

over tropical Australia and southeast Asia with an associated increased chance of rain. 

The cyclic nature of El Ni–o is considered a key factor in triggering general flowering 

(Wright et al., 1999, Wright and Calderon, 2006). Given the inter-related set of 

climate conditions associated with ENSO, it is difficult to distinguish a single factor 

as the primary cue for general flowering. 

 

Subtropical rainforests, as discussed in Chapter 2, have a number of features in 

common with tropical rainforests, but are geographically located in a subtropical 

environment. Australian subtropical rainforests experience a complex pattern of 

rainfall and frequent cloud cover that result from regional synoptic conditions and 

high altitudes. Other microclimatic factors, such as the conditions created by different 

aspects and topography, also influence vegetation associations and are important for 

the survival of subtropical rainforest species. Of considerable importance for the 

existence of subtropical rainforests is the coincidence of low temperatures with the 

dry period that reduces plant water stress experienced in seasonal tropical climates. 

How this combination of environmental conditions might affect phenological events 

in subtropical rainforests, however, is yet to be fully understood. Seasonal flowering 

does occur, with most subtropical rainforest trees flowering between October and 

March when pollinator diversity and activity is likely to be at its greatest (Williams 

and Adam, 1994). However, examples of tree species that flower in the cooler months 
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which do not coincide with peak pollinator densities have been noted in New South 

Wales (Williams and Adam, 1994). Williams and Adam (1994) note that flowering 

also varies from annual to supra-annual among subtropical rainforest species and 

different phenological patterns can exist within the same plant family. 

 

Changes in phenology are key markers of climate change (Walther et al., 2002, 

Menzel et al., 2006b, Menzel et al., 2006a, Hughes, 2003). Since phenological 

activities are closely linked to interannual variation in climate, it would be expected 

that both tropical and subtropical rainforest phenology would change in response to 

increased warming, reduced rainfall and decreased cloud formation. This 

anthropogenic change will interact in a complex but poorly understood way with the 

ENSO. The relationship between ENSO and flowering in tropical and subtropical 

rainforests is unclear, although Wright and Calderon (2006) have been able to 

demonstrate increased flower and seed production on Barro Colorado Island in 

response to El Ni–o events. Nevertheless understanding the relationship between 

climate and phenology is crucial to predicting the likely effect of anthropogenic 

climate change on phenological patterns. 

 

4.1.1 Aims  
 

The aim of this chapter is to investigate flowering and fruiting patterns of the 

subtropical rainforest flora of Lamington National Park. In particular: 

1. Do the plant species found in Lamington National Park flower uniformly 

throughout the year or demonstrate a seasonal trend in flowering activity? 

Many extra-Australian studies on the link between climate and phenological events 

have primarily relied on long-term data sets or historical observations (e.g. Miller-

Rushing and Primack, 2008, Brearley et al., 2007). However, in the absence of long-

term data sets (as is the case in Australia), herbarium records have been used to 

identify community-wide flowering patterns (Boulter et al., 2006a, Borchert, 1996) 

and, in some cases, to determine changes in flowering dates over time (Lavoie and 

Lachance, 2006). Herbarium records and published floras were used to here to test the 

uniformity of community-wide, annual flowering phenology.  
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2. Does the fundamental flowering pattern of plant species found at five different 

altitudes differ among these altitudes? 

By assigning a peak flowering month derived from herbarium data to the species 

found at each of the five IBISCA altitudes, the patterns of flowering at each altitude 

were compared. 

3. Does the annual pattern of flowering differ among years (interannual 

flowering patterns)? 

A long-term phenological record of flowering and fruiting in 32 species monitored 

over 10 years in Lamington National Park was used to understand the interannual 

phenology patterns and climatic drivers of flowering and fruiting in Lamington 

National Park. This dataset was used to assess any evidence of synchrony of supra-

annual flowering or mass flowering. 

4. Is the annual pattern of flowering among a set of species correlated to monthly 

rainfall or average temperatures? 

Again, using the subset of species for which long-term phenological data was 

available, correlations between climate drivers were tested. 

 

4.2 Methods  
 

4.2.1 Herbarium and flora based community -wide phenology  
 

Using the list of plant species of rainforest areas of Lamington National Park 

described in Chapter 3, a database of flowering and fruiting phenology was 

constructed using herbarium specimen records. Records of collection date, altitude, 

and the latitude and longitude of collection of all specimens recorded as having 

reproductive structures (i.e. flowers and fruits) were extracted from the Queensland 

HerbariumÕs collection data-base HERBRECS. These records were filtered for those 

collected within the distribution of subtropical rainforests, i.e. between latitudes 20¼S 

and 37¼S. In addition, a second phenological dataset was compiled in which flowering 

months were assigned to species on the basis of published accounts (Stanley and 

Ross, 1986, Stanley and Ross, 1983, Stanley and Ross, 1989, Floyd, 2008, Leiper, 

2008, Botanic Gardens Trust, 2009).  
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Analyses 
 

Two values that summarise flowering phenology were calculated for each species Ð 

mean flowering time (or flowering midpoint) and length of flowering season. For the 

two data sets, different techniques to calculate these values were required. For the 

herbarium data, flowering midpoint, was calculated using circular vector statistics 

(Batschelet, 1981, Boulter et al., 2006a). Flowering midpoint was calculated as the 

angle of the mean vector, ! , viz.:  

 

!  = arctan (y/x) if x > 0 

or !  = 180¡ + arctan (y/x) if x < 0;    (1) 

where 

! 

x = ni cos"# i
, 

! 

y = ni" sin#i  

ni is the number of flower records in month i and ! I is the midpoint of month i 

expressed as an angle. The first of January was chosen as 0¡, with the midpoint of 

January expressed as 15¡ and the midpoint of each succeeding month arbitrarily 

assigned at 30¡ increments from that point. Species that flowered in all 12 months and 

those that flowered for a discontinuous period were excluded from these calculations. 

Flowering length was calculated as the length of the mean vector length, r, as a 

measure of the concentration of flowering times for each species for which flowering 

midpoint was calculated (Batschelet, 1981) viz: 

! 

r = (x2 + y2)
1
2 / ni"       (2) 

 

For the data collected from published sources, which was expressed as month/s of 

flowering, flowering midpoint was assigned as the middle month of the range of 

known flowering months and length of flowering season simply a count of the 

number of months in which flowering was known to occur. 
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The flowering midpoints and length of flowering from the herbarium and published 

floras were correlated to determine if the herbarium records were an accurate 

representation of flowering patterns. A correlation coefficient for circular data was 

used in the case of flowering midpoint (Batschelet, 1981) and PearsonÕs correlation 

for the length of flowering period (Sokal and Rohlf, 1981).  

 

4.2.2 Phenology of communities found at different altitudes  
 

Using the species list for each altitude along the IBISCA gradient determined by the 

Queensland Herbarium staff (see Chapter 2 for a description of the survey method), 

flowering and fruiting midpoints derived from herbarium specimens were assigned to 

each species. This provided average flowering patterns for the species present at each 

of the IBISCA altitudes and an indication of expected community-wide flowering 

patterns for each altitude. It should be noted that the flowering midpoints are derived 

from a broad latitudinal and altitudinal set of records and this analysis only looks at 

fundamental phenological patterns not local patterns. The association between altitude 

and the number of species flowering at each altitude was tested using a Chi square 

test. Laidlaw et al., (2010) resolved that the plant assemblage found at the lower three 

altitudes (the lowland sites) along the IBISCA gradient were not different from one 

another, but the higher two altitudes formed a different (highland) assemblage. Based 

on this, the data was divided into low altitude or ÒlowlandÓ sites (300, 700 and 900 m) 

and high altitude or ÒhighlandÓ sites (900 and 1100 m) and the analysis repeated. 

 

4.2.3 Connell plot phenology  
 

A permanent phenological survey transect was established in 1998 in the Green 

Mountains section of Lamington National Park (28¼ 14ÕS 153¼ 10Õ E) at 900 m a.s.l as 

part of a broader seedling dynamics project established by Dr Joseph Connell 

(Connell et al., 1984). This phenology transect has been surveyed by Mr Peter 

OÕReilly Snr and Dr Bill McDonald (Queensland Herbarium) and they have been kind 

enough to provide this dataset for analysing patterns of flowering and fruiting. The 

phenological status of a total of 135 individual trees comprising 32 species from 16 

families (Table 4.1) has been recorded once a month for over ten years. Over the 
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years, observations on two individuals discontinued due to storm damage, nine 

individual trees died and four were added to the survey. Phenological observations 

have been made using binoculars during the first week of each month since January 

1998 and are ongoing. Here I analyse ten years of observations made from July 1998 

through to June 2008. At each visit the following were recorded for each individual: 

(i) the presence of buds and the intensity of bud production on a scale of 1-5, (ii) the 

presence of flowers and the intensity of flowering on a scale of 1-5, (iii) the presence 

of fruit and the intensity of fruiting on a scale of 1-5. Other notes were made on the 

presence of leaf flushing and if fruits were immature. A Òtotal flowering intensityÓ 

was calculated for each month by summing the intensity measures for each individual 

tree in flower for that month.  

 

For each species, the frequency of flower production was classified as either 

continuous (flower production totalling more than six months of the year), episodic 

(flower production occurring more than once a year but totalling less than six 

months), annual (flowers produced once a year) or supra-annual (flower production 

not occurring every year) according to the classification of Newstrom and Frankie 

(1994). Those species that showed more than one of these patterns across years were 

classified according to the most common behaviour. 

 

Climate data 
 

General weather data for Lamington National Park is not available, although rainfall 

data is collected at two points in the vicinity of the Connell plot. Data collected at the 

Bureau of Meteorology Station No. 40182 (Green Mountains), located approximately 

one kilometre from the sampling site, was used as the primary reference source. A 

second station (Bureau of Meteorology Station No. 40931 OÕReillyÕs Alert Station) 

was used to supply missing data. 

 

A 30-day sliding total (i.e. the total rainfall for the preceding 30 days is calculated for 

each day) of rainfall was calculated, using daily rainfall from the Green Mountains 

station, for all dates covered by the phenology survey period. On those few occasions 

when a dayÕs collection was missed, we assumed that the following dayÕs total 
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included the missing day (e.g. 10/06/2006 missing and 11/06/2006 had a total of 30.5 

mm, therefore assume 30.5 mm is the total for both days). Records for these missing 

days from the Green Mountains station were compared with those from nearby 

OÕReillyÕs Alert Station and our assumption appeared justified. We used this second 

set of records to calculate the proportion of rainfall falling on the same dates (e.g. 

Station 40931 recorded 4 mm on 10/06/2006 or 12.5% of the two day total and 28 

mm 11/06/2006 or 87.5% of the two day total). The proportion of rain falling on each 

day at the OÕReillyÕs station was then used to extrapolate the amount of rainfall 

collected on each day using the primary rainfall records. For any dates that were 

missing in both datasets, the total of the succeeding day was split evenly across the 

missing dates. 

 

In addition, staff employed by Queensland National Parks at Green Mountains 

recorded daily maximum and minimum temperatures from February 2001 to 

September 2007. These records were used to investigate if there was a detectable 

relationship between flowering phenology and temperature for the available period. 

 

Analyses  
 

Linear and multiple regressions were used to explore associations between flowering 

and fruiting phenology and climate variables. The association between annual average 

Southern Oscillation Index (SOI) and number of species flowering each year was 

tested using linear regression. The analysis was repeated using proportion of 

individuals flowering each year, number of species fruiting each year, proportion of 

individuals flowering each year, total flowering intensity and total fruiting intensity 

for each year. Monthly totals of climate variables were then used to determine the 

predictability of phenological records. Temperature variables used were mean 

monthly minimum and maximum temperatures, highest and lowest minimum monthly 

temperatures, and highest and lowest maximum monthly temperatures. The average 

SOI for each month and monthly rainfall totals was also used in analyses. The effect 

of abiotic factors may not be immediate. Analyses were therefore repeated using time 

lags in climate date. For SOI and temperature each analysis was repeated using time 

lags of 12 months preceding each phenological event in monthly increments. Rainfall 
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totals for the preceding 365 days in five-day increments (e.g. rainfall totals for 

preceding 5 days, 10 days, 15 daysÉ365days) were also used. Phenological values 

were total number of species and proportion of individuals flowering in a month, total 

number of species and proportion of individuals fruiting in a month, and total 

intensity of flowering and fruiting in a month. Stepwise regression models were fitted 

using those variables demonstrating significant associations with simple linear 

regression. 

 

All analyses were repeated on a subset of species determined as supra-annual 

flowerers. 

 

4.3 Results  
 

4.3.1 Herbarium -based community -wide phenology  
 

A comparison of the herbarium dataset compared to that derived from published 

floras showed a good correspondence. There was a strong positive correlation 

between flowering midpoints derived from herbarium collections and those recorded 

in published floras (r = 0.49, P < 0.001), suggesting that the herbarium records 

provide a good basis on which to assess the flowering times of species. In contrast, 

the independent assessments of flowering season length was significantly but poorly 

correlated (r = 0.149, P = 0.002). Flowering season length averaged 5.58 and 5.26 

months from herbarium records and published floras respectively. This suggests that 

the floras underestimate flowering season compared with herbarium records. This 

may reflect the fact that the herbarium specimens were collected across different 

geographical ranges to those on which the published floras relied or that the herbaria 

may contain unpublished collection information. Many of the floras described 

flowering by season rather than month (e.g. Spring) and this was recorded as the 

months spanned by those seasons. As a consequence many species were listed as 

flowering for 3 months or 6 months from the floras whereas they may in fact only 

flower for a subset of that season. 
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All surveyed species with herbarium records of flowering (n = 450) from Lamington 

National Park showed a distinct seasonality in their flowering patterns with a large 

proportion of flowering when collected in November (n = 285) and December (n = 

287) and the least in June (n = 129) and July (n = 125). 

 

Combining the calculated flowering peaks of all species, flowering activity was 

clearly most intense around November (Figure 4.1). Average monthly rainfall at 

Lamington followed a similar seasonal pattern. Looking at the distribution of peak 

flowering times that follow ten months after rainfall, the similarity of the seasonal 

patterns are clear (Figure 4.1).  

 

Fruiting shows a different pattern with two peaks in fruit production, the first in May 

with 54 species at peak fruit production and the second in November with 59 species 

in peak fruit production (Figure 4.2). 
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Figure 4.1 The total number of species with their calculated flowering midpoint (ÔpeakÕ 
flowering) falling in each month (grey bars). Flowering midpoints were calculated for all species 
of plants known from the rainforests of Lamington National Park for which flowering herbarium 
specimens were collected between 20¼s and 37¼S. Average monthly rainfall total (black line) ten 
months prior to flowering using data collected at the Green Mountains Meteorological Station 
from 1916 to 2008. 
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Figure 4.2 The total number of species with their calculated fruiting midpoint (ÔpeakÕ fruiting) 
falling in each month. Fruiting midpoints were calculated for all species of plants known from 
the rainforests of Lamington National Park for which fruiting herbarium specimens were 
collected between 20¼s and 37¼S. 

 

4.3.2 Phenology of different species found at different altitudes  
 

Using flowering midpoints derived from herbarium specimens to determine average 

flowering patterns for the species present at each of the IBISCA altitudes, it can be 

seen that the proportion of species flowering in any given month (Figure 4.3) is highly 

seasonal at all altitudes. The seasonal pattern is more or less consistent across all 

altitudes with a dramatic increase in flowering starting in August and maintenance of 

this level of activity until February. A chi square test demonstrated there was no 

significant difference in the pattern of flowering between altitudes (! 2 = 17.8, d.f. = 

44, P = 0.99). Repeating the analysis on low altitude and high altitude data sets, again 

no significant association was found between the number of species flowering and 

altitude (! 2 = 5.63, d.f. = 11, P = 0.90). 
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Figure 4.3 Percentage of species from five altitudes in peak flowering in each month based on 
flowering midpoint calculated from herbarium records. 

 

0

5

10

15

20

25

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

P
er

ce
nt

ag
e 

of
 s

pe
ci

es

300m

500m

700m

900m

1100m

 

Figure 4.4 Percentage of species from five altitudes in peak fruiting in each month based on 
fruiting midpoint calculated from herbarium records.  

 

Using fruiting midpoints derived from herbarium specimens, the proportion of species 

in fruit in any given month was highly seasonal at all altitudes (Figure 4.4). The 

seasonal pattern was not consistent throughout the year with a greater proportion of 

fruiting at the two highest altitudes than the three lower altitudes in April but a 

smaller proportion in August (Figure 4.4). A chi square test demonstrated there was 

no significant difference in the pattern of fruiting between altitudes (! 2 = 39.97, d.f. = 
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44, P = 0.65). When the analysis was repeating on the low altitude and high altitude 

fruiting data sets, there was a significant association between the number of species 

fruiting and altitude (! 2 = 23.7, d.f. = 11, P = 0.01). 

 

Table 4.1 Number of individuals and flowering pattern of each species included in the Connell 
phenology study in Lamington National Park, southeast Queensland, from 1998 to 2008. 

Family Species Flowering 
Pattern

Reproductive 
system

Starting No. 
Individuals

Died/ 
Deleted

Added 
Later

Ebenaceae Diospyros pentamera Supra-annual Dioecious 6 1*
Euphorbiaceae Baloghia inophylla Annual Monoecious 5 1
Eupomatiaceae Eupomatia laurina Supra-annual Bisexual 5
Grossulariaceae Quintinia verdonii Annual Bisexual 5

Icacinaceae Citronella moorei Unknown Dioecious 1
Lamiaceae Vitex lignum-vitae Annual Bisexual 5
Lauraceae Beilschmiedia elliptica Supra-annual Bisexual 1

Litsea reticulata Annual Dioecious 2 1
Meliaceae Anthocarapa nitidula Supra-annual Bisexual 3

Dysoxylum frasieranum Annual Bisexual or 
Unisexual

5

Dysoxylum rufum Annual Bisexual or 
Unisexual

2

Monimiaceae Doryphora sassafras Annual Bisexual 5 1
Wilkiea austroqueenslandica Supra-annual Dioecious 5
Wilkiea hugeliana Supra-annual Dioecious 5

Myrtaceae Acmena ingens Annual Bisexual 5
Syzygium crebrinerve Annual Bisexual 5

Proteaceae Helicia glabriflora Continuous Bisexual 2
Orites excelsus Annual Bisexual 5 1 3

Rhamnaceae Emmenosperma alphitonioides Annual Bisexual 4
Rubiaceae Atractocarpus benthamianus Annual Dioecious 5
Rutaceae Acronychia oblongifolia Annual Bisexual 2

Acronychia pubescens Annual Bisexual 6 3
Acronychia suberosa Supra-annual Bisexual 1
Halfordia kendack Supra-annual Bisexual 2

Sapindaceae Diploglottis australis Annual Bisexual or 
Unisexual

5

Elattostachys nervosa Supra-annual Monoecious 5
Guioa semiglauca Annual Monoecious 2
Mischocarpus australis Supra-annual Monoecious 4
Sarcopteryx stipata Annual Bisexual or 

Unisexual
6 2

Sterculiaceae Argyrodendron actinophyllum 
subsp. Actinophyllum

Supra annual Monoecious 6 1

Argyrodendron trifoliatum Supra-annual Monoecious 6 1*
Brachychiton acerifolius Supra-annual Monoecious 5

* Discontinued observations  

4.3.3 Connell plot phenology Ð Interannual variation in flowering 
patterns  

 

Over the ten-year period flowering and fruiting phenology were recorded on the 

Connell plot, all species except one (Citronella moorei) flowered at least once. Some 

species demonstrated a clear annual reproduction cycle, flowering every year, 

whereas others flowered less frequently (Table 4.1). Two species, Elattostachys 

nervosa and Beilschmiedia elliptica, were recorded flowering just once during the ten 

year period. Thirteen species were classified as supra-annual based on the individuals 
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surveyed for this study. Most of the rest flowered almost every year. Only one 

species, Helicia gladifolia, was classified as a continuous flowerer and no species 

demonstrated episodic flowering. 
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Figure 4.5 Percentage of individuals on the Connell plot in flower or fruit on the monthly survey 
date (c). Also shown is the (a) 30-day sliding total rainfall and (b) monthly southern oscillation 
index. 

 

In all survey periods, some reproductive activity was recorded on the Connell plot. 

The proportion of individuals flowering was greatest in August 2003 when just over 

30% of individuals were in flower or bud (Figure 4.5). More than 20% of individuals 

were in flower or bud in the following periods: October 1998, August - September 

2001, March - October 2003 and August Ð October 2006 (Figure 4.5). 
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The greatest total flowering intensity occurred in September 2003, followed by 

September 2006 (Figure 4.6a). The greatest total fruiting intensity occurred in 

February 2004, with high levels recorded in February of 2002 and 2006 (Figure 4.6b). 
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Figure 4.6 Intensity of (a) flowering of trees recorded on the Connell plot shown as total intensity 
(measured on a scale of 1-5) summed for all individuals from June 1998 - June 2008 and (b) 
fruiting for all trees recorded on the Connell plot shown as a sum of intensity measured on a 
scale of 1-5 for all fruiting trees from June 1998 - June 2008. 
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Climate summary 
 

Mean monthly rainfall at Green Mountains during the ten-year period phenology was 

recorded on the Connell plot showed a clear seasonal fluctuation with a dry period 

from April to September (Figure 4.7). Average annual rainfall from 1998 - 2008 was 

1300 mm. The wettest year was 1999 with just over 2000 mm of rain and the driest 

2002 with just less than 650 mm. Summer rainfall in January and February showed 

the greatest variability. The lowest January total (15.4mm) was recorded in 2002 with 

the highest (797mm) in January 2008. Similarly, for February a low of 41.4 mm was 

recorded in 2005 and a high of 608 mm recorded in 2001.  
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Figure 4.7 Mean (± 1 S.E.) monthly rainfall at Green Mountains, Lamington National Park, over 
a ten year period (Jul 1998 - Jun 2008). 

 

The 30-day sliding scale of rainfall (Figure 4.5a) identified a number of extended 

periods of low rainfall Ð defined as a minimum of ten consecutive days for which the 

30-day sliding rainfall total was less than 60mm. The longest such period extended 

from 6 May 2004 to 8 September 2004 and although not a continuous period, 2002 

had the highest number of days with a 30-day sliding total less than 60mm (195 days).  
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Figure 4.8 Daily (a) maximum temperatures and (b) minimum temperatures from 1 February 
2001 to 31 August 2007 recorded at the Green Mountains National Parks headquarters, 
Lamington National Park. 
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Maximum and minimum temperatures in the Green Mountains section of Lamington 

National Park showed a clear seasonal fluctuation as would be expected (Figure 4.8). 

The lowest overnight temperature was recorded on 1 August 2002 at 0.5¼C and the 

warmest overnight minimum on the 26 April 2006 at 21.5¼C. Most winters 

experienced several nights falling below 5¼C, although 2006 experienced just two 

such nights. Daily maxima were lowest between the 21-23 June 2007 at 9¼C and 

highest on 23 February 2004 at 38¼C. In 2002, 71 days had a maximum temperature 

greater than 30¼C, which mostly occurred in March and December of that year. 

Potential flowering triggers 
 

A number of significant coefficients of determination were determined by linear 

regression when considering climate records as predictors of phenology patterns. At 

the annual level, the average annual Southern Oscillation Index was a strong predictor 

of the number of species flowering per year (R2 = 0.693, P = 0.003), but less strongly 

but still a significant predictor of total flowering intensity (R2 = 0.446, P = 0.025). 

Average annual SOI value was also a good predictor of the number of species in fruit 

(R2 = 0.571, P = 0.011) but not a significant one of fruiting intensity (R2 = 0.434, P = 

0.54). 

 

When considering the total number of species flowering or fruiting in each month 

(July 1998-July 2008), and monthly temperature patterns, a number of significant 

coefficients of determination were found (Appendix 3, Table A3.1). However, none 

of the temperature variables explained more than 26% of the variation in flowering 

events. For flowering patterns, the greatest coefficient of determination occurred 

between the number of species flowering in a month and the highest overnight 

minimum temperature experienced six months prior to flowering activity (R2 = 0.21, 

P < 0.001) followed by the highest maximum temperature experienced seven months 

prior to flowering (R2 = 0.191, P < 0.001). Similar results were found for the 

relationship between the proportion of individuals budding or flowering and highest 

overnight minimum temperature six months prior to flowering (R2=0.174, P < 0.001) 

and highest daytime maximum seven months prior to flowering (R2=0.198, P < 

0.001). Flowering intensity showed similar responses, but lower coefficient of 

determination values. For fruiting patterns the greatest coefficient of determination 
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was found for the proportion of individuals in fruit and the mean minimum 

temperature five months earlier (R2 = 0.261, P < 0.001). 

 

Monthly rainfall totals eleven months prior to flowering was also significant predictor 

but explained less than 15% of the variation (R2 = 0.148, P < 0.001) (Appendix 3, 

Table A3.2). Similar coefficients of determination values were found for the 

proportion of individuals in flower/bud and total flowering intensity when associated 

with rainfall eleven months earlier. Fruiting showed a very poor relationship with 

monthly rainfall totals (Appendix 3, Table A3.2). Total rainfall from 5 to 365 days 

prior to the month of sampling, showed only very weak associations with both 

flowering and fruiting phenology (Appendix 3, Table A3.4). 

 

The monthly southern oscillation index was significantly correlated with the number 

of species in flower but only after a lag of two months (R2 = 0.195, P < 0.001) 

(Appendix 3, Table A3.3). Similarly, a significant association was found between the 

southern oscillation index and both the proportion of individuals in bud or flower (R2 

= 0.132, P < 0.001) and the total flowering intensity (R2 = 0.109, P < 0.001) two 

months later. In terms of fruiting, the southern oscillation index most strongly 

correlated with the number of species fruiting six months later, although it still only 

explained 10% of the variation. 

 

A number of combinations of environmental factors were tested using stepwise 

regression, but none improved the predictability of models. 

 

Supra-annual flowering 
 

The flowering and fruiting patterns of those species determined as Òsupra-annualÓ 

flowerers is shown in Figure 4.9. The greatest number of species classified as supra-

annual flowerers were in flower or fruit during the 2003-2004 flowering season. No 

reproductive activity occurred during March 1999 to September 2001, March 2002-

June 2003 and June 2004-September 2005. Few climate variables were significantly 

correlated with the flowering and fruiting activity of supra-annual species. The 
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greatest coefficient of determination was that for the proportion of supra-annual 

flowering species in flower and the average maximum temperature ten months earlier 

(R2 = 0.185, P < 0.001). Other highly significant predictors were the highest 

maximum and the lowest maximum ten months before flowering (Appendix 3, Table 

A3.1). The SOI recorded 10 months before flowering was a significant predictor of 

the number of supra-annual species in flower (R2 = 0.061, P < 0.05) (Appendix 3, 

Table A3.4). No monthly rainfall variables were significant predictors of supra-annual 

flowering. There were few significant predictors of the number of supra-annual 

species in fruit in any month and those that there were had limited predictive power 

(Appendix 3). 
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Figure 4.9 Total number of species in flower or fruit on the monthly survey date for (a) those 
species that flower supra-annually and (b) for all trees surveyed on the Connell plot June 1998 Ð 
June 2008. 

 

4.4 Discussion  
 

The phenology of the subtropical rainforest flora of Lamington National Park shows 

patterns and responses at a variety of levels. First, there is a clear seasonal pattern at a 

flora-wide, annual level. Second, community flowering and fruiting occurring each 
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year respond to the strong climate influence of the El Ni–o - southern oscillation in 

both the magnitude of phenological events and diversity of species synchronising 

their activities. Then, at the species level, finer scale local climatic conditions 

influence the behaviour of individual species and individual plants. 

 

4.4.1 Community -wide seasonal flowering  
 
A strong seasonal flowering pattern was demonstrated in the rainforest of Lamington 

National Park at the scale of analysis presented here. A dramatic increase in the 

number of species in flower occurred from around September and continued to 

increase until November, coinciding with the end of an extended dry period and the 

start of the wet season. This is consistent with patterns described for other subtropical 

rainforests (Williams and Adam, 1994). Seasonal climatic cues for flowering would 

be expected to include rainfall, day length and temperature. Wet season flowering 

activity is likely to coincide with the period of greatest activity of insects (Frith and 

Frith, 1985, Lowman, 1982, Basset, 1991, Janzen, 1973, Torres-Diaz et al., 2007) and 

therefore the majority of pollinators.  

 

Seasonal availability and activity of pollinators is a potential, ultimate cause for the 

coincidence of flowering with the end of the dry season and the beginning of warmer 

temperatures. In addition, or alternatively, this may be seen as the optimal period for 

dispersal and germination of reproductive propagules (Ramirez, 2002, Frankie et al., 

1974, van Schaik et al., 1993). This optimal germination hypothesis predicts that in 

seasonally dry forests there will be a greater selective advantage to fruiting at the 

onset of the rainy season than in those forests that do not experience a seasonally dry 

period (van Schaik et al., 1993). Van Schaik et al., (1993) define dry months as those 

with average rainfall of less than 60 mm. These authors found that in forests that were 

seasonally dry, community level peaks in fruiting occurred at the onset of rain more 

often compared with non-seasonally dry forests, but the difference was not 

statistically significant. 

 

The number of dry months experienced in Lamington National Park depends on the 

altitude at which rainfall is measured. Records from the Bureau of Meteorology 
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station closest to the IBISCA 300m sites at Canungra, indicate that the months of 

July, August and September all experience less than 60 mm rainfall on average. In 

contrast, rainfall data collected at Green Mountains (closest to the IBISCA 900 m 

sites and the Connell plot) show September as the only month which experiences less 

than 60mm rainfall on average (Figure 2.2). Based on the optimal germination 

hypothesis then, fruiting should occur around October or November. Examination of 

community-wide fruiting of the flora of Lamington National Park found peaks of 

fruiting occurring in November, but also in May. Fruiting occurring in May coincides 

with the start of the drier period of the year, although as highlighted above, the 

severity of the dry season varies with altitude.  

 

Despite the strong community-wide seasonal flowering pattern, a number of plant 

species flower outside of the peak flowering time. It is to be supposed that these are 

species that have been influenced by alternative selection pressures to those flowering 

at the peak period. Flowering during cooler temperatures may be associated with 

lower availability and diversity of pollinators (Williams and Adam, 1994). This might 

suggest avoidance of a detrimental pressure (e.g. conspecific competition for 

pollinators) that outweighs flowering to optimise pollinator visitation (i.e. flowering 

during the season of peak pollinator activity) or, alternatively, to coincide with cool 

weather specialists. Plants among the Lamington flora that flower during cooler 

periods represent a wide range of families and forms suggesting that the selection 

pressures that create winter flowering act upon a wide pool of species. It is probably 

not a phylogenetically conservative trait (Boulter et al., 2006a).  

 

4.4.2 Long -term phenology and environmental drivers  
 

Most combinations of environmental data were poor predictors of monthly flowering 

peaks. The best predictor of the number and proportion of species flowering was the 

warmest overnight minimum temperature seven months before flowering, followed by 

the highest daytime temperature seven months before flowering. Despite being a 

statistically significant predictor, temperature only explained about 20% of flowering 

patterns. Similarly significant correlations were found between the proportion of 

individuals or number of species flowering and monthly rainfall totals, although in 
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this case even less explanatory power was afforded. In a long term phenology study 

from Borneo, Brearley et al., (2007) found rainfall totals for the previous 150 days 

strongly correlated with the percentage of trees flowering. 

 

A number of explanations for the low predictive values of climate data to patterns of 

flowering and fruiting found in the present study, are available. First, the considerable 

interannual variability of flowering and climate data observed is likely to contribute to 

the weak relationships found here. Individual species almost certainly respond to 

different cues creating considerable interannual variation in monthly flowering 

patterns depending on prevailing climate conditions (Yap and Chan, 1990). Testing 

this hypothesis would require phenological information on considerably more 

individuals of each species.  

 

A second explanation may be that the climate variables examined here may not be the 

most important triggers of community-wide flowering. Photoperiod (the duration of 

an organism's daily exposure to light) or solar irradiance (the amount of energy per 

unit area on a surface), for instance, are considered key abiotic cues for phenological 

activity (van Schaik et al., 1993, Wright, 1996, Wright and van Schaik, 1994). 

Specific information on photoperiod or irradiance was not obtained in the present 

study. At the community level, however, peak flowering closely coincides with the 

passage of the sun directly over southeast Queensland meeting the predictions of van 

Schaik  et al., (1993) and Wright and van Schaik (1994) that peak flowering along a 

latitudinal gradient closely tracks the position of the sun. Maximal irradiance 

coincides with the first month for which average rainfall exceeds 60 mm (October) 

following the cooler dry season and the strong selective pressure on phenology that 

this combination of light availability and moisture is expected to exert appears to be 

reflected in community-wide flowering patterns with peak flowering in November. 

 

Other factors such as the pheromone ÔairscapeÕ, (Stevenson et al., 2008), may also be 

more important cues to flowering that have not been tested here. 

 

On a year-to-year basis, the southern oscillation index (SOI) was a strong predictor of 

the number of species flowering in that year. This suggests that the ENSO cycle is a 
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major influence on the flowering of individual species. This may be particularly the 

case for those species that do not flower every year. Indeed the supra-annual species 

studied here show a clear relationship with the SOI, although response to temperature 

was more strongly predicted by events at least 9 Ð 10 months before flowering. 

Wright and Calderon (2006) suggested that during El Ni–o events, when cloudiness is 

reduced, conditions become drier and more light is available, plant productivity may 

increase if the resulting greater irradiance relieves light limitation. Alternatively 

production may decrease if reduced rainfall induces water stress or higher daytime 

temperatures increase respiration costs. A combination of these two responses is also 

possible. Whichever response occurs will depend on the geography of individual 

forests. Resulting changes in plant productivity might also be expected to result in 

flow-on effects for plant reproduction. For example, increased reproductive activity 

has been recorded in Borneo (Sakai, 2002) and Panama (Wright and Calderon, 2006) 

during El Ni–o events. In these two examples, the influence of El Ni–o had different 

outcomes. In Borneo, most species flower supra-annually and El Ni–o appears to be 

the dominant cue to flowering. In contrast, in Panama there is a strong seasonal 

flowering pattern, with most species flowering annually, despite climatic anomalies 

associated with ENSO, however, levels of seed production appear to be enhanced in 

El Ni–o years (Wright and Calderon, 2006). Light appears to be the key contributor to 

increased plant reproduction associated with El Ni–o (Wright and Calderon, 2006). 

Wright and Calderon (2006) hypothesised that plant growth and reproduction will be 

reduced during extreme El Ni–o events due to water stress, increased during moderate 

events that lessen light limitation and reduced during La Ni–a events that increase 

light limitation. 

 

The flora of Lamington National Park, as sampled on the Connell Plot, appears to 

respond to the ENSO in a fashion more similar to that observed by Wright and 

Calderon (2006) in the forests in Panama, rather than that proposed by Sakai (2002) 

for Borneo. No general flowering of the type seen in the dipterocarps of southeast 

Asia (e.g. Brearley et al., 2007) was detected, with most species showing a more or 

less annual flowering pattern. A consistent annual flowering peak was detected at the 

community level although the ENSO cycle was a strong predictor of the number of 

species flowering each year. This suggests that for the subtropical forest of 

Lamington, prolonged drought may relieve light limitation. Certainly the Lamington 
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rainforest, like many other subtropical rainforests in Australia, experiences extensive 

periods of cloudiness (Hutley et al., 1997) with concomitant light reduction. Frequent 

cloud immersion and fog events occur at altitudes of 800 - 900 m and above (Hutley 

et al., 1997). The Connell plot situated at an altitude of 900 m is frequently covered 

by cloud or fog and therefore reduced light levels and shortened photoperiods are 

experienced. During El Ni–o periods, however, cloud cover is greatly reduced, 

increasing light availability and photoperiod. The most intense period of flowering 

activity, with the highest number of species and the greatest proportion of individuals 

on the Connell plot in flower, followed the period with highest number of extended 

dry spells. Rather than indicating a relationship between moisture levels, this may in 

fact reflect the increased availability of light (i.e. increased photoperiod). Plants 

respond to photoperiod through a complex of molecular mechanisms, with different 

species respond in different ways with some species likely to be more responsive than 

others. 

