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Abstract 

Extensive ecological research has been conducted on vegetation changes following 

cyclones in northern Australia, particularly in recent times (de Gouvenain and Silander Jr 2003; 

Dowe 2009; Hopkins and Graham 1987; Lugo 2008; Lugo et al. 1983; Metcalfe et al. 2008; 

Murphy et al. 2008; Turton 2008; Turton 1992; Unwin et al. 1988; Webb 1958).  However, there 

have been few studies on palms although they are important components of many rainforests.  

Dowe (2009) studied population changes of Archontophoenix alexandrae following Cyclone 

Larry and recommended that further studies were needed on the long term impacts of cyclones 

on palms and their recovery throughout their life cycle.  In the current study, field observations 

were made of population structure, regeneration strategies and reproductive phenology; 

germination responses were examined under controlled conditions; and a glasshouse study 

examined the responses of seedling growth to different levels of shading. 

Thus, the aims of this research were:  

(1) to investigate whether the population structure of five palms, Arenga australasica,       

Calamus  australis, C. moti, Hydriastele wendlandiana and Licuala ramsayi, as shown by 

size class, reflect  mass recruitment after a major cyclonic disturbance   (Cyclone Larry),   

and determine the relationship between height, dbh (diameter at breast height) and wind 

resistance; 

(2) to investigate the effects of canopy gaps following cyclonic disturbance (Cyclone  
        
Larry) on  regeneration, reproductive phenology (flowering, fruiting and seed production),  
 
seed dispersal and predation of these palms;  
 

(3) to determine the effects of seed coat, light and temperature on germination; and 

(4) to investigate the effects of different light intensities on seedling growth.   
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The field research was carried out in four plots at each of three study sites (Tam 

O’Shanter/Djiru National Park, Clump Mountain National Park and Kurrimine Beach 

Conservation Park) located near Mission Beach and Kurrimine Beach, in north Queensland.  The 

study plots were characterised based on comparisons of canopy openness (light intensities) and 

damage categories. The canopy openness ranged from 27 to 80% and damage categories ranged 

from ‘minor to moderate’ to ‘severe’.  Observations were made of life stage distribution, 

relationships between height, dbh and wind resistance, recruitment, growth rate, leaf turnover 

and life history.   

 The field research demonstrated that increased canopy openness and damage, following 

Cyclone Larry, affected population structure, regeneration and reproductive phenology.  

Population structure was dominated by seedlings.  Most of the palms were susceptible to wind 

stress; however, they had regeneration or life history strategies such as a multi-stemmed, 

clustered growth habit in A. australasica and H. wendlandiana or “tilting” in L. ramsayi, where 

half-fallen individuals survived. Seedlings of some palm species were more abundant in less 

shaded areas, suggesting that recruitment may be favoured by increased openness in canopy gaps 

created by cyclones.  Seedlings of C. australis, C. moti and H. wendlandiana showed greater 

recruitment and survival where canopy openness was higher; however, A. australasica and L. 

ramsayi favoured less open (or more shaded) areas.  The growth of A. australasica, C. australis, 

C. moti and L. ramsayi seedlings were not significantly different between sites, while                

H. wendlandiana seedlings grew more rapidly under smaller canopy gaps. 

Germination experiments were conducted in a constant temperature room to examine 

imbibition, dormancy, and effects of light intensity, light quality and temperature.  Germination 

times from first to final germination were recorded.  Germination of A. australasica, C. australis 
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and L. ramsayi was improved by abrasion of their hard seed coats (scarification) and far red light 

inhibited germination.  This suggests that canopy gaps created by cyclonic disturbances favour 

the germination of these four palm species.  The seeds of A. australasica, C. australis and          

H. wendlandiana were able to germinate in darkness, suggesting that burial of the seed does not 

inhibit germination; however, darkness inhibited the germination of L. ramsayi seeds.   

Seedling growth experiments (pot trials) were conducted in a glass house using shade 

cloth providing four different levels of shading: 59, 29, 17 and 6 % sunlight.  The growth rate, 

leaf turnover, leaf area, total chlorophyll, chlorophyll a:b ratio, vigour, above-ground and below-

ground biomass and growth indices (LAR, SLA and LWR) of palm seedlings were measured. As 

a result of these measurements the relative shade tolerance of the five species was determined. 

The seedlings of A. australasica were classified as intermediate-shade intolerant species.          

H. wendlandiana seedlings were shade-intolerant.  Calamus australis and C. moti seedlings are 

intermediate-shade intolerant.  Licuala ramsayi seedlings were found to be shade-tolerant.  These 

experimental results extended the field observations, because light intensities in the field ranged 

from 27 to 80% sunlight, indicating disturbance to the canopies and the lack of very shaded 

niches.  

The field observations and the frequency of cyclones in the region suggest that disturbed 

canopies and the lack of deeply shaded environments are a persistent feature of the rainforests at 

Mission Beach and Kurrimine Beach, and therefore the vegetation must be adapted to 

disturbance.  Restoration efforts may need to be undertaken in cyclone-prone rainforests to 

accelerate natural regeneration that may otherwise take hundreds of years.  When palms are 

selected to be used in rainforest restoration, sowing seeds or transplanting seedlings are suitable 

methods.  The palm seeds can be sown in medium-sized canopy gaps in the wet season to 
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prevent drying out (desiccation).  Despite some variation in results between field research and 

the glass house experiments, overall trends showed that C. australis, C. moti and H. 

wendlandiana seedlings appeared to be suitable species for revegetating medium to large, low-

shade canopy gaps and areas with ‘minor’ to ‘severe’ damage.  Arenga australasica may be 

planted in medium-sized canopy gaps with ‘minor-moderate’ to ‘severe’ damage.  Licuala 

ramsayi appears best suited for subsequent revegetation, being planted after the formation of the 

canopy. 
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Glossary 

Button Extension of the haustorium which is part of the embryo axis which 
stays inside the seed in the adjacent ligular germination type 
(Tomlinson 1990). 
 

Clustered 
 

A term applied to an individual palm with basal axillary branching, 
giving several stems in the same plant, i.e. a genet with more than one 
ramet (Henderson 2002; Uhl and Dransfield 1987). 
 

Dormancy Occurs when a seed is unable to germinate at the time when it is shed, 
even if growing conditions are suitable. 
 

Eophyll In a seedling, this is the first leaf having a green-lanceolate blade. 
 

Epigeal germination Is characterized by the emergence of the cotyledon above ground. 
 

Germination Process of commencing the sequences of events at the molecular and 
cellular levels which lead to visible growth of  the embryo (Bradbeer 
1988);  the first sign of germination is usually considered to be the 
protrusion of the radicle, followed later by emergence of hypocotyls or 
plumule (Black 1972; Simon 1984; Webb and Wareing 1972). 
 

Germinability or 
germination capacity 

The terms germinability, germination ability and germination capacity 
refers to the ability to germinate under favourable conditions, provided 
any form of dormancy in the seed is removed (Basu 1995). 
 

Hypogeal 
germination 

A type of germination where when the seed germinates the cotyledons 
remain in the germination medium, e.g. soil. 
 

Juvenile 
 

The extended period of early development of a seedling before maturity 
(Henderson 2002). In palms there is a gradual expansion of leaf size, 
increase in number of leaflets (more than 30) and the morphology of 
the leaf changes to that of the mature plant before stem development 
(Dowe 2009). 
 

Leaf Area Ratio 
(LAR, cm2/g) 

The ratio of leaf area to total plant mass (Atwell et al. 1999) 
 

Leaf Weight Ratio 
(LWR) 

The ratio of leaf mass to total plant mass (Atwell et al. 1999). 

Mature 
 

‘Adult’ life stages during which there is a gradual expansion of the 
stem to maximum diameter (but see secondary growth) and a 
capability to produce inflorescences and fruit (Henderson 2002; 
Holmes 1979). 
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Palmate Shaped like the palm of the hand, all segments arising from a central 
area (Uhl and Dransfield 1987). 
 

Pinna A primary leaflet in a pinnate leaf (Uhl & Dransfield, 1987). 
 

Pinnate A compound leaf with featherlike, lateral leaflets arising from a central 
axis (the rachis) (Uhl and Dransfield 1987). 
 

Plicate Pleated (Uhl and Dransfield 1987). 
 

Plumule The leaf bud of an embryo (especially of monocots) (Uhl and 
Dransfield 1987). 
 

Radicle Primary root originating as a primordium at the base of a hypocotyl 
within the seed (Uhl and Dransfield 1987). 
 

Sarcotesta 
 

A fleshy layer which is part of a seed coat (Anon. 2004; Swartz 1971) 
or developed from the outer seed coat (Uhl and Dransfield 1987).  In 
the current research, a sarcotesta occurs in the seeds of C. australis.  
 

Scarification 
 

The act of scarifying seeds by breaking or scratching the seed coat 
through physical or chemical means to remove barriers resistant to the 
permeation of water and gas (Debenham 1971; Little and Jones 1980).  
In the current research, scarification was achieved by filing with a 
metal file just deep enough to break/scratch the seed coat (Hodel 1998). 
 

Secondary growth A type of growth in gymnosperms, most dicotyledons, and some 
monocotyledons that is characterised by an increase in thickness of 
stem and root and resulting from formation of secondary vascular 
tissues by the vascular cambium (Esau 1977). 
 

Seedling 
 

The early life stages following germination (Tomlinson 1990). In the 
current research defined for palms as young plants below 1.5m height 
with no more than 30 leaflets (as described by Hyland et al. (2003) for 
the seedlings of C. australis, C. moti and H. wendlandiana or by Dowe 
(2009) for the seedlings of Archontophoenix alexandrae).  
 

Segments Leaflets in  palmate leaves (Uhl and Dransfield 1987). 
 

Specific Leaf Area 
(SLA, cm2/g) 

The ratio of leaf area to leaf mass (Atwell et al. 1999). 

Tilting A growth form resulting from a sloping position where the trunk has 
fallen into other standing trees and the roots are still in the ground; or 
palm trees that have been snapped by other fallen trees causing 
‘wounding’ and the roots are also still in the ground; the ‘wounded’ 
part may recover naturally  but cause abnormal trunk growth, i.e. 
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‘tilting’ or ‘curving’ (Fig. 2.5). 
 

Total percentage of 
germination 

One variable as result of a germination test which is commonly 
regarded as a direct measure of viability, of a seed sample, and is 
usually expressed as a percentage of seeds that have germinated within 
a specified period of time (ISTA 2006). 
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Chapter 1:   General Introduction 
 

1.1   Introduction 

Natural disturbances that affect tropical forests may act as major ecological 

drivers in ecosystem dynamics.  Various types of disturbance of intermediate intensity 

can maintain plant diversity in many tropical forests (Connell 1970; Franklin and 

Bowman 2003). More severe disturbances, such as catastrophic wind events, can lead 

to significant change in species composition and forest structure (de Gouvenain and 

Silander Jr 2003; Turton 2008).  Cyclones are catastrophic wind events that have 

influenced the dynamics of the vegetation of tropical lowland rainforests in north 

Queensland, Australia (de Gouvenain and Silander Jr 2003; Hopkins and Graham 

1987; Webb 1958).  Many studies have analysed the influence of frequent natural 

disturbances on the structure of rainforests (Clarke and Kerrigan 2000; de Gouvenain 

and Silander Jr 2003; Foster and Boose 1992; Grove et al. 2000), however there have 

been few similar studies on palms although these are important components of many 

rainforests.   

Canopy gaps may be created by cyclones, and studies have shown the 

important role of gaps in stimulating seedling recruitment in most plant communities 

(Bullock 2000; Fenner and Thompson 2005; Harper 1977).  Harper (1977) also 

suggests that canopy gaps may promote recruitment success compared with plants 

growing under intact vegetation.  This higher success rate may be caused by the 

reduction in competition for resources such as light, nutrients and water (Bullock 

2000).  Bullock (2000) differentiated the stages of seedling establishment that may be 

influenced by canopy gaps as ‘germination’, ‘emergence’ and ‘establishment’.  It is 

difficult detecting early germination stages in the field; the seedling ‘emergence’ and 
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‘establishment’ stages are more easily recognised. Bullock (2000) defined 

‘germination’ as ‘the protrusion of some part of the embryo from the seed coat’;  

‘emergence’ refers to ‘the emergence of leaves or cotyledons above the substrate 

surface – a product of germination and early survival of the seedling – and is usually 

the first sign of a plant that can be seen by the field ecologist’; ‘establishment’ is 

referred to as stages when the seed-to-plant transition occurs in field studies and the 

end of this stage was indicated by the first growing season after emergence. 

Therefore, Bullock (2000) suggests that germination responses to canopy gaps be 

studied using laboratory or glasshouse comparisons of plants grown under full light 

and those grown under varying regimes of artificial shading.  Ecologists do 

glasshouse or lab experiments because it is easier to replicate and control the 

environmental conditions for growth, such as light or shade.  However, there should 

be some concerns as to whether these experiments are a “true” indication of the 

natural response of the plants.  The controlled environmental conditions in a 

glasshouse experiment are different from those found in the field. 

The research reported in this thesis, involving field studies as well as 

greenhouse (seedling growth) and constant temperature room (germination) 

experiments, investigates the influence of cyclone disturbance on the population 

structure and regeneration of several palm species in tropical lowland rainforests. The 

field sites, Kurrimine Beach, Clump Mountain National Park and Tam 

O’Shanter/Djiru National Park, were selected as they contain lowland tropical 

rainforests with the highest diversity of palms in Australia and are located near a 

coastline which is commonly impacted by cyclones. Experimental studies of seed 

germination and seedling growth were undertaken to interpret the regeneration 

strategies of palms in response to increased light in canopy gaps created by cyclones.  
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The studies on seed germination and seedling growth also have implications for 

rainforest restoration in areas prone to cyclonic disturbances. 

 

1.2   Tropical cyclones in north Queensland 

The meteorological term “tropical cyclone” refers to severe storms with winds 

that circulate spirally inward and upward and then outward and upward around a 

storm axis, counter-clockwise in the northern hemisphere and clockwise in the 

southern hemisphere.  These storms produce wind velocities of 160 to 225 km per 

hour, or greater, and intense precipitation, depending upon the area’s topography 

relative to the centre or eye (Cline 1926).  They mainly develop from maritime 

tropical air masses in tropical regions of the globe.  Cyclones sometimes have other 

names, depending on their location and strength, such as hurricane, typhoon, tropical 

storm, cyclonic storm and tropical depression (Ferrel 1889 in Cline 1926).   

Tropical cyclones occur regularly in seven areas worldwide, known as ‘tropical 

cyclone basins’ (Figure 1.1) which are:  (1) the Atlantic basin including the North 

Atlantic Ocean, the Gulf of Mexico and the Caribbean Sea; (2) the Northeast Pacific 

Basin including Mexico and Hawaii; (3) the Northwest Pacific Basin including China, 

Thailand, Korea, Japan, the Philippines, and Hong Kong to South China Sea; (4) the 

North Indian Basin including the Bay of Bengal, India, Thailand, Pakistan, 

Bangladesh, Burma, and Sri Lanka and the Arabian Sea; (5) the South West Indian 

basin including Reunion Island, Madagascar, Mozambique, Mauritius, and Kenya to 

about 100ºE; (6) the Southeast Indian/Australian basin including Western-Northern 

Australia and Indonesia from 100ºE to 142ºE; and (7) the Australian/Southwest 

Pacific basin including Northern-Southern Australia, Papua New Guinea, Fiji, and 

New Zealand from 142°E to about 120ºW (AOML 2011). 
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Figure 1.1  The seven tropical cyclone basins: (1) Atlantic, (2) Northeast Pacific, (3) 
Northwest Pacific, (4) North Indian, (5) Southwest Indian, (6) Southeast 
Indian/Australian, and (7) Australian/Southwest Pacific basins (Source:  AOML 
(2011)).  

 

North Queensland clearly lies within basin 7 under Nadi’s RSMC (Regional 

Specialised Meteorological Centres), with three centres involved: Nadi, Port Moresby 

and Brisbane (AOML 2007).  Cyclones frequently impact on northeastern Queensland 

(Table 1.1).  At the time of this study, the most recent devastating cyclone in northern 

Queensland was Cyclone Larry on 20 March 2006, which crossed the coast between 

Tully and Innisfail.  Prior to Cyclone Larry, the last destructive cyclone in the Mission 

Beach-Tully area was Cyclone Winifred in February 1986 (Hopkins and Graham 

1987).  Previous cyclones that caused major damage in this region recorded by the 

Bureau of Meteorology, Australia, were in 1918 (no name), cyclones Joy in 1990 and 

Agnes in 1956 (Anon. 1991; Hopkins and Graham 1987).  Low-category Ex-Tropical 

Cyclone Ellie hit the Mission Beach region on 1 February 2009, causing a number of 

trees that had been damaged by Cyclone Larry to fall.  Cyclone Yasi (Category 5) hit 

the Mission Beach-Tully region on 2 February 2011. This suggests that cyclonic 

disturbance of tropical lowland rainforests in north Queensland is significant and the 

structure of the rainforests within these regions may be cyclone-dependent.  
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Table 1.1  Tropical cyclone events in north Queensland.  References: 1 = Anon. 
(2010a), 2 = Webb (1958), 3 = Hopkins and Graham (1987). 

Date Name Areas impacted Refs 
1878, March 8 - Cairns area   1 
1882, February 2 - Cardwell area  1 
1884 - n/a; noted as “particularly disastrous storms”  2 
1890, March 24 - Townsville-Ingham region  1 
1896, January 26 Sigma Townsville area 1,2 
1899 - n/a; noted as “particularly disastrous storms”  2 
1903, March 9 Leonta Townsville area  1,2 
1906, January 28 - Cairns area  1 
1910, January 28 - Cairns area  1 
1911, January-

March 
- Gulf of Carpentaria inland including Marburg in south-west 

Queensland (11 January);  Port Douglas area (10 February);  
Mossman-Cairns area (16 March); Townsville area (23 March)  

1,2 

1912, April 7 - Cairns-Innisfail region  1 
1913, January 31 - Cairns-Innisfail region  1 
1918, March 10 - Innisfail region including Mission Beach to Atherton Tableland 1.2 
1920, February 3 - Cairns region 1.2 
1923 - n/a; noted as “particularly disastrous storms”  2 
1926, February 9 - Townsville-Tully region  1 
1927, February 9 - Cairns area  1 
1928 - n/a; noted as “particularly disastrous storms”  2 
1929, February  - Townsville area (23 Feb) and Mossman-Cairns area (29 Feb)  1 
1932, January 19 - Townsville area  1 
1934, January 22 - Cairns area  1 
1940, February  - Cardwell area (18 February); Townsville-Ayr area (7 April)  1 
1946, March 2 - Cairns-Townsville region 1 
1954, February 7 - Townsville area  1 
1956, March 6 Agnes Innisfail area or across Cairns-Townsville  2,1 
1959, January 20 - Cooktown-Cairns region  1 
1964, December 6 Flora Innisfail-Cardwell region 1 
1965, January 30 Judy Innisfail area  1 
1971, February 16 Gertie  Cardwell area  1 
1971, Dec 24 Althea Townsville-Magnetic Island area  1 
1973, Dec 19 Una Townsville area  1 
1977, January 31 Keith Cairns first then Townsville  1 
1979, January 1-2 Peter Cairns area  1 
1986, February 1 Winifred Mission Beach-Tully area  3,1 
1990, Dec 22-25 Joy Cairns first, weakening at Townsville, strengthening at Mackay  1 
1997, March 22 Justin Cairns-Atherton Tableland-Innisfail-Kurrimine Beach-Mission 

Beach-Tully-Townsville region  
1 

1998, Jan 10-11 Sid Moved from Gulf across Cape York and intensified near Townsville  1 
1999, February 11 Rona Cairns-Mareeba region 1 
2000, February 27 Steve Cairns-Mareeba region 1 
2000, April 2 Tessi Townsville area  1 
2001, Feb 23-27 Abigail Cairns area including Green Island  1 
2006, March 20 Larry Cairns-Northern suburbs-Tablelands-Mareeba-Innisfail region  1 
2009, January 12 Charlotte Townsville area 1 
2009, February 1 Ellie Mission Beach 1 
2010, January 24 Olga Innisfail area 1 
2011, February 2 Yasi Mission Beach-Tully region to Townsville area. 1 
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1.3   The theory of disturbance and species diversity 

The influence of natural disturbances on species diversity is explained by the 

theory that various types of moderate disturbance can maintain plant diversity in 

many tropical forests (Connell 1970; Connell 1989; Franklin and Bowman 2003; 

Vandermeer 1994; Vandermeer et al. 1996).  More severe disturbances, such as 

catastrophic wind events, can lead to significant change in species composition and 

forest structure (Bullock 2000; Connell 1989; Franklin and Bowman 2003; 

Vandermeer et al. 1996).  The degree of forest disturbance caused by cyclones varies 

depending on the cyclone intensity combined with other factors.  Boose et al. (1994)    

suggested that, at the landscape scale, the degree of forest damage induced by 

cyclones can be controlled by three main factors: (1) the wind velocity gradient 

resulting from cyclone size and intensity, and proximity to the storm track, 

complicated by local-convective scale effect; (2) variations in site exposure and other 

effects of local topography; and (3) differential response of individual ecosystems to 

wind disturbance as a function of  species composition and forest structure.  Natural 

disturbances that create canopy gaps increase the variety of regeneration niches 

(Bullock 2000).  These niches can counteract species dominance through competition 

and allow persistence of populations of pioneers or shade-intolerant species (Bullock 

2000; Connell 1989).    

The responses of plants and forest structure to cyclones may vary.  Webb 

(1958) suggested that cyclones may alter the composition of emergent trees and vines.  

Damage to emergent trees resulted in a lower and uneven canopy in tropical lowland 

rainforests in north Queensland, and promoted the growth of vines (Webb 1958).  De 

Gouvenain and Silander Jr (2003) also found that forest canopies of lowland tropical 

rainforests in Madagascar were also low, which was significantly correlated with the 
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impact of tropical cyclones. Moreover, tropical cyclones increased tree population 

densities (de Gouvenain and Silander Jr 2003; Vandermeer 1994).  However, Lugo 

(2008) found, in a long-term study (1943-2005), that species diversity of a tabonuco 

(Dacryodes excelsa) forest in Puerto Rico and Florida, first increased ten years after a 

major hurricane (San Cipriano, in 1932), but then gradually decreased.  The species 

diversity increased nine years after Hurricane Hugo in 1989, then steadily declined 

after Hurricane Georges hit in 1998.  It is clear that although species diversity 

decreased, these frequent hurricane disturbances between 1943 and 2005 resulted in 

an increase in the abundance of D. excela (the dominant species).  

1.4   Palms in the rainforests and study species description 

Palms are an important component of many tropical rainforests.  

Approximately 75% of palm species grow in rainforests worldwide (Dransfield 1978).  