 

It would be expected that environmental factors associated with El Ni–o conditions 

such as low overnight temperatures, low rainfall and long photoperiod would be 

strong predictors of flowering patterns, although as discussed above, the relationships 

with temperature and rainfall found in this study were significant but weak. The 

extended periods of drought or extensive rain associated with ENSO do not occur 

randomly, rather they are Òphase-lockedÓ with annual climate cycles (Nicholls, 1991). 

So for example, heavy rainfall associated with the La Ni–a phase of the ENSO cycle 

tends to start early in the calendar year and continues until at least early the following 

year. Likewise, in strong El Ni–o years, dry conditions will continue throughout 

summer (i.e. traditionally the wet season) (Nicholls, 1991). This is important for the 

intensifying effect of El Ni–o and keeps flowering (both annual and supra-annual) 

locked into the seasonal cycle. 

 

4.4.3 Altitudinal variation in phenology  
 

There was little variation across altitudes in the average flowering patterns for the 

species found at each of the five altitudes along the IBISCA gradient. So although the 

species composition of plant assemblages differs across altitudes, this has little impact 
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on seasonal patterns of flowering. What this study does not show is the impact of 

microclimate on timing of phenological activity and certainly there is evidence in the 

literature of altitudinal variation in phenology (Bishop and Schemske, 1998, 

Heideman, 1989, Primack, 1985, Menzel et al., 2006b). Understanding how this 

varies between altitudes requires specific studies of daily or weekly flowering at each 

altitude.  

 

Microclimatic conditions differ at the different altitudes (see Chapter 2). The sites at 

900m and higher, for example, would be frequently immersed in cloud, reducing light 

availability but also water stress. It is conceivable that ENSO cycle events may create 

conditions that have different limiting effects at different altitudes. El Ni–o events that 

increase light availability at higher altitudes may be most important for phenology at 

these altitudes, whereas at low altitude sites, increased water stress may be more 

important. This scenario may lead to increased flowering at the higher altitudes but 

decreased flowering activity at lower altitudes where light is not a limiting factor. 

Climate change is expected to raise the cloud cap level. If the above relationship is the 

case, this may change the flowering patterns of individual species, particularly those 

that supra-annually and rely on increased photoperiod to trigger flowering. 

 

There was some variation in the proportion of species fruiting during the two seasonal 

peaks when compared between the lower altitudes and higher altitudes. A greater 

proportion of species fruit during the April-May seasonal peak at the two highest 

altitudes where moisture is less of a limiting factor than it is at the lower altitudes. 

Any selection pressure against fruiting during the dry season may be mitigated for 

high altitude species due to the constant moisture availability at these altitudes. 

 

4.4.4 Summary and conclusions  
 

The results presented in this chapter provide an improved understanding of the 

climatic cues to flowering and fruiting at a regional scale. In a similar manner to the 

findings presented in Chapter 3, these results demonstrate the complex of the 

competing influences of evolutionary conservatism and environmental determinism 
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A number of the predicted consequences of climate change are likely to have 

important implications for the phenology of subtropical rainforests plants as 

exemplified here. Increased warming and drying, particularly in the southeast corner 

of Queensland, is expected to force the cloud cap to retreat to higher altitudes. In 

addition, increased frequency of central Pacific El Ni–o events could lead to more 

frequent drought conditions for Australia (Yeh et al., 2009). Increased light 

availability at the higher altitudes may increase flower (and therefore fruit) 

production, and decreased moisture availability may decrease flower production at 

lower altitudes. Moisture availability is likely to be an important determinant of 

reproductive production. With increased drying, flowering in previously light limited 

areas could then decrease. Increased warming could have an important impact on the 

timing of annual phenological activities. A better understanding of the variation in 

phenology with altitude is needed. 
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CHAPTER 5 ALTITUDINAL CHANGES IN INSECT 
ASSEMBLAGES  

 

In this chapter I consider the natural variability of insect pollinator groups along an 

altitudinal gradient. In order to do this I present results on the distribution of insect 

taxa derived from selected trapping methods across five altitudes and infer the likely 

pollination consequences of these patterns. By way of introduction, I have reviewed 

insect pollinator groups. Where available, information on rainforests and in particular 

subtropical rainforests is provided. 

 

5.1 Insect pollinator groups of rainforests  
 

Published studies of pollination and flower visitors in Australian tropical rainforests 

are limited (Boulter et al., 2008), but even less has been written about subtropical 

rainforests (Williams and Adam, 1994). Geoff WilliamsÕ PhD study provides the most 

comprehensive and coordinated study of the pollinators of subtropical rainforest 

plants thus far (Williams, 1995). In a collection of insect visitors to mass-flowering 

canopy trees, Williams (1995) demonstrated the numerical dominance of samples by 

Diptera (41.8%), Coleoptera (35.5%) and Hymenoptera (14%), with 92% of all 

collected individuals less than 6mm in length. The prevalence of tiny insects at 

rainforest canopy flowers is consistent with those trapped at the flowers of tropical 

rainforest canopy trees (House, 1989). Williams (1995) also demonstrated that 

generalist flower-visitor assemblages (i.e. assemblages of insects of various orders, 

with no specialist adaptations to pollination or particular flowers) fell into one of two 

categories, those dominated by Brachycera (Diptera) and those dominated by 

Coleoptera and pointed to similar trends in other temperate plant communities (e.g. 

Kato et al., 1993, Kato et al., 1990). 

 

5.1.1 Diptera  
 

Diptera are common flower visitors with up to 71 dipteran families reported to visit 

flowers (Larson et al., 2001). The pollen carrying ability, constancy and effectiveness 
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of fly pollinators has been cited as indicating the importance of fly pollinators to 

North American flowers (Kearns, 2001). Fly pollinators are taxonomically diverse 

and include both Nematocera and Brachycera, with most families within the suborders 

containing some pollinating taxa (Larson et al., 2001). Of particular importance are 

flies of the families Syrphidae, Bombyliidae, and Muscoidea although Larson et al., 

(2001) suggest that other families, especially those dominated by small flies, are often 

less appreciated and frequently overlooked as flower visitors. A variety of levels of 

specialisation are also seen among flies. Unspecialised flies are thought to be 

restricted to more primitive flowers (i.e. those with open access to nectar and short 

tubes (Faegri and van der Pijl, 1979)) and these relationships are probably important 

in arctic and alpine areas in particular (Larson et al., 2001). The most specialised fly 

associations reported are those found in South Africa where complex mouthparts 

allow specialised flower associations in a number of fly species (Johnson and Steiner, 

2003). A comprehensive review of recognized flower visiting and pollinator fly 

families world-wide was published by Larson et al., (2001) and a summary is 

presented in Table 5.1. 

 

In three dioecious rainforest canopy trees sampled in north east Australia, House 

(1989) found that among a variety of insect flower visitors, 3 - 6 mm long Diptera 

carried the greatest number of conspecific pollen grains between dioecious trees and 

were expected to be the most effective pollinators. Flies have been identified as the 

pollinators to three other plant species from the tropical rainforests of Australia and 

these include two species from the family Annonaceae - Pseuduvaria frogatti and P. 

hylandii (Silberbauer-Gottsberger et al., 2003) and a species of Orchid Pterostylis 

procera (Bartareau, 1993). In a review of rainforest of far north Queensland, Boulter 

et al., (2008) identified a further 20 plant species for which flies formed a part of the 

visitor assemblage.  

 

In the subtropical rainforest of Australia, Daphnandra micrantha (Athero-

spermataceae) appears to be pollinated by Nematoceran flies (Williams, 1995) while 

at least three other plant species include flies in the visitor assemblages found at their 

flowers (see Chapter 1, Table 1.1). Flies generally form a dominant part of the insect 

fauna collected in Australian rainforests (Lowman, 1982, Kitching et al., 1993, Frith 

and Frith, 1985, Basset and Kitching, 1991). The dominance of flies in flower visitor 
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assemblages in Australian rainforests is in contrast to other reported forests in which 

flies do not appear to figure prominently in rainforest pollination systems e.g. Costa 

Rica (Frankie, 1975). 

 

Table 5.1 Families of Diptera associated with flowers. Modified from Larson et al., (2001) 
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5.1.2 Coleoptera  
 

Irvine and Armstrong (1990) identified two types of beetle pollinators. First ,those 

that are pollen or nectar feeders and do little damage to the flowers they visit. The 

second are herbivorous, feeding on flower parts in general as well as pollen. Irvine 

and Armstrong (1990) suggest that this delineation is reflected in the attractants in 

flowers with pollen and nectar feeding beetles attracted to sweet and sweet-fruity 

odours while the herbivorous beetles are attracted to more musky, ripe-fruit or 

aminoid odours. Early pollination ecologists questioned the effectiveness of beetles as 

pollinators (Faegri and van der Pijl, 1979) but a vast body of evidence now supports 

their role (Sakai and Inoue, 1999, Sakai et al., 1999b, Irvine and Armstrong, 1990, 

Armstrong, 1997, Momose, 2005). Indeed, beetles are now believed to be, 

evolutionarily, among the first pollinators (Bernhardt, 2000). 

 

Williams (1995) identified that Coleoptera potentially carry large pollen loads making 

them effective pollinators in the subtropical rainforests of Australia. Compared to 

other insect groups, most flower-visiting beetles have gnawing mouth parts which 

might be expected to exclude them as effective pollinators (Armstrong, 1979). Early 

suggestions that those flowering species that are regularly chewed by beetles have 

evolved structures that protect ovules more than those probed by a proboscis is 

supported in the specialised association of Eupomatia bennettii (Eupomatiaceae) and 

beetle pollinators (Armstrong, 1979). Note that some families of beetle do have 

mouthparts adapted for nectar feeding (e.g. Rhipiphoridae). Given both the feeding 

capabilities of anthophilous beetles and their poor landing skills, visits are largely 

restricted to simple dish or bowl shaped (see Figure 3.1) flower structures 

(Armstrong, 1979). 

 

As many as 46 families of beetles worldwide are known to include pollinator species 

and all but two of these families are found in Australia (Table 5.2). Of 28 families of 

flower visiting beetles identified by Armstrong (1979), six families were considered 

exclusively anthophilous (flower visiting), while a further six families were 

categorised as commonly anthophilous, and the rest having some anthophilous species 

only. 
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Table 5.2 Coleoptera families known to have pollinating species of beetles among the family 
worldwide. Australian families are indicated, and where available any known species or genera 
of pollinators as well as host plant species. 
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5.1.3 Hymenoptera  
 

Considerable focus of pollination studies in general has been on the specialised roles 

of bees as pollinators, particularly that of Apis mellifera - the honeybee. Bees exhibit 

considerable ecological diversity as pollinators (Roubik, 1989). They are known to be 

important and active pollinators in tropical systems (Dressler, 1982, Gross and 

Mackay, 1998, Gross, 1993, Kato, 1996, Momose et al., 1998c). Their role, diversity, 

foraging behaviour, spatial abundance or importance, does, however vary in response 

to biogeography, climate, latitude, altitude, vegetation structure, and the distribution 

and phenology of plants (Bawa, 1990, Williams and Adam, 1994, van Dulmen, 2001).  

 

Williams (1995) noted a diverse suite of bees visiting flowers in his studies of 

subtropical rainforest species. In total, Williams found bees visiting the flowers of 17 

plant species, with the diversity of bee visitors ranging from a single species up to 46 

bee species observed or netted on the flowers of Tristaniopsis laurina (Myrtaceae). 

The peak abundance of bees were generally found during peak-phase flowering, 

although rainfall and shading of tree crowns decreased the abundance of bees 

(Williams, 1995). Differences between the activities of individual bee species 

included a preference for large or concentrated flower resources among less plant 

species by Trigona carbonaria while the honeybee Apis mellifera visited more flower 

species with no blossom type preferred by bees in the subtropical rainforest 

(Williams, 1995). The threatened rainforest shrub, Senna acclinis (Caesalpinioideae) 

was found to be pollinated by a suite of generalist native bee species, although three 

of those species were observed to buzz pollinate the flowers (Williams, 1998). 

 

Wasps are also known to act as pollinators and have been associated with a diversity 

of flower types (Williams and Adam, 1994). Wasp pollinator interactions range from 

relatively unspecialised flowers to highly specialised floral structures and systems. 

The most well known specialised host-specific interaction is the fig-wasp mutualism 

of which there is considerable evidence from rainforests worldwide (Rasplus et al., 

1998, Cook and Rasplus, 2003, Machado et al., 2001, Lopez-Vaamonde et al., 2002). 

The Australian fig-wasps (Agaonidae) are poorly known but those associated with 

four species of fig found in subtropical rainforests of Australia have been described 

(Lopez-Vaamonde et al., 2002). There are seven species of fig found in Lamington 
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National Park each of which would have agaonid wasps pollinating their flowers. 

Williams and Adam (1995) report on a number of aculeate wasp species visiting the 

flowers of subtropical rainforest trees. 

 

Ants are generally not considered pollinators, despite being frequent flower visitors 

(Beattie, 2007). Williams (1995) however, reported that the behaviour of ants at the 

subtropical rainforest shrub Alectryon coriaceous indicated that they may be 

pollinators in this case. Generally ant foraging on flowers is restricted to extrafloral 

nectaries (Bluthgen and Reifenrath, 2003) and contact with reproductive structures is 

rare (Beattie, 2007) . 

 

5.1.4 Thysanoptera  
 

The thrips are probably often overlooked for their role in pollination. In the 

subtropical rainforests, however, they may be quite important pollinators and in some 

cases, the only pollinator to particular species (Williams et al., 2001). That thrips are 

often overlooked as pollinators may be because they make up part of a contingent of 

generalist flower visitors or because the low pollen loads collected from the bodies of 

flower visiting thrips suggest limited effectiveness (Appanah and Chan, 1981, 

Armstrong and Irvine, 1989). However, low pollen counts on individual thrips may be 

compensated by the sheer number of individuals (Williams et al., 2001, Lewis, 1973). 

Support for the role of thrips as a pollinator also comes from studies of tropical forest 

plant species (Momose et al., 1998b, Appanah and Chan, 1981, Moog et al., 2002, 

Zerega et al., 2004, Garcia-Fayos and Goldarazena, 2008). Plants that share thrips 

pollination appear to share some similar floral characteristics. In particular a 

globulose-urceolate flower shape that provides shelter and brood sites to thrips. In 

addition, flowers are generally white to cream or yellow, with dry easily dislodged 

pollen (Williams et al., 2001). Attraction may include scent or themogenesis (warmth) 

(Terry et al., 2004). Thrips also perform wing cleaning or preening behaviour prior to 

flight (Lewis, 1973) that may be useful in the transfer of pollen. 

 

5.1.5 Lepidoptera  
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Both butterflies and moths are noted for their ability to access and feed on nectar via a 

long proboscis. As a result, they are often associated with flowers with long tubular 

flowers and copious nectar production (Faegri and van der Pijl, 1979). Lepidoptera 

are one the least studied pollinator groups in rainforests (Bawa, 1990). A number of 

examples of butterflies visiting rainforest plants exist in the literature for Australia 

and include visits to the plant species Parachidendron pruinosum (Mimosaceae) and 

Parsonsia straminea (Apocynaceae) in lowland subtropical rainforests (Williams, 

1993). Lepidoptera in general are also often found in generalist flower visiting 

assemblages (Buzato et al., 1994, Boulter et al., 2005, Hopper, 1980, Gross, 1993, 

Kato, 1996). Williams and Adam (1994) acknowledge that nocturnal moths frequently 

visit subtropical rainforest plants, but in these cases their contribution to the 

pollination of these plants is unknown. There is greater evidence of nocturnal moth 

pollination, particularly by Sphingid moths, elsewhere in the neotropics and tropics 

(Cruden et al., 1976, Pettersson, 1991). 

 

5.1.6 Other groups  
 

Few other arthropods have been identified as pollinators, although groups such as 

cockroaches, spiders and crickets have been recorded visiting flowers. Identification 

of cockroach pollination has been made in Uvaria elmeri (Nagamitsu and Inoue, 

1997). The flowers secrete an odour similar to decayed wood or mushroom. 

Cockroach pollinators visit the flowers day and night feeding on stigmatic exudate 

and pollen. Spiders generally visit flowers in order to predate on other flower visitors 

(ThŽry and Casas, 2002) and there is no evidence that they have a role in pollination. 

In fact, they are more likely to have a negative impact on pollination through 

predation of pollinators (Dukas, 2001b). Collembola have been recorded as pollen 

feeders in temperate areas, and pollen has been found in the gut contents of a 

Collembola collected in Australia (Williams and Adam, 1994). 

 

5.2 Insect response to altitude  
 
The changes in environmental conditions associated with changes in altitude 

(reviewed in Chapter 2) will impact on the abundance and diversity of different insect 

groups. Both temperature (Chen et al., 2009) and moisture, for example, are important 
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influences on insect life-histories. Simple correlations among known environmental 

conditions and the physiology, behaviour and life-history of major insect groups will 

lead to a priori predictions of the dominance of particular insect groups under 

different microclimatic conditions associated with different altitudes. Flies, for 

example, require moist conditions for larval development. Larger populations would 

therefore be expected in moister environments such as are found at high altitudes. In 

contrast, for ants ground-nesting is difficult under wet conditions and arboreal nesting 

is limited by cold conditions, so they would not be expected to be very successful in 

the cool wet conditions of mountain tops (Janzen, 1973).  

 

There are examples of such broad correlations to be found in the literature but 

responses are likely to vary among taxa. Some groups or species may be widely 

distributed along an altitudinal gradient, whereas others may specialise in particular 

extremes of the climatic continuum associated with changes in altitude. These 

distributions of individual organisms will reflect differences in life history, behaviour 

or interactions with other organisms associated with changes in environmental 

conditions (Hodkinson, 2005) as is the case along other environmental gradients. 

  

Insects make up over 90% of the animals that facilitate pollination (Bawa 1990). 

Accordingly climate-driven differences in the composition of insect assemblages have 

important implications for pollination in general. 

 

Some trends in pollinator dominance with changes of altitude have been identified in 

temperate systems. A decreasing number of plants are pollinated by Hymenoptera 

with increasing altitude, whereas Lepidoptera and Diptera in particular, show an 

increasing trend along the same gradient (Warren et al., 1988, Arroyo et al., 1982). In 

these temperate systems, two explanations have been proposed. First, a reliance on 

endothermically generated energy in Hymenoptera may place them at a competitive 

disadvantage in higher, colder altitudes. Heat accession by lengthy sun-basking in the 

other two Orders may obviate the disadvantages of the colder climate (Arroyo et al., 

1982, Warren et al., 1988). The alternative hypothesis, proposed by Warren et al., 

(1988) suggests that contrasts in flower morphology between high and low elevations 

present a competitive advantage to Hymenoptera at lower elevations. This second 
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hypothesis suggested that competition among pollinators for flowers along an 

elevational gradient rather than competition between plant species for pollinators may 

drive the elevational patterns that are implied by the insect thermoregulatory basis of 

the first hypothesis. They did, however, conclude that the dominance of flies as 

pollinators at high altitudes (70% of the flora) was the result, at least in part, of insect 

physiology (Warren et al., 1988).  

 

In contrast, in reviewing the changing abundance of herbivorous insects with altitude, 

Hodkinson (2005) demonstrated that populations of individual species of flies, beetles 

and moths showed both increases and decreases with increasing altitude. His 

conclusion was that any a priori simple correlation with climatic change would be 

masked by complex interactions with other species of both plants and animals. 

(Hodkinson, 2005). 

 

5.3 Anthophilous i nsects along the IBISCA transect  
 

Generalist or mass-flowering trees Ð those that are ecologically unspecialised and 

entomophilous - recruit pollinators from the broad spectrum of daily and seasonally 

available anthophilous fauna (Williams, 1995). Williams (1995) sampled extensively 

the flowers of ten subtropical rainforest plant species with generalist pollination 

ecologies. He found that visitor assemblages, although broadly generalist, could be 

divided into two main clusters of insect visitors. These differentiated those plants 

visited predominantly by large numbers of beetles and bees from those favoured by 

non-parasitic wasps and Nematocera (Diptera). Nevertheless, he found that visitor 

assemblages did not lead to individual trees necessarily clustering with their 

conspecifics, rather the insect visitors recruited seemed to reflect the general 

availability of insects in the environment i.e. a plant species might be beetle/bee 

dominant at one location but wasp/fly dominant at another location (Williams, 1995).  

 

The IBISCA project, of which the work described in this thesis has been a part, 

included extensive ÒbaselineÓ surveys of arthropods using a standard set of traps. 

Most methods were repeated in each of four seasons across a 12-month period. This 

baseline sampling occurred on all twenty IBISCA sites spread over five altitudes and 
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offers the opportunity here to examine the patterns in the anthophilous insect fauna 

and, in particular, how these change with altitude. Given WilliamsÕ (1995) conclusion 

that generalist flower visitor assemblages are drawn from the extant insect fauna, any 

trends in the generally available fauna should predict the trends in the fauna 

associated with flowers. Using the Ògenerally available insect faunaÓ as sampled by 

two standard trapping methods then the following hypotheses can be tested: 

1. The dominance of insect Orders known to be among flower-visiting 

assemblages will change in predictable ways in response to the changed 

environmental conditions associated with increasing altitude. If the same 

trends are observed in subtropical forests as have been observed in temperate 

regions then it would be expected that Hymenoptera dominate insect 

assemblages at low altitudes and Diptera will dominate at higher altitudes. 

2. The dominance and abundance of different insect groups will fluctuate 

between seasons. 

In addition, this survey provides some baseline information against which to compare 

samples collected at individual tree species (Chapters 6 and 7). 

 

Greater detail of the IBISCA trapping programme is provided in Kitching et al., 

(2010) but here I focus on just two of the trap methods Ð Malaise traps and Flight 

Intercept Traps (FITs). Both trapping methods are effective at capturing a high 

number and diversity of more active, flying insects, but Malaise traps are particularly 

effective at collecting Diptera and Hymenoptera (Campbell and Hanula, 2007) 

whereas Coleoptera are targeted in particular by FITs (Southwood and Henderson, 

2000).  The trap results are treated separately in the analysis because of the vast 

differences in the abundance of insects caught in each type of trap. 

 

The key questions posed above are considered here at two taxonomic levels. First at 

the ordinal level and second using more refined taxonomic information. For analyses 

at the level of the family and below I have relied on information from taxonomists 

associated with the IBISCA Project. These collaborators have, inevitably, worked at 

their own pace. Accordingly, at the time of writing, adequate data was available on 

Diptera and Coleoptera and these Orders are the focus of these finer level analyses. 
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5.4 Methods  
 

5.4.1 Study Site  
 

All sampling described in this chapter was conducted at each of the twenty IBISCA 

Queensland plots across at five altitudes in Lamington National Park as described in 

Chapter 2.  

 

5.4.2 Trapping methods  
 

As part of the IBISCA baseline sampling a single Malaise trap and Flight Intercept 

trap (FIT) were each placed within a fifty metre radius of the centre post of each of 

the 20 IBISCA plots. In this way four trap replicates were obtained at each of the five 

altitudes. The Malaise traps used were made of a very fine mesh and were about 2 m 

long, 2 m high at their peaks. Each had a white roof, and black walls and central 

barrier. A collecting jar at the head end was filled with at least 300 ml of 95% ethanol. 

Traps were erected in potential insect flight paths (that is, where there were clear open 

passages between vegetation) and left to collect for 10 days. The FITs consisted of 

two posts set above two large catch containers filled with propylene glycol. A layer of 

fine plastic film was wrapped around the post to produce an interception screen and a 

roof was erected over the posts to prevent water inundating the collecting containers. 

FITs were also left to operate for 10 days at each site. Both trap types were set and 

operated four times over the course of a twelve month period starting in October 

2006, followed by January 2007, March 2007 and, finally July, 2007. Samples were 

stored in 70% ethanol and returned to the lab for sorting. The setting up and collection 

of these traps were run by Queensland museum staff led by Dr Christine Lambkin and 

Dr Geoff Monteith as part of the IBISCA project. 

 

Individuals from seven major arthropod groups were removed and counted using 

dissecting microscopes. The seven arthropod groups selected for focused study as part 

of the IBISCA project were: Thysanoptera, Heteroptera, Diptera, Coleoptera, 

Hymenoptera, ants (separate from other Hymenoptera) and Araneae. Of these seven 

taxa the Thysanoptera, Diptera, Coleoptera and non-ant Hymenoptera (referred here 
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as Ôother HymenopteraÕ) commonly contain flower-visiting (anthophilous) and 

potentially pollinating taxa and for the purpose of this thesis, analysis is restricted to 

these four groups. Lepidoptera are not commonly collected in Malaise traps or FITs 

and so were not analysed here. A programme of light trapping that was specifically 

designed to sample the moth fauna was carried out as part of the IBISCA baseline 

survey and those results are reported in (Ashton et al., 2010). 

 

5.4.3 Taxonomic sorting  
 

Once removed from the catches, the major insect groups selected for study were sent 

on to taxonomists for further identification. Of the pollinating groups, some sorting to 

family has been completed for the Diptera and Coleoptera and an analysis of families 

known to include pollinator species from within these Orders is presented here.  

 

Diptera were sorted into ÔLowerÕ Diptera (the paraphyletic Suborder ÔNematoceraÕ), 

Lower Brachycera (Orthorrhapha and Cyclorrhapha: Aschiza) and Schizophora. 

Sorting and counting for all brachyceran families was carried out at the Queensland 

Museum by a team of people (including myself, see acknowledgements) using the 

Lucid interactive ÔOn the FlyÕ key (Hamilton et al., 2006) and a photographic guide to 

representatives of every brachyceran family found in the project (Lambkin, 

unpublished data). Taking into account the taxonomic expertise of the team and the 

sheer quantity of material, a decision was made to sort only Brachycera further. 

Therefore in this chapter counts of Lower Diptera refer to all non-brachyceran Diptera 

and these are considered as a single category (equivalent to the other families) for the 

purpose of analysis. Material from a number of families was disseminated for further 

identification and results of this further taxonomic work is reported in Lambkin et al., 

(2010). Diptera from the Malaise traps set in October, January and July and the 

October catch from the FITs have been sorted to family as outlined above. 

 

Dr JŸrgen Scmidl and co-workers at the Friedrich Alexander UniversitŠt, Erlangen 

NŸrnberg undertook to sort all Coleoptera from the IBISCA baseline traps first to 

family and then morphospecies. The Malaise trap catch from October 2006 has been 

completed and is used in the present analysis. 



 116 

 

The counts of all individuals from fly and beetle families known to contain flower-

visiting (anthophilous) species (as reviewed in Table 5.1 and Table 5.2) were 

extracted from the catch counts of the sorted Malaise traps and FITs and the 

assemblages compared across altitudes in this chapter. 

 

5.4.4 Analyses  
 

For all analyses outlined below, data was transformed to ln (x+1) and standardised to 

relative abundance. The data and associated analyses are described in detail below 

and summarised in Table 5.3. 

 

Major anthophilous arthropod groups 
 

The following comparisons were made using the counts of individuals in the four 

major anthophilous groups (i.e. Diptera, Coleoptera, other Hymenoptera and 

Thysanoptera) collected across the four sampling periods (October 2006, January 

2007, March 2007 and July 2007). Analyses were completed for both the Malaise trap 

samples and FIT samples separately. 

 

Altitude and season. To determine if the anthophilous insect assemblage changes with 

altitude and if these trends are consistent among seasons numbers of individual flies, 

beetles, other Hymenoptera and thrips across all four sampling periods were analysed 

statistically using a non-parametric multivariate two-way analysis of variance 

(NPMANOVA) using a copy of the computer programme PERMANOVA kindly 

provided by Dr Marti Anderson (Anderson, 2001). The approach makes no 

assumptions about underlying data distributions and generates a pseudo F-value 

analogous to the familiar parametric F of Fisher with probability values calculated by 

permutation (Anderson, 2001). The analysis was based on Bray-Curtis dissimilarity 

index with 4999 permutations. Although this is a multivariate analogous of repeated 

measures ANOVA, no correlation structures through time (sphericity) were assumed 
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as adequate amount of time (at least three months) was taken between sampling 

events (Anderson et al., 2009). 

 

Non-metric multi-dimensional scaling (NMDS) was then used to create ordination 

plots for both the Malaise and FIT datasets to explore the results of the NPMANOVA. 

These ordinations were calculated using the software package PRIMER 6 (Clarke, 

1993, Clarke and Gorley, 2006) initially by using the summed data from all seasons 

and then for each season individually. Testing of statistically significant difference 

between the altitudinal assemblages was carried out using analysis of similarities 

(ANOSIM).  

 

Diptera and Coleoptera families 
 

To determine if the anthophilous insect assemblage changes with altitude and whether 

these trends remain constant between seasons, the altitude-associated and season-

associated assemblages and the interaction of these two were analysed using 

NPMANOVA, ordination and ANOSIM as outlined above, but this time using fly 

families sampled using Malaise traps in October 2006, January 2007 and July 2007.  

 

The families of Coleoptera collected at the five altitudes using Malaise traps in 

October 2006, were likewise analysed using NPANOVA, but in this case testing only 

whether assemblages changed with altitude. Ordinations were also run to better 

understand the results of the NPMANOVA. The NPMANOVA analysis and 

ordination were repeated using the families of flies collected in FITs in October 2006. 

 

For the Family-level data for both flies and beetles, a BEST analysis was completed 

in PRIMER. The BEST procedure allows for the bias inherent in selection of a subset 

of variables from one matrix (e.g. families of flies) that best ÔexplainsÕ the pattern in a 

second (e.g. abundance) and was used here to determine the taxa (up to five variables) 

that best explain the ordination pattern.  
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Table 5.3 Summary of data analyses used in this chapter 

Trap Season Taxa 
Statistical 
Method Factors 

Malaise 
Oct, Jan, 
Mar, Jul 

Diptera, Coleoptera, Thysanoptera, 
Hymenoptera* NPMANOVA 

Altitude, Season, 
Interaction 

   
MDS 
Ordination  

   ANOSIM  

FIT 
Oct, Jan, 
Mar, Jul 

Diptera, Coleoptera, Thysanoptera, 
Hymenoptera* NPMANOVA 

Altitude, Season, 
Interaction 

   
MDS 
Ordination  

   ANOSIM  

Malaise 
Oct, Jan, 
Jul Diptera flower visiting families NPMANOVA 

Altitude, Season, 
Interaction 

   
MDS 
Ordination  

   ANOSIM  
FIT Oct Diptera flower visiting families NPMANOVA Altitude 

   
MDS 
Ordination  

   ANOSIM  
Malaise Oct Coleoptera flower visiting families NPMANOVA Altitude 

   
MDS 
Ordination  

      ANOSIM   
* not including ants    
 

 

5.5 Results  
 

5.5.1 Major anthophilous arthropod groups  
 

Overall, the total number of individuals collected in each sample was highly variable. 

Malaise traps collected much larger totals of individual Thysanoptera, Coleoptera, 

Diptera and other Hymenoptera, than did the FITs (Table 5.4). There was, as 

expected, considerable seasonal variability in the abundance of individuals with the 

dry, cooler season (July 2007) collecting substantially fewer individuals than all other 

seasons. This was the case for both the Malaise traps (July total = 25 641) and FITs 

(July total = 3 815). The July traps caught less than half the number of insects in the 

March (Malaise = 62 305 and FITs = 7 703) and January totals (Malaise = 62 520 and 

FITs = 10 336). In the case of the FITs the October catch (11 633) was almost three 

times the July (3 815) catch. The Diptera dominated the Malaise trap catches in all 

seasons and at all altitudes. In contrast, although Diptera were a strong faunal element 

in the FIT catches, Coleoptera had the greatest total abundance at all altitudes in all 
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seasons with the exception of July when the Diptera were more abundant at all 

altitudes. 

 

Table 5.4 Total abundance of the four common arthropod anthophilous groups (Thysanoptera, 
Coleoptera, Diptera and other Hymenoptera) collected in Malaise traps and Flight intercept 
traps during four sampling periods (October 2006, January 2007, March 2007 and July 2007) at 
five altitudes in Lamington National Park. 

 300m 500m 700m 900m 1100m 
Malaise Traps      

October 2006 6975 7690 6881 7505 7987 
January 2007 15006 7445 17306 14938 7825 
March 2007 12071 14885 8709 12503 14137 
July 2007 6537 10930 3220 2490 2464 

Flight Intercept Traps      
October 2006 2350 2801 1429 2728 2325 
January 2007 2209 1245 1203 2856 2823 
March 2007 2760 863 744 1605 1731 
July 2007 1629 732 461 633 360 

 

Altitude and season 
 

The interaction effect of season and altitude showed a significant result (Table 5.5) for 

both trap methods using non-parametric MANOVA suggesting that the differences 

between the assemblages of the four major anthophilous groups at different altitudes 

differed among seasons.  

  

Table 5.5 Results of non-parametric multivariate analyses of variance (NPMANOVA) carried 
out on the log relative abundance of four arthropod anthophilous groups along an altitudinal 
gradient at four times of the year (seasons) using two insect trapping methods (Malaise traps and 
Flight Intercept traps). 

  df F P(perm) 
Malaise Season 3 18.43 0.001 
 Altitude 4 1.78 0.1 
 Season x Altitude 12 1.69 0.036 
FIT Season 3 21.96 0.001 
 Altit ude 4 4.82 0.001 
 Season x Altitude 12 1.63 0.042 
 

The main effect of season had a significant effect on the anthophilous assemblage for 

both trap types (Table 5.5). For the Malaise trap data, all pair-wise comparisons of 

seasons showed a significant difference except for the January and March comparison 
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(P = 0.60) and for the FIT traps all seasons were significantly different from all others 

except for the October and March comparison (P = 0.14).  

 

In contrast, when individuals were totalled across all seasons only the assemblages 

sampled by the FITs showed a significant altitude effect (Table 5.5). When pair-wise 

comparisons were made, for Malaise traps the only comparisons that showed a 

significant difference was between the 300 m and 500 m altitudes (P=0.001). For the 

FITs the pair-wise comparisons across all seasons, showed some altitudes differed 

significantly from each other as follows: the 300 m sites were different from the 500 

m sites, the 500 m sites differed from the 700 m sites and the 700 m sites differed 

from the 1100 m sites. 

 

Table 5.6 Pair-wise comparisons of levels of the factors of season at different altitudes for the 
results of a NPMANOVA test of the assemblages of anthophilous Orders collected using Malaise 
traps. * =  significance values less than 0.05. n.s. = no significant difference 

 Oct, Jan Oct, Mar Oct, Jul Jan, Mar Jan, Jul Mar Jul 
300m *  *  *  *  *  *  
500m n.s. n.s. n.s. n.s. *  *  
700m n.s. n.s. n.s. n.s. n.s. n.s. 
900m n.s. n.s. n.s. n.s. n.s. n.s. 
1100m *  n.s. *  n.s. *  *  
 

The NPMANOVA procedure provides the capacity to test a posteriori pair-wise 

combinations of the interaction terms and when this was done for the interaction of 

season and altitude on the four anthophilous orders collected by Malaise traps, a 

number of pair-wise comparisons demonstrated a significant difference at P < 0.05 

(Table 5.6). Because of the number of pair-wise comparisons the chances of a Type I 

error increase and this should be taken into account when determining the significance 

of probability values (for example by applying a Bonferroni correction). Because 

there are only a small number of replicates, there are only so many possible 

permutations and P-values remain large (Anderson, 2001). All significant results 

would be discounted if any corrections were made. With a greater number of 

permutations, P-values would probably be smaller and the results more robust. As the 

results stand, it is obvious that most of the changes are occurring at the 300 m and 

1100 m sites, with the assemblage different among all seasons at the 300 m (Table 

5.6). 
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Repeating the pair-wise comparison of levels in the interaction of season and altitude 

on the four anthophilous orders collected by FITs, again a number of pair-wise 

comparisons were significantly different (P < 0.05) (Table 5.7). All altitudes changed 

between at least two pairs of seasons. The 700 m and 900 m sites were more often 

different across seasons than the other altitudes (Table 5.7). 

 

Table 5.7 Pair-wise comparisons of levels of the factors of season and altitude for the results of a 
NPMANOVA test of the assemblages of anthophilous Orders collected using flight intercept 
traps (FITs). Only those comparisons with significance values greater than 0.05 are presented in 
the table. 

Factor Level 
Pairwise 

comparison 
P 

(permutation) 
Altitude 300m Oct, Jul 0.033 
Altitude 300m Jan, Jul 0.033 
Altitude 300m Mar, Jul 0.033 

    
Altitude 500m Oct, Jul 0.024 
Altitude 500m Jan, Jul 0.04 

    
Altitude 700m Jan, Jul 0.026 
Altitude 700m Jan, Mar 0.03 
Altitude 700m Jan, Jul 0.034 
Altitude 700m Mar, Jul 0.032 

    
Altitude 900m Oct, Jan 0.045 
Altitude 900m Oct, Jul 0.027 
Altitude 900m Jan, Mar 0.032 
Altitude 900m Mar, Jul 0.023 

    
Altitude 1100m Oct, Jan 0.028 
Altitude 1100m Mar, Jul 0.027 

    
Season October 300m, 1100m 0.028 
Season October 700m, 1100m 0.034 

    
Season July 300m, 700m 0.043 

 

 

When looking at the abundance data for individual taxa, no consistent altitudinal trend 

is apparent for all groups in all seasons (Figure 5.1 and Figure 5.2). For some of the 

four taxa, abundance appears to remain constant across all altitudes or does not hold a 
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simple linear relationship with altitude. The Diptera are a case in point, with most 

seasons showing no clear pattern between abundance and altitude. The July trapping 

of FITs is the exception, with a steep decline in dipteran abundance with increasing 

altitude. The Coleoptera appear to decrease with increasing altitude in some sampling 

seasons, but not others. July demonstrates the most consistent altitudinal trends, with 

the abundance of Diptera, Coleoptera and other Hymenoptera appearing to coincide 

with increasing altitude, particularly in the case of the Malaise trap data. 
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Figure 5.1 Histograms of ln (x+1) mean abundance (± S.E.) of four anthophilous arthropod 
groups caught at five different altitudes across four seasons using Malaise traps.  
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Figure 5.2 Histograms of ln (x+1) mean abundance (± S.E.) of four anthophilous arthropod 
groups caught at five different altitudes across four seasons using flight intercept traps. 

 

Looking at how the abundance of the other Hymenoptera, Diptera and Coleoptera 

varies at each site across seasons along the altitudinal gradient (Figure 5.3), there is 

considerable variation at each altitude with the change of season. The other 

Hymenoptera demonstrate an increase in abundance during January and March, with 

traps at all altitudes collecting similar abundances of individuals. In contrast, the 

Coleoptera have the greatest abundance at all altitudes during October and January, 

while the Diptera are abundant most of the year at all altitudes, with only the July 

sample showing a decrease with increasing altitude (Figure 5.3). 
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Figure 5.3 Mean abundance of individuals of each of three anthophilous insect Orders collected 
at five altitudes across four seasons of sampling using (a-c) Malaise traps and (d-f) flight 
intercept traps along the IBISCA transect. 
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Figure 5.4 Ordination plot based on a multi-dimensional scaling analysis of the relative log 
abundance of four anthophilous arthropod taxa caught across four seasons using (a) Malaise 
traps and (b) Flight Intercept traps. 

 

The NMDS ordination presents a graphical demonstration of the interaction of season 

and altitude among the four anthophilous insect orders tested here (Figure 5.4). The 

seasonal distinction is somewhat easier to visualise, but the overlap of altitudes and 

seasons is apparent. 

 

5.5.2 Diptera  
 

(a) 

(b) 
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Some 162 659 flies were collected across the four seasons in the Malaise traps. Of 

these, all flies from the July, October and January samples were further sorted into 46 

families, with all Lower Diptera treated as one group (see section 5.4.3). The sample 

from March 2007 remains to be sorted. Almost 93% of all fly specimens sorted were 

either Lower Diptera (74.6%) or from the family Phoridae (18.3%) (Appendix 5, 

Table A5.1) The remaining specimens were dominated by the families Empididae, 

Dolichopodidae, Chloropidae, Drosophilidae, Sphaeroceridae, Muscidae and 

Stratiomyidae. 

 

Flies caught in flight intercept traps during October 2006 yielded some 3 305 fly 

specimens in 22 families. Over 90% of all fly specimens sorted were either Lower 

Diptera (49.3%) or from the families Sphaeroceridae (22.4%) or Phoridae (19.8%) 

(Appendix 5, Table A5.2). 

 

Altitude and season Ð Malaise traps 
 

The abundance of different anthophilous fly families collected by Malaise traps along 

the altitudinal gradient interacts significantly with season (NPMANOVA, F = 2.84, P 

= 0.001; Figure 5.12). This suggests that the differences between altitudes were 

expressed differently in each of the three seasons tested. Both the main effects of 

altitude and season were also significantly different (Figure 5.12).  

 

Table 5.8 Results of non-parametric multivariate analyses of variance carried out on the 
abundance of fly anthophilous families along an altitudinal gradient at three times of the year 
(seasons) using Malaise traps. 

  Factor df F P(perm) 
Malaise Season 2 25.48 0.001 
 Altitude 4 6.14 0.001 
  Season x Altitude 8 2.84 0.001 

 

All combinations of the three seasons (October, January and July) differed 

significantly from one another in pair-wise a posteriori comparisons and this seasonal 

distinction can be clearly seen in the results of the ordination analysis (Figure 5.5).  
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Figure 5.5 Ordination plot based on a multi-dimensional scaling analysis of the relative log 
abundance of 27 anthophilous Diptera families (including Lower Diptera) collected by Malaise 
traps during three sampling periods across five different altitudes. 

Pair-wise comparisons of the anthophilous fly assemblages showed that the 300 m site 

differed from the 500 m, 900 m and 1100 m sites, while the 500 m site differed from 

the 1100 m site (Table 5.9). 

 

Table 5.9 Pair-wise a posteriori comparisons of abundance of fly families between altitude for the 
Malaise trap data. Grey shaded values are significantly different at the P = 0.05 level 

Pair-wise 
comparison t P(perm)
300m vs 500m 1.6115 0.044
300m vs 700m 1.6668 0.053
300m vs 900m 2.0754 0.01
300m vs 1100m 2.6179 0.001
500m vs 700m 1.3046 0.139
500m vs 900m 1.4731 0.066
500m vs 1100m 2.2042 0.003
700m vs 900m 0.8326 0.494
700m vs 1100m 1.3859 0.107
900m vs 1100m 0.99 0.335  

 

When the t values generated by the NPMANOVA a posteriori pair-wise comparison 

of altitudes (Table 5.9) are plotted against the altitudinal distance between the pair of 

sites that were compared, there is an obvious increase in the statistical difference the 

further apart sites are (Figure 5.6). For example, the statistical difference between the 
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300 m site and the 1100 m site is highly significant (P = 0.001), while the statistical 

difference between 300 m and 500 m is only just significant (P = 0.044).  

 

 

Figure 5.6 Plot demonstrating the relationship between the distance between individual plots and 
the t-value determined in pair-wise comparisons of those pairings using NPMANOVA (see text). 
Symbols are !  for comparisons between 300 m sites and those 200 m, 400 m, 600 m 800 m higher 
in altitude; "  for comparisons between 500 m and those sites 200 m, 400 m and 600 m higher; #  
for comparisons between 700 m and those sites 200 m and 400 m higher in altitude; and $  for 
comparisons between the 900 m site and sites 200 m higher in altitude. all markers in the shaded 
area are non-significant comparisons (P < 0.05). 

 

The a posteriori pair-wise comparison of the interaction of season and altitude in 

determining the assemblage of anthophilous fly families demonstrate a clear 

difference across seasons at all altitudes except the 700 m site (Table 5.10). Similarly 

the difference between the altitudes changes in different seasons, although the 300 m 

and 1100 m sites were frequently different to a number of other sites regardless of 

season (Table 5.10). 

 

The six most abundant families demonstrate how individual families vary with 

altitude (Figure 5.7) with some showing increasing trends and others decreasing. 

Trends often varied between seasons and this is considered in greater detail below. 
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Table 5.10 Pair-wise comparisons of levels of the factors of season and altitude for the results of a 
NPMANOVA test of the assemblages of anthophilous fly families collected using Malaise traps. 
Only those comparisons with significance values greater than 0.05 are presented in the table. 

Factor Level
Pairwise 

comparison
P 

(permutation)
Altitude 300m Oct, Jan 0.035
Altitude 300m Oct, Jul 0.038
Altitude 300m Jan, Jul 0.027

Altitude 500m Oct, Jan 0.031
Altitude 500m Oct, Jul 0.034
Altitude 500m Jan, Jul 0.034

Altitude 700m Oct, Jul 0.031
Altitude 700m Jan, Jul 0.035

Altitude 900m Oct, Jan 0.039
Altitude 900m Oct, Jul 0.036
Altitude 900m Jan, Jul 0.032

Altitude 1100m Oct, Jan 0.023
Altitude 1100m Oct, Jul 0.035
Altitude 1100m Jan, Jul 0.029

Season October 300m, 500m 0.033
Season October 300m, 700m 0.023
Season October 300m, 900m 0.031
Season October 300m, 1100m 0.026
Season October 500m, 900m 0.036
Season October 500m 1100m 0.023
Season October 700m, 1100m 0.029

Season January 300m, 500m 0.026
Season January 300m, 900m 0.037
Season January 300m, 1100m 0.029
Season January 500m, 1100m 0.03
Season January 700m, 1100m 0.031

Season July 300m, 500m 0.018
Season July 300m, 700m 0.03
Season July 300m, 900m 0.026
Season July 300m, 1100m 0.029
Season July 500m, 700m 0.041
Season July 500m, 900m 0.027
Season July 500m, 1100m 0.027  

 

 



 130 

January 2007

0

20

40

60

80

100

120

140

160

Drosophildae Chloropidae Dolichopodidae Empididae

N
o.

 in
di

vi
du

al
s

July2007

0

10

20

30

40

50

60

70

80

Drosophildae Chloropidae Dolichopodidae Empididae

N
o.

 in
di

vi
du

al
s

October 2006

0

20

40

60

80

100

120

140

160

Drosophildae Chloropidae Dolichopodidae Empididae

N
o.

 in
di

vi
du

al
s

October 2006

0

500

1000

1500

2000

2500

3000

Phoridae Lower Diptera

N
o.

 in
di

vi
du

al
s

January 2007

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Phoridae Lower Diptera

N
o.

 In
di

vi
du

al
s

July 2007

0

200

400

600

800

1000

1200

1400

1600

1800

2000

Phoridae Lower Diptera

N
o.

 in
di

vi
du

al
s

300m

500m

700m

900m

1100m

 

Figure 5.7 Mean number of individuals (± 1 S.E.) in each of the six most abundant Diptera 
families collected at five altitudes in Lamington National Park during three sampling seasons 
(October 2006, July 2007 and January 2007) using Malaise traps. 

 

When the fly assemblages found at each of the five different altitudes are considered 

for each sampling season individually, differences between the altitudes become more 

apparent (Figure 5.8) and the results of ANOSIM analysis for each season were 

significant in each case.  
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October 2006

January 2007
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Figure 5.8 Ordination plot based on non-metric multi -dimensional scaling analysis of the relative 
log abundance of anthophilous fly families (including Lower Diptera) collected in three seasons 
using Malaise traps. 
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Correlations of Diptera families with assemblage patterns (BEST analysis, PRIMER 

6) determined combinations of five families that best explain the altitudinal and 

seasonal patterns of anthophilous flies collected by Malaise traps. The BEST analysis 

generates combinations of five taxa that best explain the ordination pattern with an 

attached correlation value. A list of combinations with correlations descending in 

value is produced. In the present analysis a correlation coefficient of up to 0.82 was 

achieved using the top five families and the Tachinidae, Muscidae, Dolichopodidae 

and Empididae made consistent appearances in the top ten combinations of families. 

When this analysis was completed on a season-by-season basis, the combination of 

families changed in each case (Table 5.11). Histograms of the ten fly families that 

best correlated to the ordination patterns demonstrate the variety of responses to 

altitude by individual families (Figure 5.9). 

 

Table 5.11 The anthophilous fly families that best explain the ordination of Diptera families 
across three seasons combined and separately. Best performing families are those that appeared 
in all of the top three combinations of correlates using BEST analysis (PRIMER 6). 

Season Highest correlation 
value 

Best performing families 

All  0.82 Tachinidae, Muscidae, Dolichopodidae, 
Empididae 

October 0.779 Drosophilidae, Dolichopodidae, Empididae 

January 0.74 Heleomyzidae, Therevidae, Asilidae, 
Stratiomyidae 

July 0.816 Muscidae, Chloropidae, Empidae 

 

Altitude Ð Flight intercept traps 
 

The abundance of individuals in anthophilous fly families caught in October 2006 

using FITs did not show a statistical difference for any altitude to altitude 

comparisons (NPMANOVA, F = 0.99, P = 0.5) and the limited clustering of sites 

across the five altitudes can be seen in the NMDS ordination (Figure 5.10). The 

October 2006 FIT catch was numerically dominated by four anthophilous fly families. 

None of these families showed a consistent altitudinal trend (Figure 5.11). 
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Figure 5.9 Histograms showing the relationship between season and abundance at five different 
elevations for each of the ten anthophilous fly families that best correlate to the patterns seen in 
the ordination of abundance data. Bars are mean abundance (± 1 S.E.). 
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Figure 5.10 Ordination plot based on a non-metric multi -dimensional scaling analysis of the 
relative log abundance of anthophilous Diptera families (including Lower Diptera) collected by 
flight intercept traps in October 2006 showing sites at five altitudes. 
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Figure 5.11 Histogram showing the mean abundance (± 1 S.E.) at five different elevations of the 
four most abundant anthophilous fly families caught in FITs during October 2006 in Lamington 
National Park. 

 

5.5.3 Coleoptera  
 

Some 6 141 beetle specimens were collected across the four seasons in the Malaise 

traps and a further 19 397 in the FIT traps. Of these, all beetles from the October 2006 
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Malaise trap samples only have so far been further sorted into 55 families and this 

section refers just to the results of the October 2006 Malaise trap collection.  

 

Among the sorted beetle families 37 anthophilous families were identified totalling 

1254 individuals. Just less than half of those beetle specimens were from the families 

Curculionidae (13.5%), Staphylinidae (13%), Chrysomelidae (11.6%) and 

Corylophidae (10.8%) (Appendix 5 Table A5.3). All remaining families represented 

less than 10% of the catch with 10 families having one specimen only in the total 

catch. 

 

Altitude 
 

The overall effect of altitude on the abundance of different anthophilous beetle 

families was significant (NPMANOVA, F = 2.68, P = 0.001) with a pair-wise 

comparison showing that the 300 m, 500 m and 700 m sites all differed from the 1100 

m site, while the 300 m site also differed from the 900 m site. Again, this result, 

especially the distinct separation of the 1100 m site can be seen in the ordination 

created using multi-dimensional scaling (Figure 5.12). An ANOSIM was also run on 

this data and confirmed the statistical significance of altitude in determining the beetle 

family assemblage and provided the same results to a pair-wise comparison with the 

additional result that the 900 m site also differed significantly from the 1100 m site. 

 

Correlations of beetle families to the ordination pattern (BEST analysis) determined 

combinations of five families that best explain the altitudinal pattern of anthophilous 

beetles collected by Malaise traps in October 2006. A correlation coefficient of up to 

0.79 was achieved using the top five families. Four families consistently appeared in 

the top combinations: Carabidae, Cryptophagidae, Melyridae and Throscidae and 

their altitudinal variability can be seen in histograms of their abundance at each 

altitude (Figure 5.13). 
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Figure 5.12 Ordination plot based on a multi-dimensional scaling analysis of the relative Log 
abundance of 37 anthophilous Coleoptera families collected in Malaise traps in October 2006. 
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Figure 5.13 Histogram showing the mean abundance (± 1 S.E.) at five different elevations of the 
four most important anthophilous fly families caught in Malaise traps during October 2006 in 
Lamington National Park based on their correlation to ordination patterns. 
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5.6 Discussion  
 

The results presented here demonstrate that the abundance and community dominance 

of the major flower visiting insect orders and families change in response to 

increasing altitude in a number of ways, presenting a complex and dynamic 

community-wide pattern. The abundance of some groups changed with respect to 

altitude, however, the pattern was not consistent across all seasons. That one group 

would decline steadily with altitude while another increased, as found in some 

temperate studies, was simply not the case here. A clear seasonal difference was 

apparent, as would be expected, with the Malaise traps in particular collecting 

dramatically greater numbers of insects in the wet season months of January and 

March indicating that most flight activity occurs during this time. The very low total 

abundance for both trapping methods in the drier, cooler season (July sample) is 

consistent with seasonal surveys of tropical insect abundance elsewhere (e.g. Frith 

and Frith, 1985, Wilson et al., 2007) and a single study of subtropical forests 

(Lowman, 1982). In the latter example, Lowman (1982) also reported seasonal 

fluctuations of insects varied among different forest types found at three different 

altitudes. She observed an association between insect population fluctuations and 

phenological activity, particularly leaf flush (Lowman, 1982). Although the strongest 

results demonstrated the importance of season, this does not mean that altitude did not 

determine the abundance and dominance of some groups, far from it. What is clear is 

that the relationship between insect assemblage and altitude is under a strong seasonal 

influence. 

 

5.6.1 Major anthophilous insect orders  
 

Looking at the abundance of the four major Orders, the strongest altitudinal effect was 

the separation of the 300 m sites and the 1100 m sites from all other sites across a 

number of seasons. The 1100 m sites are located within cool temperate rain forest and 

experience high rainfall levels, the coolest temperatures, frequent cloud cover and 

significant moisture input from occult precipitation (cloud stripping) (Hutley et al., 

1997). In addition, the vegetation assemblage is significantly different from all other 

sites (Laidlaw et al., 2010). The 300 m sites by contrast, are at the lower limits of the 

rainforestÕs distribution and experience much lower rainfall totals than at higher 
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altitudes, with greater extremes of both hot and cold temperatures and daily increases 

and decrease in relative humidity (see Chapter 2). Variability of insect orders 

occurred among seasons for both the 300 m and 1100 m sites suggesting that the 

dominant anthophilous Order could be different dependant on flowering timing of 

individual plants and species at these two altitudes in particular. 

 

The winter sample (July 2007) showed a distinct decline in the total catch abundance 

with numbers rapidly decreasing at the 700 m and higher sites (Table 5.4). However, 

in the wetter, warmer months (October, January and March) the abundance totals have 

a mid-elevation decline at either the 500 m sites or 700 m sites. For the FITs this is 

most marked, with the 700 m sites showing a low abundance in all seasons. This may 

reflect the spatial proximity of the individual plots and a localised environmental 

factor in the area of the 700 m sites. This remains an issue in any experimental design 

of the kind used in the IBISCA survey. Efforts are currently underway to repeat these 

experiments along other altitudinal gradients to confirm the generality of these results. 

 

Alternatively, of course, the observed low abundance at the 500 m and 700 m sites 

may indeed be a manifestation of the so-called mid-elevation effect (Hodkinson, 

2005). In a study of schizophoran flies at different altitudes in north Queensland, 

Wilson  et al., (2007) detected changes in the altitude at which peak abundance 

occurred in different seasons. They identified that the mid-elevations had the least 

amount of seasonal variability and in that case a peak in abundance. In the case of the 

IBISCA results, the Malaise traps have low abundances at the 500 m sites in January 

and 700 m sites in March, whereas for the FITs both the 500 m and 700 m sites have 

low total abundances. In the case of the Malaise traps these trends are echoed in the 

Diptera counts, and to a lesser extent, beetles.  

 

Mid-elevation peaks in insect species richness have been frequently identified in the 

literature (McCoy, 1990) although how this might relate to abundance of arthropod 

groups is not clear. Hodkinson (2005) reviewed a number of altitudinal population 

studies of insects. In a summary of his results, there was no consistent response across 

Orders with both altitudinal increasers and decreasers found. It is counter-intuitive to 

imagine that a mid-elevation peak in species richness would coincide with a low in 
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abundance. Yet if we consider that the mid-elevational peaks in species richness 

results from the overlap of highland and lowland species at their range limits, then 

individual species might be more sensitive to local climatic shifts at these extremes of 

their range resulting in low population numbers. This might also explain why the 

ÒtroughÓ appears to shift between the mid-elevations across seasons in this study. We 

know that insects at the extremes of their altitudinal range can have very different 

morphologies, behaviours and life history patterns (Hodkinson 2005). As the seasons 

and their climate conditions shift, so too might the populations of species at the 

extremes of their ranges. The Coleoptera also show a mid-elevation nadir in 

abundance and, like Diptera, mid-elevation peaks in species richness have been 

shown for some groups of beetles by other authors (Escobar et al., 2005). Seasonal 

shifts in species have demonstrated the link between microclimatic conditions and 

shifting species distributions (Menendez and Gutierrez, 2004) as proposed here. 

Ashton (2010) found a peak in moth species richness along the IBISCA gradient at 

700 m, but this also coincided with the greatest abundance of individuals (L.A. 

Ashton, pers. comm. 12/1/10). 

 

The Hymenoptera showed no consistent trend with only the October FIT and July 

Malaise samples showing an apparent decrease in number with altitude. This is 

contrary to those patterns found in temperate examples and presents no support for the 

idea of the ectothermic advantage (Arroyo et al., 1982, Warren et al., 1988) discussed 

at the opening of this chapter. Across seasons, however, there is a marked increase in 

the abundance of Hymenoptera at all altitudes during January and March, such that 

they are a consistent presence at all altitudes during this time. This broad availability 

and potential movement of hymenopteran along the gradient would coincide with 

high levels of flowering activity. 

 

Very few Thysanoptera were collected in the two trapping methods used here. Thrips 

are generally associated with flowers and their dispersal is limited by flying abilities 

and air currents, so it is not surprising that so few were collected in traps close to the 

ground.  

 



 140 

The different patterns detected by the two sampling methods are undoubtedly the 

result of the differential efficiencies of each trap type. FITs are designed to catch 

heavy insects that fall on hitting a barrier (Coleoptera in particular) and Malaise traps, 

those that will land upon and crawl up a surface upon hitting it (Diptera and 

Hymenoptera). The differences in altitudinal patterns between trap types largely 

reflected changes in representation by these dominant groups. 

 

5.6.2 Diptera  
 

The assemblage of anthophilous flies compared between altitudes and season, differed 

not only between altitudes and season, but the way altitudinal assemblages were 

constructed changed between seasons. For most of the families that played an 

important role in determining the overall altitudinal pattern, numbers of individuals 

decreased at higher altitudes (see Figure 5.9). The Muscidae were the exception to 

this general pattern. 

 

For some groups the warmer temperatures of summer provided an opportunity to 

move to or become more active at the higher altitudes. So, for example, the Asilidae 

were not collected at any altitude in July, only at 300 m and 500 m in October, but 

with the summer month of January, were found at all altitudes, but in decreasing 

numbers the higher the altitude. Although this was not the case for all families, there 

was some evidence of similar responses for Muscidae, Tachinidae, Drosophilidae, 

Therevidae and Stratiomyidae. The families with the greatest number of individuals 

did little to determine the assemblage patterns. This may be because they are very 

successful families that are found in a broad range of environmental conditions - or 

they may require finer taxonomic resolution to determine any altitudinal patterns.  

 

5.6.3 Coleoptera  
 

Again, for the beetles, the 1100 m sites supported a unique assemblage of 

anthophilous families that were different from those found at lower altitudes. Looking 

simply at the counts of individuals in various beetle families, it would appear that 
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there are those that increase (e.g. Curculionidae) and those that decrease (e.g. 

Staphylinidae) with altitude, while others have a non-linear trend 

(e.g.Chrysomelidae). In a review of a wide number of studies of insect populations 

across altitudes, Hodkinson (2005), similarly, found a variety of trends in abundance 

and diversity. 

 

5.6.4 Conclusions  
 

At the outset of this chapter, two hypothesis were posed as follows: 

1. The dominance of insect Orders known to be among flower-visiting 

assemblages will change in predictable ways in response to the changed 

environmental conditions associated with increasing altitude. In particular that 

Hymenoptera will dominate insect assemblages at low altitudes and Diptera 

will dominate at higher altitudes. 

2. The dominance and abundance of different insect groups will fluctuate 

between seasons. 

The significant results of testing season, altitude and the interaction of these factors 

using the non-parametric MANOVA demonstrate that differences between altitudes in 

each season were certainly not random. However, it is difficult to determine a clear 

and consistent trend. The sampling effort at each altitude was restricted to four 

samples. The highly variable catches in each trap suggest that greater numbers of 

replicates might give a clearer picture, although sorting more samples would be an 

overly onerous task. It is also important to bear in mind that this study looked only at 

one 12-month period. No doubt repeated on-going surveys would help clarify the 

pattern. Differences in insect assemblages were greatest the greater the difference in 

altitude reflecting the gradual change across an increase in altitude of 200 m. While 

200 m intervals were arbitrarily selected for sampling, changes in insect assemblages 

are no doubt gradual with considerable overlap across the adjacent altitudes. 

 

The greatest anthophilous insect activity coincides with the period of peak flowering 

during the summer-wet season (Chapter 4) indicating that many of these taxa will be a 

critical component of the general pollinating fauna. However, these results 

demonstrate that anthophilous taxa are also active during the cool winter months and 
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for those species that flower during this time insect pollinators are still available. At 

the highest altitudes during winter, a smaller pool of insect visitors would be available 

and this may result in more specialised associations or no entomophilous pollination 

occurring at that time. The increase and decrease in the abundance of individuals of 

particular families of flies and beetles in response to increasing altitude is likely to be 

reflected in the visitor assemblage of flower visitors and this would be particularly the 

case for generalist pollinated plant species with a broad altitudinal distribution. 

 

The notion that potential pollinators that dominate at one altitude will be replaced by 

another at a higher altitude such as in temperate systems where Hymenoptera become 

less dominant with Lepidoptera and Diptera, becoming more dominant at high 

altitudes, is not supported by the evidence here. Diptera do, however, show a 

consistency and dominance at all altitudes and in all seasons making them likely to be 

an important component of the generalist pollinator fauna. The Hymenoptera also 

demonstrated constancy among altitudes, however, this was only during certain 

seasons. 

 

One of the difficulties in discerning a clear altitudinal pattern may be the taxonomic 

level of analysis. Individual species appear to respond to changes in altitude in 

different ways (Hodkinson, 2005) and a clearer understanding of species turnover 

along the IBISCA gradient will probably come with species level information. It 

should also be noted that trapping was restricted to the understorey. Given that the 

major proportion of flowering and pollination occur in the canopy, the impact of 

changing altitude may affect the canopy fauna in different ways. More specific studies 

of these insect groups, including those at a finer taxonomic resolution and looking 

specifically at the flower visiting fauna are required.  

 

If the visitor assemblages to subtropical rainforest plants reflect the available insect 

population (Williams, 1995), then the complex and highly variable pattern of insect 

abundance and diversity along the IBISCA altitudinal gradient, would be expected to 

reflect changes in the pollinator assemblages of generalist flowers. Sampling of insect 

visitors to flowers of species found across a number of altitudes would reveal the 

degree to which general assemblage of anthophilous insects at the different altitudes 
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can predict the variability of pollinator assemblages. In the following two chapters, I 

consider the assemblages of flower visiting insects to three subtropical rainforest plant 

species in Lamington National Park to determine if the patterns detected here are 

comparable to those found among flower visiting insects.  
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CHAPTER 6 POLLINATION ECOLOGY AND ALTITUDINAL 
VARIABILITY IN AN UNDERSTOREY PALM: 
LINOSPADIX MONOSTACHYA 

 

6.1 Introduction  
 

There is a clear and important difference between flower visitors and a successful 

pollinator. A potential pollinator must come into contact with both the male and 

female reproductive parts of a flower Ð in the right order. In the case of dioecious 

plants this means visiting not only two individual trees but one tree must have male 

flowers and one must have female flowers. In the case of rainforest plants these 

individuals may be very spatially isolated (Bawa, 1990). It is clear from the extensive 

literature on pollination that not all visitors to a flower will be pollinators and that, to 

be considered an ÒeffectiveÓ pollinator taxa, some form of constancy is required 

(Wyatt, 1983, Mayfield et al., 2001, Stebbins, 1970). 

 

In the case of biotic pollination, the capacity of an individual flower visitor to 

pollinate a flower will often depend on the morphology and behaviour of both the 

plant, its flower and the flower visitor. This includes the timing of flowering and 

anthesis, flower longevity, the shape, size and accessibility of the flower and its 

reproductive parts, the breeding system of the plant (e.g. monoecious plants require a 

visit to both male and female flowers) the behaviour of the flower visitor (e.g. 

crawling into flower), the size of the visitor and the timing of its visits. Attraction to 

the flower relies on a combination of advertisement and rewards. Advertisements 

include flower colour, shape and floral scent, while rewards can include nectar, pollen 

and shelter or brood site (Faegri and van der Pijl, 1979, Dafni, 1992).  

 

Understanding the relationship among individual plants and their potential pollinators 

is a long, extensive and well-established sub-discipline of biology (Baker, 1983). Due 

to the complexity of factors determining the success of a flower visitor as a pollinator 

whole volumes have been dedicated to the many and varied techniques for studying 

these mutualistic relationships (Dafni, 1992, Kearns and Inouye, 1993). 
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For flowering to co-occur with pollinator activity plants and their pollinators must 

overlap geographically and flowers must attract their pollinators in a competitive 

environment. Many of the factors introduced in the opening paragraphs of this chapter 

are highly variable as demonstrated in the literature review presented in Chapter 1 and 

the results presented in Chapters 2, 3, 4, and 5 of this thesis. Along an altitudinal 

gradient, the physical environment changes considerably and rapidly as altitude 

increases. Temperature decreases, rainfall increases, solar radiation may decrease with 

increased cloudiness. All of these variables might influence the interplay of factors 

that allows successful pollination for individual plant species.  

 

There are four aspects of plant-pollinator associations in particular that might change 

in response to altitudinal environmental changes, as follows:  

¥ First, the timing of flowering (i.e. phenology) may change. In Chapter 4, I 

demonstrated that the plant species assemblages found at different altitudes 

along the IBISCA gradient do not have different fundamental flowering 

patterns, but there is some expectation that the timing of flowering in 

individual plants of a species will change with different environmental 

conditions (Fitter and Fitter, 2002, Heideman, 1989, Primack, 1985).  

¥ Second, flower-visiting assemblages may change across altitudes (Arroyo et 

al., 1982). In Chapter 5, I have demonstrated that the general anthophilous 

insect assemblage changed between altitudes but that different taxa respond in 

different ways. 

¥ Third, the duration of flowering may change. This can be the period over 

which flowering occurs for all individuals of a species or the time that 

individual flowers are open.  

¥ Finally, all these factors in various linear and non-linear combinations have 

the potential to change the reproductive success of individual plants and the 

species to which they belong.  

 

This chapter is the first of two looking at individual species of plant from the 

subtropical rainforest in order to understand their floral morphology and pollination 

ecology and how aspects of these systems may change at different altitudes. The first 
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target taxon is an understorey palm, Linosapdix monostachya, and results of the study 

of this species are reported in this chapter.  

 

L. monostachya provided an excellent opportunity to understand its pollination 

biology because of the high number of available plants across a wide range of 

altitudes. In addition, as an understorey plant, it afforded easy access to flowers and 

provides an environment that contrasts to that found in the canopy Ð the focus of the 

next chapter (Chapter 7). The study looked at the following hypotheses: 

1. Is the flower-visiting fauna of L. monostachya generalised or specialised? 

2. Do the dominant flower visitors (and likely pollinators) differ between 

altitudes? 

3. Does the reproductive success of this species increase or decrease with 

increasing altitude? 

 

6.2 Methods  
 

6.2.1 Species selection  
 

The plant species studied in this and the following chapter were selected based on the 

criteria that they naturally occurred at at-least three altitudinal classes and were fairly 

common at those altitudes. Determining the presence and relative frequency of 

individual species at various altitudes was done using vegetation surveys completed 

by the Queensland Herbarium at each of the 20 IBISCA permanent plots as described 

in Chapter 2. Once a shortlist of candidate species was generated further information 

on the habit, flowering patterns and general morphology of individual species was 

compiled from the literature and the plants themselves searched for in the field in 

order to determine target taxa (Appendix 2). A single understorey palm Ð Linospadix 

monostachya - was selected and is the subject of this chapter, plus two tree species 

(Pentaceras australis and Ackama paniculata) that are the subject of the next chapter. 

Several other plants were investigated or had some preliminary experimentation 

conducted on them, but were not found in sufficient numbers at all altitudes or the 
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flowering phase was missed at one of the altitudes and sampling could not be 

completed. 

 

6.2.2 Target species  
 

Linospadix monostachya (C.Mart.) H.Wendl. (Arecaceae) is an erect monoecious, 

single cane stemmed palm and is a common understorey species of the subtropical 

and occasionally cool temperate rainforests of the east coast of Australia (Cronin, 

2000, Botanic Gardens Trust, 2009). Individuals of the species have been recorded 

north from the Singleton district of NSW to Gympie in southeast Queensland with 

growth largely restricted to highland sites at the northern most extent of its range 

(Dowe and Armstrong, 1997). The palms grow about 1.3 Ð 2 m tall but can reach up 

to 5 m.  

 

The inflorescences of L. monostachya comprises simple spikes, pendulous and up to 

1Ð1.5 m long rising from the lower leaf axils (Botanic Gardens Trust, 2009). Several 

inflorescences are usually present at the same time. Flowering is described as 

occurring year round (Botanic Gardens Trust, 2009). Williams et al., (2001) noted the 

presence of Thrips setipennis (Thripidae: Thysanoptera) and a weevil species at 

flowers of L. monostachya in subtropical rainforest of northern New South Wales and 

suggested these two species might be the pollinators of this species. 

 

6.2.3 Pollination ecology  
 

Study site 
 

Populations of Linospadix monostachya on three permanent study plots in Lamington 

National Park were used for this study of the pollination ecology of the palm. Plots 1 

and 2 were established on IBISCA sites Ò900BÓ and Ò900CÓ at an altitude of 950 m 

and 944 m respectively (see description in Chapter 2). The third population was on a 

one-hectare plot established earlier by Prof. R.L. Kitching of Griffith University and 

is at an altitude of 800 m (Laidlaw et al., 2000). At each of these locations a quarter 
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hectare plot (25 m x 25 m) was mapped and every individual L. monostachya within 

that area tagged and numbered. Each quarter hectare plot supported between 100 and 

200 reproductive palms of L monostachya. Non-reproductive individuals were not 

included in the original survey. A total of 415 palms were tagged across the three 

sites. 

 

Floral morphology and phenology 
 

Monthly flower phenology was recorded for the 415 tagged individuals of L. 

monostachya palms across the three experimental quarter hectares. During each visit 

the number of inflorescences on each palm was recorded. The number of 

inflorescences that were either Òimmature maleÓ, Òunopen maleÓ, Òopen maleÓ, 

Òimmature femaleÓ, Òunopen femaleÓ, Òopen femaleÓ, Òfinished femaleÓ, Òimmature 

fruitÓ or Òmature fruitÓ was recorded for each palm. Monthly phenology was recorded 

every month from October 2006 until April 2008.  

 

In addition ten individual inflorescences were tagged in October 2006 and followed 

through their developmental sequence until April 2008. Using individuals of the 415 

mapped L. monostachya palms, a set of individual flowers were tagged and observed 

during October 2006 and a further ten inflorescences tagged and observed during 

November 2006 to better understand the morphology and phenology of individual 

flowers.  

 

Flower visitors 
 

Visitors to flowers were recorded both by direct observations and by trapping at the 

flowers.  

 

Visitor Observations. Observations of animals visiting both the male and female 

flowers of L. monostachya were made over 20 minute periods from the 22nd to 25th 

November 2006. A total of 400 minutes of observations were made, all during 
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daylight hours. Animals were recorded as they moved around the flower. Where 

possible, individual visitors were collected, for subsequent identification 

 

Visitor trapping. Insects visiting or flying near the flowers of L. monostachya were 

collected using a combination of four small sticky traps and one intercept trap placed 

at each inflorescence (Boulter et al., 2006b). The sticky traps consist of an 80 x 30 

mm strip of transparent plastic acetate (0.2 mm thick) with a hole at one end through 

which tie-wire is used to attach the trap to an inflorescence or flower (Figure 6.1a). 