In Australia, approximately 60% of palm species occur in rainforest habitats (Dowe 

2010a), and they can be so abundant as to be used in the structural classification of 

rainforest vegetation.  For example, Licuala ramsayi, one of the study species here, 

dominates lowland tropical rainforests in the Mission Beach area, occupying the 

upper canopy so that the rainforest can be classified as Mesophyll fan palm vine forest 

or MFPVF (Tracey 1982a; Webb 1978).   

Adult palms of several species flourish and their populations become more 

dense following cyclones/hurricanes that create canopy gaps.  This is evident from 

studies of Calamus australis (Webb 1958), L. ramsayi (Gorman 1996), Prestoea 

montana  (Frangi and Lugo 1998) and Archontophoenix alexandrae (Dowe 2009).  

Dransfield  (1979)  and Manokaran (1985) suggested that seedlings of C. manan grow 

slowly in the understorey until a canopy gap is formed.  Clearly, these studies show 

the importance of studying regeneration strategies with respect to the changing light 

environments found in rainforests.  However, seedling survival under varying light 
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intensities is not well documented for palm species.  Therefore, the current research 

has addressed this gap in knowledge by investigating the effect of different light 

intensities on the seedling growth of five palm species chosen to represent a range of 

taxonomic groups, life forms and habitats (Table 1.2):  Arenga australasica (H. 

Wendl. & Drude) S.T. Blake ex H.E. Moore, Calamus australis Mart., C. moti F.M. 

Bailey, Hydriastele wendlandiana (F. Muell.) H. Wendl & Drude and Licuala 

ramsayi var. ramsayi (F.  Muell.) Domin.  Due to seed availability, Licuala ramsayi 

var. tuckeri Barfod & Dowe was used in the seed germination experiment. 

 

Table 1.2  Taxonomic affinities of the five palm study species and their growth habits 
(Fig. 1.2) (Uhl and Dransfield 1987). 

Species Taxonomical group Growth habit 
A. australasica Subfamily: Arecoideae  

Tribe: Caryoteae 
clustering tree 

C. australis 
C. moti 

{Subfamily: Calamoideae  
{Tribe: Calameae 

clumping, climbing plant  
clumping, climbing plant 

H. wendlandiana Subfamily: Arecoideae  
 

clustering tree or usually 
single-stemmed tree 

L. ramsayi var. 
ramsayi 

{Subfamily: Coryphoideae  
{Tribe: Corypheae 

solitary or rarely clustered tree 

L. ramsayi var. 
tuckeri 

{ 
{ 

solitary 

 
 

The following species descriptions are mainly adopted from Cronin (1989) 

combined with Uhl and Dransfield (1987) and Dowe (2010a); seedlings are described 

based on Dowe (pers. comm.), Uhl and Dransfield (1987) and Hyland et al. (2003); 

additional information on distribution, flowering, fruiting and seed dispersal is 

derived from Cooper and Cooper (2004).  Information on the species’ possible/likely  

light requirements is inferred from the habitat descriptions (Cronin 1989; Hyland et 

al. 2003; Tucker 1988). 
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Figure 1.2  Photographs of the palm study species showing their growth habits: (a) Arenga australasica, (b) C. australis, (c) C. moti, (d) H. 
wendlandiana, (e) L. ramsayi var. ramsayi, and (f) L. ramsayi var. tuckeri. Arrows point to the palm species. 

(a) (b) (c) 

(d) (e) (f) 
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Arenga australasica 

 
Arenga australasica (Australian sugar palm, Bingil Bay palm) is endemic to 

north-eastern Queensland and the adjacent islands (Dowe 2010a; Jones 1987) (Fig. 

1.2a).  This is one of three species occurring in Australia, of approximately 20 species 

ranging from India, South China, the Ryukyus and Taiwan, through Southeast Asia, 

Malesia including Christmas Island (Indian Ocean) to north Australia, with the 

greatest diversity occurring on the Sunda Shelf. 

The habitat of A. australasica is stony creek beds on sandy or red basalt soils 

in near-coastal and littoral rainforests, usually in partial shade (Cronin 1989).  Thus, 

the putative light requirement of this species is ‘partial shade’.  Moreover, A. 

australasica is very sensitive to cold conditions, and occurs in coastal rainforests of 

north-eastern Queensland from the Torres Strait Islands to Cooktown to Tully, and 

some offshore islands adjacent to northern Queensland, including Hinchinbrook and 

Brook Islands, and the Northern Territory.  This palm species is considered ‘rare’ in 

nature, especially on the mainland. Kurrimine Beach National Park in north 

Queensland has the most intact population of A. australasica (Anon. 2003), compared 

with populations on offshore islands (e.g. Brook Island) where they are more common 

and abundant (Dowe and Williams pers. comm.).  

Arenga australasica is a tall, clumping, feather-leaved palm.  The trunk is 

light grey, up to 20 m tall and 30 cm diameter.  Leaves are 2-3.5 m long and broadly 

ovate in outline. They are pinnately divided into closely-spaced linear leaflets, to 1 m 

long and 7 cm wide, glossy dark green above and covered with a whitish scurf below. 

They have irregularly notched, jagged tips with the notches often extending down the 

margins.  The inflorescence is an arching panicle, 1-2 m long, with a drooping tip and 

numerous long, thin, green, pendulous, flower-bearing branchlets.  Panicles appear 
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from the leaf bases and are covered with several papery bracts that fall soon after the 

flowers open.  Flowers are yellow and about 1 cm across.  Both male and female 

flowers are borne on the same inflorescence, typically arranged in groups of three 

with one female between two males (Cronin, 1989; Uhl and Dransfield, 1987).   

Fruits of A. australasica are scarlet, globose to ellipsoidal, stalkless, about 2 

cm across, with 2-3 seeds with very hard, smooth coats, embedded in a fleshy, highly-

irritating pulp.  The seeds are brown or black, 12-17 mm long and basal. Seeds are 

smooth with homogeneous endosperm; the embryo is lateral. The fresh seeds 

germinate erratically, taking 2-12 months or more.  The seedlings initially have an 

ovate to elliptic eophyll with erose margin or bifid with rhombic, divergent segments.  

This species flowers in August-December (Dowe 2010a) and fruits in October – May 

(Cooper and Cooper 2004; Dowe 2010a), and the fruits are eaten by fruit-doves 

(Cooper and Cooper 2004).  The conservation status of A. australasica is vulnerable  

(Anon. 2007). 

 
Calamus australis  
 

Calamus australis (Lawyer Cane, Hairy Mary, Wait-a-While) is a member of 

the subfamily Calamoideae and tribe Calameae (Fig. 1.2b).  Calamus is the largest 

palm genus, commonly called rattans, with about 370 species and has a very wide 

distribution.  The Sunda Shelf (mainly Borneo) has the greatest diversity of species, 

while New Guinea has the second highest diversity.  There are eight Calamus spp. in 

Australia and seven of them occur in the tropical rainforests of north-eastern 

Queensland (Cooper and Cooper 2004).  C. australis is endemic to Queensland 

(Hyland et al. 2003).  This species occurs in north-eastern Queensland, including 

Cape York, from sea level to 1180 m on the Atherton Tablelands, reaching as far 

south as Yeppoon near Rockhampton.  
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This species occurs in dry niches (Hyland et al. 2003). It forms prickly, 

impenetrable thickets along the forest margins and in clearings (Cronin 1989).  Some 

rattans adapt to a range of forest light regimes as they occupy niches from deep 

understorey to large canopy gaps (Dransfield 1992), and from lowland to upland or 

montane rainforests to a variety of rocky areas (Hyland et al. 2003). Thus, C. australis 

is likely to be shade-intolerant. 

This species is a clumping, climbing palm.  Its stems are green, turning yellow 

with age, long, slender and flexible, 2-3 cm in diameter.  The sheathed stems are 

armed with sharp reddish-brown spines up to 8 cm long, usually joined into groups, 

while the leaf stalks and midribs bear scattered spines.  The climbing structures, 

flagellae, are modified inflorescences that arise from leaf axils. These structures are 2-

3 m long and armed with numerous recurved hooks.  Leaves are 1-2.5 m long and 

pinnately divided into 20-36 narrow lanceolate, pale to dark green shiny leaflets.  The 

leaflets are 10-30 cm long and 2-3 cm wide, narrowly constricted with recurved 

margins at their bases; the margins are armed with a few small spines.  The 

inflorescence is a long, slender, pendulous, sparsely-branched, axillary panicle, 2-3 m 

long, terminating in a slender, clawed flagellum; the branches are divided into a 

number of small flower-bearing branchlets.  The flowers are creamy-green and ovate; 

male and female flowers are borne on separate plants.   

The fruits are cream to white when ripe, globular with a small point at one 

end, 8-14 mm across and covered with small overlapping scales.  They have a single, 

ovoid, yellowish brown seed.  The seed is surrounded by a thin, edible, fleshy outer 

layer; the inner part is rounded, angled and grooved at the base.  The endosperm is 

homogeneous and the embryo is basal.  One cataphyll is produced before the bifid 

eophyll; the first leaf is pinnate with 6 leaflets, the second leaf pinnate with 4 leaflets.  
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Leaflets are narrowly elliptic, crowded on a short rachis; the margin is usually finely 

toothed; spines are absent on the upper leaf surface.  The petiole of the compound leaf 

is armed with spines of about 3 mm. C. australis flowers in February-June; fruiting in 

November-April (Cooper and Cooper 2004), but has been recorded as flowering and 

fruiting in all months (Dowe 2010a).  The fruits are eaten by pigeons, doves and 

cassowaries (Cooper and Cooper 2004).  This species is not currently threatened 

(Dowe 2010a). 

 
Calamus moti 
 

Calamus moti (Yellow Wait-a-While) also belongs to subfamily Calamoideae 

and tribe Calameae (Fig. 1.2c). This species is endemic to Queensland (Hyland et al. 

2003), is a climbing, clumping palm and is more robust than C. australis.  C. moti is 

endemic to the Wet Tropics Bioregion in north-eastern Queensland, ranging from Mt 

Finnigan near Cooktown to the Clarke Range near Mackay, from sea level to 1000 m 

altitude (Dowe 2010a).   

C. moti occurs in wet niches (Hyland et al. 2003).  In undisturbed rainforests it 

grows as clumps of non-climbing palms but forms impenetrable thickets with many 

stems arising from underground rhizomes and climbs vigorously when the canopy is 

disturbed and open (Cronin 1989).  Dransfield (1992) suggested that some rattans 

adapt to a range of forest light regimes as they occupy niches from deep understorey 

to large canopy gaps. It grows in upland rainforests and develops rapidly in areas 

close to creeks and watercourses (Hyland et al. 2003). Therefore, C. moti possibly 

requires a range of light intensities but grows better in higher light intensities. 

The stems are green, turning yellow with age, slender and flexible, exceeding 

5-20 m in length and 2-3 cm wide.  The stems are armed with spiralling rows of long, 

sharp yellow bayonet-like spines about 2 cm long.  The climbing structures, flagellae, 
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arise from leaf axils. These structures are 3-4 m long, branching, pendulous and 

armed with numerous recurved hooks.  Leaves are 2-4 m long and pinnately divided 

into 80-100 linear to lanceolate leaflets, mid green above and slightly paler 

underneath.  The leaflets are 30-50 cm long and 2-3 cm wide, narrowly constricted 

with recurved margins at their bases.  They have small sharp spines on the margins 

and upper surface, along the 3-5 prominent longitudinal veins. The inflorescence is a 

long, slender, pendulous, sparsely-branched, axillary panicle terminating in a slender, 

clawed flagellum; the branches are divided into a number of smaller flower-bearing 

branchlets.  The flowers are cream to white, 3-5 mm across; male and female flowers 

are borne on separate plants.   

C. moti fruits are cream when ripe, globular with a small, pointed tip, 8-13 mm 

across and covered with small overlapping scales.  They have a single globular, dark 

brown seed.  The seed is surrounded by a thin, fleshy outer layer; the inner part is 

rounded, angled and deeply grooved at the base.  The endosperm is homogeneous and 

the embryo is basal.  The germination type is adjacent-ligular (Uhl and Dransfield 

1987). Usually two cataphylls are produced before the bifid eophyll; the first leaf is 

pinnate with about 6 leaflets, with spines present on the upper surface of the leaflets.  

At the tenth leaf stage: the leaf is compound, pinnate, with about 18-20 leaflets, and 

the terminal leaflet deeply bilobed.  Its flowering period is July-August; fruiting in 

April-August (Cooper and Cooper, 2004), although it has been recorded flowering 

and fruiting in all months (Dowe 2010a).  The fruits are eaten by cassowaries, Musky 

Rat-kangaroos and giant white-tailed rats (Cooper and Cooper, 2004).  This species is 

not currently threatened (Dowe 2010a). 
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Hydriastele wendlandiana  
 

H. wendlandiana (Australian Kentia palm, Cat O’Nine Tails palm) is endemic 

to Queensland and the Northern Territory (Dowe 2010a; Hyland et al. 2003; Jones 

1987), and occurs in coastal areas from Cape York and some Torres Strait islands to 

just south of Tully (Fig. 1.2d).  It occurs in open swamps, along streams and moist 

areas on the rainforest margins and in closed rainforests (Cronin 1989).  H. 

wendlandiana occurs in a patch along a stream bank and on swamps at Kurrimine 

Beach Esplanade, outside Kurrimine Beach Conservation Park.  This patch is also 

protected by the Council of the Cassowary Coast Region.  It grows in the understorey 

of lowland rainforests and is commonly found on the margins of swamps or wet areas 

(Hyland et al. 2003). This suggests that this species may adapt to a range of light 

intensities from closed rainforest as understorey palms to canopy gaps. 

 H. wendlandiana is usually a single-stemmed tree.  The trunk is grey, 7-25 m 

tall and 6-10 cm diameter.  The leaves are 1-2 m long with a short petiole 30-40 cm 

long; pinnately divided into 30-50 fairly thin, irregularly-spaced, unequal leaflets, dull 

pale to dark green on both surfaces.  The leaf bases form the crown shaft and are 

convex below and covered with brown or whitish scurf.  The leaflets are 20-60 cm 

long and 2-6 cm wide, linear to oblong with oblique, jagged or toothed tips, a 

prominent yellowish central vein and a number of raised parallel veins.  The terminal 

leaflets are much shorter and joined at their bases to give a fish-tail appearance to the 

end of the leaf.  The inflorescence is 30-35 cm long; flowers are pale yellow or 

greenish, about 8 mm across, with both male and female flowers borne on the same 

inflorescence.  

The fruits are produced in pendulous spikes and are bright red when ripe, 

ovoid to egg-shaped with longitudinal stripes, about 1 cm long and 8 mm across.  The 
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fruits are single-seeded and the seeds are surrounded by a thin, fleshy and fibrous 

outer layer. The seed is ovoid or globose, laterally attached with elongate hilum, raphe 

branches sparse, anastomosing, endosperm homogeneous or shallowly to deeply 

ruminate; embryo basal.  The fresh seed germinates within 3-6 months. Germination 

type is adjacent-ligular. In the early seedling stage the eophyll is deeply bilobed. The 

leaf-blades are about 6.5-8.5 cm long and petioles about 3.5-4.5 cm long. At the tenth 

leaf stage, the leaf blades are deeply bilobed about 19-20 x 10 cm, and petiole about 

4.5 cm long. The flowering period is July-November and fruiting is in August-

February (Cooper and Cooper 2004; Dowe 2010a).  The fruits are eaten by fruit-

doves, metallic starlings and cassowaries (Cooper and Cooper 2004).  This species is 

not currently threatened (Dowe 2010a). 

 
Licuala ramsayi var. ramsayi 
 

There are 112 Licuala species, but L. ramsayi (Mission Beach Fan Palm) is the 

only species native to Australia (Stewart 1994), and it is restricted to north eastern 

Queensland (Dowe 2010b; Jones 1987) (Fig. 1.2e).  This species is common in coastal 

areas of north-eastern Queensland from Cape York Peninsula to near Tully, including 

the Paluma Range. This species forms dense populations in Tam O’Shanter National 

Park, which protects an important fan palm forest remnant (Anon. 2003). The best 

developed populations grow in low-lying coastal tropical rainforests, along stream 

banks and in swamps, between 0-1100 m asl (Dowe 2010a).   

 L. ramsayi is a single-stemmed, fan-leaved palm that is rarely clustered (Dowe 

2010a).  The trunk is grey to dark brown, to 20 m tall and 20 cm diameter, slightly 

swollen at the base.  The leaves are shiny dark green above and duller underneath, 

fan-shaped or circular in outline; and divided to the base into many closely-spaced, 

wedge-shaped segments. The entire leaf blade is 1-2 m across.  The palm’s 4-15 leaf 
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segments radiate from the end of the leaf stalk to a tip 5-8 cm across. The leaf 

segments of young trees are much more widely spaced than mature ones. At young 

leaf stages, the apex of the segments can be joined or undivided. The inflorescence is 

a multi-branched, pendulous panicle arising from the leaf bases.  The main peduncle 

of the inflorescence is 1.4-2.1 m long with 7-8 side branches; each branch is divided 

into many small, flower-bearing branchlets. The bisexual flowers are cream, very 

small, unpleasantly scented and produced in large clusters.   

The fruits of L. ramsayi are green, turning bright orange or red when ripe, 

spherical or ovoid, about 1 cm across.  Each fruit has a single seed surrounded by a 

thin, fleshy layer. The seed is basally attached, endosperm homogeneous, penetrated 

by a smooth or greatly lobed intrusion of seed coat; and the embryo is lateral. The 

fresh seed germinates within 6 months on various rich, well-drained soil types.  

Germination is remote-tubular; the eophyll is strap-shaped, plicate, nearly truncate 

and minutely lobed at the apex.  The flowering period is February-October and 

fruiting in April-February (Cooper and Cooper 2004; Dowe 2010).  The fruits are 

eaten by cassowaries (Cooper and Cooper 2004).  This species is not currently 

threatened (Dowe 2010). 

 
Licuala ramsayi var. tuckeri 
 

This variety occurs in north Queensland from Moa Island, Torres Strait, Cape 

York Peninsula to about north of Cooktown and the distribution overlaps with L. 

ramsayi var. ramsayi near Cooktown (Barfod and Dowe 2005; Dowe 2010a). The 

following description was mainly based on Dowe (2010a) (Fig. 1.2f).  The stem of L. 

ramsayi var tuckeri is solitary.  The features that differentiate this variety from L. 

ramsayi var. ramsayi are its leaf segments which are united into nearly regular 

multiples, the leaf sheath which is attached to the leaf either unarmed or with a few 
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spines at the petiole base, and the flowers which are mostly solitary.  The mature fruit 

is red.  This species is not currently threatened (Dowe 2010a). 

1.5   Palm responses following cyclonic disturbances 

1.5.1  Population structure 

The disturbances caused by cyclones are likely to affect population structure by 

opening the canopy, which favours light demanding/shade-intolerant species.  Palms, 

a dominant component of many areas of tropical and subtropical vegetation, have 

been shown to respond to the impact of catastrophic wind events such as cyclones or 

hurricanes.  Previous studies have recorded various responses of palm populations to 

cyclonic disturbances.   

Populations of some palms became dense following cyclonic disturbances.  C. 

australis densely occupies the understorey following cyclones in north Queensland, as 

this climbing palm species is shade-intolerant (Webb 1958).  This finding is consistent 

with recent studies that C. australis (Metcalfe et al. 2008) and C. caryotoides (Stork 

2007) benefit from frequent cyclonic disturbances in north Queensland. Prestoea 

montana in the Caribbean also became dominant after Hurricane Hugo in Puerto Rico 

(Frangi and Lugo 1998).  By contrast, in a Nicaraguan rainforest, hurricane 

disturbances did not significantly increase the density of understorey palm 

populations; 20 palm species were studied for up to five years (1989-1993) after 

Hurricane Joan struck in 1988: Asterogyne martiana, A. alatum, Bactris spp. (four 

species), Calyptrogyne sp., Chamaedorea exorrhiza, Chamaedorea sp., Chrysophila 

albida, Desmoncus sp., Geonoma spp. (four species), Prestoea decurrens, 

Reindhardtia latisecta, R. simplex, Socratea exorrhiza and Welfia georgii 

(Vandermeer 1994). 
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Age distribution of some palms was altered by frequent cyclonic disturbances. 

L. ramsayi, a dominant species in some lowland Australian tropical rainforests, 

showed J-shaped curves of age distribution in which the proportion of adults was 

highest compared to seedlings and juveniles 10 years after Cyclone Winifred in 1986 

(Gorman 1996).  Following Cyclone Larry (20 March 2006), a population of 

Archonthophoenix alexandrae exhibited a relatively high survival rate of emergent 

adults, which suggests maintenance of reproductive ability (Dowe 2009; 2010a).  

Based on a study of the effects of Hurricane Joan on the palms of the Caribbean Coast 

Rainforest of Nicaragua, Vandermeer (1994) predicted that the age distribution would 

be shifted by the hurricane, since most of the adults did not survive but many of the 

juveniles did.   

1.5.2  Regeneration strategies: Germination 

Germination was defined by Bradbeer (1988) as a “process of commencing 

the sequences of events at the molecular and cellular levels which lead to visible 

growth of the embryo”. In germination studies, the first sign of germination is often 

considered to be when the radicle protrudes through the seed coat, although Webb 

and Wareing (1972) suggested that the geotropic curvature of the radicle should be 

used as the measurable occurrence of germination. Bradbeer (1988) considered 

germination to be complete when “all of the seed’s available food reserves have been 

consumed and the seedling is capable of independent existence”.  Thus the first signs 

of growth are usually considered to be “the protrusion of the radicle, followed later 

by emergence of the hypocotyl or plumule then continued by the normal sequence of 

germination stages” (Black 1972). Since a viable seed may not be germinable, Jann 

and Amen (1977) also defined germinability as “the capacity of an embryo to resume 
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the growth activities which were suspended earlier”. Therefore, they defined 

germination morphologically, physiologically and biochemically.  Morphologically, 

germination is “the transformation of an embryo into a seedling”. Physiologically, 

germination is “the resumption of the metabolism and growth which were earlier 

arrested and the switching on of the transcription of the genome”. Biochemically, 

germination is “a sequential differentiation of oxidative and synthetic pathways and 

the restoration of biochemical pathways typical of vegetative growth and 

development”.  