The trap is coated on both sides with the commercially available Tanglefoot"  - a 

sticky gum commonly used to trap insects. The intercept trap was specifically 

designed to suit this project (Figure 6.1b). The trap consisted of a commercially 

available DŽcor"  plastic food container (145 x 170 x 120 mm) with two slots cut into 

the long sides of the container to house the interception screen. The interception 

screen was made from acrylic (225 x 140 x 2 mm) with flaps cut at the base to slot 

into the catch container. This created a solid and stable trap that could be dismantled 

for carrying. Holes drilled along the side of the interception screen allowed the 

attachment of sticky traps directly to the trap. The container was filled to 

approximately one third its capacity with a mix of water, propylene glycol and a drop 

of detergent. The propylene glycol acted as a preservative and the detergent broke the 

surface tension so that insects hitting the screen and falling into the container would 

be submerged readily. 
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Plastic acetate strip (80 mm x 30 mm)

Tie wire (coated)

  

Figure 6.1 (a) The design of the small sticky traps. Four of these traps were attached to the side of 
the interception screen of the (b) flight intercept traps used for sampling flower visiting insects as 
shown in the photograph at right.  

 

Traps were placed at open male flowers, open female flowers and immature male 

buds. Five traps at female, five at male and five at buds were placed on palms 

randomly selected on each of the three plots so that 15 of each of the three stages of 

inflorescence were sampled in total. Traps were left at the plant for 72 hours. Insects 

collected were sorted initially to Order and then all Coleoptera and Thysanoptera were 

further identified where possible to species or morphospecies. Lucid keys (Lawrence 

et al., 1999, Moritz et al., 2001) were used to identify individual families or species. 

Individual thrips of each putative species was mounted in Hoyers on slides. Dr 

Laurence Mound of CSIRO, Canberra confirmation and corrected. All beetles were 

pointed on card and identified to family. They were then compared to the Queensland 

Museum collection and sorted to morphospecies. 

 

The abundance of individuals in each insect Order was compared among flower types 

(unopen buds, female flowers and male flowers) and across the three plots using a 

two-way ANOVA (Sokal and Rohlf, 1981). The programme SPSS was used to carry 

out this analysis and provided multiple post hoc comparisons for all factors for each 

insect Order. 

 

Catch 
container 

Interception 
screen 

Sticky 
traps 

(a) (b) 
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To test if the flower visiting insect assemblage of first thrips species and then beetle 

morphospecies differed between unopened buds, male flowers and female flowers 

across the three plots - comparisons were made using a non-parametric multivariate 

analysis of variance (NPMANOVA) using a copy of the computer programme 

PERMANOVA (Anderson, 2001) described in Chapter 5.  

 

Pollinators 
 

Through both trapping and observation, it became apparent that visitors to L. 

monostachya were made up almost exclusively of thrips and small beetles. In order to 

determine which of these groups were likely to be the most effective pollinators, I ran 

an exclusion experiment that was designed to exclude beetle visitors and allow thrips 

entry to female flowers. A bag constructed of a 0.8 mm x 0.8 mm mesh was sewn into 

a tube and used to bag unopened inflorescences. Four treatments were used. The first 

was a no-manipulation control that allowed open access to all visitors. The second 

was a bagged unopened female inflorescence that would filter-out all visitors except 

thrips. The third treatment was a bagged inflorescence that was hand cross-pollinated 

when open and the fourth an inflorescence open to all visitors that was also hand 

cross-pollinated. These last two treatments were used to test the effect of the bag on 

reproductive success. At each of the three experimental plots, 32 palms with an 

inflorescence of unopened female flowers were located and one treatment assigned to 

each inflorescence using a random number table. In total 24 replicates of each 

treatment were set-up. The palms were visited every day or two so that those palms 

needing hand pollination could be pollinated at least twice. Pollen was harvested from 

nearby male inflorescences of a separate palm and applied using a soft artists brush. 

Bags were left on until flowering was finished. The palms were revisited in January 

and the number of developing fruits was counted. The arcsine transformed 

proportions of successfully pollinated female buds were compared using ANOVA 

(Sokal and Rohlf, 1981). 

 

To determine if flower visitors were carrying pollen, Perspex sheets (140 x 225 mm) 

coated in Tangletrapª were suspended in pairs close to both female (n = 3) and male 

(n = 4) flowering inflorescences and left in place for a week during October 2008. 
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The sticky traps were collected in a special case that kept trap surfaces separated. On 

return to the laboratory the traps were searched under the microscope for thrips and 

beetles which were then individually removed using a citrus based solvent and 

mounted in a drop of basic fuschin jelly on microscope slides. These slides were then 

examined using a compound microscope and the insects screened for the presence and 

quantity of pollen. The impact of the solvent on pollen was not tested, but pollen was 

still found on individuals, suggesting not all pollen (if any) was lost. 

 

In order to determine if Thrips setipennis was breeding in both male and female 

flowers, takeaway containers filled with water and a drop of detergent were placed on 

the ground beneath the male and female inflorescences at which the large sticky traps 

were suspended. These water traps were collected after a week, the catch filtered 

though fine gauze and the catch washed into vials containing 70% ethanol. The catch 

was later examined to determine the presence and identity of both adult and immature 

thrips. 

 

6.2.4 Altitudinal variability  
 

Flower visitors 
 

In addition to the experimental plants described above, individuals of Linospadix 

monostachya were sought across altitudes along the IBISCA gradient. L. monostachya 

was found in sufficient numbers and sampled at three altitudes - 500 m, 800 m and 

1100 m. At each altitude traps were placed against the inflorescence of ten male-phase 

palm inflorescences, ten female-phase palm inflorescences and ten palms with 

inflorescences at budding stage only. At each altitude the palms were selected 

randomly for study. Of course, in order to find plants at a suitable stage of flowering, 

selection was never truly random, but sampled palms were never closer than 10 m to 

each other and often several hundreds of metres apart.  
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Samples were collected from traps and sorted initially to Order. The thrips and beetles 

were then sorted to species and morphospecies respectively as described above 

(section 6.2.3). 

 

Analyses were performed first on collected insect Orders, and then the species of 

Thysanoptera and morphospecies of Coleoptera.  

 

The abundance of individuals in all insect Orders were compared among flower types 

(unopen buds, female flowers and male flowers) and across the three altitudes using a 

two-way ANOVA (Sokal and Rohlf, 1981). The programme SPSS was used to carry 

out this analysis and provided multiple post hoc comparisons for all factors. This test 

was used to determine if there was an increase in the abundance of insect taxa to open 

flowers compared to the control (unopened buds) to determine any attraction effect. 

Where a significant interaction was determined between flower type and altitude, this 

indicated that the differences among visitors to the different flower types might vary 

at different altitudes. Any significant interaction results were further investigated 

using t-tests. For multiple post hoc comparisons of factors a Bonferroni correction 

was used to determine the probability level at which the null hypothesis would be 

rejected. 

 

To test if the flower visiting insect assemblage change with altitude - comparisons 

were first made among altitude-associated numbers of individual thrips species using 

a non-parametric multivariate analysis of variance (NPMANOVA) PERMANOVA 

(Anderson, 2001). Multi-dimensional scaling was then used to create ordination plots 

of the thrips found on each plant to explore the results of the NPMANOVA. These 

ordinations were calculated using PRIMER 6 (Clarke, 1993, Clarke and Gorley, 

2006). Testing of statistically significant difference between the altitudinal 

assemblages was carried out using analysis of similarities (ANOSIM). To determine 

which individual taxa are driving the ordination pattern a BEST analysis was also 

carried out using PRIMER 6. 

 

The suite of analyses was then likewise applied to the beetle assemblages collected at 

flowers at each of the three altitudes. 
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Reproductive success  
 

In order to determine the proportion of flowers that set fruit in L. monostachya, during 

October 2007 unopened (but close to opening) female inflorescences of 20 plants 

found at each of the three altitudes (300 m, 500 m and 1100 m) were tagged and the 

number of female buds counted. The inflorescences were then revisited in January 

2008 and examined for evidence of reproductive success. The swelling of the flower 

was used as a surrogate of fruiting success. Due to a concern that fruits were often 

predated upon - particularly at the 500 m site Ð led to the experiment being repeated in 

October 2008 at the 500 m and 800 m sites but with a fine mesh bag placed over the 

inflorescences once flowering was complete. This also allowed the collection of 

fruits.  

 

The arcsine transformed proportions of successfully pollinated female buds were 

compared using ANOVA (Sokal and Rohlf, 1981) in both cases. 

 

6.3 Results  
 

6.3.1 Pollination ecology  
 

Floral morphology and phenology 
 

Reproductively mature Linospadix monostachya were never without inflorescences, 

although flowers remained in either immature male or immature female phase 

throughout most of the year with open flowers of both sexes found throughout 

September, October and November (Figure 6.3a & b). Fruiting followed in January, 

February and March, although the occasional fruit was still found on palms as late as 

June (Figure 6.3a). Despite male flowers appearing first in September and females not 

until October according to the phenology data records, the tagged individual 

inflorescences demonstrated that female flowers did not develop in the same season as 

that in which the male flowers were open on the same palm. The general order and 
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timing of development of a single inflorescence was as follows (expressed as calendar 

years): 

 

Year 1. New inflorescences grow in November or December 

Year 2. Male flowers mature and open during September through November 

Year 3. Female flowers develop and mature during September through November, 

fruits develop from November through to June of the following year. 

 

In total, a single inflorescence took about two and a half years to produce mature fruit. 

A single palm generally had inflorescences in both female and male phase and 

although they might both mature in the same season, opening rarely coincided. On 

just 34 occasions out of 6 623 inflorescence observations was a palm found to have 

both open male stage and open female stage inflorescences on the same palm. It 

would seem, therefore that Linospadix monostachya is predominantly functionally 

dioecious. 
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Figure 6.2 The (A) mature female and (B) male flowers of Linospadix monostachya. (C) A single 
dehisced anther. The arrangement of the inflorescence (D) just prior to the opening of the male 
flower showed the small female bud between a pair of male flowers. Scale bars = 1 mm. 
Illustrations by Michelle Baker. 
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Figure 6.3 Monthly phenological records for the inflorescences of 415 Linospadix monostachya 
palms in (a) female, (b) male and (c) fruit phases when surveyed on three plots at Lamington 
National Park. 
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Figure 6.4 Photograph of open (a) male and (b) female flowers of the subtropical rainforest palm 
Linospadix monostachya.  

 

Individual flowers of Linospadix monostachya are arranged in threes (Figure 6.2d) 

inserted helically along the axis of the inflorescence spike that reaches up to about 

300 mm in length. As the inflorescence emerges from the dry sheath, the two lateral 

buds represent well developed male flower buds with a central small female bud. No 

change or growth occurs until close to the start of the flowering season in September 

when the two lateral male buds develop over the period of approximately a month. 

The central female bud continues to remain more or less arrested (Figure 6.2d). 

During development of the male flower the anthers develop and fill the flower while 

externally the bud turns from green to cream/yellow as it matures developing an 

ellipsoid outline. The anthers dehisce shortly before opening. The tepals part along 

three sutures and continue to reflex until an approximately 2 mm gap is created. When 

the flowers are well open (Figure 6.2b) there is a noticeable yeasty odour, particularly 

on day 2 of opening. The odour gradually becomes fainter, but is still noticeable until 

the flowers brown and senesce. Eventually they fall off. This then exposes the small 

immature female bud. Male flowers are open for between 3 Ð 4 days. 

 

The female flowers begin to grow, covering the lateral scars of the male flowers, not 

maturing and opening themselves until the next yearÕs flowering season. The female 

flowers as they mature turn to a straw or pink colour Ð abaxially dry and scabrous, 

adaxially fleshy and turgid. The flowers open by splitting along a tripartite suture at 

the apex, slowly revealing three stigmas below (Figure 6.2 a). As the flower matures, 

the stigmas become slightly everted. The opening at the top of the flower is about 0.7 

mm in diameter when flowers are fully open. The tepals are inserted helically with the 

(a) (b) 

2 mm 2 mm 
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stigmas perched atop of an egg-shaped ovary. The ovary flesh is pink and the cells 

well hydrated, droplets of liquid are apparent when the flower is cut. This fluid 

showed a positive response when rubbed on a glucose strip, but no measure of sugar 

content could be obtained using a hand-held refractometer. One large ovule is situated 

towards the base of the ovary. There is no appreciable scent when the female flower 

opens.  

 

Flower visitors 
 

Observations. Early observations of L. monostachya demonstrated a dominance of 

thrips and weevils active on or around the flowers. Thrips were observed on both 

male and female flowers, crawling into fine slits of male flowers starting to open and 

the small opening of female flowers. All collected thrips were Thrips setipennis 

(Thripidae). Thrips were detected in male flowers before the reflexing of the tepals Ð 

in what appeared to be an unopened flower. This likely coincided with the dehiscence 

of the anthers. Thrips were also observed performing pre-flight wing grooming before 

flying in and out of an inflorescence. Small white thrips (likely immatures) were 

observed in large numbers in the opening of the female flowers. Adult thrips were 

frequently observed in very large numbers on male phase inflorescences in particular 

(Figure 6.5d) 

 

The weevils were also seen on both male and female flowers. Weevils were noted 

crawling in and out of male flowers and appeared to be heavily dusted in the fine 

pollen. Their behaviour suggested that they were feeding on pollen. Pairs of 

individuals were also frequently observed in copula on the flowers. Weevils were 

twice observed investigating the opening of a female flower. All weevils observed 

appeared to be the same species and those collected were a single species of the 

complex illustrated by Zimmerman (1992) and classified as "Genus? near Parimera, 

new species of Derelomini". In general, there was never more than three or four 

weevils on a single inflorescence. 

 

Thrips and weevils were by far the most common flower visitors. In addition, a small 

fly was observed to land on the outside of several male flowers of one inflorescence; a 
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single ant crawled over the top of a female flower and one was observed on the 

outside of a male flower; and, a single non-ant hymenopteran was twice observed to 

land briefly on a male flower.  

 

Figure 6.5 The two common flower visitors to the flowers of Linospadix monostachya. (a) The 
first a species of Derelomini weevil frequently observed in (b) copula on the flowers of L. 
monostachya. (c) The second is Thrips setipennis which was frequently (d) observed in large 
numbers on the flowers of L. monostachya. 

 

Visitor trapping. The combined intercept and sticky traps also collected large numbers 

of thrips at both the male and female flowers of L. monostachya (Figure 6.6). In 

addition to thrips, Diptera and Coleoptera were also collected consistently on and 

around all flowers. Based on the visitor observation data described above, only the 

beetles and thrips were further sorted to species or morphospecies. 

A B 

C D 
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Figure 6.6 Mean log abundance of individuals caught at unopened buds, female flowers and male 
flowers of Linospadix monostachya using a combination of sticky traps and intercept traps across 
three sites in Lamington National Park. Different letters demonstrate significant differences. 

 

Two-way ANOVA for each arthropod Order demonstrated that there was a significant 

difference among the abundance of thrips collected at different flower types 

(unopened buds, male flowers, female flowers) (ANOVA, F = 3.385, P = 0.045). No 

difference between individual plots or the interaction of plots and flower type was 

found. Post-hoc testing demonstrated the only significant pair-wise comparison was 

that of unopened buds and male flowers (P = 0.017) for thrips abundance. No other 

Order had a significant result for the two-way ANOVA. Only the post-hoc 

comparison of Psocoptera collected at unopened buds compared to those collected at 

male flowers showed a significant difference (P = 0.046). 
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Over 99% of the 6 558 thrips trapped were of the species Thrips setipennis, with 

immatures of the same species found among the samples collected from male flowers 

but not the female flowers. In addition one or two individuals each of the 

phlaeothripid Desmothrips sp. (including a larvae that appeared to be of the same 

genus) and Thripidae Caliothrips sp. were found, almost exclusively in bud samples. 

A non-parametric MANOVA was not completed due to the almost exclusive presence 

of one species, but the result of the ANOVA on collected orders demonstrated the 

clear attraction of thrips to open male flowers, with fewer at female flowers. 

 

Of the beetles collected, the greatest number of individuals was from the family 

Curculionidae (n = 81) of which 51 were of the single species of Derelomini Gen. 

near Parimera, already mentioned (Appendix 6). Other families well represented 

included Staphylinidae (n = 57) and Corylophidae (n = 32). There was no statistical 

difference between the assemblage of beetles visiting unopened buds, male flowers 

and female flowers (NPMANOVA a posteriori pair-wise comparison, P > 0.05). 

When the beetles collected at male, female and unopened buds were totalled together 

and the assemblages on each plot were compared, the samples collected on the one 

hectare plot was statistically different to the other two (NPMANOVA a posteriori 

pair-wise comparisons, P < 0.05). 
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Figure 6.7 Mean proportion (percent) of L. monostachya flowers fertilised under different mesh 
exclusion treatments (see text for description). Different letters represent significant differences 
(P < 0.05). 

 

Pollinators 
 

The presence of a mesh bag was no impediment to natural pollination levels when 

placed on the inflorescence of L. monostachya (ANOVA; hand pollinated no bag vs 

hand pollinated bagged; P < 0.05; Figure 6.7). Those flowers with visitors restricted 

by the presence of mesh bags did not set significantly less fruit than those that were 

not bagged and received no hand pollination (Figure 6.7). They did, however, set 

significantly less fruit than both those hand-pollinated but not bagged, and those 

hand-pollinated and bagged (Figure 6.7). 

 

Thrips collected on large sticky screens near open male and female flowers of L. 

monostachya palms were exclusively Thrips setipennis and beetles were exclusively 

the single species of Derelomini Gen. near Parimera described above. Both the 

beetles and a number of the thrips carried pollen on their bodies. In the case of the 

Derelomini, over 100 adherent pollen grains were found particularly around the 

pronotum. Not all collected thrips had pollen on their bodies and those that did had 

only three or four grains at most. Thrips collected adjacent to female flowers were 
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among those found to have pollen on their bodies. All pollen grains appeared to be 

that of L. monostachya. 

 

The water traps collected T setipennis and juvenile thrips in most traps. Juveniles 

were found in the traps of both those under male and those under female stage 

inflorescences indicating that they are breeding in both flower types. 

 

6.3.2 Altitudinal variability  
 

Flowering to non-flowering control comparisons 
 

Altitudinal sampling of flower visitors was carried out at 500 m, 800 m and 1100 m. 

Traps were set at non-flowering plants (unopened buds), as well as male- and female-

stage flowering palms, in order to determine what proportion of the visitor fauna was 

likely to be actively attracted to open flowers. In using two-way ANOVAs if the 

interaction between altitude and the flower type (i.e. bud, male or female) is 

significant then this indicates that the difference between the visitor assemblage 

across comparisons of each flower type might change between altitudes. This being 

the case, then the comparison between insects trapped at open flowers and the control 

would need to be made at each altitude separately.  
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Table 6.1 Probability values (P) generated in two-way ANOVA determining the difference 
between samples of different insect Orders collected at different flower types (unopened bud, 
male and female flowers) and three altitudes at inflorescences of Linospadix monostachya.  

Order Analysis Factors df F value P
Statistically 
significant

Thysanoptera 2-way ANOVA Flower type 2 56.54 <0.0001 *
2-way ANOVA Altitude 2 25.85 <0.0001 *
2-way ANOVA Flower type * Altitude 4 4.636 0.002 *

Post hoc  tests Bud, female 0.001 *(Bf)
Post hoc  tests Bud, male 0.0001 *(Bf)
Post hoc  tests Female, male 0.0001 *(Bf)
Post hoc  tests 500m, 800m 0.321
Post hoc  tests 500m, 1100m 0.0001 *(Bf)
Post hoc  tests 800m, 1100m 0.0001 *(Bf)

Homoptera 2-way ANOVA Flower type 2 3.996 0.022 *
2-way ANOVA Altitude 2 12.04 0.0001 *
2-way ANOVA Flower type * Altitude 4 2.02 0.099

Post hoc  tests Bud, female 0.426
Post hoc  tests Bud, male 0.055
Post hoc  tests Female, male 0.007 *(Bf)
Post hoc  tests 500m, 800m 0.001 *(Bf)
Post hoc  tests 500m, 1100m 0.219
Post hoc  tests 800m, 1100m 0.0001 *(Bf)

Coleoptera 2-way ANOVA Flower type 2 8.07 0.001 *
2-way ANOVA Altitude 2 11.74 0.0001 *
2-way ANOVA Flower type * Altitude 4 4.19 0.004 *

Post hoc  tests Bud, female 0.304
Post hoc  tests Bud, male 0.0001 *(Bf)
Post hoc  tests Female, male 0.006 *(Bf)
Post hoc  tests 500m, 800m 0.092
Post hoc  tests 500m, 1100m 0.003 *(Bf)
Post hoc  tests 800m, 1100m 0.0001 *(Bf)

Diptera 2-way ANOVA Flower type 2 26.63 0.0001 *
2-way ANOVA Altitude 2 3.51 0.034 *
2-way ANOVA Flower type * Altitude 4 1.15 0.33

Post hoc  tests Bud, female 0.061
Post hoc  tests Bud, male 0.0001 *(Bf)
Post hoc  tests Female, male 0.0001 *(Bf)
Post hoc  tests 500m, 800m 0.092
Post hoc  tests 500m, 1100m 0.368
Post hoc  tests 800m, 1100m 0.011 *(Bf)

* significantly different P < 0.05
*(Bf) significantly different after Bonferroni correction  

 

Both the Thysanoptera and Coleoptera showed a significant difference among the 

flower types, altitude and the interaction of the two factors (Two-way ANOVA, 

interaction effect, P < 0.05; Table 6.1). The Diptera and Homoptera also showed a 

significant difference between flower types and altitudes, but not the interaction of the 

two (Two-way ANOVA, interaction effect, P < 0.05; Table 6.1). Significant 

differences from the bud samples compared to male flower samples were found for 

Thysanoptera, Diptera and Coleoptera, but the only taxa for which visitors to female 
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flowers differed to buds were the Thysanoptera (Table 6.1). For the thrips, 

Homoptera, Coleoptera and Diptera there was a significant difference between 

visitors to male and female flowers regardless of altitude (Table 6.1). 

 

When the abundance of Thysanoptera and Coleoptera collected at the control (bud) 

versus open flowers (female and male) were compared at each altitude individually 

using T-tests, it is evident that the control at the 1100 m site did not demonstrate any 

significant difference to either the male or female flower samples (Table 6.2). For the 

Thysanoptera at least, the visitors collected at male flowers were significantly greater 

than not only the control, but also the female flowers at the 500 m and 800 m sites 

(Table 6.2). 

 

Table 6.2 Probability values calculated by T-tests to compare thrips and beetles collected at 
unopened buds, female flowers and male flowers at three altitudes. Values shaded grey are 
significant following Bonferroni correction. 

Pair-wise comparison Thysanoptera Coleoptera
500m Bud, Female 0.04 0.34

Bud, Male <0.0001 0.0004
Male, Female 0.0003 0.01

800m Bud, Female 0.06 0.08
Bud, Male <0.0001 <0.0001
Male, Female <0.0001 0.004

1100m Bud, Female 0.13 0.44
Bud, Male 0.02 0.38
Male, Female 0.22 0.95  

 

Altitudinal comparison of ordinal data between flowering samples 
 

With the inclusion of all samples collected at flowers and controls, and using 

abundance data, a number of taxa showed a significant difference across altitudes 

(Two-way ANOVA, P < 0.05; Table 6.1). As the experiment was designed to test the 

difference in flower visitors among altitudes, the analysis was repeated using the 

relative abundance of insect groups at open flowers only to determine the importance 

of different insect groups at different altitudes. 
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Figure 6.8 Mean relative abundance of arthropod individuals visiting (a) male and (b) female 
flowers of Linospadix monostachya. Different letters signify significant differences among 
altitudes for individual orders. Bars are ± 1 S.E. 

 

Male flowers of Linospadix monostachya were predominantly visited by thrips at both 

500 m and 800 m but the relative abundance of thrips became significantly less at the 

1100 m site. In contrast the proportions of beetles, flies and spiders increased 
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significantly at the 1100 m site (Figure 6.8). The thrips are a less conspicuous element 

of the fauna visiting female L. monostachya flowers. They make up a significantly 

lower proportion of the fauna than at the 1100 m site than at the 800 m sites, but not 

significantly less than at the 500 m site (Figure 6.8). A similar result was seen for the 

beetles but in this case they increase in their importance at the 1100 m site. 

 

Altitudinal comparison of taxonomic data between flowering samples 
 

Traps at the flowers of Linospadix monostachya collected three species of thrips 

(Table 6.3) of which the dominant species was Thrips setipennis that was collected at 

all altitudes on both male and female flowers. The occasional species of Haplothrips 

was also collected. 

 

Table 6.3 The total number of individuals of each Thysanoptera species collected at both male 
and female flowers of Linospadix monostachya at three separate altitudes in Lamington National 
Park. 

Female Male Female Male Female Male
Phlaeothripidae

Haplothrips haideeae 0 1 0 0 0 0
Haplothrips victoriensis 1 0 1 0 1 0
Haplothrips  juvenile 1 0 1 0 1 0

Thripidae
T.setipennis 73 550 87 715 9 34
Thrips  juvenile 2 81 2 322 1 0

Total 77 632 91 1037 12 34

500m 800m 1100m

 

 

Beetles were collected from 26 families with 114 morphospecies determined 

(Appendix 6). The most frequently collected beetle was the species of Derelomini 

gen. near Parimera (Curculionidae) also collected during observations. The 

Curculionidae (29.8%) were the most abundant family of beetles collected at L. 

monostachya flowers, followed by Staphylinidae (20%) and Lathridiidae (11.6%). 

 

Ordination of all thrips and beetle species combined demonstrated that two samples 

(500 m female C2 and 1100 m female L) were outliers. Both of these samples 

collected no thrips and just two beetle individuals. These two samples were removed 

so that a clearer ordination pattern could be seen (Figure 6.9). Some separation of 
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sites was then detected and an ANOSIM analysis showed that the separation of 1100 

m from the other two altitudes was statistically significant (R = 0.142, P = 0.001; 500 

m vs 1100 m R = 0.213, P = 0.001; 800 m vs 1100 m R = 0.177, P = 0.001). 

However, it should be noted that the R value was very low (R = 0.142) suggesting a 

low biological significance of the result. A correlation of the species that best explain 

the pattern was carried out. Key taxa were Thrips setipennis and the juvenile Thrips. 

The ordination was repeated with just thrips and then just beetles and in each case a 

similar result was obtained with the 1100 m site differing from the other two altitudes. 

A correlation between the multivariate pattern and those individual species that best 

explained the pattern of beetles was carried out. Key taxa were Corylophidae mspp. 2 

and Derlomini gen. near Parimera mspp. 1. 

 

 

Figure 6.9 An ordination derived using multi-dimensional scaling of all beetle morphospecies and 
thrips species collected visiting male and female flowers of Linospadix monostachya at three 
altitudes in Lamington National Park. 

 

A non-parametric MANOVA was also performed. The results confirmed the 

difference among altitudes and the difference among male and female flowers for 

thrips and beetles combined, but also analysed separately (Table 6.4). In pair-wise a 

posteriori analysis, the 1100 m site was again demonstrated to be significantly 

different from both the 500 m and 800 m sites (t = 1.98, P = 0.001). The male and 
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female flower visiting assemblages differed significantly from each other and this was 

consistent at different altitudes (Table 6.4). 

 

Table 6.4 Summary of non-parametric MANOVA and a posteriori pair-wise analysis used to test 
various combinations of flower visiting taxa to the male and female flowers of Linospadix 
monostachya at three altitudes in Lamington National Park. 

Taxa Analysis Factors df F/t value P (perm)
Statistically 
significant

Thysanoptera & NPMANOVA Altitude 2 3.231 0.001 *
Coleoptera NPMANOVA Gender 1 4.374 0.001 *

NPMANOVA Altitude x Gender 1.204 0.193

a posteriori  pair-wise 1100m, 500m 1.88 0.001 *(Bf)
a posteriori  pair-wise 1100m, 800m 1.98 0.001 *(Bf)
a posteriori  pair-wise 800m, 500m 1.16 0.18

a posteriori  pair-wise Male, Female 2.01 0.001 *(Bf)

Thysanoptera NPMANOVA Altitude 2 2.57 0.034 *
NPMANOVA Gender 1 5.286 0.008 *
NPMANOVA Altitude x Gender 2 0.707 0.6

a posteriori  pair-wise 1100m, 500m 1.62 0.07
a posteriori  pair-wise 1100m, 800m 1.97 0.03
a posteriori  pair-wise 800m, 500m 0.56 0.78

a posteriori  pair-wise Male, Female 2.25 0.01 *

Coleoptera NPMANOVA Altitude 2 2.943 0.001 *
NPMANOVA Gender 1 3.368 0.001 *
NPMANOVA Altitude x Gender 2 1.091 0.295

a posteriori  pair-wise 1100m, 500m 1.92 0.001 *(Bf)
a posteriori  pair-wise 1100m, 800m 1.72 0.001 *(Bf)
a posteriori  pair-wise 800m, 500m 1.33 0.054

a posteriori  pair-wise Male, Female 1.77 0.001 *(Bf)

* significantly different ( P <0.05)
*(Bf) significantly different after Bonferroni correction  

 

6.3.3 Reproductive success  
 

The proportion of flowers on an inflorescence that successfully set fruit on L. 

monostachya palms ranged from none to all flowers. There was a significant 

difference in the mean proportion of flowers producing fruit (ANOVA, F = 8.8, P < 

0.0001) with post hoc comparisons showing that the 500m site was significantly less 

successful than both the 800 m and 1100 m sites (P < 0.05, Figure 6.10). Because 

there was some concern that fruit were being lost to predation particularly at the 500 

m site, the experiment was repeated the following season but flowers were bagged 

following opening to prevent predation. Only the 500 m and 1100 m sites were used 

in this second round and although the mean proportion of successful fruit set was 

lower at the 500 m site (14%) than the 1100 m site (17%), high variability meant the 
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difference was not statistically significant. Means were also much lower than the 

previous year. 
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Figure 6.10 The mean proportion of Linospadix monostachya flowers successfully pollinated at 
each of three altitudes in Lamington National Park during the 2007-2008 flowering season. 
Different letters signify significant differences between means at different altitudes. Bars are ± 1 
S.E. 

 

6.4 Discussion  
 

In considering the variability of plant-pollinator interactions along an altitudinal 

gradient at the outset of this chapter, I outlined a number of factors that might change 

with altitude:  

¥ the timing of flowering,  

¥ the visitor assemblage,  

¥ flowering duration; and  

¥ reproductive success. 
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Changes to the first three points may impact on reproductive success. In the case of 

Linospadix monostachya, I considered both the visitor assemblage and reproductive 

success as well as the general pollination biology. Although there were differences in 

the visitor assemblage at the highest altitude (1100 m) compared to the lower two, the 

two dominant visitors, and effective pollinators, were a constant at all altitudes and 

reproductive success did not decrease at the highest altitude. 

 

6.4.1 Pollination biology of Linospadix monostachya  
 

Linospadix monostachya has a fairly specialised pollination system, with just two 

species consistent visitors: Thrips setipennis and a Derelomini weevil. Both of these 

species were demonstrated to be effective pollinators and constant across all altitudes.  

 

Thrips setipennis is commonly found in the flowers of subtropical rainforest plants 

and was identified as the sole pollinator of Wilkiea hugeliana (Monomiaceae) in a 

study in the Manning Valley, northern New South Wales (Wil liams et al., 2001). In 

the same study, a further 13 plant species had T. setipennis individuals in their 

flowers. In the present study it was determined that both male and female flowers of 

L. monostachya serve as a brood site for T. setipennis.  

 

Attraction and recruitment of pollinators, including thrips, through scent and flower 

colour is common. Flower shape and contrast can also be an important recruitment 

cue to flower visitors. The lack of perceptible scent in the female flowers of L. 

monostachya may indicate that attraction is a function of automimicry (Williams et 

al., 2001, Armstrong and Irvine, 1989, Irvine and Armstrong, 1990) for both thrips 

and weevils. The yeasty odour of the male flowers is probably a strong attractant to 

the weevils. Irvine and Armstrong (1990) noted that beetles attracted to musky odours 

are usually pollen feeders and flowers that are regularly chewed by florivores have 

developed protective structures to protect the ovule from chewing. Certainly L. 

monostachya meets this description and it may have evolved these traits under the 

selection pressure of weevil pollinators.  
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Weevils, including Derelomini weevils, have been commonly associated with 

pollination in palms (Listabarth, 1996, Ervik et al., 1999, Meekijjaroenroj and Anstett, 

2003, Henderson, 1986, Dufay et al., 2003). The exclusion experiment conducted 

here, however, suggests that the exclusion of weevils did not reduce pollination 

success. Thrips are likely to make-up for their poorer pollen loads by sheer numbers 

and the ability to crawl into the female flowers past the stigma offering more 

opportunities for pollen transfer. The flowers of L. monostachys are typical of those 

described as Òthrips flowersÓ having white or cream, globulose-urceolate flower shape 

and dry easily dislodged pollen (Williams et al., 2001). So in the case of both 

dominant visitors, flower morphology could reflect adaptation to pollination by either 

or both species. 

 

The very loose, small pollen grains might also be conducive to wind transfer of 

pollen, but very little wind movement occurs beneath the forest canopy at most 

altitudes (refer Chapter 2) making this unlikely to be a reliable source of pollen 

transfer.  

 

Other very small beetles such as species of Corylophidae and Staphylinidae were 

collected in reasonable numbers in flower traps despite not being recorded in visitor 

observations. Their presence in control samples as well as flower samples might 

suggest that their visitation is more opportunistic than that of the Derelomini weevil 

and that their role in pollination is limited. 

 

6.4.2 Altitudinal variability in the visitor assemblage  
 

Both Thrips setipennis and the Derelomini weevil species were conspicuous elements 

of the visitor fauna at the 500 m, 800 m and 1100 m sites. While the assemblage of 

visitors to the flowers was statistically different at the 1100 m sites, both species were 

part of the visitor assemblage. Overall very few individuals of any taxa were collected 

at the 1100 m sites. Thrips setipennis was almost the exclusive thrips visitor, but only 

one juvenile thrips was collected at this altitude. The relative abundance of thrips 

decreased significantly while beetles dominated the visitor samples. Despite low 

numbers of flower visitors trapped at the 1100 m sites, reproductive success was as 
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good and possibly better than at lower altitudes. Low trapping counts may reflect lack 

of flying activity. Lewis (1973) noted that temperature and light affect the take-off 

ability of thrips which require at least 1080 lux, the equivalent of an overcast day, to 

take-off. Low light conditions in the understorey are likely to be a feature of the 1100 

m altitude due to frequent cloud immersion (see discussion Chapter 2). The results of 

experiments here may indicate either fewer individuals because conditions are less 

suitable or less flight activity so fewer collected in traps. In fact both effects are likely 

to contribute to the observed results. Reduced insect presence or activity, however, 

did not impact negatively on reproductive success and at the higher altitude the 

increased dominance of beetles could compensate for any diminution of thrips 

presence. 

 

The exclusion experiment also demonstrated that L. monostachya is pollen-limited, so 

although the specialised pollination system provides constancy of pollinators across a 

wide geographic range, the trade-off appears to be a slight loss of reproductive 

success. The apparent obligate and restricted pollinator requirements of L. 

monostachya may make it vulnerable to the impacts of disturbance.  

 

Although the pollination system was similar at all altitudes a few points should be 

noted. The trend towards a lower reproductive success rate at the 500 m site, whether 

as a result of increased predation or other factors, may be important under climate 

warming. Using the altitudinal gradient as a surrogate for climate change, a simple 

prediction would be that reproduction for L. monostachya at the 1100 m sites might 

become more like those at the 800 m sites, with increased visitation by or presence of 

the two key pollinators. However as the lower altitudes continue to warm a decrease 

in the success and presence of L. monostachya may result. Linospadix monostachya 

was completely absent at the lowest altitude studied in the IBISCA project Ð 300 m. 