Many palms have seeds that do not germinate readily.  Several studies have 

found that palm seeds generally germinate in 1 to 12 months after planting, but the 

percentage of germination and the rate of germination vary considerably (Hodel 1998; 

Koebernik 1971; Sento 1986). Some species germinate normally within 12 to 24 

months, such as Brahea spp., Ceroxylon spp., and Jubaea chilensis (Molina) Baillon 

(Hodel 1998).  Seed dormancy may cause this variability in many palms (Odetola 

1987).  A common cause of dormancy is the hard seed coat that restricts the exchange 

of water and gases (Dessai and Salunkhe 1997).  Embryo dormancy may also occur in 

palm seeds as reported by Sento (1986), who suggests that Butia spp. seem to have a 

dormancy period caused by an immature embryo.  Seed dormancy can be broken by 

the changed conditions that result from opening of a forest canopy such as light, 

temperature, soil moisture and oxygen (Bullock 2000; Fenner and Thompson 2005; 

Harper 1977; Tran and Cavanagh 1984). Thus, in this study seed germination 

experiments also examined the effect of light quantity, light quality and diurnal 

temperature fluctuation.  A detailed review of the relevant literature is presented in 

Chapter 3.    



 

45 
 

1.5.3  Regeneration strategies: Seedling growth under different light intensities 

and adaptation to sun and shade 

Rainforest tree seedlings, including palms, trap light to perform photosynthesis 

that produces biomass.  In natural conditions, they have traits that enable them to 

adapt to a range of light environments from high to low light, reflecting the various 

habitats where they are found, from rainforest understoreys to the canopy.  Therefore, 

their traits reflect their adaptive characteristics or responses to changing biotic or 

abiotic environments. 

In the current study, the responses of selected palm species to lower and 

higher light environments were determined based on the known adaptive traits of both 

shade-tolerant and shade-intolerant species (Atwell et al. 1999; Poorter and Boot 

1998).  Based on light tolerances, palm seedlings can be classified into: (1) shade-

tolerant, low-light tolerant or shade plants, (2) shade-intolerant, high-light tolerant or 

sun plants, and (3) palms of intermediate tolerance, when they exhibit intermediate 

characteristics/traits between these two extremes.  

Plant adaptation is broadly defined by Larcher (2003) into three types which 

are not mutually exclusive: ‘modulative adaptation (functional flexibility)’, 

‘modificative adaptation (phenotypic plasticity)’ and ‘evolutionary adaptation 

(genotypic plasticity)’.  The latter, which, reflects ‘ecological differentiation’ as a 

result of ‘selection and adaptability’, results in plants adapted to dim-light, shade, 

intermediate light and strong-light (Larcher 2003).  Indeed, many plants tolerate a 

wide range of light environments (Anderson et al. 1988).  ‘The reaction norm’ of a 

plant is genetically confined (Larcher 2003), i.e. shade plants can adapt to high light 

intensities but not as well as genetically adapted sun plants.   

The extent of tolerance reflects the presence of adaptive traits. Traits examined 

in this study that differ between sun and shade plants were: growth rate, leaf turnover, 

leaf area, leaf mass, allocation of resources to root or shoot biomass, and chlorophyll 
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content, including chlorophyll a:b ratio (Table 1.3).  A detailed explanation of growth 

response variables, listed in Table 1.3, is presented in Chapter 4. 

 

Table 1.3  The relative growth responses under higher light most commonly observed 
for shade tolerant and shade intolerant species comparable to those examined during 
this study.  Responses are scored as “+” or “-” when absolute values or ratios are high 
or low respectively within the range typically observed for a species. ‘Higher light’, as 
in the Results section in Chapter 4, refers to the light conditions beneath large canopy 
gaps. Sources: Chow et al. (1988), Popma and Bongers (1988), Poorter and Boot 
(1998), Gardiner and Hodges (1998). 

 
 

Responses Higher light (under canopy gap) 
Shade-tolerant Shade-intolerant 

Growth rate - + 
Leaf turnover - + 
Leaf area - - 
Leaf mass - + 
Below-ground (root) biomass - + 
Above-ground biomass - + 
Total chlorophyll content  - + 
Chlorophyll a:b ratio - + 

 
 

1.5.4  Reproductive phenology, predation and seed dispersal 

Disturbances caused by severe weather may also provide favourable conditions 

for mass flowering according to Hopkins and Graham (1987), and Gorman (1996) 

who found that L. ramsayi showed increased flowering and fruiting, as well as 

seedling recruitment, in response to Cyclone Winifred.  Such flowering and fruiting 

following cyclonic disturbance may lead to increased seed fall in gaps, causing 

increased germination and mass-recruitment, which in turn affects size-class 

distribution with distinct cohorts recruited (Hopkins and Graham 1987; Webb 1958).  

Seed dispersal and predation influence the distribution, density and 

survivorship of the seeds and seedlings in a gap environment (Connell 1970; Crawley 
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2000; Janzen 1970; Poorter and Boot 1998). Vertebrates play important roles in seed 

dispersal (Willson et al. 1989).  In the rainforests of the Queensland Wet Tropics, 

previous studies have shown the importance of cassowaries as seed dispersal agents 

(Bradford et al. 2008; Bradford and Westcott 2010; Stocker and Irvine 1983; Willson 

et al. 1989). This study examined seed dispersal by cassowaries, by investigating the 

germination of seeds found in cassowaries’ dung, and the seasonal changes in 

frequency of palm seeds that indicate the fruiting season and magnitude of fruit 

production in response to cyclonic disturbance.  Stocker and Irvine (1983) identified 

four palm species in cassowary dung:  C. australis, C. moti, C. radicalis and 

Linospadix microcaryus.  They found C. radicalis and L. microcaryus seeds were the 

most common and recorded that the germinability of these seeds was moderate to 

good.  Bradford and Westcott (2010) found that the germination of rainforest seeds 

generally responded positively to cassowary gut passage and deposition pattern.  They 

found 100% germinability of seeds of the palm species Normanbya normanbyi, found 

in cassowary dung; however this germinability was not significantly different from 

seeds collected from the parent trees. 

 

1.6   Research aims 

The five palm species selected for study differ in their growth habits and the 

habitats, or niches, that they occupy (see Section 1.4), and so are expected to show 

differences in their responses to disturbance. 

1.6.1  Population structure, regeneration strategies and reproductive phenology 

 
Field studies were undertaken: 
 
(1) to investigate whether the population structures of five palms, A. australasica,       
 
      C.  australis, C. moti, H. wendlandiana and L. ramsayi, as shown by size class,  
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      reflect mass recruitment after a periodic major disturbance (Cyclone Larry);  
 
(2)  to investigate the effects of canopy gaps following cyclonic disturbance (Cyclone  
        
       Larry) on regeneration, reproductive phenology (flowering, fruiting and seed  
 
        production), seed dispersal and predation of these palms.  

1.6.2  Germination strategies 

Laboratory trials on seed germination in a constant temperature room were 

undertaken to investigate the effects of changed environments that are likely to occur 

following cyclonic disturbance in the field.  The trials aimed to determine the effects 

of seed coat, light and temperature on germination.  The five palm species were 

expected to show varied germination capability as their responses to different light 

and temperature treatments.  

1.6.3  Seedling growth 

Glass house trials on seedling growth in different light intensities were 

conducted to determine the effects of canopy gaps created in the field following 

cyclonic disturbance.  The trials aimed to investigate the effects of different light 

intensities on growth rate, leaf turnover, leaf area, total chlorophyll, chlorophyll a:b 

ratio, vigour, above-ground and below-ground biomass and growth indices (LAR, 

SLA and LWR) of palm seedlings.  These growth responses were expected to vary 

between the five palm species. 

1.7   Thesis structure 

This thesis contains five chapters: 

(1)  Chapter 1:  General introduction  
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(2)  Chapter 2:  Population structure, regeneration strategies and reproductive  
 
       phenology 
 
(3)  Chapter 3:  Germination responses of four palm species to dormancy breaking        

       treatments, light and temperature 

(4)  Chapter 4:  Seedling growth of five palm species under different light intensities 
 
(5)  Chapter 5:  General conclusion 

 

In Chapter 2, the responses of palms in the rainforest to cyclonic disturbances 

are discussed and the structural changes in palm populations and their patterns of 

regeneration are documented, in terms of reproductive phenology, predation and seed 

dispersal.  This involved recording the magnitude of flowering, fruit and seed 

production, as well as predation and predicted dispersal rates.  The abundance and 

germination of seeds found in cassowary droppings were also investigated.   

In Chapter 3, seed germination under different treatments is considered.  This 

aimed to determine whether seed germination is stimulated by increased light in 

canopy gaps created by cyclones, leading to mass recruitment after cyclones.  This 

involved assessments of: (1) dormancy under different treatments; (2) light-

temperature interactions; and (3) effects of light quality. 

 Growth responses of the critical seedling stage under different light intensities, 

in a glass house experiment, are assessed in Chapter 4.  Growth rate, leaf turnover, 

leaf area, total chlorophyll, chlorophyll a:b ratio, vigour, above-ground and below-

ground biomass and growth indices (LAR, SLA and LWR) were measured  in order to 

document the responses which reflect different resource allocation strategies for 

survival.  Responses were assessed to predict the light tolerance of the palm species to 

determine whether each species can be categorized as shade tolerant, shade intolerant 

or intermediate. 
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Chapter 2:  Population Structure, Regeneration Strategies and Reproductive 

Phenology 

2.1   Introduction 

Tropical cyclones may act as important ecological drivers in northern 

Australia including north Queensland, as several cyclones impact this region each 

year between November and May (Table 1.1).  Therefore, the rainforests in the region 

may frequently be affected by cyclones and may become cyclone-dependent (Turton 

2008).  Cyclonic disturbance creates canopy gaps of differing size, from minor 

stripping of foliage to large windthrows, and these gaps play important roles in 

stimulating plant regeneration in most plant communities (Bullock 2000; Dupuy and 

Chazdon 2008; Fenner and Thompson 2005; Harper 1977).  The regeneration process 

may lead to disruption of plant community structure and dynamics (Bullock 2000). 

Extensive research has been conducted to investigate how population structure 

and regeneration of rainforest plant communities respond to frequent cyclonic 

disturbances.  Webb (1958) observed that cyclones may alter the emergent trees and 

vine composition, resulting in a lower and uneven canopy in tropical lowland 

rainforest in north Queensland.  De Gouvenain and Silander Jr (2003) found that the 

height of forest canopies of lowland tropical rainforests in Madagascar was low, and 

that reduction in height was significantly correlated with the impact of tropical 

cyclones. Moreover, tropical cyclones increased tree population densities of the 

lowland rain forests in Madagascar (de Gouvenain and Silander Jr 2003) and 

Nicaragua (Vandermeer et al. 1996).  Lugo (2008) investigated responses of forests to 

four major cyclones between 1943 and 2005 in Puerto Rico, North America and found 

that species diversity and density first increased within at least 15 years following a 
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hurricane but then decreased gradually as a result of competition for light and space.  

Johns  (1986) reported that Cyclone Ioma (1940), Cyclone Hanna (1972), an unnamed 

cyclone in 1976 and small cyclonic winds had destroyed rainforests in New Guinea.  

However, despite the destruction, the cyclones created canopy gaps that led to the 

dominance of Anisoptera thurifera var. polyandra, Castanopsis sp. and Tristania sp. 

(Johns 1986).  Other studies have demonstrated positive effects of cyclonic 

disturbances combined with past land use where cyclones reduced the abundance of 

secondary forest species and help increase the similarity in species composition 

between disturbed secondary forests and adjacent mature forests (Comita et al. 2010; 

Ogle et al. 2006; Zimmerman et al. 1994).    

However, there have been few such studies on palms although they are 

important components of many rainforests.  For example, adult palms of several 

species flourish and their populations become denser following cyclones/hurricanes 

that create canopy gaps.  This is evident from studies of Calamus australis (Webb 

1958), L. ramsayi (Gorman 1996), Prestoea montana (Frangi and Lugo 1998) and 

Archontophoenix alexandrae (Dowe 2009).  Dransfield (1979) and Manokaran (1985) 

suggested that seedlings of C. manan grow slowly in the understorey until a canopy 

gap is formed.  Clearly, these studies show the importance of studying regeneration 

strategies with respect to the post-cyclonic changes found in rainforests including the 

creation of canopy gaps.  The current research investigated the immediate impacts (up 

to 1.5 years) post cyclones.  Palm population structure, palm regeneration and 

seedling growth were investigated by examining the effect of different light intensities 

created in canopy gaps established by two cyclones: Cyclone Larry in 2006 and 

Cyclone Elly in 2009. 

Plant regeneration strategies are related to plant reproductive phenology.  

Phenological processes, such as flowering and fruiting, can be affected by cyclonic 

disturbance (Hopkins and Graham 1987). Such flowering and fruiting following 
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cyclonic disturbance may lead to increased seed fall in gaps, causing increased 

germination and mass-recruitment, which in turn affects size-class distribution with 

distinct cohorts recruited (Hopkins and Graham 1987; Webb 1958).  Hopkins and 

Graham (1987) and Gorman (1996) also found that Licuala ramsayi showed increased 

flowering and fruiting, as well as seedling recruitment, in response to cyclonic 

disturbance caused by Cyclone Winifred in north Queensland in 1986. Webb (1958) 

reported that Archontophoenix alexandrae flowered shortly after a major cyclone, 

Cyclone Agnes in 1956 between Bowen and Cairns, north Queensland. Regeneration 

success is also related to seed dispersal and predation (Crawley 2000; Janzen 1970; 

1971). Therefore the influence of natural disturbance on reproductive phenology 

(flowering, fruiting and seed production), seed dispersal and predation was also 

studied. 

Many previous studies have shown the importance of cassowaries as seed 

dispersal agents (Stocker and Irvine 1983; Willson et al. 1989).  However, although 

many palm seeds have been found in cassowary droppings, there have not been any 

studies specifically focusing on palm seed dispersal by cassowaries.  As Mission 

Beach rainforests are important cassowary habitats, and contain the greatest diversity 

of palms (10 species) in Australia, as recorded in Dowe (2010a), this research also 

investigated palm seed dispersal and germination from cassowary droppings. 

2.2   Research aims 

The first aim of this research was to investigate whether the population 

structure of five palms, A. australasica, C.  australis, C. moti, H. wendlandiana and L. 

ramsayi, as shown by size class,  reflect  mass recruitment after a periodic major 

disturbance (Cyclone Larry).  The       relationship between height, diameter and wind 

resistance was also examined.  I would expect that the height and dbh (diameter at 

breast height) are correlated and the study species exhibit various levels of wind 
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resistance, reflected in the type of damage sustained, also various levels of recovery of 

damaged palms.   

The second aim of this research was to study the influence of cyclonic 

disturbance (Cyclone Larry) on regeneration, reproductive phenology  (flowering, 

fruiting and seed production), seed dispersal and predation of these palms.  I 

hypothesized that the net recruitment and seedling growth vary in different light 

intensities and damage categories.  I tested whether seed mortality is significantly 

caused by predation, pathogens, shade from other plants, early seedling stage and 

other post-cyclonic disturbance factors (coverage by debris, leaf litter, logs, fallen 

branches, mud).  I would also expect that the reproductive phenology responds to 

changed conditions (Cyclone Larry) by increased flowering and  fruiting and the 

seeds of the palms studied are dispersed by cassowaries, and remain viable, 

suggesting that cassowaries are agents of palm seed dispersal. 

 

2.3   Methods and data analysis 

2.3.1  Study species 

This research focussed on five species: A. australasica, C. australis, C. moti, 

H. wendlandiana and L. ramsayi.  Detailed species descriptions are presented in 

Chapter 1.  Information on other palm species was also collected where they were 

encountered. 
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2.3.2  Study sites 

Population structure was studied at Mission Beach and Kurrimine Beach, 

north Queensland.  Tropical cyclones with wind (sustained wind near the centre) 

speeds of more than 55 km h-1 occur quite frequently in north Queensland (Webb 

1958) although, to be classified as a cyclone, the wind speed should exceed 63 km h-1  

(Anon. 2010a; b). Mission Beach and Kurrimine Beach, part of the Wet Tropics 

World Heritage Area, were chosen for this study as they were impacted by the 

destructive Cyclone Larry (Category 5) on 20 March 2006.  Three areas were selected 

for this study: Kurrimine Beach Conservation Park, Clump Mountain National Park 

and Tam O’Shanter/Djiru National Park.  Within these three areas, five sites (A-E) 

were designated as listed in Table 2.1. Of the five palm species being studied, A. 

australasica occurs at Clump Mountain and Kurrimine Beach; C. australis and C. 

moti occur at all study sites; H. wendlandiana occurs at Tam O’Shanter and 

Kurrimine Beach; and L. ramsayi occurs only at Tam O’Shanter.  Tam O’Shanter and 

Kurrimine Beach are lowland tropical rainforest; while Bicton Hill in Clump 

Mountain National Park  is an elevated tropical rainforest at 300-400 m asl.  Licuala 

ramsayi forms dense colonies in Tam O’Shanter National Park, which is one of the 

largest tracts of coastal lowland rainforest left in north Queensland (EPA-QPWS 

2003).  This site is considered to have the highest diversity of palms (10 species) of 

any forest in Australia (Dowe 2010a).  Tam O’Shanter forest was initially categorised 

as a mixed to complex mesophyll vine forest (MMV/CMVF), but this vegetation type 

was altered by frequent cyclones in the past, and gradually replaced by mesophyll fan 

palm vine forest or MFPVF (Tracey 1982; Webb 1958; 1978). Lophostemon 

suaveolens (swamp mahogany) and  L. confertus (brush box) dominate the canopy at 

Bicton Hill, Clump Mountain National Park (EPA-QPWS 2003). Kurrimine Beach 
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Conservation Park was established to protect the rare lowland rainforest types of the 

wet coastal lowlands.  It is categorized as endangered mesophyll vine forest that 

grows on low nutrient, calcareous and siliceous beach sands of the coastal wet 

lowlands (EPA-QPWS 2003).  Kurrimine Beach Esplanade is a swampy area with 

mangroves. Rainfall regularly exceeds 3.5 m annually with high intensities between 

November and May; temperatures range from 23-32 °C in summer and 16-26 ºC in 

winter (EPA-QPWS 2003). Monthly rainfall total and maximum-minimum 

temperatures are displayed in Figs 2.3 and 2.4. 

2.3.3  Study plots 

The locations of the study sites are detailed in Table 2.1 and Fig. 2.1.  Sites A 

and B in Tam O’Shanter National Park research area were located near Mission Beach 

(Fig. 2.1d).  Site C is located on Bicton Hill (Clump Mountain National Park) on 

Bingil Bay, north of Mission Beach (Fig. 2.1e). Sites D and E are located in 

Kurrimine Beach which includes Kurrimine Beach Conservation Park (nearly 6 ha) 

and Kurrimine Beach Esplanade, a patch along a stream bank and swampy area at 

Kurrimine Beach outside Kurrimine Beach Conservation Park (Fig. 2.1f).   

The studies used sixteen of eighteen 10m x 10m plots (Table 2.1) to permit 

comparison between the sites using statistical analysis. It was not possible to use 

larger plots or transects due to the high degree of disturbance of the forest 

understorey. The same 16 study plots were not suitable for all aspects of the study. 

The levels of cyclonic disturbance were assessed in the five study sites using study 

plots c to r.  Plots a to d and g to r were used to survey population structure; and plots 

c to r were monitored for the regeneration and reproductive phenology. Depending on 

species occurrence in individual plots, Site A was subdivided into A1-A3, on the basis 
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of different areas (Fig. 2.1d) to permit comparison between particular species at the 

sites in the statistical analysis, for instance L. ramsayi in site A3 (plot c and d) was 

compared to site B (plot e and f).   

 
Table 2.1  GPS readings for the 18 study plots (a-r) distributed over five sites (A-E) 
and types of observation made.  Site A was subdivided into A1-A3 for comparisons of 
particular species.   

 
Sites Species Study Plots  Types of Observation 

(Fig. 2.1) 
A1 

 
 
 

C. australis 
C. moti 
H. wendlandiana 
L. ramsayi 

Plot a (S17°54’.739”E146°04’.191”) 
Plot b (S17°54’.736”E146°04’.191”) 
Plot c (S17°54’.734”E146°04’.189”) 
Plot d (S17°54’.637”E146°04’.123”) 

2 
 
 
 

A2 C. australis 
C. moti 
H. wendlandiana 

Plot c (S17°54’.734”E146°04’.189”) 
Plot d (S17°54’.637”E146°04’.123”) 
 

3A and 3B 
 
 

 L. ramsayi   
A3 

 
 

C. australis 
C. moti 
H. wendlandiana 
 

Plot c (S17°54’.734”E146°04’.189”) 
Plot d (S17°54’.637”E146°04’.123”) 
Plot e (S17°54’.795”E146°04’.398”) 
Plot f  (S17°54’.710”E146°04’.547”) 

3A and 3B 
 
 
 

B L. ramsayi Plot e (S17°54’.795”E146°04’.398”) 
Plot f  (S17°54’.710”E146°04’.547”) 

3A and 3B 
 

C A. australasica 
C. australis 
C. moti 
 

Plot g (S17°50’.394”E146°05’.982”) 
Plot h (S17°50’.348”E146°05’.902”) 
Plot i  (S17°50’.358”E146°05’.982”) 
Plot j (S17°50’.370”E146°05’.994”) 

2, 3A and 3B 
 
 
 

D A. australasica 
C. australis 
C. moti 
 

Plot k (S17°46’.858”E146°06’.042”) 
Plot l  (S17°46’.853”E146°06’.041”) 
Plot m (S17°46’.878”E146°06’.026”) 
Plot n (S17°46’.872”E146°06’.025”) 

2, 3A and 3B 
 
 
 

E C. australis 
C. moti 
H. wendlandiana 
 

Plot o (S17°46’.996”E146°05’.521” 
Plot p (S17°46’.980”E146°05’.547”) 
Plot q (S17°46’.974”E146°05’572”) 
Plot r  (S17°46’.985”E146°05.520”) 

2, 3A and 3B 
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(a)                                (b)                               (c) 

 

 
 

 
(d) 

 

Figure 2.1  (a-b) Maps of Australia showing the approximate location of Mission 
Beach between Cairns and Townsville (Source: maps-oceania.com) and (c) the path 
of Cyclone Larry (Royal Australian Survey Corps and Bureau of Meteorology of 
Australia); (d) Aerial photograph showing locations of plots a-d in Site A (Tam 
O’Shanter National Park - Licuala Walk) and plots e-f in Site B (Tam O’Shanter NP - 
river bank) (Source: Cassowary Coast Regional Council); GPS readings are presented 
in Table 2.1. 
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(e) 

 
 
(f) 

 
 

Figure 2.1 (continued) Aerial photographs showing locations of (e) plots g-j  in Site 
C, Bicton Hill (Clump Mountain National Park) and (f) plots k-n in Site D (Kurrimine 
Beach Conservation Park) and plots o-r  in Site E (Kurrimine Beach Esplanade) 
(Source: Cassowary Coast Regional Council); GPS readings are presented in Table 
2.1.  
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Figure 2.2  Monthly rainfall from March 2006 to December 2009 at Bingil Bay 
(Station 032009, 4.2 km from Mission Beach) (●) and Innisfail ( Station 032025, 26.6 
km from Kurrimine Beach) (○) (Bureau of Meteorology of Australia).   

 

Figure 2.3  Monthly maximum (●) and minimum (○) temperatures from March 2006 
to December 2009 from Station 032025 Innisfail (37.5 km from Mission Beach, 26.6 
km from Kurrimine Beach) (Bureau of Meteorology of Australia).   
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2.3.4  Overview of survey strategies 

In a review of the literature, Everham III and Brokaw (1996) found that the 

delays in recording post-cyclonic impacts ranged from ten days to thirteen years after 

the storms (studies on historical storm data were excluded).  In the present study, the 

duration of regeneration monitoring, i.e. 1.5 to 2.5 years was consistent with Poorter 

and Boot (1998) who studied gap phase regeneration. An overview of the three types 

of the field observations made in the research reported in this thesis is presented in 

Fig. 2.4.  Due to time constraints in locating sites for L. ramsayi and H. 

wendlandiana, field observations 1-3 were undertaken for each of the five species at 

the times specified in Fig. 2.4.      
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Figure 2.4   Diagram outlining the survey strategies used in this research.  Time and duration 
(months) is given for each study site (A-E).  The location of each study site is outlined in Section 
2.3.2. 

  

Field Observation 1: Study Site Characterisation based on Level of Cyclonic Disturbance 

2B  Height and Dbh 
Distribution 

 
All data of height and dbh from all study 
sites were combined for each species. 

Field Observation 2:  Population Structure 

1B  Damage Category 
 
A2, C and D:  October  2007 
B:  August 2008 
E:  May 2008 
 

1A  Canopy Openness 
 
First Observation: 
 
A2, C and D:  October  2007 
B: August 2008 
E: May 2008 
 
Final Observation:   
All sites: December 2009 

Field Observation 3:  Regeneration Strategies (3A) and Reproductive Phenology (3B) 

C. australis 
 
Comparison between A2 and D: 
July 2007-December 2009 
Comparison between A3, D and E: 
August 2008-December 2009 
 
 

Field Observation 3B:  Reproductive Phenology and Seed Dispersal by Cassowaries 
Numbers of seeds found in cassowary’s dung and germination 

 
A2, C and D:  July 2007;   B:  August 2008;  E:  May 2008 

 
 

2A  Life Stage Distribution 
 
A1, C and D: July 2007 
B:  August 2008 
E:  May 2008 

2C  Wind Resistance 
 
All data of height and dbh from all study 
sites were combined for each species. 
 

C. moti 
 
Comparison between A2, C and D: 
July 2007-December 2009 
Comparison between A3, C, D and E 
August 2008-December 2009 

A. australasica 
 
Comparison between C and D: 
July 2007-December 2009 
 

H. wendlandiana 
 
A2: July 2007-December 2009 
Comparison between A3 and E: 
August 2008-December 2009 

L. ramsayi 
 
A2: July 2007-December 2009 
Comparison between A2 and B: 
August 2008-December 2009 
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2.3.5  Field Observation 1:  Study site characterisation 

Comparison of disturbed versus undisturbed areas was not possible due to the 

broad impact of Cyclone Larry in the Mission Beach area, so the study sites were 

selected on the basis of the level of disturbance.  The level of cyclonic disturbance 

was used to characterise the study sites in order to facilitate analysis of data collected 

on regeneration and reproductive phenology.  The responses of five palm species were 

observed in different study sites reflecting different light intensities and damage 

categories. 

In a review, Everham III and Brokaw (1996) pointed out that various methods 

have been used to quantify the extent of damage after storms.  Generally, six 

categories of damage are recognised: (1) stem damage, (2) branch damage, (3) canopy 

damage, (4) mortality, (5) volume or mass changes, and (6) extent of damage ranked 

on a scale from ‘high’ to ‘low’.  However, these authors proposed that there may be 

more than six categories of damage, including a combination of the six types listed 

above.  Based on Unwin et al. (1988), Metcalfe et al. (2008) developed 

Bradford/Unwin damage scales for plant communities affected by Tropical Cyclone 

Larry and the level of damage was ranked from 1 (severe and extensive disturbance) 

to 4.5 (minor disturbance) combining canopy, stem, branch and foliage disturbance 

with the magnitude of litter fall.  In the current research, in order to compare sites, it 

was necessary to characterise the sites by assessing the level of cyclonic disturbance. 

This was achieved by investigating: (1) canopy openness (1A), and (2) damage 

categories modified from Dowe (2009) (1B).  
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Field Observation 1A:  Canopy openness 

Canopy openness was measured at the beginning of the first year of field 

research (October 2007 for Site A, C and D, May 2008 in Site E; September 2008 for 

Site B) and at the end of the field research period (December 2009; for all sites).  

Canopy openness was measured using hemispherical photographs/hemiphots (with 

wide-angled/fish-eye lens) based on the method described in Turton (1992) and ter 

Steege (1996).  In the current research, the fish-eye lens specifications are 180 degree-

wide angled, brand: Bower, 0.42x AF, 52-46mm, without a lens converter, fitted to a 

Nikon D40 Digital Camera.  In the field, the camera was mounted on a bubble-

levelled tripod to stabilize the camera horizontally.  The height of the tripod was 

maintained between 75-100 cm (ter Steege 1996) depending on the varying 

topographical conditions of the plots.  The camera (top of image) was directed to the 

north for analysis with Winphot 5.0.  The hemispherical photographs were taken at 3-

4 locations in each plot to capture the canopy openness and minimise overlap. 

Data analysis for canopy openness 

Once the photographs were digitized, the degree of brightness indicating the 

percentage of sky visible at the study plots was determined using Winphot version 5.0 

(ter Steege 1996).  The comparison between canopy openness of the first year and that 

of the second year was analysed with Paired-Samples T Tests.  ANOVA was used to 

compare means between different study sites to determine the differences between 

canopy openness (light intensities); when the analysis resulted in a significant F-value 

(P < 0.05) for the treatment effects, Tukey tests were performed to test for significant 

differences among treatment means. Site B was not included in the analysis of 

variance where the replicates (number of plots) were insufficient (Table 2.7). 
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Field Observation 1B:  Damage categories 

Descriptions of both living and dead trees were used to document the nature 

and extent of the damage (Table 2.2).  The damage categories were assessed based on 

the eight damage types during field observations.  Each of the eight types was scored 

0-3 based on whether damage was likely to cause palm mortality and disrupt the 

regeneration process (Table 2.2).  The total of the scores for each plot represented the 

damage categories (Table 2.3).  ‘Tilting’ means the trunk was leaning or curved but 

the roots were still in the ground (Fig. 2.5 and see Glossary). 

 

 

Figure 2.5  Photograph showing ‘tilting’ as described in Tables 2.2 and 2.4.  The 
arrow points to ‘tilting’ of H. wendlandiana. 
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Table 2.2  Levels of damage assigned to individual stems of mature palms and 
associated non-palm trees observed in study plots following Cyclone Larry. Damage 
was ranked from 1 (the lowest) to 8 (the highest).  The score of each damage type 
ranged from 0 (the lowest) to 3 (the highest): Score 0 = no damage, score 1 = fallen 
debris, score 2 = trees damaged but surviving, and score 3 = trees damaged and did 
not survive.   Total scores were calculated to determine ‘damage categories’ for each 
study plot  (Table 2.3).  The descriptions of damage levels were adapted from Dowe 
(2009).  ‘Wounding’ and ‘tilting’ were found in palms only. 

 
Descriptions of Damage Levels Rank Score 

Trees survived without damage. 1 0 
Fallen debris, e.g. large branches or stems. 2 1 
Trees tilted but survived. 3 1 
Trunk was partially snapped in the middle causing ‘wounding’ and 
‘tilting’ but trees may survive and the growth may be abnormal. 

4 2 

Trunk was snapped at the apical meristem leaving abnormal shoot or 
crown growth but trees may survive and the growth may be 
abnormal. 

5 2 

Trees were partially uprooted causing trees to tilt or lie nearly 
horizontal but likely to survive and growth may be abnormal. 

6 2 

Trees did not survive as the trunks were partially snapped and the 
upper parts had fallen but the lower parts were not uprooted. 

7 3 

Trees did not survive as they were uprooted, lying horizontal or 
nearly so, with root ball out of ground; trees did not survive. 

8 3 

  

Table 2.3  The five damage categories for the study plots were determined as 
explained in Table 2.2 above.     

 
Damage Categories Total Scores of Damage 

1 – Minor (D1) 0-10 
2 – Minor to moderate (D2) 11-20 
3 – Moderate (D3) 21-30 
4 – Moderate to severe (D4) 31-40 
5 – Severe (D5) >40 
 

 

Data analysis for damage categories 

One-way ANOVA was used to describe different damage levels of study sites 

based on the sum of the scores of the plot damage. Tukey’s Post-hoc test was also 

performed to determine the differences when the analysis resulted in a significant F-

value (P < 0.05) for the treatment effects. 
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2.3.5  Field Observation 2:  Population structure 

Field Observation 2.A:  Life stage distribution 

The sampling strategy using 10m x 10m study plots was chosen as larger plots 

or transects could not be used in cyclone-damaged forest.  The composition of palm 

populations was determined for three life stages:  seedlings, juveniles and mature 

plants (see Glossary).  Palm densities were also determined.  The population 

structures of Sites A1, C and D were assessed in July 2007; Sites A2 and B in August 

2008 and Site E in May 2008.  For the purposes of data collection of population 

structure, one cluster of palms was counted as one individual (see Glossary for 

‘Cluster’). 

Data analysis for life stage distribution 

Population structure was surveyed by counting the number of individuals in 

each of the three life stages: seedling, juvenile and adult, for each species in each 

study plot.  Analysis of variance (ANOVA) was used to determine the significance of 

the differences between the life stages and study sites, using SPSS version 17.0.   

Field Observation 2.B:  Height distribution, distribution of height versus dbh 
and wind resistance of mature A. australasica, H. wendlandiana and L. ramsayi 

Height and dbh distributions were examined from plots a-r.  Heights of palms 

were measured using tape measures and a clinometer.  When assessing damage and 

height and dbh distribution, stems of clustered palms were assessed individually and 

individuals were counted.  Palm resistance to wind stress was assessed by recording 

the mortality and the extent of damage, i.e. damage category was also recorded if 

damaged palms were encountered. Surviving but damaged palms were monitored for 

their ability to recover by recording their reproductive phenology.  The level of 

damage to the palms, as shown by the different size classes, was categorized into four 

wind damage types by Dowe (2009):  (1) crushed: impacted by falling debris; (2) 

uprooted: palm lying horizontal or nearly so, with root ball out of the ground; (3) 
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trunk snapped near the middle; (4) trunk snapped at the apical meristem.  However, as 

Dowe’s four damage types were based on one species with a solitary growth habit, A. 

alexandrae, in the current study the levels of damage were scored from 1 to 7,  

ranking from no damage (lowest) to uprooted (highest) (Table 2.4).   

 

Table 2.4  Wind resistance of palm trees following Cyclone Larry as recorded at the 
study sites.  The categories, ranked from 1 to 7, were only applied to mature palm 
trees and excluded palms with climbing growth habit, i.e. C. australis and C. moti.  
The description of wind resistance was modified from Dowe (2009).  The damaged 
palms were categorised as ‘recovered’ or ‘did not survive’ based on Table 2.5. 

 
Category 
(Rank) 

Indicators of the Level of Wind Resistance from 1 to 7 

1 Palms survived without damage. 
2 Palm tilted but survived. 
3 Trunk was partially snapped in the middle causing ‘wounding’ and 

‘tilting’; palms may survive but the growth may be abnormal. Leaning 
palms whose fall was blocked by other standing trees, with their roots still 
in the ground, are included in this category. 

4 Trunk was snapped at the apical meristem leaving abnormal shoot or 
crown growth; palms may survive but the growth may be abnormal. 

5 Palms were partially uprooted causing palms to lie nearly horizontal but 
likely to survive and the growth may be abnormal. 

6 Palms did not survive as the trunks were partially snapped and the upper 
parts had fallen but the lower parts were not uprooted. 

7 Palms were uprooted, lying horizontal or nearly so, with root ball out of 
ground and palms did not survive. 

 
 
Table 2.5  Recovery of palm trees following Cyclone Larry as recorded at the study 
sites.  The scores, ranked from 1 to 4, were only applied to mature palm trees and 
excluded palms with climbing growth habit, i.e. C. australis and C. moti.   

 
Descriptions of Recovery Scores 

Mature palms, wind resistance categories 1-5 (Table 2.4) were capable to 
produce inflorescence/fruit or flowering/fruitingduring the study course. 

1 

Vegetative regeneration (on palms with wind resistance categories 6-7). 2 
No inflorescence produced (on palms with wind resistance categories 2-5). 3 
Did not survive. 4 
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Data analysis for height distribution, distribution of height versus dbh and wind 
resistance of mature A. australasica, H. wendlandiana and L. ramsayi 

The relationships between height and dbh were determined using regression 

analysis, and the relationships between each of these and wind resistance were 

analysed using GLM in ordinal logistic form.  The relationships between wind 

resistance and recovery were analysed using Spearman Correlation.  The recovery of 

the damaged palms was ranked from 1 to 4 (Table 2.5).  Values less than 1 were log-

transformed, as log 10 (data + 1).  All analyses were run utilizing SPSS for Windows 

version 19.0.   

2.3.7  Field Observation 3:  Regeneration strategies and reproductive phenology 

Field Observation 3A:  Regeneration strategies: Recruitment, seedling growth 
and leaf turnover 

Recruitment, survivorship and seedling growth were monitored using 16 of the 

18 plots listed in Table 2.1.  In each plot, all seedlings were counted and individually 

tagged with long-lasting aluminium labels attached to pegs by wire, and placed within 

5-10cm of each seedling, to facilitate observation of seedling growth and survivorship 

(Fig. 2.7).  The seedlings were tagged when they first appeared.  Net recruitment was 

determined as the number of surviving seedlings of each species in each plot on each 

subsequent field trip.  The height of tagged seedlings and the number of leaves were 

recorded on each subsequent field trip: 2007 (July, October), 2008 (January, March, 

May, August, November) and 2009 (January, April, July, September and December).  

Height was determined by measuring the height above ground of the highest leaf tip 

when it was held upright (Fig. 2.6).  Clumps of seedlings were counted and assessed 

individually.  Apparent reasons for mortality were recorded according to 12 categories 

(Table 2.6).  The literature on the quantification of the causes of seedling mortality is 

limited. Hermann and Chilcote (1965) grouped the causes of seedling mortality into 

four categories: ‘heat’, ‘animals’, ‘damp off’ and ‘others’ in their field experiment,  
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60 categories were recorded in the current study to cover various causes of seedling 

mortality in the field. However, to allow statistical comparison these were reduced to 

12 categories by combining similar groups.  The seedling counts were summed and 

the proportion of surviving and dead seedlings in each mortality category was 

analysed using the chi-square test for independence.  

 

 

 

Figure 2.6  A seedling of A. australasica showing the measurement of height by 
lifting the leaf with the highest leaf tip upright; the arrow points to the highest tip 
used for the measurement.  In this case, the plant is 67.8 cm tall. 

Data analysis for regeneration strategies: Recruitment, seedling growth and leaf 
turnover 

Differences in recruitment between study sites were analysed using repeated 

measures ANOVA.  To estimate recruitment and growth rate, regression analyses 

were used whenever the regressions were significant at the 95% confidence level or 

p<0.05 (Miles and Shevlin 2001; Steel and Torrie 1980). Differences in growth rate 

between study sites were not analysed due to the limited number of seedling samples 
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in each plot.   In C. australis, the four sites were analysed in two separate analyses for 

comparisons.  Leaf turnover and causes of seedling mortality were analysed utilising 

ANOVA. All analyses were done with SPSS version 17.0. For details of leaf turnover 

measurements and data analysis refer to Section 4.3.3.  Post-hoc tests were not 

performed as the analyses compared leaf turnover means of two sites (fewer than 

three groups). 

 

Table 2.6  Categorization of risk factors contributing to seedling mortality.  
Observations were made in the field in July 2007-December 2009 at Tam 
O’Shanter/Djiru National Park, Clump Mountain National Park and Kurrimine Beach 
Conservation Park. 

 
Category Principal Factor Associated Factor 

1 None of the following (2-12) 
applied; less shaded or open areas. 

No associated factors applied.  This category is a 
common factor representing canopy removal 
after cyclonic disturbance. 

2 Predation. Diseases, no structural damage. 
3 Abnormal growth. No associated factors observed. 
4 Covered by fallen trees or logs. Fallen branches and debris. 
5 Covered by fallen dried L. ramsayi 

leaves. 
Fallen plant materials, e.g. rattan inflorescence 
stalks. 

6 Predation. Diseases; abnormal growth; growing under 
fallen trees or logs, fallen dried L. ramsayi 
leaves, leaf litter and debris; covered by mud, 
growing in an aggregated cohort or shaded by 
other plants 

7 Covered by debris or leaf litter. No associated factors observed. 
8 Growing in an aggregated cohort. Predation or diseases. 
9 Covered by mud. Debris; leaf litter. 
10 Shaded by other plants. Debris; leaf litter. 
11 Growing on degraded materials, e.g. 

debris, logs, roots from fallen trees. 
No associated factors observed. 

12 Early seedling stage (newly 
germinated/sprouted seeds. 

No associated factors observed. 

 

Field Observation 3B:  Reproductive phenology 

This research involved detailed investigation of fruit production and seed dispersal.  

Reproductive phenology of mature plants in each plot was monitored.  Field 

Observation 3A provided data on the following live events/life history stages 
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(Appendix 2.5): (1) the number of mature palms producing fruit, (2) the number of 

juveniles that survived from before the cyclone, (3) the number of seedlings/recruits at 

the beginning of the first year of field research (October 2007 for Site A2, C and D; 

May 2008 for Site E and August 2008 for A2-L. ramsayi, A3 and Site B), (4) 

flowering periods in July 2007 – December 2009, and fruiting periods which 

comprised (5) the young fruit stage when the fruit were unripe, and (6) end-season 

stage when the fruit were ripe; often at this stage the fruit had been eaten by birds, 

fruit production, (7) the magnitude of seed dispersal/predation was assumed to equal 

the number of fruit that went missing (dispersed) at the end of the fruiting season, (8) 

the results of germination period observation was taken from Chapter 3, (9) the size of 

seedling pool was the number of surviving seedlings in December 2009, and (10) the 

juvenile pool was the number of surviving juveniles at the end of the study.   

 A survey of cassowary dung was undertaken during every month in 2008-

2009, except in February and April 2008 and June 2009.  The survey areas were in 

Tam O’Shanter National Park and Clump Mountain National Park, along roads, 

loading ramps, walking tracks and study plots, including adjacent areas.  This survey 

method was adopted from Stocker and Irvine (1983).  The palm seeds found in the 

dung were collected and germinated in the 30°C constant-temperature room under 

continuous white light, to determine their germinability.  Replicates were only 

possible when sufficient numbers of seeds were found.  More detailed information 

about germination procedures is presented in Chapter 3. 
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Figure 2.7  Seedlings of  L. ramsayi were tagged individually in the study plots. The 
arrow points to the 17.5cm long peg.  

 

Data analysis for reproductive phenology  

 The data collected on reproductive phenology were used to construct a 

descriptive life history for each study species in cyclone-prone rainforests, based on 

the study plots.   

2.4   Results 

2.4.1  Field Observation 1:  Study site characterisation 

The level of cyclone disturbances based on canopy openness and the level of 

damage varied between study sites (Table 2.7).  Site E had the highest canopy 

openness (80%) and also showed the highest level of damage on the forest floor 

(severe).  Site A (A1, A2, A3)  had a high level of canopy openness (52-62%) and 

moderate to moderate-to-severe damage.  Site C had a medium level of canopy 

openness (31%); however the level of damage was the lowest of all the sites (minor to 
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moderate).  Site D also exhibited a medium level of canopy openness (27%), but 

medium to high level of damage (moderate to severe).   L. ramsayi was studied at 

Sites A2 and B. These sites were not statistically different; however, Site A2 had a 

‘higher canopy openness’ compared with Site B.  Overall, the study sites near Mission 

Beach and Kurrimine Beach had 49% canopy openness on average, and disturbance 

was categorised as ‘moderate to severe’ following Cyclone Larry.  

2.4.2  Field Observation 2:  Population structure 

Field Observation 2A:  Life stages distribution  
 

There were fewer mature plants of A. australasica at sites C and D than 

juveniles and seedlings (Fig. 2.8a).  However, statistically the difference was not 

significant due to the high variability between plots; the effects of sites and the 

interaction between life stages and sites were also not significant (F2,18 = 0.61, p = 

0.55). The density of mature plants was 2 individuals/100 m2 at site C (31 % canopy 

openness, minor to moderate) and 1 individual/100 m2 at site D (27 % open, moderate 

to severe).  The number of juveniles that survived Cyclone Larry was 3 

individuals/100 m2 at site C and 5 individuals/100 m2 at site D.  During the course of 

the study, fewer A. australasica seedlings were recruited at site D (2 individuals/100 

m2

There were also fewer mature plants of C. australis at sites A1 and E than 

juveniles and seedlings (Fig. 2.8b), although the difference was not statistically 

significant. Densities of life stages were different among sites (F

).   

2, 27 = 15.92, p < 0.01, 

log-transformed). The density of mature plants was 4/100 m2 at site A1 (59% open, 

moderate) and 3 individuals/100 m2

  

 at site E (80% open, severe). 
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Table 2.7   Canopy openness and level of damage of study sites assessed at the 
beginning of the first year of field research (October 2007 for Site A2, C and D; May 
2008 for Site E and August 2008 for A2-L. ramsayi, A3 and Site B) and at the end of 
the field research period (December 2009).  The canopy openness and level of 
damage in A2, A3, C, D, and E were used to characterise the sites.  Asterisks (*) show 
significant differences at 0.05 level of confidence; ns = not significant; na = not 
available.  Values in a column with the same superscript lower case letter are not 
significantly different (Tukey’s test). Damage categories ‘Minor’ to ‘Severe’ were 
based on Table 2.3.  A2 and B were not included in the statistical analysis because 
these sites only had two plots. The average canopy openness of each of the five study 
sites are presented (excluding A1 and A3) based on 16 plots.   