The distribution of L. monostachya spreads north to Gympie (approximately 200 km 

north of Lamington National Park), but at lower latitudes it tends to be restricted to 

higher altitudes (Cronin, 2000). Thrips setipennis has a similar distribution with the 

most northerly record being from Mt Glorious just north of Brisbane (L.A. Mound 

pers. com., 31 July 2008). In trapping at flowers along the IBISCA gradient, T. 

setipennis was not collected in traps at the 300 m sites (see Chapter 7). Although it is 

not clear from the available data whether the restriction in distribution of either of 
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these species is related to an environmental tolerance, there is a risk that one or both 

species will be no longer successful at its current low altitude distribution range as the 

temperature warms. 

 

6.4.3 Conclusions  
 

The dominant flower visitor set to L. monostachya is characterised by the presence of 

two specialists, both of which demonstrate constancy with increasing altitude. 

Although nothing is known about the distribution of the weevil, the presence of two 

specialists may increase the resilience of L. monostachya under a climate-warming 

scenario. The increased dominance of beetles and decrease in beetles in the flower 

visitor assemblage at the 1100 m site did not alter the reproductive success of L. 

monostachya and both beetles and thrips are probably effective pollinators. Although 

L. monostachya has a specialist pollination system in that it appears to be largely 

restricted to two species, T. setipennis is obviously not a specialist on L. monostachya. 

The impact of climate change on these two species will be very different. The loss of 

T. setipennis could have a negative effect on the reproductive success of L. 

monostachya, whereas the loss of L. monostachya may have a limited impact of T. 

setipennis. 
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CHAPTER 7 POLLINATION ECOLOGY AND ALTITUDINAL 
VARIABILITY OF TWO CANOPY TREES 

 

7.1 Introduction  
 

In Chapter 6, I demonstrated the constancy across altitudes of a specialist understorey 

pollination system in the subtropical rainforest with the results of a study of 

Linospadix monostachya. The understorey and the canopy of the rainforest, however, 

present extremely different environments. The associated differences in temperature 

and humidity have been described in Chapter 2 of this thesis. Rainforest canopies are 

the centre of most plant activity and experience peaks in animal abundance (Erwin, 

1982, Basset, 2001). Canopies are home to a wide variety of poorly understood plant-

animal interactions (Ozanne et al., 2003, Roslin, 2003). Improved canopy access has 

facilitated study of all layers of the rainforest, including the upper canopy. Central 

among the interactions in the canopy are those between animals and flowers, 

principally, but not exclusively, related to pollination. Early work showed not only a 

diverse array of plant-pollinator interactions with their consequences for the 

reproductive potential of the canopy but the occurrence of many generalised plant-

pollinator associations (House, 1993, House, 1989, Ibarra-Manriquez and Oyama, 

1992). In addition excellent studies of the relationship between general flowering 

events and pollinator behaviour have been made in tropical rainforests (e.g. Sakai et 

al., 1999c, Sakai et al., 1999b).  

 

Fundamental to much of this work has been a gradual shift from the initial perception 

of bee-dominated pollination in rainforest canopies to the identification of a much 

wider range of pollination systems as being of importance. Of the Lamington flora 

reviewed in this thesis, almost one third of all plant species are trees and a further 

14% are vines (Chapter 3), which, with the addition of some epiphytes, largely flower 

in the canopy, making this a very important element of the flora. 

 

This chapter continues the study of individual taxa of plants within the subtropical 

rainforest in order to better understand their floral morphology and pollination 

ecology and how aspects of these systems might change at different altitudes. In 
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Chapter 6 I examined the situation in a widely distributed understorey palm.  Here I 

present results on two canopy trees. In particular the work described in this chapter 

was designed to answer the following questions. 

1. What is the floral morphology of two selected canopy trees? 

2. What insects visit the flowers of the two canopy trees? 

3. Does the flower visitor assemblage change across altitudes? 

4. Does the reproductive success of the two species change across altitudes? 

 

7.2 Methods  
 

7.2.1 Species description  
 

Pentaceras australis (F.Muell.) Benth (Rutaceae) is a medium sized tree growing to 

18 m in height and 45 cm stem diameter (Floyd, 2008). It is found in dry rainforest 

and subtropical rainforest, often regenerating after clearing (Harden et al., 2006). 

Individuals of the species have been recorded from the Richmond River in the south 

of New South Wales, to Gympie in Queensland. The trees are usually fairly 

cylindrical and straight, sometimes with a slight flange at the base, with a smooth 

brown bark often with short vertical rows of very small pustules (Floyd, 2008). 

Leaves are alternate, pinnate and consist of seven to fifteen leaflets that are very 

unequally sided at the base (Figure 7.3). Flowers are held in large, multi-branched 

panicles at the ends of branches. Individual flowers are about 6 mm in diameter with 

five petals and a pleasant honey scent. Flowering is reported from June to October. 

Fruit consists of usually a single dry carpel (but can be up to five) surrounded by a 

broad wing. The fruit is irregularly ovate and up to 4 cm long. Ripe fruit is reported as 

frequently found between November to January but as late as May (Floyd, 2008). 

 

Ackama paniculata Engl. (Cunoniaceae) (formerly Caldcluvia paniculosa) is a 

medium-sized to large tree reaching heights up to 40 m usually with a buttressed trunk 

and often persisting in the canopy (Harden et al., 2006, Floyd, 2008). The species is 

found in subtropical, warm-temperate and cool-temperate rainforest from the 

Hawkesbury River in NSW north to Eungella Range in mid-north Queensland and is 
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commonly a pioneer species. The tree bark is light grey or pale brown and softly 

corky - giving the tree its common name ÒCorkwoodÓ. Flowers are creamy and 

gathered into showy compound panicles up to 15 cm in diameter. Inflorescences arise 

in the forks of the leaves towards the ends of the branches. The flowers have five 

lanceolate petals that are 1-2 mm in length and ten stamens approximately 2 Ð 4 mm 

in length. Flowering is recorded as occurring in late spring or November (Floyd, 

2008, Leiper, 2008). The fruit of A. paniculata is a red capsule approximately 1-2 mm 

long and opening from the top in two valves. Each capsule contains a few seeds that 

are 1 mm in length, ovoid, flattened and clothed in long hairs. 

 

7.2.2 Site selection  
 

Individuals of the target plant species were located, first, by referring to the herbarium 

survey of plants on the IBISCA plots (see Chapter 2) and, subsequently, by searching 

the surrounding area. Because of the difficulty of making detailed observations on the 

canopy tree species, trees in the Green Mountains camping ground were used for 

observations of Pentaceras australis - these could be accessed readily by standing on 

the roof rack of a car and, thus accessing low branches. No such access could be 

obtained in this way for Ackama paniculata. 

 

7.2.3 Flower visitors  
 

In order to observe visitors to the flowers of Pentaceras australis and Ackama 

paniculate, a digital video camera system was deployed in the canopy using tree 

climbers. A standard video surveillance camera fitted with an infrared light and 

housed in a waterproof case was bracketed to a nearby branch and the camera 

focussed on a large inflorescence. The camera signal was passed to a ground based 

mobile digital video recorder via a long coaxial cable (Figure 7.1). Recording could 

be controlled from the ground although camera focus and settings needed to be done 

in the canopy using a small LCD display. Installation of the camera required climbing 

each tree by a specialist climber that could access high flowering branches. Due to the 

expensive and difficult nature of climbing trees to a height were flowers could be seen 

(at the outer edge of the canopy), the camera was only successfully used on two 
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occasions for each of the two canopy species, however, in each case the video 

successfully recorded for a 24-hour period. Recording of flower visitors to Pentaceras 

australis was completed on a single tree at the 300 m site and one at the 900 m site. 

For Ackama paniculata, one tree was accessed at each of the 900 m and 1100 m sites.  

 

 

Figure 7.1 Digital video recording set up used to video flower visitors in the canopy. A digital 
video recorder (DVR) was linked to the video surveillance camera (pictured on right) via a long 
coaxial cable. A small LCD screen could be used in the canopy to adjust focus or on the ground 
directly through the DVR to check the picture. 

 

7.2.4 Altitudinal variability  
 

In order to determine the flower-visiting insects of the two target species a 

combination of sticky and small intercept traps were used. The construction of these 

traps is described in Chapter 6 (Section 6.2.5). For use in the canopy an additional 

modification was the attachment of a length of 2 mm nylon cord to the top of the 

interception screen of the intercept traps so it could be pulled over a branch. The 

sticky traps were wired to the sides of the interception screen before the trap was 

hauled into the canopy. In order to place traps near flowers in the canopy a length of 

fishing line pulled by an arrow was shot into the canopy using a compound bow, so 

that it passed over the top of a flowering inflorescence and the fishing line hung in 

front of the inflorescence. A length of lightweight nylon cord was then attached to the 

end of the fishing line and pulled up over the tree. The intercept trap was attached to 

this cord and hauled until it sat in front of an open flowering inflorescence. A second 

length of cord was attached to the haul cord at a point just above the trap to guide it 

accurately into position and to assist in retrieval. At each inflorescence sampled, a 

single intercept trap and four sticky traps attached to the interception screen were 

deployed. 

DVR 

LCD 

Cable reel 
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At three altitudes Ð 800 m, 900m and 1100m Ð individual trees of A. paniculata were 

found and were appropriate, sampled. At each altitude trapping was carried out in 

eight flowering trees. In order to determine the particular effect of flowering a 

trapping unit was also installed into the canopy of a nearby tree that was not in flower. 

Inevitably this was usually a different species but at approximately the same height as 

that of the trap in the nearby flowering tree.  

 

At 300m, 500m and 900m altitudes Ð individual trees of P. australis were searched 

for, but could only be found flowering in sufficient numbers at the 300 m and 900 m 

sites and sampling was restricted to these two altitudes. At each altitude traps were set 

in nine flowering trees. Strong winds and heavy rain caused a number of traps to lose 

their position (including trees and branches falling down, dragging traps with them) 

and several traps had to be reset, particularly at the 900 m sites. Only seven complete 

samples were able to be collected at the 900 m sites before good flowering 

inflorescences could no longer be found. Again control traps were hauled into the 

canopy of a nearby tree that was not in flower with traps set at approximately the 

same height as that of the trap in the nearby flowering P. australis. Often this 

necessitated the use of a different tree species.  

 

A minimum of 50 m was maintained between trees with traps, but individual trees 

were often several hundred metres apart, with all individuals located within a 2 km 

area. 

 

Trapping at Ackama paniculata began on 16 January 2008 and traps were left to 

collect in the canopy for seven days. Pentaceras australis was trapped from the 30 

August 2008 and traps had to be collected after five days to avoid damage by storms. 

Once the traps were brought back to the ground, the contents of the intercept traps 

were filtered through fine mesh and the catch washed into a vial of 70% ethanol. The 

sticky traps were brought to the laboratory and the sticky coating dissolved in 

turpentine. The catch was washed into 70% ethanol to await sorting. The contents of 

all traps were sorted initially to Order. The intercept and sticky trap data was pooled 

for analyses. Flower-visiting flies, beetles and thrips were sorted to a higher level of 
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taxonomic resolution. Sticky traps were not included in this higher level of sorting as 

the Tangletrap¨  and cleaning process make specimens very difficult to identify 

beyond Order. 

 

Identification of thrips species was carried out using a number of keys (Pereyra and 

Mound, 2009, Mound and Masumoto, 2005, Moritz et al., 2001, Mound and Minaei, 

2007) with a representative collection sent to Dr Lawrence Mound, CSIRO Canberra 

for confirmation and correction of identifications. Flies were sorted to family using an 

interactive Lucid key (Hamilton et al., 2006). Beetles were pinned and pointed and 

then identified to family using an interactive key (Lawrence et al., 1999). Beetle 

specimens were then compared to the collection at Queensland Museum to confirm 

identifications and assist in sorting to morphospecies. 

 

Comparisons among assemblages collected in control traps and those at open 

inflorescences across co-flowering tree species were analysed statistically using two-

way analysis of variance (ANOVA) with treatments control vs flower compared first 

and then altitudes compared. 

 

An ANOVA was used to test changes in the dominance of particular Orders visiting 

flowers with increasing altitude. Only the flower-trapped data were used in this case. 

The abundance was log transformed [ln(x+1)] and standardised by sample total. 

Multi -dimensional scaling was used to create ordination plots of altitude-associated 

assemblages of beetle morphospecies, thrips species and fly families. These 

ordinations were calculated using the software package PRIMER 6 (Clarke, 1993, 

Clarke and Gorley, 2006). Testing of statistically significant difference across the 

altitudinal groups of flower-visiting assemblages was carried out using analyses of 

similarities (ANOSIM). Finally, a BEST analysis was completed in PRIMER. The 

BEST procedure allows for the bias inherent in selection of a subset of variables from 

one matrix (e.g. species of thrips) that best ÔexplainsÕ the pattern in a second (e.g. 

abundance) and was used here to determine the variables that best explain the 

ordination of data for up to five variables. The results of ANOSIM analysis suggested 

that assumptions of a normal distribution may have been violated and so the testing 

was repeated using a non-parametric multivariate analysis of variance 



 183 

(NPMANOVA) (Anderson, 2001) using PERMANOVA. The data was once again 

transformed to ln(x+1) and standardised to relative abundance. The analysis was 

based on Bray-Curtis dissimilarity. The ordination, ANOSIM, NPMANOVA and 

BEST procedures were repeated for both tree species using the whole assemblage and 

then using just thrips, beetle and fly data separately. 

 

7.2.5 Reproductive success  
 

For P. australis and A. paniculata flower traps were placed under trees in order to 

catch flowers and later seed to get an indication of reproductive success.  

 

To trap the flowers of P. australis, collection hoops (originally developed for 

collecting arthropods during canopy fogging) were used. These hoops are a funnel of 

white plasticised fabric at the bottom of which is sewn an elasticised sleeve. The catch 

area of the hoops is approximately 0.5 m2 (Figure 7.2a). During flowering, a 250 ml 

plastic vial filled with a mix of ethanol and propylene glycol was held in the elastic 

sleeve to catch and preserve flowers. After flowering finished, an onion bag was 

placed into the sleeve and a short length of tube used to hold open the onion bag. For 

seed collection. Two hoops were deployed under each of four P. australis trees at the 

300 m site and four trees at the 900 m site from 30 August 2008 until 17 June 2009 

when seeds were no longer present in the trees.  

 

The seeds and seedpods of A. paniculata are very small (1-2 mm long) and would not 

have been caught by the collection hoops so a second flower trap was developed 

(Figure 7.2b). In this design, a fabric funnel was created which had a square top (0.75 

m x 0.75 m) and a cylindrical cup of fabric at the bottom of the funnel. A short length 

of elastic was stitched around the top of the fabric cup to hold a 250 ml plastic vial in 

place. The traps were strung up by corner loops stitched to each of the four corners 

and cord attached to available vegetation to hold the trap taut and square. While A. 

paniculata was in flower, a vial containing a mix of ethanol and propylene glycol was 

placed in the cup. Once fruiting began the vial was removed and the seedpods were 

caught in the fabric of the funnel while allowing rain to filter out. 
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Numbers of flowers and proportions of seeds to flowers were compared between 

altitudes using t-tests. In the case of proportions, the data was first arcsine 

transformed (Sokal and Rohlf, 1981). 

 

800mm diam.

200 mm

15lb Fishing line
fixed to support
line above

3 x size no. 2 brass interlock
snap fishing swivel

5mm or 8# wire ring sewn into
outer  edge of cone

50mm wide elastic
sewn to outside  of
cone

To suit sample jar
(see enlargement)

50mm

Cone Material:  Plasticised
fabric  Nylex HTL or similar
material

 

Cone fabric
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Figure 7.2 (a) The original design of collection hoops modified to use as flower traps for P. 
australis. The elasticised sleeve was 70 mm in diameter to accommodate a larger vial. (b) The 
fabric flower traps used to catch flowers and seeds of A. paniculata  

 

7.3 Results  
 

7.3.1 Flower morphology and ecology  
 

Pentaceras australis 
 

Pentaceras australis flowers (Figure 7.3) began splitting and opening in the morning, 

but took approximately 24 hours for petals to reflex to 90¼. Petals continued to flex 

out until about 135¼ approximately 48 hours after opening. The anthers are pale cream 

and tightly packed into the centre of the flower when first open, gradually reflexing 

out with dehiscence occurring about 48 hours after opening in a round of five outer 

anthers, followed by inner five anthers 24 hours later. Pollen was often detected at 

08:00 hr. Initially the stigma just protrudes from the centre structure (less than 1 mm 

exposed) but grows until it protrudes by about 1.5 mm and is level with the tops of the 

anthers. The stigmatic surface has five bumps and becomes sticky after flower 

opening. Flowers were open for about 7-8 days. Flowers have a strong sweet honey 

scent. There was insufficient nectar to extract from flowers using a microsyringe, but 

there was moisture that suggests some secretion. 
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Figure 7.3 Diagram of (a) fully open Pentaceras australis flower and (b) leaf of the same. Flower 
illustration by M.R. Baker.  

 

Ackama paniculata 
 

Observations of flower opening were not made for Ackama paniculata as no flowers 

could be accessed without climbing a tree. Flowers of Ackama paniculata (Figure 7.3) 

collected in flower traps and examined under the microscope all have 5 petals about 

0.5 mm in length, between 7 and 9 filaments and mostly had two, but occasionally 

three styles. Anthers were about 1.5 Ð 2.2 mm in length. The style was consistently 

between 0.7 mm and 0.8 mm in length. In total the fully open flowers were about 2.5 

mm in height and width. No scent or nectar was perceptible at inflorescence collected 

from samples knocked down using the bow and arrow. 

 

A B 
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Figure 7.4 (a) An inflorescence and (b) an individual flower of Ackama paniculata 

 

7.3.2 Flower visitors  
 

Pentaceras australis 
 

Observations of flower visitors recorded a wide variety of insects visiting and feeding 

from the flowers of Pentaceras australis across three days at the 900 m altitude. Most 

insect observations occurred in the morning from 05:00 hr until mid-afternoon, but 

was very strongly dependant on weather conditions. Thrips were frequently observed 

crawling in and among flowers. Collected specimens were all Cranothrips ibisca 

(Pereyra and Mound, 2009). A variety of flies were observed hovering near or landing 

on flowers to feed on them. At least two different species of syrphid flies were 

observed visiting flowers. Several beetles were observed crawling around flowers and 

those that were collected were compared with beetles identified from trapping (see 

below). Beetles collected during observations at the 900 m altitude were identified as 

Corylophidae mspp. 1, Nitidulidae mspp. 7 and a species of Curculionidae. Butterflies 

were observed visiting flowers on two occasions as was a feral honeybee (Apis 

mellifera) and a small hymenopteran. An ad hoc sweep net of flowers at the 300 m 

site on an individual tree that could be reached from the ground in a cow paddock 

collected several beetles that were identified as Litargus mspp. 1, Curculionidae 

mspp. 32 & 33 and a species of Lycidae observed swarming the tree in high numbers 

but not collected in any traps. Night-time video captured footage of small insects 

crawling around the flowers of P. australis. The resolution was not sufficient to 

B A 
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determine their identity but their size and activity suggested they were probably 

beetles. Several spiders were observed moving around the inflorescence and several 

Orthoptera were present throughout the night. No vertebrate visitors were recorded 

nor were any moths. 

 

Ackama paniculata 
 

Due to the small size of the Ackama paniculata flowers and the resolution of video 

footage, it was difficult to determine the identity of flower visitors. There was a 

constant presence of insect activity during the day at both altitudes. Most insect 

visitors appeared to be small flies and beetles. The flies would spend several minutes 

crawling around the flowers, appearing to feed on something at the flowers. They 

would often fly to rest on nearby leaves between foraging bouts. It is possible that 

some of the larger visitors might have been Hymenoptera, but there were only one or 

two such visitors. Several ants were observed visiting the flowers at night-time, but 

these were the only night visitors observed. 

 

7.3.3 Altitudinal vari ability  
 

Flowering to non-flowering control comparisons 
 

Traps were set at non-flowering plants in order to determine how the fauna caught 

adjacent to open flowers differed from that available within the canopy fauna at large. 

 

In a two-way ANOVA if the interaction between control versus flower and the 

altitude comparison is significant then this may be taken to indicate that any 

difference between the visitor assemblage at flowers versus the control changes across 

altitudes. If this is the case, then the statistical comparison of insects trapped at open 

flowers and the control will need to be made at each altitude separately. 
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Table 7.1 Probability values (P) generated in two-way ANOVAS determining the difference 
between controls and flower samples collected at two plant species across a number of altitudes. 
Cells shaded grey were significantly different at the 0.05 level. 

Taxa
Control v 

flower Altitude Interaction
P. australis Collembola 0.071 0.048 0.007

Psocoptera 0.282 0.011 0.282
Heteroptera 0.034 0.35 0.713
Coleoptera 0.038 0.012 0.055
Araenida 0.069 0.004 0.029

A. paniculata Thysanoptera 0.029 0.003 0.095
Coleoptera 0.024 0.034 0.126
Diptera 0.014 0.671 0.398
Homoptera 0.544 0.001 0.21
Heteroptera 0.054 0.019 0.534
O Hymenoptera 0.001 0.81 0.096  

 

For all visitor taxa that showed a significant difference between the number of 

individuals caught at open flowers versus a control, altitude in fact did not affect this 

result (Two-way ANOVA, interaction effect, P > 0.05; Table 7.1). For each of the 

two plant species, different taxa did demonstrate an attraction effect of open flowers. 

In Ackama paniculata, Thysanoptera, Coleoptera, Diptera and Other Hymenoptera 

significantly increased at open flowers. For Pentaceras australis, the Heteroptera and 

Coleoptera increased at open flowers (Table 7.1). By default, the two-way ANOVA 

also tested the combined flower and control samples to determine differences between 

altitudes. A number of taxa showed a significant difference between altitudes (Two-

way ANOVA, P < 0.05; Table 7.1). Following some indication of the Òattraction 

effectÓ of the flowers, the main aim of this experiment was to determine the changes 

in flower visiting assemblages at different altitudes. Therefore analyses are carried out 

below using just the samples collected at flowers. 

 

Altitudinal comparison of ordinal data between flowering samples 
 

The altitudinal change in the relative log abundance of flower visiting individuals of 

insect Orders is considered first. 

 

The only group showing a significant change in their relative abundance between 

altitudes at the flowers of Pentaceras australis are the Coleoptera (Figure 7.5). A 
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corresponding increase in flies and wasps/bees is not statistically significant. Thrips 

remain the most dominant element of the flower-visiting fauna at both altitudes. 

 

 

Figure 7.5 Mean relative abundance of individuals sampled adjacent to flowers of Pentaceras 
australis at two different altitudes. Different letters signify significant differences between 
altitudes within a taxa. Error bars are ± 1 S.E. 

 

For Ackama paniculata the relative abundance of flower visiting thrips, beetles, flies 

and non-ant Hymenoptera (referred to here as Òother HymenopteraÓ) change with 

altitude (Figure 7.6). In particular all groups except the other Hymenoptera, decrease 

significantly at the 1100 m sites when compared with the 800 m and 900 m sites 

(ANOVA, P < 0.05). For the other Hymenoptera, there were significantly less 

individuals at the 1100 m site compare with the 900 m site only (Figure 7.6). 
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Figure 7.6 Mean relative abundance of individuals sampled adjacent to flowers of Ackama 
paniculata at three different altitudes. Different letters signify significant differences between 
altitudes within a taxa. Error bars are ± 1 S.E. 

 

Altitudinal comparison of thrips, flies and beetles between flowering samples 
 

For both plant species, all flower-visiting thrips, flies and beetles were further sorted 

to a higher taxonomic resolution using the catch from the intercept traps only. Thrips 

were for the most part, sorted to genus or species; flies and beetles were both sorted to 

family and beetles were further sorted to morphospecies. 

 

Pentaceras australis 

The adult thrips fauna collected at the flowers of P. australis was dominated by 

Thrips safrus (93%). Juvenile thrips were numerically dominant at the 300 m site. 

Amongst the juveniles a large portion were juveniles of Cranothrips ibisca the rest 

were likely to be a number of species belonging to the Thrips genus. 

 

Five hundred flies collected at the flowers of Pentaceras australis were sorted into 26 

families (Table 8.2). The most abundant of these were in the Chloropidae and 

Drosophilidae that made up 24% and 39% of the sample respectively. Most were 

collected at the 300 m site. 
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A total of 741 beetles were sorted into 34 families and 132 morphospecies (Table ). 

The most abundant family was the Corylophidae, but more than 20 individuals were 

collected from nine other families: Staphylinidae, Phalacridae, Carabidae, 

Lathridiidae, Nitidulidae, Chrysomelidae, Curculionidae and Mycetophagidae. The 

most abundant morphospecies was Corylophidae Sercoderinae mspp. 1 that was 

collected in reasonable numbers at both altitudes at which P. australis was studied. 

 

The Pentaceras australis flower visitor assemblage of fly families and thrips and 

beetle species combined were statistically different at the two altitudes sampled 

(Figure 7.7) and this is confirmed by NPMANOVA analysis (F = 3.05, P = 0.0005). 

Correlates of individual species to the ordination pattern demonstrated several beetle 

species were important drivers of the pattern and these included Corylophidae mpp. 2, 

Sericoderinae mpp. 1 (Corylophidae), Litargus mspp. 1 (Mycetophagidae) and 

Carabidae mspp. 1. When the assemblage of thrips, beetles and flies were considered 

separately, the sites at the two altitudes were statistically different, except the thrips 

(Table 7.2). 

 

 

Figure 7.7 Ordination plot based on a multi-dimensional scaling analysis of the relative log 
abundance of all thrips species, beetle morphospecies and fly families caught at two altitudes 
using intercept traps at the flowers of Pentaceras australis. 
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Table 7.2 Summary of non-parametric MA NOVA analyses used to test various combinations of 
flower visiting taxa to the flowers of Pentaceras australis at two altitudes in Lamington National 
Park. 

Taxa Analysis Factor Df F/t value P (perm) 

Diptera, Coleoptera 

& Thysanoptera 

NPMANOVA Altitude 1 3.08 0.005* 

Diptera NPMANOVA Altitude 1 3.155 0.002* 

Coleoptera NPMANOVA Altitude 1 2.857 0.004* 

Thysanoptera NPMANOVA Altitude 1 0.9148 0.484 

* significantly different  

 

Ackama paniculata 

Eight species of thrips were collected near the flowers of Ackama paniculata, the 

most common of which were Scirtothrips albomaculatus and Thrips setipennis both 

of which were collected at all three sampled altitudes (Table ). The greatest number of 

thrips was collected from trees at the 900 m sites. Very few juveniles were collected 

in any of the samples. The number of individuals collected at flowers was highly 

variable and T-tests demonstrated no species varied significantly across altitudes (P > 

0.05). 

 

Diptera were very abundant at the flowers of A. paniculata and were represented by 

26 families, the majority of which were Nematocera (Lower Diptera) (Table ). The 

most abundant family were the Chironomidae making up almost half of the total 

catch.  

 

In total 196 morphospecies of beetles from 34 families were identified among the 735 

beetles collected at the flowers of A. paniculata (Table ). The most abundant family 

was the Staphylinidae that accounted for 40% of the sample, with large numbers of 

morphospecies 2 at the 800 m sites and morphospecies 1 at the 900 m sites. Many of 

the identified species were singletons or had just a small number of sampled 

individuals. 
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Figure 7.8 Ordination plot  based on a multi-dimensional scaling analysis of the relative log 
abundance of all thrips species, beetle morphospecies and fly families caught at three altitudes 
using intercept traps at the flowers of Ackama paniculata. 

 

The Ackama paniculata flower visitor assemblage of fly families and thrips and beetle 

species combined were clearly different at all three altitudes sampled (Figure 7.8). A 

non-parametric MANOVA and pair-wise a posteriori comparisons confirmed the 

statistical difference among all three altitudes (NPMANOVA, F = 3.22, P = 0.001; 

Table 7.3). Correlates of the top five taxa that drove the multivariate pattern 

consistently included Cecidomyidae, Psychodidae, Thrips setipennis and 

Chrysomelidae Monolepta mspp. 1 (maximum correlation coefficient = 0.693). 

Repeating the analysis using only numbers of Diptera in each family, the separation of 

the three altitudes was again statistically significant. Correlates of the top five families 

that drove the multivariate pattern were Cecidomyidae, Ceratopogonidae, 

Mycetophilidae, Psychodidae and Sciaridae (maximum correlation coefficient = 

0.886). Likewise, when the morphospecies of beetles were analysed separately, there 

was a significant difference in the assemblage at each of the three different altitudes 

(NPMANOVA, F = 2.59, P = 0.001). 
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Table 7.3 Summary of non-parametric MANOVA and a posteriori pair-wise analyses used to test 
various combinations of flower visiting taxa to the flowers of Ackama paniculata at three altitudes 
in Lamington National Park. 

Taxa Analysis Factor df F/t value P (perm)
Statistically 
significant

Thysanoptera, NPMANOVA Altitude 2 3.228 0.001 *
Coleoptera & Diptera

a posteriori  pair-wise 1100m, 800m 2.15 0.001 *(Bf)
a posteriori  pair-wise 1100m, 900m 1.74 0.01
a posteriori  pair-wise 800m, 900m 1.39 0.004 *(Bf)

Thysanoptera NPMANOVA Altitude 2 3.125 0.018 *

a posteriori  pair-wise 1100m, 800m 2.17 0.016 *(Bf)
a posteriori  pair-wise 1100m, 900m 1.85 0.31
a posteriori  pair-wise 800m, 900m 0.39 0.98

Coleoptera NPMANOVA Altitude 2 2.59 0.001 *

a posteriori  pair-wise 1100m, 800m 0.81 0.001 *(Bf)
a posteriori  pair-wise 1100m, 900m 1.52 0.001 *(Bf)
a posteriori  pair-wise 800m, 900m 1.47 0.001 *(Bf)

Diptera NPMANOVA Altitude 2 3.703 0.001 *

a posteriori  pair-wise 1100m, 800m 2.41 0.001 *(Bf)
a posteriori  pair-wise 1100m, 900m 1.62 0.003 *(Bf)
a posteriori  pair-wise 800m, 900m 1.46 0.009 *(Bf)

* significantly different ( P <0.05)
*(Bf) significantly different after Bonferroni correction  

 

7.3.4 Reproductive success  
 

Pentaceras australis 
 

Flower traps under three Pentaceras australis trees at each of the two altitudes 

collected more than sixteen times the number of flowers in total at the 300 m site (n = 

33 205) than at the 900 m sites (n = 2 073). The greatest number of flowers was 

collected on the 12th October and 21st October for the three trees at the 900 m site 

(Figure 7.9). At the 300 m site, the greatest number of flowers were collected on the 

19th September for two trees and then the 5th and 17th October for the other two trees 

(Figure 7.9b). 

 

Very few Pentaceras australis seeds were collected in the traps at all, with totals over 

a four-month period ranging from two to fifteen. The mean reproductive success (i.e. 

proportion of flowers collected to seed collected) was 0.12% at the 300 m site and 

1.4% at the 900 m site and these mean proportions were significantly different (T-test, 

P = 0.016). 
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Figure 7.9 The total number of flowers collected from Pentaceras australis trees at (a) 900 m and 
(b) 300 m in Lamington National Park. 
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Figure 7.10 Mean estimated number of fruits collected from Ackama paniculata trees at two 
altitudes in Lamington National Park. Traps were not run at the 1100m altitude during the 
period 7/4/09 to 17/6/09. 

 

Ackama paniculata 
 

Due to the tiny size of flowers on Ackama paniculata, the start of flowering was not 

detected until flowering was well under way, with traps collecting a mix of flowers, 

fertilised flowers and seeds in the first two weeks they were in place. Catches for 

individual trees ranged from as low as 760 flowers to as many as 9 430, both of which 

were collected at the 1100 m site. The average catch per trap per day was 30.74 

flowers for the trees at 1100 m and 49.03 flowers at the 900 m site. There was no 

statistically significant difference in these means because of the enormous variability 

of the catch at the 1100 m sites. An estimate of fruit collection was made using the 

mass of material collected for each tree. The greatest fruit mass collected was 81.67 g 

from a tree at the 900 m site. Sub-samples of 0.5 g of fruit were made and then the 

number of fruits counted. The average number of fruits in 0.5 g was 286. Based on 

this 81.67 g collected at 900 m would be the equivalent of over 46 700 fruits. The 

mean estimate of fruits produced per trap day was 2063.9 ± 880.4 at the 900 m sites 
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and 324.5 ± 42.2 at the 1100 m sites. Again there was no statistical difference in these 

means due to the large variability. 

 

7.4  Discussion  
 

Both Pentaceras australis and Ackama paniculata demonstrated a broad and 

generalised set of flower visitors. None of the observations of flower visitors 

suggested that they were anything but ecologically and functionally generalist 

pollinated, although some visitors are likely to be more effective pollinators. In both 

cases, the flower-visitor assemblages were particular to the altitude at which they 

were sampled, with some indication that the dominant major insect group (e.g. flies or 

beetles) may change between altitudes. In the case of Ackama paniculata flies were 

dominant visitors at all altitudes but became even more important at the 1100 m sites 

than at the lower two altitudes as beetles become less so. For Pentaceras australis, 

thrips were the dominant visitors at both altitudes, although there was a decreasing 

and increasing trend for beetles and flies respectively. 

 

Pentaceras australis 
 

Flowers of Pentaceras australis appeared to attract beetles and Heteroptera in greater 

numbers than would be simply caught in general trapping, suggesting open flowers 

are attractive to these visitor groups and beetles in particular are likely to be an 

important pollinator group for P. australis. The sweet scent of P. australis flowers are 

likely to attract nectar feeding insects (Irvine and Armstrong, 1990). Although 

quantities of nectar were too small to collect, there may be sufficient to attract the tiny 

beetles feeding at these flowers.  

 

That thrips and flies did not show a significant ÒattractionÓ effect may reflect the high 

levels of variability of these taxa in samples, or that their role in the generalist flower 

visitor suite is more opportunistic. At the ordinal level, only beetles reduced their 

presence significantly in the general visitor assemblage at the 900 m altitude when 

compared to the 300 m altitude. However, when the Families and species (or 
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morphospecies) of flies, beetles and thrips are considered both the assemblage of flies 

and beetles differ across the two altitudes. The fly families that dominated at the 300 

m sites were found in much lower numbers at the 900 m sites, but the relative 

importance of nematoceran flies seemed to increase. The overlap of beetle species 

collected at both altitudes was quite low, but those species found at both altitudes 

were in much larger numbers at the 300 m sites. 

 

The presence and species of thrips found visiting the flowers of Pentaceras australis, 

showed constancy across the two altitudes. The two species most abundant in 

samples, Cranothrips ibisca and Thrips safrus, were found at both altitudes. C. ibisca 

has been recently described (Pereyra and Mound, 2009) and is only known from the 

flowers of Pentaceras australis. My study has confirmed the host association with the 

thrips demonstrated to breed in the flowers of P. australis. The presence of juvenile 

Thrips sp. indicates that Thrips safrus and T. coloratus might also both use the 

flowers as brood sites. 

 

The number of flowers collected at the 300 m sites was not only an order of 

magnitude greater than at the higher altitude, it peaked about 2 weeks before that of 

the 900 m site. Memmott et al., (2007) noted that, in general, flowering advances four 

days for every degree of warming. While the flower trap data does not provide a clear 

start date, the two-week advancement of flowering intensity fits well with the 

predicted warming effect. The adiabatic lapse rate (0.6¼C per 100 m altitude) predicts 

a difference in temperature of 3.6¼C, so that flowering would be expected to start 14.4 

days (4 days¼C-1 x 3.6¼C) earlier at the 300 m site than the 900 m site. The incidence 

and intensity of flowering are clearly linked to climate cues and an increase and 

advance in flowering would be expected to occur at the higher latitudes with climate 

warming.  

 

Ackama paniculata 
 

Flowers of Ackama paniculata appeared to attract thrips, beetles, flies and other 

hymenopteran in greater numbers than would be simply caught in general trapping, 

suggesting open flowers are attractive to these visitor groups. All of these taxa are 
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likely to contribute to the generalist pollinator assemblage of A. paniculata. In 

addition, all these taxa (at the ordinal level at least), with the exception of non-ant 

hymenopterans, differ in their relative abundance at A. paniculata flowers at the 

highest altitude sampled (1100 m) compared with the two lower altitudes (800m and 

900 m). A. paniculata also showed changes in the relative abundance of its dominant 

flower visiting Orders, with beetles and thrips becoming less important and flies more 

important with increasing altitude. 