 
Site Canopy Openness (%) Total Scores 

(Mean ± SEM) 
Level of 
Damage 

Number of 
Trees per plot 
(Mean ± SEM) 

 2007/2008 2009 Mean ± SEM    
A1 59 ± 6 na 59 ± 6 21 ± 8 Moderate  30 ± 7 
A3 

 
52 ± 7 53 ± 7 52 ± 7a   39 ± 4ab Moderate 

to severe 
        42 ± 3 ade 

C 28 ± 2 33 ± 2 31 ± 2b 15 ± 1c Minor to 
moderate 

        16 ±  2 bc 

D 25 ± 3 28 ± 1 27 ± 2b  34 ± 8b Moderate 
to severe 

        28 ±  6 cde 

E 82 ± 6 77 ± 6 80 ± 6c 50 ± 4b Severe         39 ± 4 e 
Significance t15=0.35   p=0.73ns F3,12=26.78   

p=0.00* 
F3,12=9.69   
p=0.00* 

 F3,12=8.14   
p=0.00* 

      
L. ramsayi:      

A2 62 ± 6 61 ± 12 62 ± 0.5 36 ± 4 Moderate 
to severe 

40 ± 2 

B 43 ± 5 44 ± 1 43 ± 3 43 ± 8 Severe 44 ± 6 
       

Overall   49 ± 10 36 ± 6 Moderate 
to severe 

31± 6 

 

The density of juveniles which survived Cyclone Larry was 14 individuals/100 m2 at 

site A1 and 1 individual/100 m2 at site E.  Fewer C. australis seedling were recruited 

in site A1 (8 seedlings/100 m2

The population structure of C. moti at site A1 showed fewer mature and 

juvenile plants than seedlings (Fig. 2.8c).  The densities of the three life stages were 

significantly different (F

); while only 1 mature plant and 2 seedlings were found 

at site C   (31 % open, minor to moderate).   

2,27 = 3.26, p = 0.05, log-transformed);  however, the effects 

of sites and the interaction between sites and life stages were not significant.  The 
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density of mature plants was 1/100 m2 at site A1 (59% open, moderate). One 

juvenile/100 m2 survived Cyclone Larry and 5 seedlings/100 m2 were recruited at site 

A1.  Only one mature plant occurred and 1 seedling/100 m2 were recruited at site C 

(31% open, minor to moderate).  Only one seedling per 100 m2 

The juveniles of H. wendlandiana were most abundant at site E (Fig. 2.8d), 

although the difference between the densities of life stages was not statistically 

significant.  Fewer mature plants (2 individuals/100 m

was also recruited at 

site D (27% open, moderate to severe).  

2) were found at site E (80% 

open, severe, F1,7 = 6.12, p = 0.06). The density of juveniles that survived Cyclone 

Larry was 11 individuals/100 m2 at site E.  More seedlings were recruited at site E     

(F1,7

The population structure of L. ramsayi followed a nearly reverse-J-shaped 

curve, at site B but there was little difference at site A2 (Fig. 2.8e).  There were more 

individuals of all life stages at site B (43% open, severe) compared to those at site A2 

(62% open, moderate to severe, F

 = 5.78, p = 0.05, log-transformed) than at site A1 (59% open, moderate).   

1,12

The densities of the three life stages were compared with those found by 

previous researchers (Appendix 2.1; see Discussion Section: 2.5).  Other palm species 

recorded in this study were Ptychosperma elegans, Linospadix minor, A. alexandrae, 

Calamus caryotoides and Livistona drudei (Appendix 2.2).  

 = 9.02, p = 0.01, log-transformed).  

Field Observations:  Height versus dbh distribution (2B) and wind resistance 
(2C) of mature A. australasica, H. wendlandiana and L. ramsayi 

Stands of mature A. australasica with a height of 3m or less (younger trees) 

were dominant following Cyclone Larry (Fig. 2.9a).  Wind resistance was related to 

height (G = 6.22, ω = 1.83, p = 0.01, N = 52) (Fig. 2.11a).  90% of 29 damaged 

mature trees (wind resistance ranks 2-5) did not produce flowers (recovery score 3) (ρ 
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= 0.55, p < 0.01, N = 52) (Fig. 2.12a). The height and diameter were not significantly 

correlated (R2

Hydriastele wendlandiana stands with heights of 2.5-5 m were dominant at site 

E, while this height range was the least in site A1 (Fig. 2.9b).  This species showed a 

positive correlation between height and dbh (Fig. 2.10b) (R

 = 0.04, p = 0.23, N = 41) (Fig. 2.10a). Mean heights were similar at 

sites C and D (Table 2.8). 

2

Mature L. ramsayi trees with heights between 5 and 12 m were particularly 

abundant (Fig 2.9c).  This may indicate that individuals were taller than 12m were 

more susceptible to cyclones.  Trees were taller at site A1 (Table 2.8), however, 

height and dbh were not significantly related (Fig. 2.10c); although, dbh was related 

to wind resistance (G = 8.657, ω = 1.2, p = 0.07, N = 131) (Fig. 2.11b, Appendix 2.3).  

20% of L. ramsayi were lost (N=131) through being uprooted (wind resistance rank 7) 

and snapped (rank 6), and 14% of individuals were damaged (ranks 2-5).  At the time 

of recording, 63% of damaged mature individuals (N=19) produced flowers/fruit   

(Fig. 2.12c and Appendix 2.3).    

 = 0.54, p < 0.001, N = 

22).  Height and dbh of this species were not related to wind resistance.  However, 

mature individuals with heights more than 10 m were lost at site E (severe), 

suggesting those over 10 m were more susceptible to wind (Fig. 2.9b). Damaged H. 

wendlandiana trees recovered well following the cyclone with their ability to resprout 

and the benefits of a clustered growth habit (Fig. 2.12b).  Stems were taller at site A1 

than site E (Table 2.8). 
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Figure 2.8  Life stage distributions of (a) A. australasica, (b) C. australis, (c) C. moti, 
(d) H. wendlandiana and (e) L. ramsayi at sites A1 (   , 59% canopy openness), A2 (    
, 62% ), B (   ,43%), C (   , 31%), D (   , 27%) and E (   , 80%):  Seedling (S), Juvenile 
(J) and Mature (M).  Samples with the same lower case letters are not significantly 
different (p < 0.01, log-transformed). 
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Figure 2.9   Height distributions of surviving mature individuals of (a) A. 
australasica, (b) H. wendlandiana  and  (c) L. ramsayi; Site A1(    , 59%), B(   , 43%),       
C (    , 31%), D (   , 27%) and E (   , 80%).   

Table 2.8   Heights of mature A. australasica, H. wendlandiana and L. ramsayi at 
sites A1, B, C, D and E.     
 

Species Site N 
(individuals/400m2

Height 
) mean ± SEM (m) 

Range 
(m) 

Overall 
(mean ± SEM) 

A. australasica C 25 2.04 ± 0.32 0.50 – 6.75         }C and D = 
 D 17 2.68 ± 0.32 1.00 – 5.50         }2.52 ± 0.16 
H. wendlandiana A1 8 6.73 ± 0.98 3.67 – 9.95         }A1 and E = 
 E 14 3.97 ± 0.02 1.56 – 7.45         }5.35 ± 1.38 
L. ramsayi A1 58 10.56 ± 1.22 2.00 – 25.72         }A1 and B = 
 B 49 7.70 ± 0.41 0.70 – 16.24         }9.13 ± 1.43 
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Figure 2.10  Plots of dbh versus height for mature (a) A. australasica, (b) H. wendlandiana,  
(c) L. ramsayi, and (d) the slope of the regression of H. wendlandiana exceed the theoretical 
buckling limit; n.s. = not significant. 
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Figure 2.11  Wind resistance of  mature (a) A. australasica: height was correlated with wind 
resistance and (b) L. ramsayi: dbh was correlated with wind resistance.  Wind resistance was 
recorded  in July 2007 for sites A1, C and D, May 2008 for Site E and August 2008 for Site B.  
Descriptions of wind resistance ranks are presented in Table 2.4.  

2.4.3  Field Observation 3:  Regeneration strategies and reproductive phenology 

Field Observation 3A:  Regeneration strategies 

 
A.   Recruitment  
 

The total number of A. australasica seedlings surviving did not differ between 

sites C (31% canopy openness) and D (27% openness) (F1,3 = 0.46, p = 0.54)         

(Fig. 2.13a).  At site D (27% openness), no seedling was recruited until April 2009 

(dry season) (R2 = 0.64, p = 0.01, N = 48); however, the total number of seedlings 

began to decline afterwards, giving 5 seedlings/100 m2 recruited at the end of the 

census date.  At Bicton Hill (site C, 31% openness), the number of seedlings recorded 

in the plots decreased between the May and August census (dry season) then 

increased during the wet season between November 2008-April 2009 (R2 = 0.10, p = 

G = 6.22, ω = 1.83, p = 0.01, N = 52 G = 8.66, ω = 1.2, p = 0.07, N = 133 
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0.12, N = 48), giving net recruitment of 4 seedlings/100 m2.  However, there was a 

bigger increase in the number of seedlings in the study plots during the July to 

September 2009 period.  A. australasica seedlings survived predation and disturbance 

(Fig. 2.14a).  ‘The early seedling stage’ (C12) was most susceptible to disturbance 

and no dead seedlings were found in ‘Less shaded or open areas’ (C1) (χ2(6, N=46) = 

25.46, p < 0.01) (Fig. 2.14a).   

The total number of C. australis seedlings surviving differed between sites 

(Fig. 2.13b and c). Significantly more seedlings were found at the more open site (A2, 

62%), than the less open site (D, 27%) (Fig. 2.13b).  The net recruitment appears to be 

zero from July 2007 – March 2008 at site A2.  The number of seedlings increased 

slowly at the beginning then rapidly from 6 to 26 seedlings/100m2 from March 2008 

to January 2009 at the more open site (R2 = 0.99, p < 0.01, N = 24, y = 4.05+ 

[25.66/1+(x/-14.22)^-4.49]), after which the recruitment declined to zero, giving a net 

recruitment of 28 seedlings/100 m2.  On the other hand, the net recruitment at site D 

appeared to hold steady and close to zero over time.  Only 4 seedlings/100 m2 were 

recruited at the less open site (D, 27%), and 3 seedlings/100 m2 died, giving a total net 

recruitment of 1 seedling/100 m2 (R2 = 0.22, p = 0.03, N = 21).  The difference in the 

number of seedlings between August 2008 and December 2009 was also significant 

between those seedlings in sites that were 62% and 27% open.  The difference in 

seedling abundance between sites with 80% openness and 52% openness was not 

significant (F1,2 = 0.86, p = 0.45, Fig. 2.13c), due to the large variance of seedling 

numbers in site E (80%), where one plot had 24-32 seedlings and the other plots had 

1-9 seedlings. More C. australis seedlings survived in microsites associated with 

cyclonic disturbance such as ‘Less shaded or open areas’ (C1) and ‘Predation’ (C2)   
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(Fig. 2.14, Appendix 2.4b).   ‘The early stage of seedling’ (C12)   (Fig. 2.14b) was 

also most susceptible (χ2(9, N=139) = 32.79, p < 0.01).   

 

 

Figure 2.12  Recovery of mature (a) A. australasica, (b) H. wendlandiana and (c) L. 
ramsayi following the disturbance of Cyclone Larry.  Wind resistance was ranked 
from 1 to 7 based on Table 2.4.  Recovery was scored from 1 to 4 according to Table 
2.5.  Each point represents the number of individuals which is indicated by figures in 
parentheses (Appendix 2.3). 

 

ρ = 0.55, p < 0.01, N = 52 ρ = 0.82, p < 0.01, N = 27 

ρ = 0.88, p < 0.01, N = 133 
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More seedlings of C. moti were recruited at sites with higher canopy openness, 

(F1,1 = 11025.00, p = 0.01) (Fig. 2.13d).  Between July 2007 and December 2009, 

more seedlings were recruited in plots at the sites with 62% openness (R2 = 0.84, p < 

0.01, N = 24, y = 28.37/[1+exp(-(x+8.99)/11.32)]), giving net recruitment of 22 

seedlings/100 m2, compared to site D with lower canopy openness (27%) with net 

recruitment of 1 seedling/100 m2 (insufficient data for regression analysis).  

Moreover, the seedlings at site D were only recruited later, in July-December 2009.   

Three major mortality risk factors were ‘Less shaded or open areas’ (C1), ‘Fallen 

dried L. ramsayi leaves’ (C5) and ‘the early stage of seedling’ (C12) (χ2(10, N=68) = 

21.33, p < 0.01) (Fig. 2.14c).   

The net recruitment of H. wendlandiana seedlings was not significantly 

different between the sites with 52% and 80% canopy openness (F1,3 = 1.04, p = 0.38) 

(Fig. 2.13e).  There was considerable variation in the number of seedlings recruited, 

i.e. 2-15 seedlings in the plots at site A3 (52% openness), and 14-18 seedlings in one 

plot and 1-4 seedlings in the other plot at site E (80% openness) between August 2008 

and December 2009.  However, the net recruitment at the site with 80% canopy 

openness tended to be lower than that at the site with 52% openness.  The number of 

seedlings in site A3 increased over time (52% open; R2 = 0.99, p < 0.01, N = 28, y = 

69.62/[1+exp(-(x-16.34)/19.11)]).  The seedlings of H. wendlandiana were resistant to 

many mortality risk factors related to cyclonic disturbance; no dead seedlings were 

found caused by ‘Less shaded or open areas’ and few seedlings did not survive.  

Although, ‘the early seedling stage’ (C12) was most susceptible to mortality (Fig. 

2.14, χ2(11, N=194) = 85.80, p < 0.01).    

The net recruitment of L. ramsayi seedlings in the more open site (52%) was 

lower than under a less open canopy (43%) (Fig. 2.13f); however, the difference was 
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not significant (F1,1 = 0.88, p = 0.52).  Between August 2008 and December 2009, the 

number of seedlings increased rapidly from 42 to 90 seedlings/100m2 between August 

2008-January 2009 at site B (43% openness) (R2 = 0.99, p < 0.01, N = 14, y = 

93.28/[1+exp(-(x-1.25)/1.43)]), and 19 to 29 seedlings/100 m2 at site A3 (52% 

openness) (R2 = 0.86, p = 0.02, N = 14, y = 32.25/[1+exp(-(x-0.40)/3.26)]).  Seedlings 

were more abundant under conditions of ‘Less shaded or open areas’ (C1), up to 101 

seedlings/400 m2; although, most dead seedlings (seedlings/400 m2) were caused by 

‘Less shaded or open areas’ (Fig. 2.14e, χ2(10, N=248) = 51.27, p < 0.01).  ‘Covering 

by fallen dried L. ramsayi leaves’ (C5) was only a minor mortality risk factor.  
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Figure 2.13  Net recruitment of (a) A. australasica, (b-c) C. australis, (d) C. moti, (e) 
H. wendlandiana and (f) L. ramsayi seedlings recruited in sites A2 - 62% sunlight (□), 
A3 - 52% (▲), B - 43% (Δ), C - 31% (●), D - 27% (○) and E - 80% (■).   
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Figure 2.14  Risk factors that might lead to seedling mortality of (a) A. australasica, 
(b) C. australis, (c) C. moti, (d) H. wendlandiana and (e) L. ramsayi seedlings; 
‘surviving’ (□) and those that ‘did not survive’ ( ■ ); C1-C12 were risk factors based 
on Table 2.6; only major risk factors were presented to simplify the figures and the 
others were left out (Appendix 2.4). 

 
  

χ2(6, N=46) = 25.46, p < 0.01 χ2(9, N=139) = 32.79, p < 0.01 

χ2(10, N=68) = 21.33, p < 0.01 χ2(11, N=194) = 85.80, p < 0.01 

χ2(10, N=248) = 51.27, p < 0.01 
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B.   Growth rate  
 

The growth pattern of A. australasica was sigmoidal (27 %: y = 

29.69/[1+exp(-(x+16.41)/10.07)]; 31 %: y = 55.47/[1+exp(-(x-45.84)/105.02)]) and 

the height between the two sites was not different (Fig. 2.15a).  The growth pattern of    

C. australis seedlings was also sigmoidal (27%: y = 70.50/[1+exp(-(x-71.88)/60.20)];  

62%: y = 22.60/[1+exp(-(x+7.86)/9.79)]; 52%: y = 21.52/[1+exp(-(x+35.77)/26.87)]; 

80%: y = 20.42/[1+exp(-(x+23.29)/13.22)]) and the height among all study sites was 

not different (Fig. 2.15b and c).  The growth type of C. moti was sigmoidal (Fig. 

2.15d; y = 22.60/[1+exp(-(x+7.86)/9.79)]). There were few seedling samples 

(insufficient data to calculate growth rate) at site C (31% openness) (Fig. 2.15d).                          

The growth model of H. wendlandiana was sigmoidal (52 %: y = 32.34/[1+exp(-

(x+19.25)/13.02)]; 80%: y = 24.01/[1+exp(-(x+13.26)/5.49)]). The height of            H. 

wendlandiana seedlings at the site with 52% canopy openness was higher than that at 

the 80 % open site (Fig. 2.15e; F1,12 = 87.48, p < 0.0001).  L. ramsayi seedling growth 

was logarithmic at the site of 62% openness (y = 8.54*ln[abs(x+23.45)]) and 

sigmoidal at the site with 43% canopy openness (y = 30.88/[1+exp(-

(x+31.67)/17.98)]). The differences in growth rate between study sites could not be 

determined statistically due to the high variability of the data and limited number of 

seedling samples in each plot; however the results suggest that the difference was not 

significant (Fig. 2.15f).  
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Figure 2.15  Growth rates of (a) A. australasica, (b-c) C. australis, (d) C. moti, (e) H. 
wendlandiana and (f) L. ramsayi seedlings at sites A2 - 62% canopy openness (□), A3 
- 52% (▲), B - 43% (Δ), C - 31% (●), D - 27% (○) and E - 80% (■).   
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C.   Leaf turnover  

 Leaf turnover of seedlings varied between 0-1.8 leaves/individual at the 

different sites during the study (Fig. 2.16).  A. australasica under the more open 

canopy (31% openness) had a lower leaf turnover (0.3 ± 0.2 leaves/individual, F1,5 = 

6.97, p = 0.04) than that under 27% openness.  C. australis, under a more open 

canopy (62 and 80% openness) tended to have higher leaf turnover up to 0.8 ± 0.1 

leaves/individual (Site A2 and D: F1,5 = 0.28, p = 0.62; Site A3 and E: F1,5 = 0.002, p 

= 0.96, log-transformed).  The leaf turnover of Calamus moti seedlings was the lowest 

under the most open canopy (80% openness), but there was insufficient data to 

compare between different sites.  H. wendlandiana did not show a significantly 

different pattern between sites A and E, and leaf turnover ranged between 0.5-0.6 

leaves/individual (F1,6 = 0.03, p = 0.88).  The leaf turnover of L. ramsayi seedlings 

was slightly lower under a more open canopy (52% openness); although, the 

difference was not significant (F1,2 = 0.58, p = 0.53).  It varied from 0.5 ± 0.0 

leaves/individual under 52% openness to 0.6 ± 0.1 leaves/individual under 43% 

openness. 
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Figure 2.16  Leaf turnover (mean ± SEM) of  (a) A. australasica, (b) C. australis, (c) 
C. moti, (d) H. wendlandiana and (e) L. ramsayi at sites A2, A3, B, C, D and E under 
different canopy openness (%) during the 1.5-2 year study.    
 

  

F 1,5 = 6.97, p = 0.04 F 1,5 = 6.97, p = 0.04 F 1,5 = 6.97, p = 0.04 (62 & 27 %) 
F 1,5 = 0.002, p = 0.96 (80 & 52 %) 

F 1,6 = 0.03, p = 0.88 

F 1,2 = 0.58, p = 0.53 
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Field Observation 3B:  Reproductive phenology 

The life history of the five palm species varied (Table 2.9), for instance, their 

fruiting seasons differed.  C. australis and C. moti were biennial fruit producers; while 

the other palms studied were annual.  A. australasica, C. australis, C. moti and H. 

wendlandiana fruited between August–December 2008-2009 (the Wet Season 

including the cyclone season, i.e. between November-April); however, H. 

wendlandiana at upland sites and in the hill habitats in Clump Mountain National 

Park fruited between May-October 2008-2009 (Dry Season), while L. ramsayi fruited 

between March-August 2008-2009 (Dry Season).  After the seeds are dispersed, they 

may germinate in the following year; A. australasica and H. wendlandiana took ca. 7 

months to complete germination, while C. australis took ca. 6 months and L. ramsayi 

ca. 8 months (Fig. 2.17).  Cassowaries are important seed dispersal agents for           

C. australis, L. ramsayi and the other palms, A. alexandrae and P. elegans (Table 

2.10), as the seeds can germinate after passing through cassowaries’ gut:  60-80% 

germination in C. australis, 35-80% germination in A. alexandrae and 50-56% 

germination in P. elegans; while L. ramsayi were found as seedlings in droppings. 

The variability in their germination periods may be due to the period needed to break 

dormancy or a light requirement (the results of germination experiments are provided 

in Chapter 3).  

Fruit production varied greatly between species, affecting seedling recruitment 

and the pool of juveniles.  As shown in Table 2.9, A. australasica produced 865 

fruit/100 m2, resulting  in 4 seedlings/100 m2 and 4 juveniles/100 m2 after two years.  

C. australis produced 295 fruit/100 m2 over two years, yielding 15 seedlings/100 m2 

and 3 juveniles/100 m2.  C. moti yielded 218 fruit/100 m2 after two years, resulting in 

8 seedlings/100 m2 and 6 juveniles/100 m2; 1 seedling was recruited at site D (27% 
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canopy openness) where mature individuals were absent.  H. wendlandiana produced 

approximately 991 fruit/100 m2 within two years, recruiting 47 seedlings/100 m2 and 

7 juveniles/100 m2.  L. ramsayi yielded 23,488 fruit/100 m2, recruiting 47 

seedlings/100 m2 and establishing 7 juveniles/100 m2

 

 after two years. 

2.5  Discussion 

Canopy openness ranged from 27% to 80% within 1.5 to 3 years after Cyclone 

Larry struck in 2006 (but before Cyclone Yasi hit Mission Beach on February 2  

2011).  This research showed that rainforests at Mission Beach lack closed canopies 

and deeply shaded environments. This canopy openness range (15-80% openness, i.e. 

equals to 15-80% sunlight) also suggests that these rainforests cannot be considered 

closed forests (6-8% sunlight) according to Whitmore (1998), Gardiner and Hodges 

(1998) and Whitmore and Brown (1996), or 0-30% sunlight based on Specht and 

Specht (1999).  The population structures of the five palm study species were affected 

by major cyclonic disturbance.  The varying proportions of juveniles (Fig. 2.8), and 

the absence of a pre-Larry census (or undisturbed control),  means it is difficult to 

justify that they represent a post-Larry mass recruitment.  However, the cohort of 

seedlings censused in July 2006 was more likely to be post-Larry recruitment. 

Previous research has shown that population structure of forest trees changes in 

response to frequent cyclone disturbances (de Gouvenain and Silander Jr 2003; Dowe 

2009; Everham III and Brokaw 1996; Frangi and Lugo 1998; Gleason et al. 2008; 

Lugo 2008; Pettit and Dowe 2003; Vandermeer 1994; Vandermeer et al. 1996; Webb 

1958; Whitmore 1998). 
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Table 2.9  Observations of the life history stages of  five palms from July 2007 to December 2009; tntc = too numerous to count; more detailed 
information is presented in Appendix 2.5.    

 
Live Events A. australasica C. australis C. moti H. wendlandiana L. ramsayi 

 Average (individuals/100m2) 
Mature plants producing flower/fruit 1 (Jul 2007-Dec 2009) 1 (Jul 2007-Dec 2009) 1 (Jul 2007-Dec 2009) 1 (Jul 2007-Dec 2009) 13 (Jul 2007-Dec 2009) 
Juveniles survived previous cyclones 4 (Jul 2007) 3 (Jul 2007/Aug 2008) 6 (Jul 2007/Aug 2008) 3 (Jul 2007/May 2008) 6 (Jul 2007/Aug 2008) 
Seedlings/recruits 3 (Jul 2007) 8 (Jul 2007/Aug 2008) 10 (Jul 2007/Aug 2008) 14 (Jul 2007/May 2008) 44 (Jul 2007/Aug 2008) 
Flowering tntc 

Jul-Oct 2008-2009 (C) 
tntc 

Aug-Nov 2007 & 2009 
(Female; biennial; A3) 
Aug-Nov 2007-2009 
(Male; annual; A3) 

Jul-Oct 2009 
(Male & Female; biennial; E) 

tntc 
Jul-Sep 2008-2009 (A3) 

biennial 

tntc 
Apr 2008-2009 (A3) 
Jul 2008-2009 (E) 

tntc 
Feb-Apr 2008-2009 (A2) 
Feb-Mar 2008-2009 (B) 

Fruiting (Young fruit stage) 865 fruit 
Aug-Dec 2008-2009 (C) 

295 fruit 
Oct-Nov 2007 & 2009 (A3) 

Aug 2009 (E) 

218 fruit 
Sep-Oct 2008-2009 (A3) 

991 fruit 
May 2008-2009 (A3) 
Sep 2008-2009 (E) 

23,488 fruit 
Mar-Apr 2008-2009 

Fruiting (End-season stage) 208 fruit 
Oct-Dec 2008-2009 (C) 

55 fruit 
Nov-Dec 2007 & 2009 (A3) 

Sep 2009 (E) 

69 fruit 
Nov-Dec 2008-2009 (A3) 

220 fruit 
Sep-Oct 2008-2009 (A3) 
Nov-Dec 2008-2009 (E) 

2,172 fruit 
Apr-Jun 2008-2009 (A2) 
May-Aug 2008-2009 (B) 

Seed dispersal/predation 865 fruit 
Oct-Dec 2008-2009 (C) 

256 fruit 
Nov-Dec 2007 & 2009 (A3) 

Dec 2009 (E) 

218 fruit 
Sep-Dec 2008 to 
 Feb 2009 (A3) 

991 fruit 
Nov 2008-2009 (A3) 

Nov-Dec 2008-2009 (E) 

23,488 fruit 
Aug 2008-2009 (A2) 

May-Sep 2008-2009 (B) 
Seed dispersal by cassowaries Not observed 18 seeds, 80% germination 

(Feb 2008; A); 5 seeds, no 
germination (May 2008; A) 
4 seeds, no germination 
(Jun 2008; A); 68 seeds, 

60% germination (Jul 2009) 

Not observed Not observed 1 seedling(Dec 2007; A) 
1 seedling (Nov 2008; A) 

Germination period (Fig. 2.20) 7 months 6 months Not observed 7 months 8 months 
Seedling pool 4 (Dec 2009) 15 (Dec 2009) 8 (Dec 2009) 21 (Dec 2009) 47 (Dec 2009) 
Juvenile pool 4 (Dec 2009) 3 (Dec 2009) 6 (Dec 2009) 4 (Dec 2009) 7 (Dec 2009) 
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(a) 
 
a-b= 40; b-d= 28; d-f= 64; f-g= 67 days; approximate germination period = 199 ± 7 days  
(ca. 7 months) 
  
  
 
 
 
 
 
 
 

  
  

(b) 
  
a-b= 11; b-d= 22; d-e= 12; e-f = 36; f-g = 81 days; germination period= 163 ± 26 days  
(ca. 6 months) 
  
  

Figure 2.17  Germination pattern of (a) A. australasica and (b) C. australis.  The 
germination period was determined from 3 samples of germinated seeds from the 
germination experiment (Chapter 3); a-h = germination stages from seed to 1-
eophyll/first leaf seedling stage; the numbers indicated the number of days. 

a b c d e f g h 

a b c d e f g 



 

95 
 

 

 
 
 
 
 

  
 

(c) 
 
a-b= 88; b-c= 16; c-d= 15; d-e= 88 days; germination period= 206 ± 17 days (ca. 7 months) 
 
 
 

  
 

(d) 
 
a-b= 87; b-c= 23; c-f= 20; f-h = 107 days; germination period= 237 ± 15 days (ca. 8 months) 
 
 

Figure 2.17 (continued) Germination pattern of (c) H. wendlandiana and (d) L 
ramsayi var. tuckeri.  

  

a b c d e 

a b c d e f g h  
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Table 2.10   The seeds of palms other than the main study species collected in 
cassowary dung during July 2007-December 2009 in Tam O’Shanter/Djiru National 
Park and Clump Mountain National Park.   

 
Species Site Collection Date 

 
Number 
of Seeds 

Germinability 
(%) 

Archontophoenix alexandrae A May 2008 
Jul 2008 
Oct 2008 

33 
2 
5 

35 
0 
0 

 C Mar 2009 
Mar 2009 
April 2009 

1 
20 

107 

0 
80 
80 

Ptychosperma elegans A May 2008 9 56 
 C May 2009 4 50 
 

All the palms studied in the current research exhibited a higher abundance of 

seedlings and juveniles compared to mature individuals suggesting a higher 

probability of the population maintaining itself as a part of a stable-climax plant 

community (Barbour et al. 1987).  Dowe (2009) also reported that the population of 

A. alexandrae exhibited more seedlings and juveniles, a few days after Cyclone Larry 

in 2006.  Conversely, Gorman (1996) found mature L. ramsayi were more abundant 

than juveniles and seedlings at Tam O’Shanter in 1996, 10 years after a major 

cyclone, Cyclone Winifred in 1986.  

 In this current study, the susceptibility of mature palms to Cyclone Larry 

varied and can be related to their height and/or dbh distribution (Fig. 2.11); however, 

the cyclone caused trees to fall in many ways.  In A. australasica, the results 

suggested that stands higher than 3 m were more susceptible to Cyclone Larry; the 

height was related to wind resistance.  Among these stands, 10% of trees were 

damaged, 21% lost and 6% of the undamaged trees subsequently flowered.  The usual 

height of mature plants is up to 20m (Jones 1996); however, the height is probably 

very variable, a few may make it up to 20 m, but the majority probably not for a wide 

range of factors.  In H. wendlandiana, stands higher than 10 m and with dbh 5-8 cm 

were also more susceptible, with 30% of the trees damaged; although, height and dbh 
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were correlated.  In addition, the slopes of the regressions between stem diameter and 

height for H. wendlandiana suggest that this species was close to or exceeded the 

theoretical buckling limit (Rich 1986), as palms do not have secondary growth from a 

vascular cambium, consequently the trees became less stable as they grow taller. 

However, 62% of the damaged trees re-grew vegetatively due to their clustering 

growth habit, and 25% of the damaged trees subsequently flowered.  L. ramsayi, with 

heights of more than 12 m and dbh less than 16 cm, were more susceptible; although 

the height was not related to wind resistance, but dbh was correlated with wind 

resistance (Fig. 2.11b):  14% of mature trees were damaged, 20% lost and 63% of the 

damaged trees flowered, as the roots of the ‘tilting’ and ‘leaning’ damaged trees were 

still in the ground.  Unwin et al. (1988) observed that trees of L. ramsayi were little 

damaged by Cyclone Winifred (1986). Moreover, 10 years after Cyclone Winifred, 

Gorman (1996) observed that 10-13-m tall L. ramsayi stands dominated in Tam 

O’Shanter National Park.  In the current research, 7, 8 and 10-m tall L. ramsayi stands 

were most abundant in Tam O’Shanter National Park.  These results suggest that 

cyclone susceptibility depends on the species and the age (Everham III and Brokaw 

1996).   

Mass recruitment in canopy gaps following Cyclone Larry was evident in C. 

australis and C. moti, as more seedlings survived at sites with higher canopy openness 

(Fig. 2.13).  More seedlings of C. moti survived at sites with 62% canopy openness 

than 27% openness.  The net recruitment of A. australasica and H. wendlandiana 

seedlings was not significantly different between sites.  More Licuala ramsayi 

seedlings were recorded at more shaded sites (Fig. 2.13f).  These results showed that 

canopy gaps created by Cyclone Larry may stimulate the recruitment of C. australis 

and C. moti.  Clearly, major cyclone disturbances that create canopy gaps (increasing 
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light intensity) stimulate recruitment of certain species in most plant communities 

(Bullock 2000; Fenner and Thompson 2005; Harper 1977; Uhl et al. 1988; Whitmore 

1998). 

The early seedling stage is most susceptible to mortality in A. australasica and 

is a major mortality risk factor in the other study species (Fig. 2.14).  Most seedlings 

of all study species survived ‘Less shade or open areas’ following Cyclone Larry.  

Moreover, disturbance factors following cyclones, including predation, diseases, litter, 

mud, debris and logs, were not significant (Fig. 2.14).  These results support the 

importance of light availability for seedling recruitment and survivorship (Augspurger 

1984).  However, the thick litter layer that accumulates following cyclones can restrict 

recruitment and seedling survivorship (Guzman-Grajales and Walker 1991; Yih et al. 

1991). 

Seedlings of different palm species showed different growth responses to 

different light conditions and sigmoidal growth was a common pattern found in these 

five study species.  The height of A. australasica, C. australis, C. moti and L. ramsayi 

seedlings did not respond significantly to different light intensities.  H. wendlandiana 

seedlings grew more rapidly under 52 % canopy openness than more open canopies 

(80 %). The mean height of this species at site E (80% open) decreased during the last 

census as the oldest leaves of some samples were shed. C. moti and L. ramsayi 

retained their leaves longer in larger gaps, which would maximize light capture for 

photosynthesis, while C. australis had short leaf longevity.  A. australasica had high 

leaf longevity in more open sites, while the leaf longevity of H. wendlandiana did not 

respond significantly to light conditions.  The growth rates suggested that the palm 

seedlings were slow-growing species (Tomlinson 1990).  In other studies by 

Augspurger (1984) and Poorter and Boot (1998), 10 neotropical tree seedlings and 
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seven rainforest seedlings, responded to higher canopy openness by increasing their 

leaf turnover and this enabled the plants to replace their unproductive leaves with 

new, productive leaves for harvesting light.  

All study species had higher densities of seedlings and juveniles than adults, 

suggesting populations would be maintained (Table 2.14). After three years, A. 

australasica produced 18 juveniles/100 m2, C. australis produced 14 juveniles/100 

m2, C. moti produced 45 juveniles/100 m2, H. wendlandiana 45 juveniles/100 m2 and 

L. ramsayi 36 juveniles/100 m2.  These results indicate that the palm populations at 

Mission Beach and Kurrimine Beach are adapted to periodic cyclonic disturbance.  In 

the case of L. ramsayi, 10 years after Cyclone Winifred the population structure 

showed 1675 mature individuals/ha and 450 juveniles/ha in Tam O’Shanter National 

Park (Gorman 1996).  However, the current research showed that when Cyclone Larry 

hit in 2006 and Cyclone Elly in 2009, 20 years after Cyclone Winifred, the mature 

plants had increased to 2650/ha and 2750 juveniles/ha.  After three years, the density 

of juveniles was 2700 individuals/ha.  It will be interesting to resample some of the 

study species after Cyclone Yasi hit the Mission Beach Wet Tropics rainforests on 

February 2  2011, five years after Cyclone Larry. 

Cassowaries play an important role in palm seed dispersal.  Seeds of C. 

australis, L. ramsayi, A. alexandrae and P. elegans were dispersed by cassowaries 

(Table 2.9 and 2.10).  The seeds were able to germinate after they passed through the 

cassowary gut.  Seeds of C. australis and A. alexandrae were found most frequently 

in cassowary dung.  Stocker and Irvine (1983) also found seeds of C. australis, C. 

moti, C. radicalis and Linospadix microcarya in cassowary dung and these seeds 

germinated moderately to well, except in C. australis (no information available).  C. 

radicalis and L. microcarya were found most frequently in the dung (Stocker and 
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Irvine 1983).  Bradford and Westcott (2010) also reported that all Normanbya 

normanbyi seeds germinated after passing through a cassowary’s gut compared to 

80% germination of control seeds. 

2.6  Conclusion 

 The palm population data collected at Mission Beach and Kurrimine Beach 

indicated that the palms appear adapted to periodic cyclonic disturbance.  The five 

palm species showed higher densities of seedlings and juveniles, suggesting 

populations would be maintained.  The observations of mature individuals of study 

species indicated that most were susceptible to wind stress due to their greater 

increase in height relative to dbh as they grow; however in this study, it was only 

evident that H. wendlandiana was close to, or exceeded, the theoretical buckling limit 

(Rich 1986), suggesting that their trunks were less stable when they get taller.  On the 

other hand, these study species had regeneration strategies or growth forms, such as a 

clustering growth habit in A. australasica and   H. wendlandiana or tilting in L. 

ramsayi, which favoured persistence.  The recruitment of the seedlings of C. australis 

and C. moti was higher in gaps with more light; however, the recruitment of L. 

ramsayi was higher in sites with lower canopy openness.  ‘Less shade or open areas’ 

was a minor mortality risk factor suggesting the importance of light availability for 

seedling recruitment and survivorship.  In the current study, the growth rate of palm 

seedlings was not significantly different between study sites.   
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Chapter 3:  Germination Strategies of Four Palm Species 

3.1   Introduction 

Studies have shown that canopy gaps play an important role in stimulating 

recruitment in most plant communities (Bullock 2000; Fenner and Thompson 2005; 

1977).  This may be caused by reduced competition for resources, such as light, 

nutrients and water.  Bullock (2000) differentiated three stages of seedling 

development that may be influenced by canopy gaps:  ‘germination’, ‘emergence’ and 

‘establishment’.  Detecting early germination stages in the field can be difficult, but 

‘emergence’ can be readily seen. Hence, most studies of germination responses to 

canopy gaps require the use of artificial shading in laboratories or glasshouses to 

compare to “full light” responses (Bullock 2000).  This study used laboratory trials on 

seed germination to determine the effects that changed light conditions are likely to 

have on palm regeneration following cyclonic disturbance.  

Many palms have seeds that do not germinate readily, even when light 

conditions are favourable.  This seed dormancy is commonly caused by the hard seed 

coat that restricts the exchange of water and gases (Dessai and Salunkhe 1997).  It is 

also well known that palm seed dormancy is caused by a combination of immature 

embryos and the failure of developing embryos to rupture covering structures (Pérez 

2009; Pinheiro 2001; Pritchard et al. 2004).  These seed dormancy characteristics are 

reviewed in Section 3.1.1. Treatments used in this research to promote germination or 

break dormancy are presented in Sections 3.1.2 (physical treatments on seed coat), 

3.1.3 (light quality treatments) and 3.1.4 (light and temperature treatments).  The last 

section (3.1.5) presents germination patterns and seedling morphology that were 

examined in the experiments to determine seed germination and other variables 
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observed, i.e. time to first germination and final germination.  Previous observations 

on the study species are presented in Table 3.1.  The literature reveals few detailed 

studies of germination in these species. No information could be found on dormancy 

characteristics, and the observations on germination of H. wendlandiana are 

inconsistent.  

 

Table 3.1  Summary of previous observations on germination of the study species; 
n.a. denotes information is not available. 

Species Germination 
type 

Information on germination 

A. australasica n.a. 90% of the seeds germinate within 19 days at 
30°C; details of germination methods were not 
explained1;  dormancy: n.a. 

C. australis adjacent ligular in 
Calamus genera2 

 

The germination capability of other Calamus spp 
varies:  C. peregrinus showed 91% germination 
within 12-35 days with sarcotesta removed3; heat 
treatment at 40 ºC for 48 hours in C. latifolius 
increased germination4; C. mannan and C. 
caesius germinate within 2-3 weeks after sowing 
in nursery beds consisting of a sand:soil mix (1:4 
or 1:3) and sown seeds were covered by 3 cm of 
sawdust5; dormancy: n.a. 

C. moti 

H. wendlandiana n.a The seeds need scarification to germinate after 
365 days6.  Fresh seeds can also germinate within 
3-6 months 7; dormancy: n.a. 

L. ramsayi var. 
tuckeri 

remote-ligular in 
Licuala genus8 

The fresh seeds of L. ramsayi germinate after 6 
months on various rich, well-drained soil types7; 
dormancy: n.a. 

1ISTA (2006); 2 Dowe (2010); 3 Vangkualong (1984); 4 Mohd et al. (1994); 5 Ahmad & Hamzah, 
(1984); 6 Lawie (2007); 7 Cronin (1989), 8 Uhl & Dransfield (1987).  

 

3.1.1  Seed dormancy  

Dormancy characteristics 

Dormancy is the suspension of growth by active endogenous inhibition (Jann 

and Amen 1977).  Dormancy is “a state in which a viable seed will not germinate 
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when placed in conditions normally considered to be adequate for germination, that 

is, when provided with suitable temperature, adequate moisture and oxygen” (Tran 

and Cavanagh 1984).  Harper (1977) described three types of dormancy: (1) innate, 

(2) induced and (3) enforced.  Innate dormancy is “the condition of seeds as they 

leave the parent plant and is a viable state but prevented from germinating even when 

exposed to ideal conditions by some property of the embryo or the associated 

endosperm or maternal structures”.  Induced dormancy is “an acquired condition of 

inability to germinate caused by some experience after ripening”.  Enforced 

dormancy is “an inability to germinate due to an environmental restraint, e.g. 

shortage of water, low temperature or poor aeration”.  Other researchers have used 

different terms to describe dormancy strategies.  Adkins and Bellairs (2000) divided 

dormancy mechanisms into two basic types: (1) “coat-imposed dormancy”, i.e. 

imposed by the tissues that surround the embryo, including permeability barriers, 

mechanical barriers and chemical barriers; and (2)  “embryo dormancy”, i.e. found 

within the embryo, involving:  gene repression or activation, plant growth regulator 

changes, respiration, mobilization and utilisation of food reserves or embryo 

immaturity.    

Some conflicts in defining seed dormancy have arisen.  Fenner and Thompson 

(2005) reviewed the conflicting views of ecologists and physiologists on seed 

dormancy. They suggested integrating the conflicting views by following 

Vleeshouwers et al. (1995) who have argued that “(1) dormancy should not be 

identified with the absence of germination, and (2) dormancy is a characteristic of 

the seed (and not the environment) and defines the conditions necessary for 

germination”. 
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The dormancy of some palm seeds may be classified as ‘hard seed coat-

imposed dormancy’.  This type of dormancy presents in the seeds of Cyrtostachys 

lakka and Roystonea elata (Soedjono and Suskandari 1996).   Dormancy in these two 

palm species was broken by mechanically scarifying seeds by filing.   

Embryo dormancy may also present in some palm seeds.  Embryo dormancy 

relates to the lack of some essential enzyme produced by a gene in the embryo 

(Adkins and Bellairs, 2000).  Another factor could be “changes in the balance of 

promoter and inhibitor hormones inside the embryo” (Khan 1975).  A dormant 

embryo may also be related to a decline in mitochondrial activity leading to a 

decrease in respiration and also ATP; the latter normally increases with time after the 

start of imbibition (Adkins and Bellairs, 2000).  Bradbeer (1988) also suggested that 

the dormant embryo may not be capable of transporting “the extra-embryonic food 

reserves” to growing points.  Immature embryos are characteristically relatively 

small, and in some cases poorly differentiated (Bewley and Black, 1982).  In Butia 

spp., dormancy appears to be caused by an immature embryo (Sento 1986).  The 

embryo immaturity combined with the failure of developing embryos to push 

through a covering structure, i.e. operculum, can lead to ‘morpho-physiological’ 

dormancy in Pritchardia remota seeds (Pérez 2009; Pérez et al. 2008). 

Breaking dormancy 

There are two methods of breaking dormancy:  natural breakdown and 

artificial treatments (Koch and Dixon, 2000).  Natural breakdown involves several 

natural agents, such as changing light conditions (including wavelength), germination 

temperatures, temperature cues, time/after-ripening, heat/fire/smoke, scarification 

(animals), chemicals, microbial interaction, and endozoochory (the ingestion and 

subsequent defecation of seeds by animals). 
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Natural breakdown can be reproduced in laboratory experiments by applying 

artificial treatments.  The artificial treatments used to break hard seed coat-imposed 

dormancy involve several agents: hot water (usually boiling), smoke (or smoke 

water), hormones (gibberellin, cytokinin), scarification (mechanical), oxidizing agents 

(bleach, peroxide, acid), other chemicals (e.g. nitrate, nitrite, ethylene), 

fermentation/fruit removal (usually for fleshy fruits), temperature fluctuations/high 

temperature storage, and enzymes (Koch and Dixon, 2000).   

3.1.2  Experiments 1 and 2:  Hard seed coats and dormancy breaking  

Hard seed coats 

Seeds need to absorb water to reach a fully-imbibed state before germination 

can proceed (Ballard 1973). Many studies have reviewed how the hard seed coat of 

palms may inhibit their germination.  Impermeability of the seed coat may be 

facilitated by the thickness of the testa (Ballard 1973; Bass 1979; Tran and Cavanagh 

1984). A typical seed (Figure 3.1) consists of an outer seed coat or testa, an inner seed 

coat and an embryo (Ballard 1973; Tran and Cavanagh 1984).  The endocarp (the 

innermost layers of the pericarp or fruit wall) can be difficult to separate from the seed 

coat (Tomlinson 1990). The endocarp is usually hard in a drupe, e.g. Cocos nucifera 

Linnaeus, or soft and may be only one cell thick in a berry, e.g. Elaeis guinensis N.J. 

Jacquin where the endocarp contains oil (Hartley 1969).  A very thick endocarp 

occurs in the Borasseae, Eugeissona, Nypa, and the Cocoeae (Arecoideae), and in the 

Phytelephantoideae (Uhl and Dransfield, 1987).  Therefore, the hard “seed coat” may 

refer to the fusion of the endocarp with the seed coat.  