 

When the flower-visiting families and species (or morphospecies) of flies, beetles and 

thrips are considered together, the 800 m site stands out as differing from both the 

higher altitudes (900 m and 1100 m), although the comparison among the 900 m and 

1100 m sites is statistically significant before Bonferroni correction. Indeed, when the 

fly families and beetle morphospecies are considered individually all altitudes 

sampled different flower-visiting assemblages at A. paniculata. For the thrips species 

however, only the 1100 m siteÕs assemblage differs from the other two altitudes. 

 

The thrips species were largely restricted to two species across all altitudes and again 

there was constancy in the species of thrips found at these flowers. Thrips setipennis, 

as discussed in Chapter 6, is commonly found on the flowers of subtropical rainforest 

plants. In the case of A. paniculata there was no strong evidence to suggest that it 

breeds in these flowers. Similarly there was no evidence that Scirtothrips 

albomaculatus, breeds in the flowers of A. paniculata. Presumably these thrips visit 

other host plants and are not specialists on A. paniculata.  

 

The flower visitor assemblage at A. paniculata was dominated by flies overall and this 

trend increased with increasing altitude. Nematocera or the lower Diptera, were a 

conspicuous element of the assemblage. Small dipterans have been considered 

important pollinators to rainforest canopy trees (House, 1989, House, 1992, House, 

1993) and generally dominate insect trapping in rainforests (Williams, 1995, Williams 

and Adam, 1994). For Ackama paniculata Chironomidae flies in particular were very 

abundant at flowers at all altitudes, increasing with altitude. Under climate change, 

the importance of Diptera might decrease at the higher altitude as temperatures warm 



 200 

and moisture decreases. How this will affect the reproductive success of individual 

plants will be determined by the relative effectiveness of each visitor group.  

 

7.4.1 Conclusio ns 
 

This aims of this chapter were to assess: 

1. the flower morphology, 

2. flower-visiting insect assemblage, 

3. how that assemblage might change with altitude, and 

4. changes in reproductive success associated with different altitudes 

of two subtropical rainforest canopy trees. The simple flower structure, abundance of 

flowers and taxonomically broad insect assemblages sampled at the flowers of the two 

species, suggest that both are likely to have ecologically generalist pollination 

systems, although Pentaceras australis showed a greater dominance by thrips, 

Ackama paniculata visitors were dominated by flies. In addition, both plant species 

show changes in their flower-visiting insect assemblages at different altitudes. 

Individual flower-visiting taxa, however, vary in the way they respond to changes in 

altitude, with thrips demonstrating a greater constancy than flies or beetles. This 

variable response of different families, particularly of flies and beetles fits well with 

the results of general insect trapping in Chapter 5. The dominance of different insect 

groups to the two different tree species might result from different attraction cues e.g. 

sweet smelling P. australis attracts beetles, while the lack of scent of the A. 

paniculata flowers are less attractive to beetles. Alternatively, this difference might 

reflect changes in the presence and abundance of different insect groups at the 

different times of the year that flowering occurs (September and January) as recorded 

in Chapter 5. All trapped insect visitors were small, with most less than 6 mm in 

length. This corresponds to results reported by both Williams (1995) and House 

(1993) of other insect flower visitors to rainforest trees in Australia. 

 

Results from both tree species demonstrated that flower (in the case of P. australis) or 

fruit (in the case of A. paniculata) production is far greater at the lower altitudes of 
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each plantÕs distribution than at higher altitudes. Although in the case of P. australis 

this did not negatively impact on the relative reproductive success. 

 

It should be acknowledged that a second explanation for the patterns might be 

considered given the limitations of the study in terms of its geographical design. Trees 

at each altitude might have more similar flower assemblages to those at the 

corresponding altitude than those at different altitudes simply because they are 

spatially closer together. The effect of altitude and spatial proximity are very difficult 

to distinguish in this (or any similar) study. However, in considering how generalist 

pollination systems might respond to climate change, this distinction may not be 

necessary. Williams (1995) in his PhD study of subtropical rainforest plants 

determined that the visitor assemblages of generalist trees reflected their locality with 

those trees at the same site having more similar flower visitor assemblages than those 

were spatially distant. If the flower visitors of a generalist species reflect the extant 

fauna, then it would be expected that the visitor assemblage will indeed change under 

climate change as it did along this altitudinal gradient. What will be critical to 

understand is, not how the visitors might change so much as if these different 

assemblages will affect reproductive success. In this case, seedling recruitment and 

survival may become more important than pollination success to the long-term 

survival of generalist plants such as P. australis and A. paniculata. 
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CHAPTER 8  GENERAL DISCUSSION AND CONCLUSIONS 
 

The starting goal of this thesis was to contribute to the understanding of subtropical 

rainforest pollination systems and their natural variability in order to predict the likely 

impact of climate change on subtropical rainforest pollination. The approach I used 

was two-fold Ðfirst broad community-wide comparative analyses and second, the use 

of an altitudinal gradient to understand natural variability of pollination systems 

across a set of adjacent climates. 

 

The results of this study provide clear evidence that climate change will impact on 

pollination in subtropical rainforests. The outcome of these changes for plant success, 

however, is likely to depend on the level of specialisation of individual species (both 

plants and pollinators) and the distributional and adaptational capacity, constraints of 

each species. Australian subtropical rainforests are unique compared to other 

rainforests. Generalised pollination is a dominant feature and may even be regarded as 

a characteristic ÔspecialisationÕ of these forests. This places them in a unique position 

to respond to climate change, at least as far as pollination is concerned. 

 

8.1 The Lamington flora  
 

A construction of the quintessential plant in the subtropical rainforest of Lamington 

National Park would have small white or green bisexual flowers that open around 

November at a time coincident with a flurry of insect activity. The implication of this 

is that the majority of subtropical rainforest plants at Lamington are probably 

generalists in terms of their pollinator set and draw their pollinators from the broader 

insect community, an idea already proposed by Geoff Williams (Williams, 1995, 

Williams and Adam, 1994). Of course, this represents a simplistic appraisal of the full 

set of plants and their pollinators, and there are many other ways to be pollinated, or a 

pollinator, in subtropical rainforests, including highly specialised plant-pollinator 

interactions. 
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Variations include the presence of specialist plant-pollinator interactions Ð Linospadix 

monostachya being a case in point (Chapter 6), - but other examples include fig 

species, Eupomatia species (Armstrong and Irvine, 1990, Endress, 2003) and Wilkiea 

species (Williams et al., 2001).  

 

The seasonal response of both phenological and insect activity clearly demonstrates 

the link between climate and these activities. Whether the climate cue is simply the 

proximate or also the ultimate cause, however, is unclear. The ENSO cycle is a strong 

driver of plant phenology across years and may determine whether or not a plant in 

fact flowers in any given year. Insects would be expected to respond to drought in a 

similar fashion. Wetter periods also will impact on insect demographics. These 

responses in themselves will create a great deal of variability and uncertainty in plant-

pollinator interactions. 

 

8.2 Global comparison  
 

Rainforests have a number of common elements that make them recognisable as 

rainforests (Whitmore, 1990, Richards, 1996). Indeed the category ÔrainforestÕ is a 

complex vegetation syndrome based on a subset of a range of features, rather than a 

crisply defined entity. Comparisons of rainforests on different continents have 

demonstrated the unique features of the many regions of the world as well as the 

nature of the threats posed to each region (Corlett and Primack, 2006, Primack and 

Corlett, 2005). In this thesis I have looked for evidence of functional similarities or 

differences that might help determine any universally applicable conclusions on the 

impact of climate change on rainforests. 

 

The results of this study show clear differences in flower morphology and flowering 

phenology among rainforest regions and other forest types within regions. While the 

links between these characteristics and pollination are not yet fully understood, it is 

clear that different rainforests will respond in different ways to warming temperatures. 

The differences across forests may be a result of phylogenetic history or of selection 

pressure during the evolution of plant-pollinator interactions. The adaptability or 

resilience of these systems to changing climate is likely to be determined by the 
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mechanisms underlying these evolutionary links and the inherent plasticity of the 

interactions. If floral traits are phylogenetically constrained this could limit the 

capacity for adaptation. 

 

8.3 Altitudinal variability  
 

Altitudinal variability in insect abundance, flower and fruit production, flower visitor 

assemblages, flower morphology and reproductive success were all demonstrated to 

varying degrees in this study. Clear and consistent trends, however, were limited in 

community studies, but the trends in specific flower-visiting studies were more 

informative. For example, temperate studies show flies increase in their importance as 

pollinators at higher altitudes. At Lamington, the patterns of dipteran abundance in the 

entire fauna with altitude were not so clear-cut. Although the Diptera have a strong 

presence in general insect trapping, they did not show an increase in abundance with 

higher altitudes. In specific trapping of flower-visiting assemblages, however, the 

Diptera increased in their dominance with increasing altitude. In contrast, thrips 

became less abundant with higher altitudes, although the sampled species showed 

constancy at all altitudes. So certainly among flower-visiting assemblage, some trends 

were detected and these show some similarity to temperate studies. 

 

In characterising the IBISCA gradient, the results of this investigation detected three 

trends with respect to abiotic and biotic changes.  

1. The construction of the IBISCA gradient using 200 m intervals in altitude to 

assign plots, meant that statistically significant differences in pair-wise 

comparisons between altitudes were often limited to those across intervals 

greater than 200m (e.g. 300 m compared with 1100 m). This outcome is likely 

to reflect the existence of gradual changes in species assemblages along the 

whole altitudinal gradient.  

2. There were however, occasions when the insect assemblages at the 300m and 

1100m sites showed stepwise distinctions even from the next nearest altitude.  

3. There were differences between the set of lower altitudes (300 m, 500 m and 

700 m) and upper altitudes (900 m and 1100 m). Indeed, Laidlaw et al., (2010) 

demonstrated that the floristics of the lowest three altitudes along the IBISCA 
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gradient were indistinguishable from one another, but that the highest two 

altitudes represented vegetation assemblages that are both different from the 

lower vegetation and from each other. Different moisture regimes are of 

critical importance in distinguishing the lower altitudes from the higher two. 

Microclimatic monitoring reported here demonstrated, that the three lowest 

altitudes were characterised by drier conditions, warmer maximum 

temperatures and greater temperature extremes. In contrast, the two highest 

elevations experienced greater and more consistent moisture inputs, 

potentially through frequent fog and cloud immersion and cooler but less 

variable temperatures (Chapter 2). Phenological information also showed 

some trends among the fundamental flowering patterns common to lowland 

plant species and highland plant species although on-ground data on 

phenological information was not collected.  

 

Accordingly under climate change scenarios we might expect that some changes in 

climate might have a greater impact than others. So for example, changes driving say, 

a 200m potential upward shift in ambient climate may well have less impact on the 

vegetation currently at 500 m, than on that currently located at 700 or 900 m. 

Knowing exactly where the current stepwise Ôbreak-pointsÕ are will be crucial in 

predicting and managing such change. Climate change will also have different 

impacts on plant biology and insect biology. So for example, conditions that impact 

on insect populations at the 300 m altitude may not have significant impacts on 

vegetation at the same altitude. This will be of significance for plant-insect 

interactions, including, pollination. Of course all such predictions that are of necessity 

based on current speciesÕ distributions do not, and cannot, take rapid adaptation into 

account. We know such rapid evolution can occur at least on the insect side of the 

ledger.  

 

The two extremes of the IBISCA gradient, the 300 m and 1100 m sites, often showed 

considerable difference from the intermediate sites both in community-wide insect 

trapping and were flower-visiting insects were sampled. Although no information was 

collected for altitudes higher than 1100 m or lower than 300 m, these sites approach 

the extremes of the distribution of subtropical rainforest in Lamington National Park. 

Range limits are often driven by a combination of host plants/animals and climatic 
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factors, but it would be at these extremes that subtropical species would be expected 

to be at the limits of their environmental tolerances. It will be these altitudes in 

particular that some species will be particularly vulnerable to change. 

 

At the highest altitudes of the IBISCA gradient, a key environmental factor is the 

frequent immersion in cloud. The consequence of increased moisture and reduced 

light availability associated with fog and cloud are twoÐfold. First, flowering activity 

is reduced as a result of restricted photoperiod. This effect was considered in relation 

to phenology data collected on the Connell plot at 900 m altitude (Chapter 4) and the 

correlation between the number and intensity of flowering and the ENSO cycle. 

Evidence of reduced flower and seed production was seen in data sets for both 

Pentaceras australis and Ackama paniculata. Second, reduction in the abundance and 

flight activity of insects will occur. In the case of general trapping using Malaise and 

FITs as well as samples collected at the flowers of Linospadix monostachya and 

Ackama paniculata, the abundance of all insect groups was greatly reduced at the 

1100 m site in particular. In contrast, the lower altitudes receive less moisture, but 

greater light availability and converse patterns were seen in flower production and 

insect abundance at the altitudes below 900 m. So there is a sort of tension between 

limiting resources at the two extremes of the altitudinal gradient. At the higher 

elevations excessive moisture is coincident with restricted light availability. The 

reverse is true at lower elevations. 

 

8.4 Climate futures for pollination  
 

One of the proposed potential impacts of climate change on pollination has been the 

decoupling of plant-pollinator mutualisms (Hughes, 2003). For those plant species 

with generalist pollination systems, such as P. australis and A. paniculata studied in 

this thesis, this risk of decoupling is low. In fact the evidence here suggests that for 

generalist pollination systems, visitor abundance and diversity may in fact increase 

along with flower and fruit production. Visitor assemblage changes are likely to 

reflect changes in the ambient insect fauna. Results of the sampling described in this 

thesis have demonstrated the high variability of relative abundance of insect Orders, 

but some altitude related responses do exist. Diptera remained abundant across all 
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altitudes but individual families showed clear increases and decreases with altitude. 

This variability with altitude was reflected also in the collections of flower-visiting 

assemblages to P. australis and A. paniculata with individual species and families 

responding to differences in altitude. Changes in dominance at the ordinal level was 

more evident in the flower-visiting assemblages than in the overall fauna. For 

generalist pollination systems, changes in the species of visitors across altitude are 

guaranteed, but this is unlikely to decrease reproductive success. 

 

What about specialist pollination species then? Linospadix monostachya, although not 

a one-to-one specialist, has a fairly specialised pollination system, with just two insect 

species involved. In this case, however, the two pollinators concerned do not appear 

to be altitude-specalists and are readily available across a range of altitudes. This 

imbues the pollination system of L. monostachya with a cross-altitudinal robustness in 

spite of the specialized nature of the interactions. The key limiting factor for L. 

monostachya is likely to be the physiological tolerances of the species and its 

pollinators. The distribution of L. monostachya and T. setipennis is restricted to sites 

500 m or higher in the IBISCA survey and, latitudinally, both are known from higher 

altitudes as far north as Gympie in the case of L. monostachya (Dowe, 1997 #3959) 

and just north of Brisbane in the case of T. setipennis (L. Mound pers. comm.). The 

species of Derelomini was only collected at sites 500 m or greater in the present 

study. If the known distribution of these species represents their actual physical limits, 

then despite pollinator constancy, L. monostachys and its pollinators may be 

vulnerable at lower latitudes and altitudes. 

 

Of course, the specialised nature of the relationship a plant has with its pollinator/s 

may not be symmetrical. In the case of L. monostachya, while the plant is restricted to 

two main visitors, T. setipennis at least is very generalist in the hosts with which it is 

associated. Although information on specialist mutualisms in subtropical rainforests is 

limited, those that have been described have been largely restricted to the understorey 

(Williams et al., 2001). The prevalence of specialist plant-pollinator mutualisms in the 

understorey has also been noted in Sarawak (Kato, 1996). If specialist interactions are 

more vulnerable and these, in turn, represents a large part of the understorey flora, 

then threats to these interactions may have very severe consequences for the structure 
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and function of rainforests. This may be where the first impacts of climate change on 

plant reproduction will be found in rainforests. 

 

This study shows that the type of pollination system and geographical distribution of 

species will, in part, determine the impact of climate change on pollination systems. 

Whether a pollination system is generalised or specialised; whether the interaction is 

occurring at a low altitude or high altitude; and, whether or not the distribution of the 

plant (or pollinator) is restricted to low altitudes or high altitudes, are all crucial issues 

in predicting change. In addition, the different status of a plant and its pollinators with 

respect to sny or all of these features may be very different. A hypothetical matrix of 

changes to plant pollinator interactions based simply on generalist and specialist 

pollination systems (from the plantÕs perspective) and the distribution of the host plant 

is presented in Table 8.1. Changes to plant-pollinator interactions will vary across the 

distribution of each plant species and across time. The natural variability investigated 

in this study represented increases in temperature of 4 Ð 5¼C (i.e. the adiabatic lapse 

rate of 0.6¡C per 100 m) across 800 m change in altitude (from 300 m to 1100 m). 

Optimistic predictions are that temperatures will increase by half this by the end of 

this century Ð a short time in the life in many subtropical rainforest plants. 

 

Table 8.1 Predicted changes and outcomes of plant-pollinator interactions with climate change. 

 Generalist plant pollination Specialist plant pollination 
High altitude 
distribution of 
plant 

Increased flowering, increased 
visitor abundance, different 
insect species (increased 
diversity) 

Increased flowering, increased 
visitor abundance at higher 
altitudes; decreased 
reproductive success at lower 
altitudes. 
 

 Increased success depends on 
plantÕs physiological limits 

Decreased success and reduced 
distribution 

Low altitude 
distribution of 
plant 

Increased flowering, increased 
visitor abundance, different 
insect species (increased 
diversity) at higher altitudes. 
Decreased flowering at lower 
altitudes (moisture limited). 

Increased flowering, increased 
visitor abundance at higher 
altitudes; decreased flowering 
at lower altitudes (moisture 
limited). 

 Increased success at higher 
altitudes 

Increased success at higher 
altitudes, decreased at lower 
altitudes 
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8.5 Future directions  
 

The use of altitudinal gradients to predict the impacts of climate change is currently 

one of the best tools available to researchers, along with analyses of distributions and 

climate modelling. Both approaches, however, are limited by the assumption that 

current distributions reflect fundamental niche space. Without information on the 

physiological limits of plants and their pollinators it is difficult to determine the 

adaptability of these systems and confirm the likely resilience of speciesÕ interactions 

along environmental gradients. Increased understanding of the fundamental niche of 

species involved in plant-pollinator interactions would be one step forward in 

understanding the impact climate change will have on these interactions.  

 

Translocation experiments and laboratory based environmental manipulation 

experiments for plants and pollinator species would be two ways that this might be 

tested. Such studies cannot, however, ignore the influence of competition and other 

interactions (dimensions of the realised niche) Ð including non-pollinator plant-animal 

interactions (e.g. parasites and parasitoids, hebivores and plant resources). Given the 

different trends along the IBISCA gradient, it is likely that at different altitudes and 

different times the influence of abiotic and biotic factors will become more or less 

dominant in influencing plant-pollinator interactions. Unfortunately, most subtropical 

rainforest plant species will not make good study organisms for either of these 

approaches due to their slow growth and time until maturation.  

 

This study took a very broad community approach as well as more species specific 

considerations. Results often led to new questions due to the complex nature of 

pollination systems. Some areas for future exploration include: 

¥ Increased understanding of the frequency of fog events at different altitudes 

and the influence of broad synoptic and climatic influences. 

¥ Additional investigations of rainforest floras. Ideally these comparisons would 

account for phylogenetic biases, but this would require increased genetic 

knowledge of species for which there is so little known at present. 

¥ Phenological observations of species at different altitudes. Ideally a repeat of 

the long-term monitoring carried out on the Connell plot would be carried out 
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at lower altitudes to better understand the limitation of moisture and light 

availability on flowering and fruiting phenology. 

¥ Greater knowledge of pollination systems in subtropical rainforests. This 

could include a better understanding of the dominance of specialist systems in 

the understorey and generalist systems in the canopy as well as seasonal 

surveys of flower visitors to determine not only the variability of these 

systems in space but also through time. 

¥ Examination of flower-visitor assemblages for subtropical species with wide 

latitudinal distributions, such as Linospadix monostachya and Ackama 

paniculata, along a latitudinal gradient to determine if changes associated with 

altitude are reflected in changes with latitude as if frequently predicted. 

 

While there are likely to be functional differences between the subtropical rainforest 

of Lamington National Park and other rainforests, the divides between generalised 

and specialised, and high altitude and low altitude species are likely to be equally 

applicable. Future comparative studies focusing on pollination systems in other 

subtropical rainforest, as well as rainforests at other latitudes will increase our 

understanding of the response of pollination to climate change and place the present 

results in a wider context. 
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APPENDIX 1   MICROCLIMATE AND SOILS ALONG THE 
IBISCA GRADIENT 

Below are the results of microclimatic measurements for individual plots along the 

IBISCA Queensland gradient. 

Temperature 
 

Both the median air temperature and the range in air temperatures were found to 

decrease with increasing altitude (Figure A1.1). Temperature differences (!T) 

between 300 m and 1100 m for both canopy and understorey were between 6 Ð 7¼C 

representing an average air temperature gradient (i.e. a decrease in temperature with 

increasing altitude) of 0.75¼C 100 m-1 similar to the moist adiabatic lapse rate 

commonly experienced along the eastern Australian seaboard (Sturman and Tapper, 

2006). The range of temperatures experienced at the 300 m and 500 m plots were 

greater than those experienced at the 700 m, 900 m and 1100 m plots, with the lowest 

plot experiencing a !T of up to 30¼C (for the understorey) and a !T of 22¼C at the 

highest altitude plots (Figure A1.1). As a result, the 1100 m sites experience colder 

winters, but effectively more stable temperature conditions than those at the lower 

altitudes that experience cold overnight temperatures, but relatively warm days. The 

variability of these conditions has a number of implications for the organisms living at 

these altitudes. First, a limited or stable temperature range has been identified as one 

parameter associated with increasing niche stability, a potentially favourable 

condition for some species. Therefore, cooler, but more stable temperature regimes at 

the 1100 m sites may benefit particular species (Hutley et al., 1997). 
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Figure A1.1 Frequency (percent) of temperatures averaged across four plots at each of five 
altitudes in the rainforest (a) canopy and (b) understorey of Lamington National Park. 
Temperatures were recorded hourly across 333 days for each plot, across a range of dates from 
July 2007 to June 2008. 
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Based on the 333 days of data logger data, a clear decrease in absolute maximum 

temperature with increasing altitude is seen for both the canopy and understorey 

readings (Figure A1.2). This is consistent with the expectation that temperatures will 

decrease with altitude. However, the absolute minimum temperatures for the 

understorey samples did not show the same clear linear trend. The absolute minimum 

shows temperatures at the two lowest altitudes are lower than those experienced at the 

700 m sites and that the canopy at the 300 m and 500 m sites experiences colder 

minimums than the canopy for the three highest altitudes (i.e. 700 m, 900 m and 1100 

m). The absolute minimum experienced at the 1100 m sites was however lower than 

that experienced at the 300 m sites (Figure A1.2). These minimum temperatures may 

reflect local topographic features of the different altitudes. In particular low sun 

angles at the bottom of gullies and associated local breeze systems might induce cold 

air as seen in the colder conditions observed at the 300 and 500 m plots compared to 

700 m plot. However once at 900 m and above, the canopy minimum temperatures 

begin to reflect normal lapse rates becoming colder than the absolute minimums 

experienced at the plots lowest in the valley. The understorey at the higher altitude 

plots (i.e. 700 m, 900 m and 1100 m) appeared to be out of the cold air drainage zone 

such that the absolute minimum temperatures reflect buffering by the canopy.  

 

Table A1.1 Absolute minimum and maximum air temperature during the observational period 
along the altitudinal transect measured by data loggers both at ground level and suspended in 
the canopy. 

Canopy Ground  
Altitude  

Max 
 

Min 
Max-
Min 

 
Max 

 
Min 

Max-Min 

300 39.1  
(Feb, 1200H) 

-0.8  
(Aug, 0600H) 

39.9 35.4  
(Feb, 1400H) 

-0.9 
(Jul, 0800H) 

36.3 

500 36.4  
(Feb, 1300H) 

-1.1  
(Aug, 0700H) 

37.5 32.7  
(Jan, 1200H) 

-1.1  
(Jul, 0600H) 

33.8 

700 34.6  
(Feb, 1000H) 

0.5  
(Aug, 0600H) 

34.1 29.4  
(Feb, 1500H) 

3.0  
(Jul, 0700H) 

26.4 

900 31.7  
(Feb, 1400H) 

-2.0  
(Aug, 0400H) 

33.7 26.9  
(Feb, 1300H) 

1.2  
(Jul, 0300H) 

25.7 

1100 30.2  
(Feb, 1300H) 

-2.0  
(Aug, 0300H) 

32.2 26.4  
(Feb, 1300H) 

-0.9  
(Jul, 0300H) 

27.3 

Low sun angles in winter deliver the least amount of the annual solar radiation budget 

to earthÕs surface (Sturman and Tapper, 2006) and southern slopes of escarpments, of 

which both the 300 and 500 m altitudes are, receive very little winter solar radiation. 

This enhances colder minimum temperatures at the lower slopes. This is exacerbated 
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by drainage of air off the surrounding slopes merging to produce zones of cold air 

drainage (Sturman and Tapper, 2006). 
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Figure A1.2 Absolute (a) maximum temperatures and (b) minimum temperatures recorded in 
both the canopy and ground samples using data loggers across five altitudes. Temperatures were 
recorded from July 2007 until August 2008. 

 

As would be expected, diurnal fluctuations in temperature were experienced at all 

altitudes and in both the canopy and understorey (Figure A1.3). The average gradient 

of air temperature (i.e. decrease in temperature with increasing altitude) varied 

according to the time of day and time of year (Figure A1.3). The greatest differences 

in temperature between altitudes were those experienced during day light hours with 

temperatures climbing much higher throughout the day at the low altitude sites in 

particular during the winter months. Over night minimums reached similar lows at all 

altitudes, again particularly during the winter months. Reduced sunlight hours due to 

extended cloud cover may contribute to this effect at the high altitude sites. 

 

Relative humidity 
 

A clear diurnal pattern of increasing and decreasing relative humidity readings were 

obtained for all altitudes in both the understorey and canopy (Figure A1.4). Greater 

daytime relative humidity was experienced at all altitudes throughout the summer 

months compared to winter months, but in particular the 900 m and 1100 m elevations 

experienced very moist daytime conditions, with the 1100 m sites experiencing this 
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over a longer time period than all other altitudes. Relative humidity readings in the 

understorey demonstrated greater moisture in the air than were seen in the canopy. 

The 900 m and 1100 m sites appeared to remain close to saturation throughout late 

spring, summer and autumn (Figure A1.4). 

 

The relative humidity experienced in the understorey at the 1100 m sites remained 

above 90% from October 2007 throughout the remaining data collection period at the 

end of June 2008. While these measurements were averaged across four data loggers 

at separate plots in each case, the ability of the instrumentation to deal with extended 

periods of moisture under field conditions is uncertain. However, January 2008 was a 

particularly wet period, with the week from 31st Dec 2007 to the 7th January 2008 

receiving over 800 mm at the Green Mountains Bureau of Meteorology Station (a 

location close to the 900 m sites).  
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Figure A1.3 Hourly temperature (¡ C) averaged across the four plots established at each of five 
altitudes in the rainforest along the IBISCA Queensland gradient. Temperature was recorded by 
LogTag data loggers installed in the understorey (approximately 1.5 m above ground) and in the 
canopy as indicated on the figures. Graphs are blank where a gap in recording occurred. 

Ground Canopy 
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Figure A1.4 Hourly relative humidity (%) averaged across the four plots established at each of 
five altitudes in the rainforest along the IBISCA Queensland gradient. Relative humidity was 
recorded by LogTag data loggers installed in the understorey (approximately 1.5 m above 
ground) and in the canopy as indicated on the figures. 

Ground Canopy 
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It is conceivable that at these high altitude sites, the understorey could remain close to 

saturation during the summer wet-season when temperatures remain relatively low, 

and cloud cover could be persistent. Understorey data from the automatic weather 

stations from December 2006 Ð December 2007 showed similar diurnal and seasonal 

patterns of relative humidity with extended day and night moisture again seen at the 

1100 m site (Strong et al., 2010). 

 

Moisture is a critical factor in the presence and survival of subtropical rainforests 

along AustraliaÕs east coast, but unlike many tropical rainforests, Lamington 

experiences a dry season with average rainfall, depending on altitude, falling below 

100 mm during July, August and September (Figure 2.2). Sources of moisture in 

rainforests, both tropical and subtropical, include precipitation, wind blown (near 

horizontal rain) and cloud or fog droplets collecting on vegetation surfaces. Frequent 

cloud immersion and fog events are known to occur at altitudes 800 - 900 m and 

above along the eastern coast of Australia (Hutley et al., 1997). Hutley et al., (1997) 

determined that the moisture provided by fog deposition accounted for an additional 

40 % of rainfall collected at a subtropical rainforest site at 1000 m a.m.s.l. Similarly 

McJannet (2007) showed cloud interception accounted for between 4 and 30 % of 

total precipitation inputs at six tropical rainforest sites although attributed prevailing 

winds as more important to levels of cloud interception than altitude alone. Stripping 

moisture from fog associated with high relative humidity results from the cool 

vegetation acting as a condensation surface. Vegetation, especially in the understorey 

(because insufficient solar radiation penetrates to warm leaves), produce ideal 

surfaces for water vapour in the form of fog to condense on, thereby providing liquid 

water for biological processes. The low temperatures during winter, increases relative 

humidity and lowers dewpoint temperature (Sturman and Tapper, 2006) increasing 

the likelihood of sourcing water from fog stripping (Richards, 1996). At the higher 

altitudes above 900 m, the relative humidity climbed to at least 90 % nightly except 

for a short time (one week) over mid winter when relative humidity stayed around 60 

%. Lower altitudes have a lower frequency of high relative humidity, reducing the 

opportunity for fog stripping. Water inputs into the higher altitude sites will therefore 

be greater than those at lower altitudes, impacting on the distribution and composition 

of communities. In addition, the coincidence of low temperatures during the dry 

season creates high relative humidity, at the high altitude sites in particular, with the  
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Figure A1.5 Incidence of wind events at five plots of increasing altitude along the IBISCA 
gradient, Lamington National Park. 
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potential to reduce the impact of the dry season (i.e. July, August and September) and 

water stress (Richards, 1996). Of particular importance to the survival of rainforest 

plants, is the resulting reduction of rates of evaporation (Hutley et al., 1997). 

 

Wind speed and direction 
 

There was a clear increase in the incidence of wind events with increasing altitude. 

Low altitude plots showed an infrequent occurrence of events with low wind speeds 

(Figure A1.5), a likely reflection of local conditions due to the sheltered position of 

these sites. The 1100 m plot on the other hand, experienced stronger more frequent 

events a likely result of a greater exposure to continental scale synoptic conditions. 

The wind direction changed with altitude during the observation period with low 

altitudes experiencing predominantly north-easterly winds contrasting clearly with the 

1100 m site where south-westerly winds prevailed. The 1100 m plot is positioned on a 

south facing escarpment, which allows the movement of strong winds associated with 

cold fronts through the forest. Large-scale synoptic cold fronts in the area produce 

SW to S wind directions, predominately in late winter early spring. These dry 

continental winds decrease humidity and increase evapotranspiration, increasing 

vapour pressure deficits and potentially plant stress. 

 

Soil 
 

Derived from Tertiary basaltic rocks, all plots had soils of loam to silty clay loam 

Krasnozem [Gn4.11 or Gn4.12 in Northcote classification (Northcote, 1979); and 

Ferralsol in FAO classification (FAO, 1998). These Ferralsols have loamy textures 

with colours ranging from grey browns at lower altitudes (300 m and 500 m) and dark 

browns at the higher altitude plots (700 m, 900 m and 1100 m). There were slight 

differences in topographic position between altitudes with the plots at 300 m and 500 

m having a southerly orientation (except 500A) and the 700 m and 900 m plots a 

north easterly orientation and the 1100 m plots a north-westerly orientation. The 300 

m sites were at the bottom of the valley and in the floodplain zone while the 500 m 

plots were on the lower mid-slopes close to Canungra Creek and the orientation and 
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position of these plots in the landscape is likely to affect soil properties but from here 

soil properties are considered in relation to altitude only. 

 

The chemical and physical analysis of the soil samples collected at all altitudes 

showed changes in almost all parameters measured (Table A1.1). The soils in the 

research area were acidic with pH ranging from 6.0 to 3.9, decreasing with altitude 

(Table A1.1). Low soil pH and decreasing trends with increasing altitude is typical of 

rainforest soils. These acidic soils are the result of strong weathering and leaching 

typical of the moist conditions associated with rainforests (Proctor et al., 2007). There 

was an obvious increase in soil organic matter within the A horizon soils associated 

with increasing altitude (Table A1.1). The percentage of organic matter at the highest 

plots were made up of almost one third organic matter as distinguished from the 300 

m sites, at which organic matter constituted a little over 10% of the soil. The 

proportion of soil moisture almost doubled between the 300 m sites (µ300 m = 22.52%) 

and the 1100 m sites (µ1100 m = 44.37%) with a steady increase along the altitudinal 

gradient (Table A1.1). The cation exchange capacity (CEC) of the soil decreased 

considerably. These soil characteristics are strongly related, with high moisture inputs 

leaching soil and reducing pH to produce increasingly acidic soil (Proctor et al., 

2007). Waterlogging in conjunction with low temperatures reduces the turnover of 

organic matter (Wilcke et al., 2008) and results in high levels of organic matter as 

recorded at the high altitude sites. 

 

Table A1.2 Mean measurements of soil characteristics at each of five altitudes (four plots per 
altitude) along a gradient in Lamington National Park. S.E. in parenthesis after means 

Soil Physical Parameter Altitude Direction of change with 
300m 500m 700m 900m 1100m increased altitude

pH  [H2O] * 6.4(0.14) 6(0.2) 5.425(0.39) 4.575(0.13) 4.325(0.06) Decrease
pH [CaCl2] * 6.025(0.11) 5.625(0.17) 4.95(0.38) 4.15(0.12) 3.925(0.03) Decrease
Organic Matter  (%) * 12.05(1.01) 15.85(0.74) 14.95(0.75) 21.5(1.59) 27.175(2.23) Increase
CEC (meq/100g) * 31.775(3.45) 29.65(2.19) 18.375(5.39) 7.975(0.94) 5.85(0.24) Decrease
EC (dS/m) 0.1575(0.01) 0.165(0.01) 0.155(0.01) 0.125(0.01) 0.1275(0.004) N/A
Ca base saturation  (%) * 67.15(0.74) 70.95(4.67) 65.55(5.13) 46.3(10.58) 19.575(2.62) Decrease
K base saturation (%) * 3.125(0.21) 2.475(0.09) 4.025(1.05) 5.75(0.29) 7.4(0.57) Increase
Mg base saturation (%) 28.425(0.59) 25.125(4.23) 25.625(2.86) 22.5(4.06) 18.925(2.3) N/A
Na base saturation (%) * 1.175(0.18) 1.2(0.34) 1.425(0.3) 2.4(0.16) 3.2(0.36) Increase
Al base saturation (%) * 0.15(0.03) 0.25(0.03) 3.4(1.86) 23.075(14.04) 50.925(4.73) Increase
Ca:Mg Ratio * 2.4(0.07) 3.15(0.66) 2.725(0.5) 1.975(0.26) 1.025(0.05) Decrease #
Moisture  (%) * 22.52(0.83) 26.24(0.98) 26.76(1.4) 33.55(1.81) 44.37(0.77) Increase  
* Those variables that were significantly different between altitudes using one-way ANOVA, P<0.05. 
# Trend not strictly linear. 
 

The macronutrients potassium, calcium and magnesium clearly decreased with 

altitude and showed a significant difference between plots (ANOVA, P < 0.05) (Table 

A1.2). Phosphorous demonstrated a weak decreasing concentration trend but this was 

not statistically significant. Calcium base saturation percent proportionally decreased 
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as aluminium saturation increased, with the 900 m and 1100 m plots exhibiting 

distinct changes. Decreases in these macronutrients again reflects the reduced 

turnover of organic and therefore reduced inputs of macronutrients the by-product of 

decomposition. Nitrogen (measured as nitrate and ammonium) did not follow the 

general trend and increased with increasing altitude (Table A1.2). Increasing total 

nitrogen has been found in a number of studies of altitudinal zonation of rainforest 

and soils (Proctor et al., 2007) although others have shown a decrease in nitrogen 

(Wilcke et al., 2008). 

 

The quantities of trace elements detected in the soil with increasing altitude varied. 

Sulphur, iron, aluminium and chloride increased and the differences between plots 

were significant (ANOVA, P < 0.05) (Table A1.2). As altitude increased there was a 

 

Table A1.3 Mean measurements of soil nutrients at each of five altitudes (four plots per altitude). 
S.E. in parenthesis after means. 

Soil Nutrients Altitude Direction of change with 
300m 500m 700m 900m 1100m increased altitude

Macro nutrients
Nitrate (ppm) * 9(1.98) 9.175(1.28) 15.2(3.33) 12.35(1.99) 20.5(3.48) Increase
Ammonium (ppm) * 4.5(0.73) 5.525(1.08) 7.175(0.93) 9.375(1.02) 13.95(1.76) Increase
Phosphorus (ppm) 31.75(4.71) 23.5(4.63) 19(1.68) 21.5(3.23) 21.25(2.29) N/A
Potassium (ppm) * 381.25(40.99) 284.25(12.35) 229(40.03) 177(18.47) 168(8.64) Decrease
Calcium (ppm) * 4270.5(477.91) 4268.5(556.27) 2551(873.55) 788.5(221.71) 232(41.24) Decrease
Magnesium (ppm) * 1093.75(124.24) 869.75(80.49) 540.25(142.04) 227.5(55.65) 135.5(22.38) Decrease

Micro nutrients
Sulphur (ppm) * 12.25(0.48) 14.5(1.04) 20.25(3.77) 28.25(1.55) 29.75(2.29) Increase
Boron (ppm) * 1.925(0.17) 1.575(0.28) 2.05(0.39) 1.125(0.13) 0.675(0.05) Decrease
Copper (ppm) 1.325(0.19) 1.4(0.19) 1.825(0.26) 1.6(0.14) 1.05(0.09) N/A
Iron (ppm) * 52.75(2.95) 66.75(3.57) 52.75(5.3) 69.5(8.19) 89.5(8.39) Increase
Manganese (ppm) * 67.925(9.48) 55(3.1) 105.25(17.16) 69.65(20.33) 21.15(5.57) Decrease #
Zinc (ppm) * 6.1(0.75) 4.4(0.36) 11.25(2.95) 1.825(0.32) 1.225(0.2) Decrease #
Aluminium (ppm) * 3.75(0.48) 6.5(0.5) 30.25(12.59) 135(65.44) 264.75(17.56) Increase
Sodium  (ppm) 81.75(2.75) 75.75(14.23) 55(19.34) 43.25(2.95) 43.25(5.71) N/A
Chloride (ppm) * 17.75(1.93) 16.25(1.03) 16.25(1.8) 22(0.91) 32.25(3.33) Increase #  

* Those variables that were significantly different between altitudes using one-way ANOVA, P<0.05. 
# Trend not strictly linear. 

corresponding decrease in the concentrations of boron, manganese and zinc 

(ANOVA, P < 0.05), but no trends were noted for copper and sodium (Table A1.2 

High concentrations of aluminium or low base saturation have been noted in tropical 

rain forests (Grieve et al., 1990, Schulte and Ruhiyat, 1998). High exchangeable 

aluminium content is commonly found in Acrisols and Ferralsols (FAO, 1998) with 

the free aluminium dominating once pH-KCl falls below 4.8. Plants grown in acid 

soils often suffer aluminium toxicity due to aluminium solubility at low pH, 

exhibiting reduced root systems and a variety of nutrient-deficiency symptoms 

(Mossor-Pietraszewska, 1998). The availability of aluminium is intensified through 

soil acidification as high moisture levels leach out alkaline metals ions (Na+, K+, Ca2+, 

Mg2+) from the soil further decreasing the pH of soil. The results along the IBISCA 
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transect supported this, with an increase in soil moisture levels coinciding with 

decreased measures of the macronutrients potassium, calcium and magnesium. 

 



 225 

APPENDIX 2  VEGETATION DATA FROM IBISCA PLOTS 
Table A2.1 Plant species and number of individuals found on the IBISCA Queensland 20 m x 20 
m plots at three or more altitudes in Lamington National Park. 

Family Species Habit Breeding system
Flowering 

Months
Flower Size 

(mm) Colour 300m 500m 700m 900m 1100m
Araceae Pothos longipes vine Bisexual Sep-Feb 2 green 3 2 4 4
Araliaceae Cephalaralia cephalobotorys vine Bisexual Mar-May 3 red 1 1 1 3
Arecaceae Linospadix monostachys* palm Monoecious Sep-Nov 8 cream 1 1 2 4
Asteliaceae Cordyline rubra^ shrub Bisexual Sep-Feb 20 purple/white 3 2 2 2
Caesalpiniaceae Caesalpinia subtropica vine Bisexual Dec-Jan 6 yellow 1 3 1 1
Cunoniaceae Ackama paniculata* tree Bisexual Sep-Feb 2 cream 21 34

Pseudoweinmannia lachnocarpa^ tree Bisexual Sep-nov 4 cream 4 18 21 1
Ebenaceae Diospyros pentamera tree Dioecious Oct-Dec 5 white 17 23 14 7
Euphorbiaceae Actephila lindleyi small tree Monoecious Jun-Nov 4 white 9 22 17

Baloghia inophylla small tree Monoecious Aug-Oct 10 white 14 32 30 15
Cleistanthus cunninghamii small tree Monoecious Aug-Sep 6.5 green 36 32 21

Fabaceae Derris involuta vine Bisexual Sep-Oct 15 purple 2 3 4 2 1
Lamiaceae Vitex lignum-vitae tree Bisexual Dec-Jan 9 Purple 7 4 1
Lauraceae Cryptocarya obovata tree Bisexual Feb-Mar 4 white 1 2 3 5
Meliaceae Anthocarapa nitidula tree Bisexual Mar-May 8 white 2 9 7 2

Dysoxylum fraserianum tree Uni/Bisexual-dioecious Sep-Mar 14 white 2 1 2 10 3
Monimiaceae Wilkiea hugeliana small tree Monoecious Oct-Dec 5 cream 4 6 8 2
Moraceae Streblus brunonianus small tree Dioecious Sep-Mar 2 cream 6 10 11
Myrsinaceae Myrsine subsessilis shrub Dioecious Aug-Dec 3 cream 3 2 4 5

Embelia australiana vine Bisexual Dec-May 4 white 4 4 3 4
Oleaceae Notelaea johnsonii small tree Bisexual Jun-Jul 3 blue 4 3 5 3
Pittosporaceae Pittosporum multiflora shrub Monoecious Sep-Feb 6 white 3 4 2 3
Rubiaceae Psychotria simmondsia shrub Bisexual Dec-Jan 5 white 3 3 2 4

Morinda jasminoides ^ vine Bisexual Sep-Nov 6 yellow 3 4 4
Rutaceae Sarcomelicope simplicifolia small tree Monoecious Mar-Aug 10 cream 1 2 5 2

Pentaceras australe* tree Bisexual Aug-Nov 5 white 2 3 0 4
Sapindaceae Elattostachys nervosa tree Monoecious Mar-May 4 yellow 5 4 11

Diploglottis australis tree Uni/Bisexual Sep-Nov 3 white 1 5 4 2 1
Sarcopteryx stipata tree Uni/bisexual Au-Oct 4 cream 3 4 8 4

Sterculiaceae Argyrodendron actinophyllum tree Monoecious Mar-Apr 7 white 9 7 10 3
Brachychiton acerifolius tree Monoecious Oct-Jan 10 red 2 5 4 4
Argyrodendron trifoliolatum tree Monoecious Jul-Sep 5 white 26 49 35 13

^species at which trapping was carried out at one altitude but could not be completed at any others 
* species used for this study

No. Individuals at each altitude
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APPENDIX 3  FAMILIES OF FOUR DIFFERENT FORESTS  
Table A3.1 The number of species in families surveyed in each of four rainforest floras to 
compare flower morphologies. Species shaded grey at each location represent the top 15 most 
speciose families for that location. Those shaded in total column are number of species in families 
of the top eight most abundant families found at all locations. 

Family Xishuangbanna
Barro Colorado 

Island Wet Tropics Lamington Total
Acanthaceae 2 9 2 13
Actinidaceae 1 1
Agavaceae* 1 1 5 3 10
Akaniaceae 1 1
Alangiaceae 2 3 1 6
Alseuosmiaceae 1 1
Amaranthaceae 3 3 6
Anacardiaceae* 8 5 8 2 23
Annonaceae* 11 12 42 2 67
Apiaceae 1 1 2
Apocynaceae* 4 7 52 13 76
Aquifoliaceae 4 4
Araceae 12 4 16
Araliaceae* 9 4 18 3 34
Araucariaceae 5 1 6
Arecaceae 16 3 19
Aristolochiaceae 10 1 11
Asclepiadaceae 50 7 57
Asteraceae 13 17 30
Austrobaileyaceae 1 1
Balanopaceae 1 1
Bignoniaceae 1 1
Bignoniaceae* 3 3 6 3 15
Bixaceae 1 1 2
Bombacaceae 1 8 2 11
Bombaceae 1 1
Boraginaceae 11 2 13
Burseraceae 5 6 6 17
Caesalpiniaceae 1 24 2 27
Caesalpinioideae 15 15
Campanulaceae 1 1
Capparaceae 13 2 15
Capparidaceae 3 1 4
Caprifoliaceae 1 1 2
Cardiopteridaceae 1 1
Caryophyllaceae 1 1
Casuarinaceae 3 3
Celastraceae* 3 1 26 7 37
Chenopodiaceae 1 1
Chrysobalanaceae 4 2 6
Clusiaceae 17 17
Cochlospermaceae 1 1
Combretaceae 3 3 14 20
Commelinaceae 1 2 3
Compositae 5 5
Connaraceae 3 3
Convallariaceae 1 1
Convolvulaceae 25 25
Cornaceae 2 2
Corynocarpaceae 1 1 2
Costaceae 2 2
Crypteroniaceae 1 1
Cucurbitaceae 16 3 19
Cunoniaceae 14 5 19
Cupressaceae 2 1 3
Cyatheaceae 3 3 4 10
Cycadaceae 2 2
Cyperaceae 13 8 21
Datiscaceae 1 1
Davidsoniaceae 1 1
Delleniaceae 1 1
Dennstaedtiaceae 5 5
Dichapetalaceae 1 2 3
Dilleniaceae 1 7 1 9
Dioscoreaceae 2 1 3
Diperocarpaceae 2 2
Ebenaceae* 5 1 17 2 25
Elaeagnaceae 1 1
Elaeocarpaceae* 6 3 33 5 47
Epacridaceae 8 5 13
Ericaceae 2 1 3
Erythroxylaceae 2 3 5
Eucryphiaceae 1 1
Euphorbiaceae* 18 17 133 21 189
Eupomatiaceae 2 2 4  
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Table  A3.1 continued 

Family Xishuangbanna
Barro Colorado 

Island Wet Tropics Lamington Total
Fabaceae 61 9 70
Fagaceae 4 1 5
Family 1 1
Flacourtiaceae* 3 14 14 4 35
Flagellariaceae 1 1 2
Geniostomaceae 1 1
Gentianaceae 4 4
Gesneriaceae 3 1 4
Goodeniaceae 2 2
Grossulariaceae 15 7 22
Guttiferae 5 11 16
Gyrostemonaceae 1 1 2
Hamamelidaceae 3 3
Hanguanaceae 1 1
Hernandiaceae 3 3
Himantandraceae 1 1
Hippocrateaceae 4 4
Humiriaceae 1 1
Icacinaceae 3 7 2 12
Idiospermaceae 1 1
Illiciaceae 1 1
Iridaceae 1 1
Juncaceae 1 1
Lacistemaceae 2 2
Lamiaceae 15 7 22
Lauraceae* 16 11 92 18 137
Lecythidaceae 1 4 5 10
Leeaceae 2 2
Liliaceae 7 7
Linaceae 1 1
Loganiaceae 1 1
Loranthaceae 5 4 9
Lycopodiaceae 1 1
Lythraceae 2 2 4
Maesaceae 3 3
Malpighiaceae 5 2 7
Malvaceae* 1 2 29 2 34
Melastomaceae 6 6
Melastomataceae 30 7 37
Meliaceae* 17 7 32 8 64
Menispermaceae 21 3 24
Mimosaceae 4 43 6 53
Mimosoideae 27 27
Mognoliaceae 1 1
Monimiaceae 2 24 8 34
Moraceae* 34 35 45 10 124
Musaceae 2 2
Myoporaceae 1 1
Myristicaceae 8 2 2 12
Myrsinaceae* 7 5 20 6 38
Myrtaceae* 6 12 154 27 199
Nepenthaceae 1 1
Nyctaginaceae 2 3 5
Nyssaceae 5 5
Ochnaceae 2 1 3
Olacaceae 3 4 7
Oleaceae 6 17 4 27
Onagraceae 2 2
Opiliaceae 2 2
Orchidaceae 5 41 46
Oxalidaceae 1 1
Palmae 9 13 22
Pandanaceae 1 7 8
Papilionaceae 6 6
Papilionoideae 18 18
Passifloraceae 5 1 6
Pedaliaceae 1 1
Philydraceae 1 1 2
Piperaceae 38 8 3 49
Pittosporaceae 1 15 7 23
Plumbaginaceae 1 1
Poaceae 4 7 11  

 



 228 

 

Table 3.1 continued 

Family Xishuangbanna
Barro Colorado 

Island Wet Tropics Lamington Total
Podocarpaceae 6 1 7
Polygalaceae 1 1
Polygonaceae 5 3 2 10
Polypodiaceae 7 7
Proteacea 1 1
Proteaceae 3 54 12 69
Ranunculaceae 1 3 4
Rhamnaceae* 1 1 22 3 27
Rhizophoraceae 2 1 1 4
Rosaceae 4 6 5 15
Rubiaceae* 30 43 94 12 179
Rutaceae* 3 4 68 26 101
Sabiaceae 2 2
Samydaceae 2 2
Santalaceae 4 1 5
Sapindaceae* 7 8 93 25 133
Sapotaceae 4 27 3 34
Saurauiaceae 3 3
Scrophulariaceae 2 3 5
Selaginellaceae 1 1
Simaroubaceae 3 7 2 12
Simarubaceae 1 1
Smilacaceae 12 8 20
Solanaceae 16 18 11 45
Sonneratiaceae 1 1
Spotaceae 6 6
Stangeriaceae 2 2
Staphyleaceae 2 1 3
Stemonaceae 2 2
Sterculiaceae* 7 5 35 5 52
Strychnaceae 3 3
Surianaceae 2 1 3
Symplocaceae 1 16 2 19
Taccaceae 1 1
Tetramelaceae 1 1
Theaceae 3 1 1 5
Thymelaeaceae 10 4 14
Tiliaceae 8 11 19
Tmesipteridaceae 1 1
Turneraceae 1 1
Ulmaceae* 7 2 9 3 21
Urticaceae* 2 1 9 8 20
Verbenaceae 1 36 37
Vervenaceae 3 3
Violaceae 3 1 1 5
Viscaceae 2 2
Vitaceae 26 6 32
Vochysiaceae 1 1
Winteraceae 7 1 8
Xanthophyliaceae 1 1
Xanthophyllaceae 2 2
Xanthorrhoeaceae 2 3 5
Zamiaceae 1 1
Zingiberaceae 9 1 10
* Families represented at all four locations  



 229 

 

APPENDIX 4  PHENOLOGY REGRESSIONS 
 

Table A4.1 Coefficient of determination (R2) for associations between various monthly 
phenological values and monthly temperature values. Significant associations are shaded grey. 
Dark grey P<0.001, light grey P<0.05. 

Predictor
Lag 

(months)
No. species 
flowering

Proportion 
individuals 
bud/flower

Total 
flowering 
intensity

No. of GF 
species in 

flower

Proportion 
of GF 

species in 
flower

No. species 
in fruit

Proportion 
fruit

Total fruit 
intensity

No. of GF 
species in 

fruit

Proportion 
of GF 

species in 
fruit

Mean maximum 0 0.038 0.081 0.039 0.011 0.019 0.132 0.252 0.215 0.002 0.000
Mean maximum 1 0.097 0.142 0.087 0.000 0.001 0.055 0.152 0.149 0.010 0.002
Mean maximum 2 0.105 0.134 0.099 0.028 0.018 0.002 0.039 0.046 0.035 0.020
Mean maximum 3 0.046 0.043 0.050 0.087 0.082 0.020 0.006 0.000 0.037 0.037
Mean maximum 4 0.000 0.000 0.003 0.093 0.105 0.085 0.091 0.056 0.036 0.047
Mean maximum 5 0.047 0.066 0.024 0.051 0.072 0.132 0.215 0.170 0.019 0.031
Mean maximum 6 0.122 0.156 0.095 0.025 0.040 0.095 0.213 0.192 0.005 0.011
Mean maximum 7 0.142 0.162 0.134 0.000 0.001 0.028 0.125 0.135 0.001 0.000
Mean maximum 8 0.139 0.123 0.129 0.044 0.033 0.003 0.016 0.028 0.005 0.008
Mean maximum 9 0.054 0.027 0.040 0.130 0.116 0.050 0.011 0.004 0.031 0.044
Mean maximum 10 0.012 0.000 0.012 0.176 0.185 0.118 0.089 0.072 0.035 0.061
Mean maximum 11 0.002 0.015 0.028 0.148 0.172 0.107 0.170 0.149 0.023 0.046
Mean maximum 12 0.027 0.065 0.009 0.071 0.095 0.060 0.170 0.165 0.002 0.011
Absolute maximum 0 0.020 0.063 0.022 0.015 0.024 0.155 0.260 0.226 0.008 0.000
Absolute maximum 1 0.061 0.118 0.065 0.001 0.005 0.082 0.195 0.175 0.024 0.006
Absolute maximum 2 0.070 0.120 0.085 0.013 0.006 0.012 0.064 0.071 0.058 0.033
Absolute maximum 3 0.034 0.044 0.047 0.052 0.048 0.004 0.000 0.002 0.060 0.054
Absolute maximum 4 0.000 0.000 0.004 0.062 0.075 0.057 0.078 0.044 0.062 0.071
Absolute maximum 5 0.052 0.058 0.023 0.041 0.061 0.118 0.212 0.159 0.032 0.048
Absolute maximum 6 0.149 0.166 0.109 0.018 0.034 0.096 0.237 0.207 0.012 0.024
Absolute maximum 7 0.191 0.198 0.158 0.003 0.000 0.028 0.136 0.139 0.000 0.001
Absolute maximum 8 0.176 0.147 0.129 0.063 0.048 0.003 0.020 0.031 0.001 0.004
Absolute maximum 9 0.065 0.032 0.045 0.131 0.119 0.072 0.014 0.006 0.017 0.017
Absolute maximum 10 0.017 0.001 0.007 0.169 0.169 0.158 0.100 0.078 0.024 0.044
Absolute maximum 11 0.001 0.017 0.001 0.153 0.169 0.154 0.193 0.159 0.015 0.036
Absolute maximum 12 0.037 0.080 0.042 0.084 0.107 0.096 0.201 0.180 0.003 0.016
Lowest maximum 0 0.126 0.164 0.118 0.001 0.005 0.041 0.167 0.149 0.004 0.000
Lowest maximum 1 0.161 0.199 0.152 0.031 0.029 0.002 0.052 0.065 0.001 0.012
Lowest maximum 2 0.101 0.102 0.088 0.099 0.062 0.029 0.000 0.001 0.013 0.027
Lowest maximum 3 0.023 0.021 0.033 0.121 0.095 0.092 0.059 0.034 0.024 0.023
Lowest maximum 4 0.001 0.011 0.001 0.100 0.111 0.142 0.167 0.120 0.018 0.001
Lowest maximum 5 0.050 0.092 0.043 0.033 0.093 0.154 0.215 0.202 0.013 0.005
Lowest maximum 6 0.061 0.128 0.076 0.012 0.026 0.057 0.156 0.157 0.001 0.005
Lowest maximum 7 0.096 0.134 0.117 0.006 0.006 0.016 0.085 0.095 0.013 0.031
Lowest maximum 8 0.091 0.075 0.087 0.046 0.062 0.002 0.006 0.016 0.037 0.066
Lowest maximum 9 0.059 0.026 0.040 0.132 0.109 0.053 0.021 0.009 0.060 0.078
Lowest maximum 10 0.006 0.000 0.001 0.152 0.101 0.084 0.104 0.080 0.057 0.058
Lowest maximum 11 0.060 0.094 0.001 0.035 0.060 0.089 0.148 0.148 0.019 0.036
Lowest maximum 12 0.140 0.169 0.001 0.000 0.003 0.020 0.087 0.087 0.005 0.010
Mean minimum 0 0.102 0.169 0.096 0.002 0.000 0.074 0.197 0.185 0.006 0.000
Mean minimum 1 0.095 0.159 0.109 0.014 0.008 0.003 0.051 0.059 0.026 0.009
Mean minimum 2 0.053 0.076 0.064 0.052 0.043 0.016 0.000 0.002 0.055 0.035
Mean minimum 3 0.022 0.017 0.025 0.075 0.080 0.081 0.055 0.030 0.037 0.036
Mean minimum 4 0.003 0.010 0.001 0.064 0.086 0.129 0.183 0.132 0.025 0.032
Mean minimum 5 0.064 0.098 0.045 0.032 0.056 0.141 0.261 0.209 0.008 0.015
Mean minimum 6 0.137 0.174 0.118 0.003 0.012 0.078 0.225 0.203 0.000 0.000
Mean minimum 7 0.139 0.138 0.121 0.017 0.007 0.012 0.080 0.085 0.007 0.008
Mean minimum 8 0.090 0.053 0.058 0.083 0.073 0.015 0.000 0.001 0.019 0.033
Mean minimum 9 0.010 0.001 0.007 0.112 0.119 0.123 0.070 0.046 0.030 0.053
Mean minimum 10 0.005 0.023 0.005 0.104 0.121 0.150 0.169 0.125 0.026 0.051
Mean minimum 11 0.050 0.089 0.047 0.064 0.087 0.114 0.183 0.155 0.016 0.038
Mean minimum 12 0.133 0.161 0.116 0.011 0.021 0.029 0.126 0.119 0.007 0.019
Absolute minimum 0 0.102 0.155 0.104 0.012 0.005 0.037 0.118 0.121 0.002 0.000
Absolute minimum 1 0.100 0.124 0.094 0.043 0.029 0.000 0.022 0.028 0.025 0.012
Absolute minimum 2 0.059 0.066 0.063 0.074 0.062 0.018 0.000 0.000 0.040 0.027
Absolute minimum 3 0.047 0.034 0.054 0.089 0.095 0.054 0.048 0.035 0.021 0.023
Absolute minimum 4 0.000 0.005 0.000 0.086 0.111 0.101 0.148 0.122 0.005 0.011
Absolute minimum 5 0.041 0.071 0.029 0.066 0.093 0.122 0.246 0.218 0.001 0.005
Absolute minimum 6 0.099 0.147 0.102 0.014 0.026 0.079 0.244 0.226 0.011 0.005
Absolute minimum 7 0.103 0.101 0.092 0.013 0.006 0.023 0.103 0.115 0.031 0.031
Absolute minimum 8 0.046 0.023 0.035 0.067 0.062 0.005 0.001 0.004 0.050 0.066
Absolute minimum 9 0.005 0.000 0.000 0.101 0.109 0.064 0.056 0.040 0.054 0.078
Absolute minimum 10 0.009 0.036 0.021 0.080 0.101 0.120 0.161 0.126 0.034 0.058
Absolute minimum 11 0.060 0.094 0.065 0.035 0.060 0.089 0.148 0.148 0.019 0.036
Absolute minimum 12 0.140 0.169 0.130 0.000 0.003 0.020 0.087 0.087 0.005 0.010
Highest minimum 0 0.035 0.108 0.037 0.008 0.015 0.097 0.211 0.191 0.012 0.002
Highest minimum 1 0.053 0.130 0.072 0.004 0.006 0.019 0.097 0.110 0.018 0.004
Highest minimum 2 0.043 0.068 0.046 0.013 0.009 0.000 0.012 0.030 0.051 0.027
Highest minimum 3 0.010 0.009 0.009 0.035 0.034 0.050 0.019 0.003 0.049 0.042
Highest minimum 4 0.013 0.014 0.003 0.031 0.043 0.070 0.099 0.059 0.047 0.058
Highest minimum 5 0.110 0.138 0.072 0.003 0.012 0.087 0.174 0.123 0.040 0.056
Highest minimum 6 0.201 0.210 0.143 0.001 0.001 0.046 0.140 0.121 0.017 0.026
Highest minimum 7 0.148 0.149 0.121 0.021 0.009 0.000 0.029 0.030 0.004 0.005
Highest minimum 8 0.092 0.086 0.082 0.068 0.053 0.044 0.004 0.002 0.001 0.003
Highest minimum 9 0.006 0.004 0.015 0.079 0.076 0.155 0.062 0.040 0.006 0.019
Highest minimum 10 0.002 0.010 0.000 0.099 0.101 0.155 0.132 0.096 0.010 0.028
Highest minimum 11 0.019 0.056 0.018 0.102 0.111 0.097 0.174 0.133 0.012 0.035
Highest minimum 12 0.073 0.112 0.070 0.058 0.069 0.027 0.134 0.123 0.009 0.030  
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Table A4.2 Coefficient of determination (R2) for associations between various monthly 
phenological values and total monthly rainfall values. Dark grey P<0.001, light grey P<0.05. 

Predictor
Lag 

(months)
No. species 
flowering

Proportion 
individuals 
bud/flower

Total 
flowering 
intensity

No. of GF 
species in 

flower

Proportion 
of GF 

species in 
flower

No. species 
in fruit

Proportion 
fruit

Total fruit 
intensity

No. of GF 
species in 

fruit

Proportion 
of GF 

species in 
fruit

Monthly rainfall 0 0.021 0.030 0.026 0.000 0.000 0.000 0.005 0.007 0.001 0.001
Monthly rainfall 1 0.034 0.043 0.049 0.012 0.006 0.000 0.005 0.004 0.000 0.000
Monthly rainfall 2 0.046 0.039 0.042 0.020 0.016 0.001 0.001 0.001 0.004 0.007
Monthly rainfall 3 0.018 0.010 0.011 0.025 0.026 0.007 0.016 0.020 0.001 0.003
Monthly rainfall 4 0.014 0.010 0.013 0.012 0.017 0.011 0.036 0.039 0.002 0.000
Monthly rainfall 5 0.000 0.002 0.000 0.014 0.022 0.038 0.064 0.052 0.009 0.003
Monthly rainfall 6 0.011 0.031 0.009 0.006 0.009 0.037 0.062 0.067 0.010 0.004
Monthly rainfall 7 0.007 0.029 0.013 0.001 0.002 0.035 0.047 0.041 0.020 0.006
Monthly rainfall 8 0.000 0.002 0.002 0.003 0.002 0.011 0.005 0.001 0.020 0.022
Monthly rainfall 9 0.006 0.002 0.002 0.000 0.001 0.005 0.014 0.014 0.001 0.006
Monthly rainfall 10 0.067 0.044 0.039 0.018 0.014 0.012 0.055 0.063 0.005 0.014
Monthly rainfall 11 0.148 0.129 0.116 0.009 0.009 0.005 0.032 0.025 0.006 0.014
Monthly rainfall 12 0.142 0.132 0.082 0.029 0.021 0.000 0.006 0.006 0.002 0.012  

 

Table A4.3 Coefficient of determination (R2) for associations between various monthly 
phenological values and average monthly southern oscillation index. Dark grey P<0.001, light 
grey P<0.05. 

Predictor
Lag 

(months)
No. species 
flowering

Proportion 
individuals 
bud/flower

Total 
flowering 
intensity

No. of GF 
species in 

flower

Proportion 
of GF 

species in 
flower

No. species 
in fruit

Proportion 
fruit

Total fruit 
intensity

No. of GF 
species in 

fruit

Proportion 
of GF 

species in 
fruit

Southern oscillation index 0 0.116 0.083 0.067 0.037 0.031 0.046 0.023 0.013 0.064 0.036
Southern oscillation index 1 0.168 0.115 0.102 0.049 0.055 0.074 0.028 0.022 0.067 0.036
Southern oscillation index 2 0.195 0.132 0.109 0.053 0.056 0.042 0.029 0.025 0.029 0.014
Southern oscillation index 3 0.142 0.109 0.084 0.059 0.060 0.056 0.034 0.024 0.027 0.016
Southern oscillation index 4 0.103 0.094 0.069 0.047 0.061 0.054 0.059 0.043 0.013 0.004
Southern oscillation index 5 0.046 0.040 0.044 0.045 0.048 0.042 0.068 0.048 0.001 0
Southern oscillation index 6 0.042 0.042 0.056 0.039 0.044 0.104 0.091 0.057 0.020 0.011
Southern oscillation index 7 0.048 0.039 0.065 0.048 0.046 0.062 0.077 0.059 0.016 0.011
Southern oscillation index 8 0.035 0.025 0.034 0.051 0.036 0.062 0.049 0.039 0.015 0.014
Southern oscillation index 9 0.056 0.027 0.036 0.043 0.031 0.059 0.030 0.029 0.048 0.046
Southern oscillation index 10 0.070 0.038 0.048 0.061 0.047 0.020 0.021 0.015 0.032 0.035
Southern oscillation index 11 0.059 0.047 0.018 0.041 0.034 0.049 0.008 0.005 0.042 0.05
Southern oscillation index 12 0.068 0.038 0.003 0.042 0.030 0.035 0.007 0.008 0.064 0.066  
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Table A4.4 Coefficient of determination (R2) for associations between various monthly 
phenological values and total rainfall for 5 - 365 preceding days. 

Predictor
Preceding 

days
No. species 
flowering

Proportion 
individuals 
bud/flower

Total 
flowering 
intensity

No. of GF 
species in 

flower

Proportion 
of GF 

species in 
flower

No. species 
in fruit

Proportion 
fruit

Total fruit 
intensity

No. of GF 
species in 

fruit

Proportion 
of GF 

species in 
fruit

Total rainfall 5 0.001 0.002 0.000 0.001 0.000 0.015 0.015 0.017 0.011 0.005
Total rainfall 10 0.001 0.003 0.000 0.000 0.002 0.002 0.000 0.000 0.007 0.003
Total rainfall 15 0.002 0.001 0.005 0.003 0.001 0.003 0.000 0.001 0.007 0.004
Total rainfall 20 0.002 0.003 0.008 0.000 0.001 0.000 0.005 0.015 0.000 0.000
Total rainfall 25 0.017 0.026 0.036 0.002 0.000 0.000 0.003 0.010 0.001 0.003
Total rainfall 30 0.028 0.039 0.046 0.008 0.003 0.000 0.011 0.010 0.001 0.001
Total rainfall 35 0.029 0.043 0.054 0.010 0.004 0.001 0.002 0.001 0.001 0.000
Total rainfall 40 0.023 0.032 0.042 0.006 0.002 0.000 0.006 0.003 0.000 0.000
Total rainfall 45 0.026 0.039 0.046 0.007 0.002 0.000 0.005 0.002 0.000 0.001
Total rainfall 50 0.027 0.041 0.042 0.009 0.003 0.000 0.010 0.008 0.002 0.004
Total rainfall 55 0.039 0.056 0.059 0.014 0.006 0.000 0.005 0.004 0.000 0.001
Total rainfall 60 0.049 0.062 0.070 0.016 0.009 0.000 0.003 0.002 0.003 0.004
Total rainfall 65 0.051 0.062 0.068 0.020 0.012 0.000 0.001 0.001 0.001 0.002
Total rainfall 70 0.044 0.055 0.057 0.017 0.010 0.000 0.002 0.001 0.002 0.004
Total rainfall 75 0.046 0.059 0.060 0.017 0.010 0.000 0.001 0.001 0.002 0.004
Total rainfall 80 0.043 0.053 0.053 0.017 0.010 0.000 0.003 0.001 0.004 0.008
Total rainfall 85 0.053 0.063 0.062 0.022 0.014 0.000 0.001 0.000 0.002 0.004
Total rainfall 90 0.051 0.057 0.060 0.026 0.019 0.001 0.000 0.000 0.004 0.007
Total rainfall 95 0.058 0.062 0.066 0.034 0.025 0.002 0.001 0.002 0.002 0.004
Total rainfall 100 0.053 0.057 0.057 0.027 0.020 0.001 0.000 0.001 0.002 0.006
Total rainfall 105 0.055 0.058 0.059 0.023 0.017 0.001 0.000 0.001 0.002 0.005
Total rainfall 110 0.053 0.054 0.055 0.022 0.016 0.001 0.000 0.001 0.004 0.010
Total rainfall 115 0.059 0.061 0.064 0.026 0.020 0.003 0.002 0.003 0.002 0.005
Total rainfall 120 0.051 0.056 0.062 0.029 0.024 0.004 0.006 0.008 0.002 0.007
Total rainfall 125 0.056 0.056 0.064 0.037 0.032 0.003 0.009 0.012 0.001 0.004
Total rainfall 130 0.059 0.057 0.062 0.037 0.032 0.004 0.008 0.010 0.000 0.004
Total rainfall 135 0.057 0.054 0.060 0.034 0.021 0.006 0.011 0.012 0.000 0.003
Total rainfall 140 0.056 0.052 0.059 0.029 0.019 0.007 0.012 0.013 0.001 0.005
Total rainfall 145 0.060 0.053 0.060 0.036 0.033 0.011 0.017 0.018 0.000 0.003
Total rainfall 150 0.048 0.042 0.053 0.037 0.035 0.015 0.026 0.027 0.000 0.003
Total rainfall 155 0.041 0.040 0.052 0.039 0.038 0.021 0.030 0.030 0.000 0.002
Total rainfall 160 0.040 0.040 0.049 0.036 0.035 0.020 0.027 0.027 0.000 0.002
Total rainfall 165 0.036 0.034 0.044 0.034 0.032 0.023 0.032 0.033 0.000 0.001
Total rainfall 170 0.038 0.036 0.046 0.036 0.035 0.027 0.037 0.038 0.000 0.003
Total rainfall 175 0.031 0.028 0.040 0.042 0.038 0.031 0.044 0.045 0.001 0.001
Total rainfall 180 0.029 0.027 0.039 0.043 0.045 0.030 0.047 0.050 0.000 0.001
Total rainfall 185 0.025 0.017 0.032 0.043 0.047 0.034 0.058 0.062 0.001 0.001
Total rainfall 190 0.023 0.015 0.031 0.037 0.039 0.036 0.058 0.057 0.002 0.000
Total rainfall 195 0.021 0.013 0.029 0.036 0.037 0.036 0.057 0.056 0.002 0.000
Total rainfall 200 0.021 0.012 0.027 0.036 0.040 0.039 0.063 0.061 0.002 0.000
Total rainfall 205 0.020 0.012 0.025 0.038 0.042 0.043 0.066 0.063 0.003 0.000
Total rainfall 210 0.017 0.011 0.019 0.039 0.043 0.046 0.076 0.073 0.002 0.000
Total rainfall 215 0.016 0.005 0.019 0.041 0.045 0.057 0.083 0.077 0.005 0.000
Total rainfall 220 0.014 0.005 0.018 0.037 0.040 0.057 0.082 0.072 0.004 0.000
Total rainfall 225 0.013 0.005 0.017 0.034 0.037 0.054 0.077 0.078 0.004 0.000
Total rainfall 230 0.012 0.004 0.018 0.035 0.040 0.058 0.084 0.081 0.004 0.000
Total rainfall 235 0.012 0.004 0.016 0.036 0.041 0.054 0.090 0.080 0.005 0.000
Total rainfall 240 0.010 0.003 0.015 0.032 0.036 0.061 0.089 0.083 0.007 0.000
Total rainfall 245 0.013 0.003 0.015 0.035 0.039 0.069 0.092 0.080 0.009 0.002
Total rainfall 250 0.014 0.003 0.015 0.034 0.038 0.069 0.092 0.074 0.008 0.001
Total rainfall 255 0.014 0.004 0.014 0.034 0.037 0.064 0.084 0.077 0.007 0.001
Total rainfall 260 0.013 0.003 0.014 0.034 0.038 0.065 0.088 0.078 0.007 0.001
Total rainfall 265 0.013 0.003 0.015 0.036 0.040 0.066 0.090 0.077 0.006 0.001
Total rainfall 270 0.012 0.003 0.015 0.035 0.039 0.063 0.088 0.066 0.008 0.002
Total rainfall 275 0.015 0.003 0.016 0.030 0.033 0.056 0.073 0.063 0.009 0.002
Total rainfall 280 0.017 0.005 0.016 0.031 0.033 0.056 0.072 0.059 0.008 0.002
Total rainfall 285 0.017 0.004 0.016 0.033 0.035 0.053 0.078 0.057 0.008 0.002
Total rainfall 290 0.017 0.004 0.017 0.033 0.035 0.052 0.066 0.059 0.008 0.002
Total rainfall 295 0.018 0.004 0.019 0.034 0.036 0.056 0.068 0.052 0.008 0.003
Total rainfall 300 0.021 0.006 0.027 0.034 0.036 0.049 0.060 0.035 0.009 0.003
Total rainfall 305 0.030 0.011 0.029 0.041 0.042 0.040 0.042 0.037 0.011 0.005
Total rainfall 310 0.035 0.013 0.028 0.040 0.044 0.045 0.045 0.034 0.011 0.005
Total rainfall 315 0.032 0.012 0.028 0.040 0.045 0.042 0.041 0.031 0.009 0.004
Total rainfall 320 0.033 0.013 0.031 0.039 0.043 0.039 0.037 0.031 0.010 0.005
Total rainfall 325 0.037 0.014 0.037 0.041 0.044 0.038 0.037 0.029 0.010 0.006
Total rainfall 330 0.045 0.010 0.052 0.042 0.045 0.034 0.033 0.021 0.013 0.008
Total rainfall 335 0.054 0.031 0.057 0.044 0.047 0.029 0.024 0.023 0.012 0.008
Total rainfall 340 0.072 0.035 0.056 0.047 0.052 0.034 0.029 0.020 0.013 0.009
Total rainfall 345 0.072 0.036 0.056 0.047 0.052 0.033 0.026 0.018 0.010 0.007
Total rainfall 350 0.077 0.040 0.059 0.048 0.052 0.030 0.024 0.016 0.011 0.008
Total rainfall 355 0.078 0.042 0.061 0.045 0.048 0.029 0.021 0.016 0.010 0.009
Total rainfall 360 0.094 0.052 0.070 0.049 0.052 0.028 0.020 0.016 0.013 0.011
Total rainfall 365 0.109 0.069 0.088 0.050 0.057 0.029 0.016 0.012 0.008 0.013  
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APPENDIX 5  ABUNDANCE OF INDIVIDUALS IN ANTHOPHILOUS FLY FAMILIES COLLECT ED ALONG AN 
ALTITUDINAL GRADIENT  

Table A5.1 Total number of individuals in anthophilous fly families collected using Malaise traps across three seasons and five altitudes in Lamington National Park. 