In addition, the impermeability of the seed coat may also be facilitated by 

several other factors.  Murdoch and Ellis (1992) suggested that water impermeability 
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is caused by desiccation of the cells.  Ballard (1973) believed that this impermeability 

relates to properties of the outer layers of the coat such as “the suberised walls” and 

caps of the malpighian cells (palisade layer) and the structure of the “strophiole” 

(lens).  However, the cuticle, sub-cuticle and the sub-cuticular layer, which consists of 

waxy hemicellulose deposited over the testa surface, are not considered to contribute 

to the impermeability (Ballard, 1973; Tran and Cavanagh, 1984). The presence of 

quinones in the lumen and cell walls of the palisade or hourglass cells of the seed coat 

are also correlated with water impermeability (Werker et al. 1979).  Cytochemical 

studies by Bevilackqua et al. (1988) identified callose and lipidic substances involved 

as inhibitors in the palisade cell walls of the non-palm species, Melilotus alba.   

 

 

 

 

Figure 3.1   A longitudinal section of C. australis showing a = apical end, b = outer 
part of the seed showing sarcotesta (see Glossary) that is fused with the seed coat 
(testa), c = endosperm, d= embryo. Scale is in mm. 
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Techniques for breaking seed-coat-imposed dormancy 

Dormancy breaking techniques for seed-coat-imposed dormancy have been 

used by many previous researchers. The germination of several non legumes with 

hard seed coats was improved after heat treatment using boiling water (Koch and 

Dixon 2000).  In some palms, seed dormancy can be broken by breaking the seed coat 

by scarification or heat treatments (Hodel 1998; Sento 1986).    

Scarification, used in this research, is a long established method to overcome 

seed coat-imposed dormancy and promote germination. No information is available 

on the germination of A. australasica, C. australis and L. ramsayi after scarification 

(Table 3.1). However, scarification of the species, A. microcarpa, resulted in 70% 

germination (Latifah, unpublished), which was significantly higher than for untreated 

seeds , and those treated with 70°C moist heat and a combination of heat and cold.  A. 

microcarpa seeds were dormant for 9 months (Koebernik 1971) or 11 months 

(Latifah, unpublished) without treatment. Calamus peregrinus showed 91 % 

germination after sarcotesta removal (Table 3.1) (Vangkualong 1984).  Lawie (2007) 

found that H. wendlandiana seeds germinated after 365 days following scarification.   

Some researchers combined scarification with other treatments.  Treatments 

using oxidizing agents may duplicate the effects of hot water or scarification 

treatments by softening the hard seed coat (Koch and Dixon 2000).  An artificial 

growth hormone, i.e.  gibberellic acid (GA), improved germination of Aiphanes erosa, 

Hyphaene schatan, Phoenix acaulis, Sabal palmetto, Phoenicophorium borsiqianum 

and Veitchia merrillii compared to those treated by scarification (Odetola 1987).  

Scarification resulted in higher germination of Aiphanes erosa, Areca lynn, Arenga 

microcarpa, Gaussia attentuata, Ptychandra glauca and Sabal palmetto compared to 

those soaked in running tap water or treated by warm scarification (Odetola 1987).  
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Soedjono and Suskandari (1996) found that the seeds of Cyrtostachys lakka and 

Roystonea elata were released from dormancy by soaking them in GA solutions 

followed by scarification.  However dormancy was not broken when seeds of these 

species were treated with GA but not scarified (Natasasmita 1997).   

Various moist heat treatments have been used by previous researchers, but no 

information is available on germination of the study species after treating with moist 

heat (Table 3.1).  Germination of Calamus latifolius increased after heating at 40°C 

for 48 hours. Soaking seeds in plain water for 2-7 days at 35-45°C improved the 

germination of some palms (Hodel 1998).  Utami and Siregar (1997) found that 53% 

of Chrysalidocarpus lutescens seeds germinated after soaking in hot water at 50-60°C 

for 20 minutes.  The International Seed Testing Association (1985) provides a list of 

prescribed germination conditions for many species.  The Association also has 

recommended moist heat to break dormancy and improve germination, i.e.:  (1) 

soaking to allow full imbibition or, for hard-coated seeds such as legume species like 

Acacia, by plunging seeds in near boiling water until it cools; and (2) acidic 

scarification combined with preheating to 50ºC.  Latifah (unpublished), in a previous 

study, found that heating seeds in hot water at 70°C for 10 minutes resulted in 

germination of less than 50% in Adonidia merrillii, Arenga microcarpa, 

Chamaedorea seifrizii and Oraniopsis appendiculata.  In view of these findings, 

moist heat at 50°C for five minutes was used in this research. 

3.1.3  Experiment 3:  Fluctuation of light and temperature 

Diurnal fluctuations in light and temperature in nature are likely to stimulate 

the germination of seeds with hard seed coats (Richards and Beardsell 1987).  Seeds 

of the palms Coccothrinax argentata, Pseudophoenix sargentii, Rhapidophyllum 
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hystrix and Thrinax morrisii germinate rapidly when sown in alternating temperatures 

from 25 to 35°C or 30 to 40°C at 6- to 12-hour intervals (Carpenter and Ostmark 

1989).  Yang et al. (2005) found that alternating temperatures from 15 to 30°C 

between day and night (at 6- to 12-hour intervals), thus simulating diel fluctuations in 

nature, promoted the germination of a non-palm species, Mikania micrantha.  In view 

of this previous research, carried out on sub tropical and tropical palm and non-palm 

species, the current study examined the effects of alternating from 20 to 30°C at 12-

hour intervals on germination of the palm study species. 

3.1.4  Experiment 4:  Light treatments 

Many seeds break their dormancy and germinate in gaps where the sunlight is 

rich in red light (Bullock 2000).  On the other hand, under the leaf canopy the ratio of  

far-red to red light is higher which inhibits seed germination through the action of 

phytochrome.  The R- and FR-absorbing forms of phytochrome, Pr and Pfr 

respectively, play important roles in germination induction (Baskin and Baskin 2001; 

Bewley and Black 1994b; Pons 2000; Whitmore 1998).  In many Angiosperms, Pr is 

present in unirradiated, dormant seeds.  This form (Pr) is physiologically inactive and 

rarely affects dormancy.  However, when Pr is activated by red light, Pr is 

transformed into Pfr, an active form that can break dormancy depending upon its 

concentration.  The ratio of red to far red light is low beneath forest canopies due to 

the absorption of red light by chlorophyll in the canopies resulting in high ratios of Pr 

to Pfr that can enforce dormancy (Bewley and Black 1994b; Whitmore 1998).  On the 

other hand, in canopy gaps an increase in the ratio of red to far red light can increase 

the relative amount of Pfr, which may, in appropriate species, break seed dormancy 

(Bewley and Black 1982; 1994b; Whitmore 1998).   
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Many light-sensitive seeds suffer from seed-coat-imposed dormancy (Bewley 

and Black 1994a; Richards and Beardsell 1987).  Several studies have used red-light 

experiments to break dormancy and enhance germination, for example in Lactuca 

sativa (Asteraceae) after red-light irradiation for 1.5-5 minutes (Bewley and Black 

1994a; Carpita et al. 1979; Nabors and Lang 1971), in Aechmea nudicalis and 

Streptocalyx floribundus (Bromeliaceae) after continuous red light (Pinheiro and 

Borghetti 2003), and in Mikania micrantha (Asteraceae) after red-light irradiation for 

10 minutes (Yang et al. 2005).  Little information exists on the role of red-light in 

breaking the dormancy of palm seeds.  In this research, light quality treatments used 

continuous white and red light to mimic light conditions in canopy gaps (Bewley and 

Black 1994b; Pinheiro and Borghetti 2003).   

Continuous darkness and far red light were used to stimulate light conditions 

under a canopy, or litter and debris from cyclonic disturbances (Bewley and Black 

1994b; Pinheiro and Borghetti 2003).  A sequence of red (10 minutes), far red (1 

hour) followed by 10-minute of red light (R-FR-R) was used to reproduce the red-

light rich conditions found under forest canopies in nature.  Because the palms have 

larger seeds compared to Mikania micrantha (Yang et al. 2005), 10- minutes of 

irradiation with red light was adopted.  The second red irradiation was required to 

reverse Pfr into Pr.  The 1-hour irradiation of far red light was adapted from Bewley 

and Black (1994b) who suggested that Pfr (far red absorbing phytochrome) should be 

activated for 1.25 hours in lettuce seeds (Lactuca sativa cv. Grand Rapids);  the 

earlier duration (1 hour) was designed as a safe duration because there were no 

information available on palm seeds and there were not sufficient seeds for 

preliminary observation to examine whether the critical time, i.e. 1.25 hours applied 

in the palm study species. 
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3.1.5  Germination pattern and seedling morphology 

Palms have hypogeal germination (Tomlinson, 1990; Kigel and Galili,1995), 

and  germination of most palm seeds is indicated by the emergence of the new shoot 

(Hodel 1998).  Tomlinson (1990) categorized palm germination into three types: (1) 

remote non-ligular germination or remote tubular germination as first described by    

Uhl and Dransfield (1987), (2) remote ligular germination (Fig. 3.2a), and (3) adjacent 

ligular germination (Fig. 3.2b).  Remote germination is indicated by the extension of 

the cotyledonary axis which develops a positive geotropism, so that the plumule 

develops at some distance remote from the seed, with or without a ligule (non-ligular 

germination). This kind of extension promotes rooting (an advantage).  In adjacent 

germination there is no extension of the cotyledonary axis and a cotyledonary sheath 

grows together with a ligule (ligular germination). The ligule is a vascularized 

structure attached to the cotyledonary sheath and is common in monocotyledons.  Uhl 

and Dransfield (1987) suggested that remote-ligular germination is an adaptation to 

germination in a moist environment, possibly because the petiole and cotyledonary 

sheath can burrow deep below the soil surface into a moister soil zone for new root 

development (Dowe 2010a; Tomlinson 1990).  Arenga australasica (Fig. 2.17a; 

Chapter 2) and L. ramsayi var. tuckeri have remote-non ligular germination (Fig. 

2.17d, Chapter 2; Figure 3.2a).  C. australis (Fig. 2.17b; Chapter 2) and H. 

wendlandiana (Fig. 2.17c, Chapter 2; Fig. 3.2b) have adjacent ligular germination.  
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(a) 

 

(b) 

Figure 3.2   First-stage seedling of  (a) L. ramsayi var. tuckeri, an example of remote 
non-ligular germination, and  (b) H. wendlandiana, an example of adjacent ligular 
germination;  a = seed, b = petiole, c = cotyledonary sheath, d = radicle, e = plumule, f 
= shoot, g = cotyledon (button), h = ligule. 

 

3.2   Research aims 

Laboratory trials on seed germination were undertaken to determine the effects 

that changed environmental conditions are likely to have on regeneration of palms 

following cyclonic disturbance.  These experiments investigated the effects of seed 

coat, light and temperature on germination, with the following hypotheses:  

 
(i) Germination will vary between species under three treatments: (1) no treatment; 

(2) moist heat at 50ºC; and (3) scarification.  This will imply that seed germination is 

affected by hard seed coats that inhibit water absorption. 

(ii) Germination will vary between species under three treatments: (1) 20ºC and 

continuous white light; (2) 30ºC and continuous white light; and (3) alternating light 

at 30°C and dark at 20°C.  The results will show the effect of conditions under a forest 

canopy and in canopy gaps or diurnal changes of light and temperature on 

germination. 
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(iii) Germination will vary between species under five treatments: (1) continuous 

white light; (2) darkness; (3) continuous red light; (4) continuous far red light; and (5) 

a combination of red and far red light.  The results will indicate whether germination 

is affected by the quality of light passing through the canopy (far red light), in canopy 

gaps (red light), or the proportion of red to far red light. 

Four experiments were conducted to address the hypotheses.  The research 

questions addressed by each experiment were: 

Experiment 1:  Imbibition  

(1) How long does it take to reach full imbibition? 

(2)       Were there any indications of seed-coat impermeability to water that could 
             
            induce seed dormancy and inhibit germination? 
 
(3)       Did the imbibition rate vary between species? 

Experiment 2:  Dormancy Breaking  

(1)      Did scarification or heat treatment increase germination? 
 
(2)      Were there any indications of seed-coat impermeability to water that can  
 
           induce seed dormancy in germination? 

Experiment 3:  Diel fluctuation of light and temperature  

  Is palm seed germination influenced by different temperatures or by 

alternating between dark and light and different diel temperatures? 

Experiment 4:  Light treatments  

(1) What is the germination rate in continuous white light? 

(2) What is the germination rate in darkness? 

(3) What is the germination rate in continuous red light? 

(4) Is germination inhibited by far red light? 
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3.3  Methods 

A completely randomized research design was applied to address the 

hypotheses (Gasperz 1991), for the experiments which were conducted in 20 and 30 

ºC temperature-controlled rooms. The dormancy breaking experiment used artificial 

techniques to simulate natural conditions that tend to take a long time.  Therefore, for 

example, seeds were scarified by filing the seed coat deep enough to allow water 

absorption, because in nature the germination of seeds with a hard seed coat that is 

impermeable to water is stimulated when the seed coats are cracked or softened 

gradually by abrasion against soil and rocks (Bewley and Black 1994).   

The general design of the experiments is presented in Table 3.2, including the 

number of replicates and seeds used in each experimental unit, which varied 

according to the number of seeds available.  Species were not analysed as treatments 

as the experiments on each species were not conducted at the same time due to 

differences in seed availability; however, general comparisons between species were 

possible. 
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Table 3.2  Overview of the germination experiments in four palm species including 
the details of each experiment and treatment.  The table also presents the number of 
replicates and seeds used in each experimental unit; r = number of replicates; s = 
number of seeds in each replicate; n.a.= seeds were not available.  There were 
insufficient seeds of  H. wendlandiana which restricted the number of light treatments 
used.  No seeds of C. moti were available for these experiments. 

 
Experiments A. australasica C. australis H. wendlandiana L. ramsayi 

     
Experiment 1: Effect of Dormancy Breaking Treatments on Imbibition 
(1) No treatment n = 4r x 10s n = 4r x 10s n = 3r x 7s n = 5r x 13s 
(2) Scarification n = 4r x 10s n = 4r x 10s n = 3r x 7s n = 5r x 13s 
(3) Moist heat 50°C n = 4r x 10s n = 4r x 10s n = 3r x 7s n = 5r x 13s 
 
Experiment 2: Effect of Dormancy Breaking Techniques on Germination 
(1) No treatment n = 4r x 10s n = 4r x 10s n = 3r x 7s n = 5r x 13s 
(2) Scarification n = 4r x 10s n = 4r x 10s n = 3r x 7s n = 5r x 13s 
(3) Moist heat 50°C n = 4r x 10s n = 4r x 10s n = 3r x 7s n = 5r x 13s 
 
Experiment 3: Diel Fluctuation of Light and Temperature 
(1) Continuous white light 
and 20°C 

n = 5r x 13s n = 4r x 9s n.a. n = 4r x 9s 

(2) Continuous white light 
and 30ºC 

n = 5r x 13s n = 4r x 9s n.a. n = 4r x 9s 

(3) Alternating between 
light and temperature 

n = 5r x 13s n = 4r x 9s n = 3r x 7s n = 4r x 9s 

 
Experiment 4: Light Treatments 
(1) Continuous white light n = 4r x 13s n = 4r x 8   n = 3r x 7s n = 4r x 13s 
(2) Darkness n = 4r x 13s n = 4r x 8 n = 3r x 7s n = 4r x 13s 
(3) Continuous Red light n = 4r x 13s n = 4r x 8 n = 3r x 7s n = 4r x 13s 
(4) Continuous Far Red 
light 

n = 4r x 13s n = 4r x 8 n = 3r x 7s n = 4r x 13s 

(5) Combination of Red 
and Far Red light 

n = 4r x 13s n = 4r x 8 n.a. n = 4r x 13s 
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3.4  Research materials and equipment 

3.4.1  Seeds of four study species 

The seed sources are displayed in Table 3.3 and the seed dimensions are 

presented in Table 3.4. The seeds were used in four experiments (Table 3.2). The 

seeds used in the experiments were fully imbibed to activate the seed metabolism for 

germination (ISTA 1985).  After the treatments, Thiram fungicide (active constituent: 

800g/kg Thiram) was applied and all seeds were placed in a 20 or 30ºC controlled-

temperature room under the light conditions explained in Section 3.4.3. 

 

Table 3.3  List of species and sources of fruits and seeds used in the experiments 
(Table 3.2); 1Experiments 1 and 2, 2Experiment 3, 3

Species 

Experiment 4. 

Status Date of 
collection 

Locality Number 
of mother 

plants used 
A. australasica1 
A. australasica2,3 

cultivated 
cultivated 

05-03-2007 
09-04-2009 

Palmetum, 
Townsville 
Palmetum, 
Townsville 

1 
1 

C. australis1,2 
C. australis3 

wild 
wild 

15-12-2008 
20-11-2009 

Tam O’Shanter 
National Park, 
Mission Beach 

1 
1 

H. wendlandiana1,3 
H. wendlandiana3 

cultivated 
wild 

04-09-2009 
13-12-2009 

Palmetum, 
Townsville 
Kurrimine Beach 
National Park 

1 
1 
 
 

L. ramsayi var. 
tuckeri 

cultivated 07-01-2009 Anderson Park, 
Townsville 

1 
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Table 3.4  Seed dimensions of study species.  L = length (mm), W = width (mm) and 
D = diameter (mm), for seeds that are round in cross-section. 

Species N Weight (g) Dimension (mm) 
 Mean Range Mean Range 

A. australasica 127 0.75±0.02 
 

0.20-1.15 L=12.92±0.31 
W=10.33±0.21 

L=8.73-17.31 
W=7.79-12.79 

C. australis 25 0.62±0.03 0.43-0.68 L= 10.05±0.22 
D=10.33±0.17 

L= 8.73-10.89 
D= 9.31-10.86 

H. wendlandiana 55 0.07±0.004 0.04-0.08 L=6.63±0.22 
D=4.50±0.13 

L=5.52-7.71 
D=3.73-5.06 

L. ramsayi var. 
tuckeri 

50 0.27±0.02 0.13-0.34 D=7.04±0.17 D=5.66-7.58 

3.4.2  Sowing medium 

The fully-imbibed seeds were sown between two water-saturated 9 cm-filter 

papers in petri dishes (ISTA 1985).  All treated seeds were then placed in the 

controlled-temperature room.  As scarification could help water intrusion, based on 

previous work on palm seed imbibition (Latifah, unpublished), all seeds were 

scarified in Experiments 3 and 4, and germination was monitored. 

3.4.3  Controlled temperature room and its light condition 

The experiments were held in two constant temperature rooms at 20ºC or 30°C 

in continuous white light.  The source of continuous white light was a fluorescent 

lamp (36W/840 cool white Philips Lifemax, range of 2-4 µmol quanta m-2 s-1 average 

3 µmol quanta m-2 s-1 in the 30ºC room or 36 µmol quanta m-2 s-1 in the 20ºC room).   

A few containers full of water were placed in various positions in the rooms to 

maintain humidity. 
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3.5  Experiments  

3.5.1  Experiment 1:  The effects of dormancy breaking treatments on imbibition 

The imbibition experiment was undertaken to determine how long the seeds 

took to reach a ‘fully-imbibed’ state and what the water mass was in that state.  When 

‘fully imbibed’, the seeds showed no significant increase in the amount of water 

absorbed.    The seeds used in the light and temperature experiments were also fully 

imbibed prior to the experiments, as full imbibition is required to initiate the seed 

metabolism needed for germination (ISTA 1985).  

The following pre-sowing treatments were applied to promote full imbibition. 

The fruit were soaked in tap water to moisten the fruit pulp so that it would be easily 

removed.  This soaking took up to 14 days in A. australasica, one week in L. ramsayi 

var. tuckeri and C. australis, and 3-5 days in H. wendlandiana (water was changed 

daily) depending on the thickness of the pulp.  The seeds were then cleaned and 

treated to break dormancy.  During preparation, delays caused by a backlog of work 

meant that some seeds had to be stored in a 20°C constant-temperature room for 1-3 

days.  

The seeds were subjected to dormancy breaking treatments prior to the 

imbibition experiment. Three treatments were undertaken to address the research 

questions: (1) no treatment, (2) scarification that artificially reproduced the natural 

wearing down of the seed coat, and (3) 50°C moist heat was selected after a 

preliminary assessment of the effects of a range of temperature treatments on breaking 

hard seed coats (see Section 3.1.2).  A preliminary assessment of the effects of moist 

heat was undertaken at temperatures of 40, 50, 70, 100°C (the seeds were soaked in 

water at each temperature for 5 minutes) and a heat-cold combination (the seeds of A. 

australasica, C. australis and L. ramsayi were soaked in hot water (100ºC) for 5 

minutes, and then the water poured off and replaced by tap water (19.5-22.5ºC) for 5 
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minutes using the same number of seeds and replicates given in Table 3.2).  The 

germination of A. australasica was the lowest under moist 40°C heat;  the germination 

under moist 50°C heat tended to be lower than scarification and no treatment, 

although they were not different statistically (F(3,12) = 12.45, p = 0.01, log-

transformed) (Fig. 3.4a).  Germination of seeds of C. australis occurred under no 

treatment, scarification, moist 40°C and 50°C heat; the germination was not 

significantly different (F(3,12) = 0.07, p = 0.98) (Fig. 3.4b).  In L. ramsayi, 

germination occurred under the 50ºC treatment, while seeds did not germinate when 

treated at temperatures above 50ºC, and seeds under 40ºC showed results similar to 

those under no treatment and 50°C; scarified seeds tended to germinate best although 

this was not statistically significant (F(3,16) = 1.87, p = 0.18) (Figure 3.4c).  As the 

seeds did not germinate when treated at temperatures above 50°C and seeds under 

40°C showed results similar to those under no treatment, scarification and 50°C 

(except in A. australasica); therefore, the current research examined the germination 

under no treatment, scarification and moist 50°C heat. 

The physical structure of the seed coats determined the nature of the control 

treatment.  The sarcotesta was removed from seeds of C. australis, but the fibrous 

sheath of H. wendlandiana  and endocarps of L. ramsayi seeds were not removed.  

After the treatment, the seeds were soaked in water in 9-cm petri dishes then 

covered by one piece of filter paper.  The petri dishes were placed in a 30ºC 

temperature-controlled room (ISTA 1985), and the seeds were weighed at regular 

intervals to determine the amount of water (mg) taken up during the imbibition 

period, the time needed for full imbibition and whether there was any indication of 

water impermeability in the seed coats. The amount (g) of water imbibed was 

determined per 10 seeds, because the mass of one seed was too small (Table 3.4). 
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The measurement intervals varied depending on the species and the timing of 

the preliminary water uptake.  For A. australasica, the water mass imbibed was 

measured every 7.5 h for 45 hours, after it was observed that no water was taken up 

after 6 hours. For C. australis, measurements were made after 12, 24, 38 and 52 

hours. Initial imbibition in H. wendlandiana was slower due to the fibrous seed coat 

and water mass absorbed was measured every 15 hours for 60 hours. Imbibition in L. 

ramsayi was measured after 13, 27, 32, 48 and 72 hours due to the hard seed coat of 

L. ramsayi var. tuckeri. 

3.5.2  Experiment 2:  The effects of dormancy breaking treatments on 

germination   

All the seeds treated in the imbibition experiment (Experiment 1), were placed 

in a constant temperature room at 30°C under continuous white light, until 

germination occurred, as described in Section 3.6.2.  