Group Family October January July Total Percentage
300 m 500 m 700 m 900 m 1100 m 300 m 500 m 700 m 900 m 1100 m 300 m 500 m 700 m 900 m 1100 m of total catch

Lower Diptera 
Lower Diptera 3242 6080 5224 5053 6574 10407 4427 12115 9776 4458 4334 4447 2310 1703 2190 82340 74.80

Orthorrhapha
Asilidae 13 1 0 0 0 40 11 18 6 4 0 0 0 0 0 93 0.08
Bombyliidae 0 0 0 0 0 3 0 2 0 0 0 0 0 0 0 5 0.00
Dolichopodidae 313 75 49 29 4 223 96 115 99 83 50 39 0 4 9 1188 1.08
Empididae 405 62 77 65 20 110 193 160 205 62 30 74 4 10 2 1479 1.34
Nemestrinidae 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0.00
Rhagionidae 7 14 4 3 7 1 0 2 2 1 0 0 0 0 0 41 0.04
Stratiomyidae 121 13 25 9 0 58 45 59 42 7 5 3 3 0 0 390 0.35
Tabanidae 1 0 0 0 0 1 0 1 5 1 0 0 0 0 0 9 0.01
Therevidae 10 4 1 0 0 12 7 8 3 0 0 0 0 0 0 45 0.04

Cyclorrhapha 
Aschiza Phoridae 1673 480 729 1335 487 1176 1144 1922 2284 996 1611 5412 373 431 128 20181 18.33

Pipunculidae 5 7 0 0 0 12 3 6 1 0 1 0 0 0 0 35 0.03
Syrphidae 2 2 1 1 0 29 0 5 2 3 0 0 0 0 0 45 0.04

Schizophora: Acalyptrate Agromyzidae 1 0 0 0 0 2 0 0 0 0 1 0 0 1 0 5 0.00
Anthomyidae 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 3 0.00
Chloropidae 82 84 57 42 16 58 125 52 100 130 37 124 29 30 3 969 0.88
Drosophilidae 25 14 22 5 7 41 27 58 345 56 46 247 6 1 1 901 0.82
Ephydridae 1 3 1 0 5 1 1 0 0 1 0 0 2 0 1 16 0.01
Heleomyzidae 35 18 8 11 13 1 7 6 23 10 18 22 15 5 6 198 0.18
Lauxaniidae 13 11 10 21 26 7 5 8 17 17 8 18 11 5 11 188 0.17
Milichiidae 2 8 1 6 3 2 0 1 1 1 0 0 0 0 0 25 0.02
Sepsidae 2 3 0 0 4 4 2 0 0 0 1 2 2 0 0 20 0.02
Sphaeroceridae 229 33 14 45 75 30 24 30 39 77 14 102 14 19 6 751 0.68
Tephritidae 2 0 0 0 1 0 3 3 3 1 0 0 0 0 2 15 0.01

Schizophora: Calyptrate Calliphoridae 4 4 1 4 1 4 0 6 63 119 0 0 0 0 0 206 0.19
Tachinidae 15 3 6 4 1 69 15 38 59 36 4 1 0 0 0 251 0.23
Muscidae 59 15 51 39 45 71 27 49 80 209 23 9 8 0 1 686 0.62
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Table A5.2 Total number of individuals in anthophilous fly families collected using flight 
intercept traps during October 2006 across five altitudes in Lamington National Park 

Group Family 300m 500m 700m 900m 1100m Total
Percentage 
of total catch

Lower Diptera Lower Diptera 568 225 134 302 401 1630 49.32

Orthorrhapha Asilidae 1 1 0 1 0 3 0.09
Dolichopodidae 12 3 3 4 3 25 0.76
Empididae 11 14 4 12 4 45 1.36
Hybotidae 0 0 0 0 3 3 0.09
Rhagionidae 0 0 0 1 0 1 0.03

Cyclorrhapha 
Aschiza Phoridae 171 156 65 137 125 654 19.79

Syrphidae 0 1 0 0 0 1 0.03
Schizophora: Acalyptrate Chloropidae 33 34 41 24 18 150 4.54

Clusiidae 1 0 0 0 0 1 0.03
Drosophilidae 1 8 0 1 0 10 0.30
Heleomyzidae 1 0 1 0 2 4 0.12
Lauxaniidae 1 0 2 2 3 8 0.24
Lonchaeidae 0 0 0 1 0 1 0.03
Neriidae 3 0 2 0 0 5 0.15
Sphaeroceridae 68 238 23 361 50 740 22.39
Stratiomyidae 0 1 0 0 0 1 0.03
Teratomyzidae 0 0 0 2 0 2 0.06

Schizophora: Calyptrate Calliphoridae 3 0 0 0 5 8 0.24
Muscidae 3 1 1 3 0 8 0.24
Tachinidae 3 0 0 1 1 5 0.15  
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Table A5.3. Total number of individuals of Coleoptera collected in Malaise traps during October 
2006 at five altitudinal zones. 

Family 300m 500m 700m 900m 1100m Total Percent of 
total catch

Curculionidae 27 11 16 23 92 169 13.48
Staphylinidae 64 44 18 17 21 164 13.08
Chrysomelidae 5 5 13 95 28 146 11.64
Corylophidae 9 16 17 90 3 135 10.77
Cantharidae 20 10 3 18 34 85 6.78
Cleridae 26 27 13 6 1 73 5.82
Elateridae 6 18 4 4 15 47 3.75
Melyridae 21 9 6 6 5 47 3.75
Cryptophagidae 0 0 1 4 40 45 3.59
Lathrididae 7 4 4 16 11 42 3.35
Coccinellidae 13 3 8 1 15 40 3.19
Cerambycidae 22 5 6 1 0 34 2.71
Scolytidae 0 3 16 6 1 26 2.07
Carabidae 4 6 12 1 2 25 1.99
Throscidae 10 5 6 4 0 25 1.99
Mordellidae 16 3 0 0 0 19 1.52
Tenebrionidae 0 7 11 0 0 18 1.44
Biphyllidae 0 5 2 5 0 12 0.96
Phalacridae 3 4 2 2 0 11 0.88
Scarabaeidae 1 3 0 3 4 11 0.88
Alleculidae 0 1 3 3 2 9 0.72
Melandryidae 1 4 1 3 0 9 0.72
Scirtidae 0 0 0 0 8 8 0.64
Pselaphidae 0 1 0 4 2 7 0.56
Scraptiidae 5 1 1 0 0 7 0.56
Anthribidae 1 2 2 1 0 6 0.48
Pythidae 3 0 1 1 1 6 0.48
Anthicidae 2 1 0 2 0 5 0.40
Silvanidae 0 3 1 1 0 5 0.40
Nitidulidae 0 1 0 1 2 4 0.32
Cybocephalidae 0 0 0 3 0 3 0.24
Ptiliidae 2 0 0 1 0 3 0.24
Histeridae 2 0 0 0 0 2 0.16
Hydrophilidae 0 0 0 0 2 2 0.16
Lycidae 0 0 0 0 2 2 0.16
Brentidae 1 0 0 0 0 1 0.08
Scaphidiidae 0 1 0 0 0 1 0.08
Total 289 205 164 335 298 1254 100.00  
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APPENDIX 6  FLOWER VISITORS 
 

Table A6.1 Coleoptera collected using intercept and sticky traps placed near the open male and 
female flowers of Linospadix monostachya. A further set of traps was placed near unopened buds. 
Species Bud Female Male Total Species Bud Female Male Total
Anobiidae Lathridiidae 

Mspp. 2 3 3 Cortinicara sp. 1 1 1
Mspp. 5 1 1 2 Leiodidae 

Anthribidae Mspp. 1 1 1 2
Mspp. 2 1 1 Lycidae

Biphyllidae Calochromus sp. 1 1 1
Mspp. 1 2 2 4 Melandryidae
Mspp. 3 1 1 Mspp. 3 2 3 5

Cantharidae Mspp. 6 1 1
Mspp. 1 1 1 Melyridae
Mspp. 5 1 1 Mspp. 1 3 3

Cerambycidae Nitidulidae
Ambeodontus sp. 1 1 Aethina sp. 2 1 1

Chrysomelidae Phalacridae 
Alticinae Mspp. 3 1 1 Mspp. 19 1 1
Alticinae Mspp. 4 1 1 Ptilidae 
Chrysomelinae Mspp. 2 1 1 Mspp. 1 1 1 2
Platycolaspis australis 1 1 Mspp. 2 1 2 1 4
Galerucinae 7 1 1 Mspp. 5 1 1
Rhyparida sp. 1 1 Mspp. 6 1 1 2

Cleridae Scarabaeidae
Mspp. 1 1 1 Melolonthinae Mspp. 2 1 1

Coccinellidae Scarabaeinae Mspp. 3 1 1
Mspp. 2 2 1 1 4 Scydmaenidae
Mspp. 7 1 1 Mspp. 3 5 1 1 7
Mspp. 8 1 1 Mspp. 5 1 1
Scymnus sp. 1 2 2 Mspp. 6 1 1

Corylophidae Mspp. 8 1 2 3
Mspp. 1 1 1 Mspp. 9 1 1
Mspp. 10 1 1 Euconnus sp. 1 3 3
Mspp. 2 8 5 13 25 Scydmaenus 1 1 2 3
Mspp. 5 1 1 2 Sphindidae
Mspp. 8 1 1 1 Mspp. 1 1 1

Cryptophagidae Staphylinidae 
Chilotis  group Mspp. 1 1 1 Mspp. 1 1 3 4

Curculionidae Mspp. 14 1 1
Mspp. 13 1 1 Mspp. 22 1 1
Mspp. 16 1 1 Mspp. 23 1 1
Mspp. 17 1 1 Mspp. 26 1 1
Mspp. 18 1 1 Mspp. 3 4 7 13 24
Mspp. 19 1 1 Mspp. 39 1 1 2
Mspp. 7 1 1 Mspp. 40 1 1
Mspp. 8 1 1 Mspp. 41 1 1
Cassoninae Mspp. 1 1 1 Mspp. 43 1 1
Cassoninae Mspp. 2 1 1 Mspp. 48 1 1
Derelomini Gen. near Parimera 20 31 51 Mspp. 5 1 1
Scolytinae Mspp. 10 3 7 3 13 Pselaphinae Mspp. 10 1 1
Scolytinae Mspp. 11 1 1 Pselaphinae Mspp. 4 1 1
Scolytinae Mspp. 12 1 1 Pselaphinae Mspp. 5 1 1
Scolytinae Mspp. 13 2 1 3 Pselaphinae Mspp. 8 1 1
Scolytinae Mspp. 14 1 1 Pselaphinae Clavigeropsis sp. 1 4 7 3 14
Scolytinae Mspp. 5 1 1 Tenebrionidae
Scolytinae Coriacephilus exigulus 1 1 Alleculinae Mspp. 1 3 6 2 11

Elateridae Lepispilus  sp. 1 1 1
Mspp. 4 1 1 Throscidae
Mspp. 7 1 1 2 Mspp. 3 1 1

Endomychidae
Daylotypus sp. 1 1 1 Total No. Individuals 69 88 106 261  
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Table A6.2 The total number of individuals of each Coleoptera morphospecies collected at both 
male and female flowers of Linospadix monostachya at three separate altitudes in Lamington 
National Park. 

Total
Beetle taxa Female Male Female Male Female Male
Anobiidae

Mspp. 6 0 0 1 0 0 0 1
Anthicidae

Anthicus  mspp. 1 0 1 0 0 0 0 1
Carabidae

Mspp. 10 2 0 0 0 0 0 2
Mspp. 14 0 0 0 0 0 1 1

Cerylonidae
Mspp. 1 0 1 0 0 0 0 1

Chrysomelidae
Alticinae  mspp. 1 0 0 0 0 1 0 1
Galerucinae  mspp. 2 0 0 1 1 0 0 2
Galerucinae  mspp. 3 0 0 0 1 0 0 1
Galerucinae  mspp. 8 0 0 1 0 0 0 1
Monolepta  mspp.  2 1 0 0 0 0 0 1
Platycolaspis australis 0 0 0 0 0 1 1

Cleridae
Mspp. 1 0 0 1 0 0 0 1
Mspp. 2 0 0 2 1 0 0 3
Mspp. 3 0 0 1 0 0 0 1
Omadius prasinus 0 1 0 0 0 0 1

Coccinellidae
Mspp. 1 0 0 0 0 1 2 3
Mspp. 11 0 1 0 0 0 0 1
Mspp. 13 0 0 0 0 0 1 1
Mspp. 3 0 0 0 0 0 1 1

Corylophidae
Mspp. 11 0 0 1 0 0 0 1
Mspp. 12 0 0 1 0 0 0 1
Mspp. 2 6 11 6 7 2 1 33
Mspp. 8 0 0 0 1 0 0 1
Periptychus   mspp. 1 0 0 0 0 1 1 2

Cryptophagidae
Mspp. 3 0 0 0 0 5 0 5
Mspp. 4 0 0 0 0 0 1 1
Mspp. 5 0 0 2 0 12 9 23

Curculionidae
Mspp. 10 0 0 0 1 0 0 1
Mspp. 11 0 0 0 1 0 0 1
Mspp. 12 0 0 0 1 0 0 1
Mspp. 29 0 0 0 0 0 1 1
Mspp. 31 0 0 1 0 0 0 1
Mspp. 33 0 0 0 0 1 1 2
Mspp. 38 0 0 0 0 1 0 1
Mspp. 44 0 0 0 0 0 1 1
Mspp. 45 0 0 0 0 1 0 1
Mspp. 9 0 0 0 0 0 1 1
Derelomini Gen. near Parimera mspp. 1 3 79 0 13 0 6 101
Platypodinae  mspp. 1 0 0 0 1 0 0 1
Scolytinae  mspp. 4 0 0 0 0 1 1 2
Scolytinae  mspp. 5 0 0 0 0 0 1 1
Scolytinae  mspp. 6 1 0 0 0 0 0 1
Scolytinae  mspp. 9 1 0 0 0 0 0 1

Elateridae
Mspp.  2 0 0 0 0 0 2 2

Laemophloeidae
Mspp. 1 0 1 0 0 0 0 1
Laemophloeus   mspp. 1 0 0 0 0 0 2 2

Languriidae
Loberini  mspp. 1 3 0 0 0 0 0 3

Lathridiidae
Aridius  mspp. 1 0 1 0 0 0 2 3
Aridius  mspp. 2 1 0 0 0 0 0 1
Aridius  mspp. 3 0 0 0 0 1 0 1
Corticara  mspp. 1 0 1 0 2 2 1 6
Corticara  mspp. 2 0 0 1 0 0 1 2
Cortinicara  mspp. 1 0 16 1 14 0 2 33

Melandryidae
Mspp. 4 0 0 2 0 0 0 2
Mspp. 5 0 1 1 0 0 0 2

1100m500m 800m
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Table A6.2 continued 

Total
Beetle taxa Female Male Female Male Female Male
Melyridae

Melyridae   mspp. 1 0 1 1 0 0 0 1
Nitidulidae

Aethina  mspp. 1 0 0 0 0 1 3 4
Aethina  mspp. 2 0 2 0 0 0 0 2

Phalacridae
Mspp. 12 0 0 1 0 0 0 1
Mspp.  2 1 0 0 0 0 0 1

Phloeostichidae
Hymaea magna 0 0 0 0 0 1 1

Ptilidae
Mspp. 2 1 0 4 2 0 0 7
Mspp. 3 0 0 1 0 0 0 1
Mspp. 4 0 0 1 0 0 0 1
Mspp. 6 0 0 1 0 0 0 1
Mspp. 7 1 0 0 0 0 0 1
Mspp. 8 0 0 1 0 0 0 1

Scarabaeidae
Melolonthinae  mspp. 6 1 0 0 0 0 0 1
Melolonthinae  mspp. 9 1 0 0 0 0 0 1
Scarabaeinae  mspp. 11 0 0 1 0 0 0 1

Scydmaenidae
Mspp. 1 0 0 0 0 1 0 1
Mspp. 2 1 1 0 0 0 0 2
Mspp. 3 0 1 0 0 0 0 1
Mspp. 4 1 0 0 0 0 0 1
Mspp. 5 1 1 1 0 0 0 3
Mspp. 7 0 0 0 0 0 1 1
Mspp. 8 0 0 0 1 0 0 1
Euconnus  mspp. 1 0 0 1 1 0 0 2

Staphylinidae
Mspp. 1 0 1 0 0 0 3 4
Mspp. 12 0 1 0 0 0 0 1
Mspp. 19 0 0 0 1 0 0 1
Mspp. 2 1 1 2 0 0 0 4
Mspp. 24 0 0 0 0 0 1 1
Mspp. 27 0 1 0 0 0 0 1
Mspp. 28 0 0 0 0 0 1 1
Mspp. 3 2 2 3 4 1 0 12
Mspp. 35 2 0 0 0 1 1 4
Mspp. 37 0 0 1 0 0 0 1
Mspp. 4 1 1 1 2 0 8 13
Mspp. 45 0 1 0 0 0 0 1
Mspp. 47 0 0 0 2 0 0 2
Mspp. 5 1 1 1 2 2 1 8
Mspp. 50 0 0 1 0 0 0 1
Mspp. 8 0 0 0 0 1 0 1
Mspp. 9 3 0 0 0 0 0 3
Pselaphinae  mspp. 1 0 0 1 0 0 0 1
Pselaphinae  mspp. 11 1 0 0 0 0 0 1
Pselaphinae  mspp. 12 0 1 0 0 0 0 1
Pselaphinae  mspp. 2 0 0 0 0 1 0 1
Pselaphinae  mspp. 3 0 0 0 0 0 1 1
Pselaphinae  mspp. 5 1 0 0 0 0 0 1
Pselaphinae  mspp. 6 1 0 0 0 0 0 1
Pselaphinae  mspp. 7 0 1 0 0 0 0 1
Pselaphinae  mspp. 8 0 2 0 0 0 1 3
Pselaphinae Clavigeropsis  mspp. 1 0 0 8 1 0 0 9

Tenebrionidae
Mspp. 1 0 0 0 1 0 0 1
Mspp. 10 0 0 0 0 1 0 1
Mspp. 4 0 0 0 4 0 0 4
Mspp. 7 0 0 0 0 0 1 1
Mspp. 8 0 0 1 0 0 0 1
Mspp. 9 0 0 0 1 0 0 1

Throscidae
Mspp. 4 0 0 1 0 0 0 1

Unknown 
Mspp. 2   0 0 0 0 1 0 1

Total 39 133 56 66 39 63 395

1100m500m 800m
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Table A6.3 The total number of individuals of each Thysanoptera species collected at the flowers 
of Pentaceras australis at two separate altitudes in Lamington National Park  

Thysanoptera taxa 300m 900m
Melanthripidae

Cranothrips ibisca 19 4
Aeolothripidae

Desmothrips bagnalli 0 1
Thripidae

Pezothrips ?? Nov sp.? 1 0
Thrips coloratus 9 2
Thrips safrus 380 278
Thrips setipennis 0 7
Juveniles (both Cranothrips  and Thrips ) 2584 172

Phlaeothripidae
Haplothrips victoriensis 0 3
Haplothrips haideeae 3 0
Juveniles 3 2  

 

Table 8.2 Total numbers of individuals from Diptera families collected at the flowers of P. 
australis at two altitudes in Lamington National Park.  

Diptera taxa 300m 900m
Nematocera

Anisopodidae 0 5
Bibionidae 1 0
Cecidomyidae 6 6
Ceratopoginidae 8 3
Chironomidae 0 10
Mycetophilidae 7 0
Psychodidae 3 1
Sciaridae 27 18
Simulidae 4 0
Tipulidae 1 3

Brachycera: Orthorrhapha
Dolichopodidae 3 0
Empididae 5 6

Brachycera: Cyclorrapha: Aschiza
Ironomyiidae 0 2
Phoridae 28 7
Syrphidae 3 0

Brachycera: Schizophora:Acalypterate
Chloropidae 113 7
Drosophilidae 186 11
Heleomyzidae 7 1
Lauxaniidae 7 6
Lonchaeidae 1 0

Brachycera: Schizophora: Calypterate
Muscidae 2 0
Tachinidae 2 0

Total 414 86  
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Table A6.4 Total numbers of individuals from Coleoptera morphospecies collected at the flowers 
of P. australis at two altitudes in Lamington National Park. 

Family 300m 900m Family 300m 900m
Anthribidae Elateridae

Mspp. 1 1 Mspp. 1 1
Biphyllidae Mspp. 2 1

Mspp. 1 2 Endomychidae
Mspp. 4 1 Mspp. 1 1

Bostrichidae Histeridae
Xylion (Mesoxylion) collaris 1 Mspp. 1 1

Cantharidae Teretius   mspp. 1 1
Mspp. 3 1 Laemophloeidae
Mspp. 4 1 Mspp. 2 1

Carabidae Languriidae
Mspp. 1 31 Mspp. 3 2
Mspp. 11 2 Mspp. 4 2
Mspp. 12 1 Lathridiidae
Mspp. 13 1 Aridius  mspp. 1 2
Mspp. 15 1 Corticara  mspp. 1 1
Mspp. 16 1 Corticara  mspp. 2 1
Mspp. 17 1 Cortinicara  mspp. 1 60 2
Mspp. 19 1 Cortinicara  mspp. 2 1
Mspp. 20 1 Lycidae
Mspp. 4 1 Mspp. 1 2
Mspp. 5 7 Melyridae
Mspp. 6 23 Mspp. 3 1
Mspp. 7 2 Mycetophagidae
Mspp. 8 1 Litargus mspp. 1 25
Mspp. 9 1 Litargus mspp. 2 2

Cerambycidae Nitidulidae
Syllitus mspp. 1 1 Mspp. 1 46 6

Chrysomelidae Mspp. 10 1
Criocerinae  mspp. 1 1 Mspp. 11 1
Eumolpinae Geloptera   mspp. 1 1 Mspp. 13 5
 Galerucinae  mspp. 1 1 Mspp. 7 1
Monolepta  mspp. 2 6 Mspp. 8 1
Monolepta  mspp. 3 26 Mspp. 9 1
Monolepta  mspp. 4 8 1 Aethina  mspp. 2 4
Monolepta  mspp. 5 1 Aethina  mspp. 3 2

Cleridae Phalacridae
Mspp. 4 1 Mspp. 1 2
Mspp. 5 1 Mspp. 10 1
Mspp. 7 1 Mspp. 11 1

Coccinellidae Mspp. 13 2
Mspp. 14 1 Mspp. 16 1
Mspp. 15 1 Mspp. 17 1
Mspp. 5 1 Mspp. 19 27 1
Mspp. 7 1 Mspp. 3 15
Scymnus (cucullifer)  mspp. 1 1 Mspp. 4 14

Corylophidae Mspp. 5 2
Mspp. 1 1 Mspp. 6 12
Mspp. 2 35 3 Mspp. 7 1
Mspp. 3 3 Mspp. 9 1
Mspp. 4 1 1 Ptilidae
Mspp. 6 1 Mspp. 1 1 1
Mspp. 7 1 Ptilodactylidae
Mspp. 9 1 Mspp. 1 1
Sericoderinae  mspp. 1 134 20 Pyrochoidae

Cryptophagidae Mspp. 1 1
Mspp. 1 3 Scarabaeidae

Curculionidae Melolonthinae  mspp. 5 1
Mspp. 1 1 Melolonthinae  mspp. 6 1
Mspp. 2 1 Silvanidae
Mspp. 32 7 Mspp. 1 1
Mspp. 35 2 Staphylinidae
Mspp. 36 3 Mspp. 1 6
Mspp. 37 1 Mspp. 10 5
Mspp. 39 1 Mspp. 2 70
Mspp. 47 1 Mspp. 3 4
Mspp. 50 1 Mspp. 38 1
Mspp. 51 3 Mspp. 44 1
Mspp. 52 2 Mspp. 46 1
Mspp. 54 1 Mspp. 49 2
Mspp. 58 2 Mspp. 5 3
Mspp. 6 1 Mspp. 7 1
Mspp. 61 3 Pselaphinae  mspp. 13 1
Scolytinae  mspp. 1 1 Tenebrionidae
Scolytinae  mspp. 2 1 Mspp. 2 1
Scolytinae  mspp. 3 1 Mspp. 3 1
Scolytinae  mspp. 7 1 Zopheridae
Scolytinae  Xylosandrus solidus 1 Mspp. 1 1

Dermestidae Unknown
Trogoderma mspp. 2 2 Family 1 1
Trogoderma mspp. 3 1 Family 3 1

Total 688 53  
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Table A6.5 The total number of individuals of each Thysanoptera species collected at the flowers 
of Ackama paniculata at three separate altitudes in Lamington National Park. 

Thysanoptera taxa 800m 900m 1100m
Thripidae: Panchaetothripinae

? Astrothrips tumiceps 1 0 0
Thripidae: Sericothripinae

Hydatothrips williamsi 0 2 0
Thripidae: Thripinae

Scirtothrips albomaculatus 9 93 1
Thrips setipennis 23 167 9
Juvenile 3 1 0

Phlaeothripidae : Phlaeothripinae
Macrophthalmothrips argus 1 2 0
Haplothrips victoriensis 0 1 0
Haplothripini Xylaptothrips? Sp. 1 0 0
Haplothrips haideeae 0 0 1
Juvenile 0 1 1  

Table A6.6 The total number of individuals of each Diptera family collected at the flowers of 
Ackama paniculata at three separate altitudes in Lamington National Park. 

Diptera taxa 800m 900m 1100m
Nematocera

Anisopodidae 0 1 4
Bibionidae 0 1 0
Cecidomyidae 75 82 50
Ceratopoginidae 30 54 24
Chironomidae 142 363 795
Mycetophilidae 10 35 100
Psychodidae 59 204 26
Scatopsidae 0 4 0
Sciaridae 142 105 76
Tanyderidae 0 4 1
Tipulidae 8 37 95

Brachycera: Orthorrhapha
Asilidae 0 0 1
Empididae 3 3 7
Hybotidae 0 1 3
Stratiomyidae 0 1 1

Brachycera: Cyclorrapha: Aschiza
Phoridae 25 43 36
Syrphidae 5 0

Brachycera: Schizophora:Acalypterate
Chloropidae 21 26 31
Dolichopodidae 0 2 2
Drosophilidae 21 57 46
Heleomyzidae 17 3 7
Lauxaniidae 2 3 9
Sphaeroceridae 0 1 1
Tephritidae 0 0 1
Teratomyzidae 0 0 4

Brachycera: Schizophora: Calypterate
Axiniidae 0 1 0
Muscidae 3 1 5

Total 560 1030 1320  
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Table A6.7 The total number of individuals of each Coleoptera morphospecies collected at the 
flowers of Ackama paniculata at three separate altitudes in Lamington National Park. 
Coleoptera taxa 800m 900m 1100m Coleoptera taxa 800m 900m 1100m
Aderidae Curculionidae (contd)

Mspp. 1 1 Derelomini Gen. near Parimera  mspp. 1 1
Mspp. 2 1 Scolytinae mspp. 17 1

Anobiidae Scolytinae mspp. 1 1
Mspp. 1 2 Scolytinae mspp. 2 1
Mspp. 2 1 Scolytinae mspp. 8 1
Mspp. 3 1 Scolytinae mspp. 16 1
Mspp. 4 7 Scolytinae mspp. 15 1
Mspp. 7 1 Dermestidae
Mspp. 8 1 Trogoderma  mspp. 1 2

Anthribidae Elateridae
Mspp. 1 1 Mspp. 7 1 1
Mspp. 3 1 Mspp. 1 1 4
Mspp. 4 1 Mspp. 3 1 2

Belidae Mspp. 4 1
Belus insipidus 1 Mspp. 5 3

Biphyllidae Mspp. 6 1
Mspp. 1 2 Languriidae
Mspp. 2 1 2 Mspp. 2 1
Mspp. 5 1 Mspp. 5 1

Brentidae Loberini mspp. 1 1
Mspp. 1 1 Lathridiidae

Cantharidae Aridius  mspp. 1 2 1
Mspp. 1 2 Cortinicara  mspp. 1 1 7 5
Mspp. 2 1 Corticara  mspp. 1 1
Mspp. 6 1 Lycidae
Heteromastix  mspp. 1 1 1 mspp. 2 1

Carabidae Melandryidae
Mspp. 18 1 Mspp. 1 1
Mspp. 2 2 Mspp. 2 1
Mspp. 21 1 Mspp. 7 1
Mspp. 3 4 Melyridae
Mspp. 4 2 Mspp. 2 1

Cerambycidae Mordellidae
Mspp. 1 1 Mspp. 1 3
Coptocercus multitrichus 1 Mspp. 2 2 11
Temnosternus  mspp. 1 1 1 2 Mspp. 3 1 2

Chrysomelidae Mspp. 4 3 9
Alticinae mspp. 2 1 Mspp. 5 1
Alticinae mspp. 5 1 Mycetophagidae
Chrysomelinae mspp. 1 1 4 Mspp. 3 1
Criocerinae mspp. 2 1 Nitidulidae
Criocerinae mspp. 3 2 Mspp. 12 2
Cryptocephalinae Ditropidies mspp. 1 1 Mspp. 2 2
Cryptocephalinae Leasia  mspp. 1 1 Mspp. 6 1 1
Platycolaspis australis 2 14 Aethina  mspp. 2 1
Eucolaspinus  mspp. 1 8 14 3 Phalacridae
Eumolpinae mspp. 3 1 Mspp. 13 1
Eumolpinae Geloptera   mspp. 2 1 Mspp. 14 1 5
Galerucinae mspp. 10 2 Mspp. 15 1
Galerucinae mspp. 4 1 Mspp. 16 1 3
Galerucinae mspp. 5 1 Mspp. 18 1
Galerucinae mspp. 6 1 Mspp. 19 3 17 8
Galerucinae mspp. 7 1 Mspp. 20 2 1 1
Galerucinae mspp. 9 2 Mspp. 4 2
Galerucinae Pedethma  mspp. 1 5 Mspp. 8 9 35 2
Monolepta  mspp. 1 32 6 Pythidae
Monolepta  mspp. 2 1 Anaplopus tubercultus 1
Unknown 1 1 Salpingidae

Cleridae Neosalpingus  mspp. 1 1
Mspp. 4 1 2 Neosalpingus  mspp. 2 1 2
Mspp. 6 1 Scarabaeidae
Thanasimerpha mspp. 1 1 Melolonthinae mspp. 1 1

Coccinellidae Melolonthinae mspp. 7 1
Mspp. 10 1 Melolonthinae mspp. 8 1
Mspp. 12 1 Scarabaeinae mspp. 10 1
Mspp. 4 1 Scarabaeinae mspp. 4 4
Mspp. 6 4 Scydmaenidae
Mspp. 7 1 1 Mspp. 5 1
Mspp. 9 1 Euconnus  mspp. 1 3
Scymnus  mspp. 1 1 Scydmaenus  mspp. 1 2

Corylophidae Staphylinidae
Mspp. 2 2 Mspp. 1 5 160 9
Mspp. 5 1 Mspp. 11 2
Mspp. 8 1 Mspp. 13 1
Sericoderinae mspp. 1 4 Mspp. 16 2
Mspp. 4 1 Mspp. 17 1 6
Mspp. 1 1 Mspp. 18 1

Cryptophagidae Mspp. 19 1 1 3
Mspp. 2 2 Mspp. 2 64 6

Curculionidae Mspp. 20 1 1
Mspp. 14 1 Mspp. 21 1 1
Mspp. 15 1 Mspp. 22 1
Mspp. 21 1 Mspp. 25 1
Mspp. 22 1 Mspp. 28 1
Mspp. 23 1 Mspp. 29 1
Mspp. 24 1 Mspp. 3 1
Mspp. 25 1 Mspp. 30 3
Mspp. 26 1 Mspp. 31 1
Mspp. 27 1 Mspp. 32 2
Mspp. 28 1 Mspp. 33 1
Mspp. 3 1 Mspp. 34 2
Mspp. 30 1 Mspp. 35 1
Mspp. 34 1 Mspp. 36 1
Mspp. 4 1 Mspp. 39 1
Mspp. 40 1 1 Mspp. 42 1
Mspp. 41 1 1 Mspp. 5 4
Mspp. 42 2 Mspp. 6 1
Mspp. 43 1 1 Pselaphinae mspp. 9 1
Mspp. 46 1 Pselaphinae Clavigeropsis  mspp. 1 3 1
Mspp. 48 1 Tenebrionidae
Mspp. 49 1 Mspp. 5 1
Mspp. 5 1 Mspp. 6 3
Mspp. 51 2 Alleculinae mspp. 2 1
Mspp. 52 2 Heleini mspp. 1 1
Mspp. 53 1 Lagrina  mspp. 1 1
Mspp. 54 1 Throscidae
Mspp. 55 2 Mspp. 1 3 1
Mspp. 56 1 Mspp. 2 2
Mspp. 57 1 Unknown
Mspp. 59 1 Mspp. 15 1
Mspp. 60 2 1 1 Mspp. 6 1

Total 215 409 111  
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