3.5.3  Experiment 3:  Diel fluctuation of light and temperature  

Germination was examined at two different temperatures in different 

controlled temperature rooms:  20°C (cool temperature) and 30°C (warm temperature) 

under continuous light.  The effect of a combination of diel temperatures and light was 

also examined by alternating between dark (20ºC) and continuous light (30ºC) every 

12 hours.  All seeds were scarified to allow full imbibition.     
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Figure 3.3   Longitudinal sections of  seeds of (a) A. australasica, (b) H. 
wendlandiana, and (c) L. ramsayi showing a = apical end, b = testa/seed coat, c = 
endosperm, d = embryo, e = fibrous sheath (Essig and Hernandez 2002), f = endocarp. 
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Figure 3.4   Germination (mean ± SEM) of (a) A. australasica, (b) C. australis and 
(c) L. ramsayi in the pilot trial of different dormancy breaking techniques: no 
treatment, scarification, moist heat 40°C, 50°C, hot water 70°C, 100°C and heat-cold 
combination.  Samples with the same lower case letters are not significantly different 
(p = 0.05). Secondary histograms (   ) show seed viability (%) after adding the viable 
ungerminated seeds to the number of germinated seeds of C. australis. 
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3.5.4  Experiment 4:  Light treatments 

This experiment investigated the effect of differences in light spectral quality 

on palm seed germination.  All the seeds were scarified and fully imbibed.  The 

soaked seeds of all treatments, except ‘continuous white light’, were placed in light-

tight petri dishes (by covering with aluminium foil), which were then placed in a 30ºC 

temperature-controlled room, and weighed at regular intervals in darkness by working 

under green-filtered light.  The source of continuous white light was a fluorescent 

lamp (36W/840 cool white Philips Lifemax, range of 2-4 µmol quanta m-2 s-1 average 

3 µmol quanta m-2 s-1).  Red light was supplied by one fluorescent lamp underlain 

with a 3-mm thick red Plexiglas filter at a distance of 1 m (Borthwick et al. 1954).  

The far red light source consisted of one incandescent lamp (100W) and a fluorescent 

lamp  filtered through a 3-mm thick  far-red  Plexiglas filter; the distance between the 

incandescent lamp was 60 cm (Borthwick et al. 1954).  The number of the fluorescent 

lamps in this study was one; not two as used by Borthwick et al. (1954) because these 

palm seeds are sensitive to drying/desiccation (shown by preliminary observations 

and considering many palm seeds are recalcitrant or sensitive to desiccation (Roberts 

1973)).  The spectrum transmitted through each filter was examined using a 

spectrophotometer to confirm transmission of red (R) light at 660 nm and far red (FR) 

at 730 nm.  The seeds were irradiated in light-tight wooden boxes .   

The five treatments were: 

Treatment 1:  Continuous white light:  The seeds were placed in a temperature-

controlled room at 30ºC.   

Treatment 2:  Darkness:  The seeds were placed in light-tight trays in a temperature-

controlled room at 30ºC. 

Treatment 3:  Continuous red light:  The seeds were placed in light-tight wooden 

boxes in a temperature-controlled room at 30ºC.   
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Treatment 4:  Continuous far red light:  The seeds were placed in light-tight wooden 

boxes in a temperature-controlled room at 30ºC.   

Treatment 5:  Combination of red-far red-red:  The combination of red-far red-red-

darkness was made up of sequences of red (R; 660 nm) and far red  (FR; 730 nm) 

light treatments: 10 minutes R,  1 hour FR after R, then R again for 10 minutes; the 

seeds were then placed in light-tight containers.  The sequence of R-FR-R  was based 

on Bewley and Black  (1994b) and Borthwick et al. (1954) who used the seeds of 

Lactuca sativa cv. Grand Rapids which were irradiated by red light for 1.5 minutes 

and far red light for 4 minutes in a sequence of R-FR-R.  As the palm seeds are bigger 

than the lettuce seeds and there was no information available on the responses of palm 

seeds to red and far red light, the current research used the longest irradiation periods 

used by these other authors, i.e. 10 minutes for red light (Khan 1982) and 1 hour for 

far red light (adapted from Bewley and Black (1994b)). 

3.6  Variables observed and data analysis 

3.6.1  Water mass and time to full imbibition   

The amount (g) of water imbibed was determined per 10 seeds, because the 

mass of one seed was too small (Table 3.3). Water mass is the quantitative variable in 

the imbibition process and is described as the amount of water imbibed across the 

dormancy breaking treatments during the imbibition period.  The differences in the 

amount of water imbibed across the treatments over time was analysed by repeated 

measures ANOVA.   

The imbibition period was determined when there was no further change in the 

amount of water absorbed; the differences of the time effect were analysed by 

repeated measures ANOVA.   
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3.6.2  Germination 

The quantitative variable in the seed germination experiments is ‘germination’ 

expressed as a percentage.  The formula is as follows: 

Germination = n/N x 100% 
 

(n= number of seeds that germinated,  N= total seeds per experimental unit) 
 

To determine germination, batches of seed were germinated in petri dishes on filter 

paper covering a layer of vermiculite (to maintain moisture). Germination was defined 

by the appearance and elongation of the cotyledonary tubule in A. australasica and L. 

ramsayi var. tuckeri.  In C. australis and H. wendlandiana, germination was defined 

as the appearance and elongation of the plumule. The number of seeds germinated 

was recorded regularly and then they were removed.  After seeds ceased germinating, 

the viability of ungerminated seeds was tested using tetrazolium.  The presence of 

viable ungerminated seeds indicated seed dormancy.  Viability was calculated as: 

Viability= (n1+n2)/N x 100% 
 

(n1= number of seeds that germinated, n2= number of seeds that were viable 
according to the tetrazolium test). 

 
Viability was used to help interpret the germination results. 
 

Germination was analyzed by one-way analysis of variance (ANOVA) to 

determine if there were significant treatment effects. 

3.6.3  Time to first germination and final germination  

The rate of germination can be determined by several measures such as time to 

first germination, time to final germination, T50, coefficient rate of germination or 

coefficient rate of germination simultaneity (Bewley and Black 1994; Cavanagh 1987; 

Coolbear et al. 1984; ISTA 1985).  However, as the palm seeds germinated slowly, 
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time to first germination and time to final germination were used to assess the 

germination rate.  Time to first germination was the time (days after sowing) when the 

first seed germinated in each replicate.  Time to final germination was the time to the 

last signs of seed germination.  The data were analyzed by one-way analysis of 

variance (ANOVA) to determine if there were significant differences.  When the data 

were not normally distributed, the Kruskal Wallis Non Parametric Test was applied. 

3.6.4  Viability  

In these experiments, a viability test was used at the end of the experiments 

when the remaining seeds still had intact embryos after one month following final 

germination, as adopted from Pritchard et al. (2004). The viability test was also 

performed on untreated seeds when sufficient seeds were available.   

The following procedure was applied to palm seeds (Latifah (unpublished 

report), ISTA (1985) and Bodthipuks et al. (1996)).  1% 2,3,5-

Triphenyltetrazoliumchloride  was applied, taking into consideration  the hard seed 

coat, hard endosperm, and the highest concentration recommended by the 

International Seed Testing Association (ISTA 1985).   The viability test comprises 

pre-staining, staining and viability determination. 

 
Pre-staining 
 

The seed coat was peeled.  When this procedure was performed before the 

germination experiments, the seeds were scarified, placed between moist filter papers 

in petri dishes in the 30ºC-controlled room until the seeds were fully imbibed before 

being cracked.  The seed was bisected, or cracked in half, near the embryo to expose 

the embryo.  The halves were then cracked once more to expose the endosperm. 
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Staining  
 

The seeds were soaked in 1% Tetrazolium chloride solution in - bottles 

wrapped with aluminium foil to create dark conditions.  The soaked seeds were placed 

in the 30ºC-controlled temperature room until they were fully stained. 

 
Viability determination 
 

The viability of the seeds was based on the staining pattern in embryos and 

endosperms (Bhodthipuks et al. 1996; ISTA 1985).  Since no information is available 

on palm seeds, this determination was based on viability tests done on Oraniopsis 

appendiculata and Arenga microcarpa (Latifah, unpublished).  As palm seeds have a 

hard endosperm and seed coat, the palm seed is determined as viable when the 

embryo is red and endosperm is red, or more than 50% red (Appendix 3.1).  The TTC 

standard ‘not viable’ (Appendix 3.1) included known dead seeds used in the 

preliminary test on A. australasica, C. australis and L. ramsayi  that applied 100 °C 

hot water (Figure 3.4). 

3.7  Results 

3.7.1   The effects of dormancy breaking treatments on imbibition  

The cumulative amount of water imbibed varied between different dormancy 

breaking techniques (Fig. 3.5).  Scarified seeds of A. australasica (Fig. 3.5a) absorbed 

more water (F2,6 = 22.26, p < 0.01) than seeds with the other seed coat treatments, i.e. 

0.06 mg/seed for 37.5 hours when fully imbibed (F5,15 = 147.91, p < 0.01); however, 

the untreated and scarified seeds were also fully imbibed after the same time.  There 

was an interaction between the amount of water absorbed and time in C. australis 

seeds (F6,18 = 2.92, p = 0.04).  The seeds in the moist heat (50°C) treatment absorbed 

most water (0.03 mg/seed) in the first 12 hours (Fig. 3.5b); however, the cumulative 
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amount of water absorbed was 0.04 mg/seed after 24 hours when fully imbibed in all 

seeds, including untreated and scarified seeds (F3,18 = 239.11, p < 0.01).  In               

H. wendlandiana seeds, there was an interaction between the cumulative amount of 

water absorbed and time (F6,12 = 3.15, p = 0.04) (Fig. 3.5c).  The interaction indicated 

that the seeds in the moist heat treatment absorbed most water (0.043 mg/seed) in the 

first 15 hours; however, all seeds (including scarified and untreated) were also fully 

imbibed after 45 hours (F3,6 = 85.91, p < 0.01). There was also an interaction between 

the cumulative amount of water absorbed in L. ramsayi seeds and time (F4,16 = 4.83, p 

= 0.01) (Fig. 3.5d);  scarified seeds absorbed most water in the first 13 hours (0.038 

mg/seed) and absorbed least water at full imbibition (0.08 mg/seed) after 48 hours 

(F2,8 = 323.903, p < 0.01), indicating that the scarified seeds reached full imbibition 

earlier than untreated and heated seeds (F2,8 = 311.39, p < 0.01). 

3.7.2   The effects of dormancy breaking treatments on germination 

The seed germination of A. australasica did not differ significantly between 

treatments (F2,9 = 3.26, p = 0.09, log-transformed) (Fig. 3.6a), although there was 

slightly higher germination of   seeds when they were scarified (82%) or heated at 50 

ºC (88%).  In comparison, 68% of untreated seeds germinated.  The time to first and 

final germination was also not significantly different between treatments (Fig. 3.6b-c).  

The tetrazolium test indicated that the ungerminated seeds were not viable. 
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Figure 3.5   Amount of water absorbed per 10 seeds (mean ± SEM) and time for 
imbibition of (a) A. australasica, (b) C. australis, (c) H. wendlandiana and (d) L. 
ramsayi in response to different dormancy breaking techniques: no treatment (□), 
scarification (Δ), moist heat 50°C (○).  Samples with the same upper (treatment effect) 
or lower case letters (time) are not significantly different (p > 0.05). 

 

The germination of C. australis seeds was also not significantly different 

between dormancy breaking treatments (F2,9 = 0.53, p = 0.61) (Fig. 3.6d).  The 

untreated seeds yielded 78% germination, while 70% of seeds germinated following 

the other two treatments.  The time to first germination did not differ between 
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treatments; however time to final germination of the untreated seeds tended to be 

earlier, i.e. 37 days.  The ungerminated seeds were not viable. 

The untreated  H. wendlandiana seeds yielded 14% germination.  The seeds 

germinated after 102 days, and the ungerminated seeds were found to be not viable. 

The seeds in the dormancy breaking treatments did not germinate.   

The germination of  L. ramsayi seeds also did not differ significantly between 

dormancy breaking treatments  (F2, 9 = 2.29, p = 0.14) (Fig. 3.6g).  78% of scarified 

seed germinated compared to 60% of untreated seeds and 58% of heated seeds. 

Scarified and heated seeds tended to germinate earlier (after 100 and 109 days 

respectively) than the untreated seeds (130 days).  The time to final germination did 

not differ significantly between treatments.  Some ungerminated seeds were viable, 

resulting in 71% (no treatment), 80% (scarification) and 77% (moist heat 50°C) 

viability. 

3.7.3   Effect of diel fluctuation of light and temperature 

Germination of A. australasica was higher at 30ºC under continuous light, as 

well as alternating dark-light and temperature (67%), than at 20°C under continuous 

light (6%) (F2,9 = 3.66, p < 0.01, log-transformed) (Fig. 3.7a).  Seeds tended to begin 

and complete germination earlier in 30°C continuous light, i.e. after 30 and 140 days 

respectively (F2,9 = 0.44, p = 0.66 and F2,9 = 1.94, p = 0.19 respectively, log-

transformed) (Fig. 3.7b-c).  Most of the ungerminated seeds in the 20°C treatment 

were viable, resulting in 65% viability (Fig. 3.7a). 
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Figure 3.6   Germination and times to first and final germination (mean ± SEM) of (a-c) A. australasica, (d-f) C. australis and (g-i) L. ramsayi 
in response to different dormancy breaking techniques: no treatment (   ), scarification (    ) and moist heat 50°C (   ).  Secondary histograms (   ) 
for L. ramsayi show seed viability (%) after adding the viable ungerminated seeds to the number of germinated seeds. 
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The germination of C. australis seeds was not affected by alternating dark-

light and temperature (F2,9 = 20.99, p < 0.01) (Fig. 3.7d).  Greater germination 

occurred in this treatment (94%) and in 30°C continuous light (83%) than at 20°C 

(58%).  The 20°C continuous light (3 days) had a significantly lower time to first 

germination than the other two treatments which were not significantly different    

(F2,9 = 6.47, p = 0.02, log-transformed) (Fig. 3.7e).   Time to final germination of the 

seeds in 30°C continuous light was earlier (22 days), compared with those in 

alternating dark/light and temperature (73 days) (F2,9 = 54.57, p < 0.01).  The earlier 

time to first and final germination of the seeds in 20°C continuous light (3 days), was 

related to their low germination.  The ungerminated seeds were not viable. 

The germination of L. ramsayi seeds was stimulated by alternating dark/light 

and temperature (67%), compared to the 20°C (3%) and 30°C (33%) treatments (F2,9 = 

7.25, p = 0.01, log-transformed) (Fig. 3.7g).  However, the times to first and final 

germination were not significantly different between the alternating dark/light and 

temperature (136-140 days) and 30°C treatments (130-167 days) (F2,9 = 6.63, p = 0.02 

and F2,9 = 7.00, p = 0.02 respectively, log-transformed).  The earlier times to first and 

final germination of the seeds in 20°C continuous light (53 days), were related to their 

low germination.  Most of the ungerminated seeds were viable, resulting in 53% 

(20°C, full light), 50% (30°C, full light), and 72% (20/30°C dark/light) viability.  

3.7.4   Effect of different light treatments 

Germination of A. australasica was inhibited by far red and a combination 

with red light than the other treatments (F4,15 = 31.51, p < 0.01) (Fig. 3.8a).  

Germination occurred earlier under continuous far red light i.e. after 12 days (F4,15 = 

4.63, p = 0.01, log-transformed) (Fig. 3.8b). Seeds in the far red and dark treatments 
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completed germination earlier (72 and 93 days), while the seeds under the white and 

red light treatments took longest i.e. 147 and 144 days respectively (F4,15 = 4.36, p = 

0.02, log-transformed) (Fig. 3.8c).  The ungerminated seeds were not viable. 

All Calamus australis seeds germinated in all treatments.  Seeds took longest 

to begin (32 days) and complete germination (74 days) in continuous far red light 

(F4,15 = 95.12 and F4,15 = 32.19 respectively, p < 0.01) (Fig. 3.8d-e).  Germination was 

not inhibited by darkness or a combination of red and far red light.   

Greater germination of Hydriastele wendlandiana seeds occurred in darkness 

(95%) and red light (81%), with no germination under far red light and low 

germination in the combination treatment of red and far red light (F3,8 = 23.17, p < 

0.01) (Fig. 3.9a).  Germination occurred earliest in the dark treatment (24 days) (F3,8 = 

70.16, p < 0.01) (Fig. 3.9b).  Time to final germination of the seeds under diel 

fluctuations in light/temperature (70 days) and darkness (66 days) were earlier than 

the seeds under red light (86 days) (F3,8 = 68.61, p < 0.01) (Fig. 3.9c).   

Germination of L. ramsayi seeds varied between the different light treatments 

(Fig. 3.8f).  Greatest germination occurred under continuous white (54%) and red 

light (48%) (F4,15 = 6.26, p < 0.01, log-transformed).  The time to first germination 

(45-74 days) was not significantly different between treatments (F4,15 = 1.17, p = 0.36, 

log-transformed) (Fig. 3.8g).  The seeds in the far red light treatment completed 

germination earliest (65 days) (F4,15 = 7.41, p < 0.01, log-transformed) (Fig. 3.8h), 

which was related to their low germination (12%) (Fig. 3.8f).  Darkness inhibited the 

seed germination (Fig. 3.8f). 
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Figure 3.7   Germination and times to first and final germination (mean ± SEM) of (a-c) A. australasica, (d-f) C. australis and (g-i) L. ramsayi 
in response to different temperature treatments and diel fluctuation of light and temperature: 20°C full light (   ), 30°C full light (   ) and 20/30°C 
dark/light (   ).  Samples with the same lower case letters are not significantly different (p = 0.05).  Secondary histograms (  ) show seed viability 
(%) after adding the viable ungerminated seeds to the number of germinated seeds. 
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Figure 3.8   Germination and times to first and final germination (mean ± SEM) of (a-c) A. australasica, (d-e) C. australis and (f-h) L. ramsayi 
in response to different light treatments: continuous white light  (    ), darkness (    ), continuous red light (   ), continuous far red light (   ) and a 
combination of red and far red light (   ).  All C. australis seeds germinated in all treatments (the graph is not displayed).  Samples with the same 
lower case letters are not significantly different (p = 0.05).  Secondary histograms (   ) show seed viability (%) after adding the viable 
ungerminated seeds to the number of germinated seeds. 
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Figure 3.9   Germination and times to first and final germination (mean ± SEM) of  H. wendlandiana in response to light and temperature 
treatments.  Due to the low seed availability, the experiment consisted of four treatments - the diel fluctuation of light-temperature and the light 
treatments consisting of: 20/30°C day/light (   ), darkness (    ), continuous red light (  ) and continuous far red light (no germination).  Samples 
with the same lower case letters are not significantly different (p = 0.05).  Secondary histograms (  ) show seed viability (%) after adding the 
viable ungerminated seeds to the number of germinated seeds; nv = the remaining ungerminated seeds were not viable. 
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3.7.5   Summary of results 

The palms studied had varying germination responses, as summarised in Table 

3.5.  Either scarified or heated seeds absorbed most water (Fig. 3.5) in the early stages 

of imbibition, indicating that the four species had hard seed coats that could inhibit 

imbibition.  The dormancy breaking treatments also appeared to enhance germination 

in A. australasica, C. australis and L. ramsayi, although they were not statistically 

significant (Fig. 3.6).  The times to first and final germination suggest that seed-coat 

imposed dormancy was present in A. australasica and L. ramsayi (Fig. 3.6).  

Moreover, the results indicate that alternating dark-light and temperatures promote the 

germination of H. wendlandiana and L. ramsayi.  Far red light inhibited the 

germination of A. australasica, C. australis and H. wendlandiana.  The seeds of these 

species were also able to germinate in darkness.  The seeds of L. ramsayi were 

inhibited by far red light and darkness. 
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Table 3.5  Summary of the results of the germination experiments for  four palm species ; ‘+’ and ‘-‘  indicate ‘present and ‘absent’ respectively; 
n.a. = not applicable.   

 
Species Treatments Results 

 
Indications of  

Seed Coat-Imposed 
Dormancy (Figs 3.5-6) 

Indications of  
Far Red Inhibition 

(Fig. 3.8) 

Indications of 
Diel Requirements  
(Fig. 3.7 and 3.9) 

A. australasica Imbibition-Scarification Scarified seeds absorbed more water after 30 days + n.a. n.a. 
 Scarification 82% germination; first germination after 40 days + n.a. n.a. 
 Moist Heat  88% germination; first germination after 42 days + n.a. n.a. 
 30°C-Continuous Light 

Alternating Dark-Light 
67% germination;  first germination after 30 days 
67% germination; first germination after 140 days 

 
n.a. 

 
n.a. 

 
- 

 Far Red Light 
Red-Far Red Combination 

14% germination (lowest) 
38% germination (lower than the other light treatments) 

n.a. 
n.a. 

+ 
+ 

n.a. 
n.a. 

C. australis Imbibition-Moist Heat Heated seeds absorbed more water for first 12 h + n.a. n.a. 
 No Seed-Coat Treatment 

Scarification 
Moist Heat 

} Not significant 
} 
} 

- n.a. n.a. 

 30°C-Continuous Light 
Alternating Dark-Light 

83% gemination; completed after 22 days 
94% germination; completed after 73 days  

 
n.a. 

 
n.a. 

 
- 

 All light treatments  
Far Red Light 

100% germination 
Time to first and complete germination was the latest, 32 and 74 
days respectively 

 
 

n.a. 

 
 

+ 

 
 

n.a. 
H. wendlandiana Imbibition-Moist Heat Heated seeds absorbed more water for first 15 h + n.a. n.a. 
 Alternating Dark-Light 

Far Red Light 
Lowest germination 
No germination 

n.a. 
n.a. 

n.a. 
+ 

- 
n.a. 

L. ramsayi Imbibition-Scarification Scarified seeds absorbed more water for first 13 h and fully imbibed 
earlier after 48 h 

+ n.a. n.a. 

 Scarification Time to first germination: 100 days + n.a. n.a. 
 Alternating Dark-Light 67% germination 

Time to first and completed germination were not significantly 
different, 136-140 and 130-167 days respectively 

n.a. n.a. + 

 Darkness 
Far Red Light 
Red-Far Red Combination 

32.69% germination } not significantly different and lower than the  
11.54% }                     other light treatments 
30.77% } 

n.a. + n.a. 
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3.8  Discussion 

A. australasica belongs to the sub family Arecoideae, and all members of this 

group have a very thick seed coat (Uhl and Dransfield 1987) (Fig. 3.3a).  The seed coats 

of A. australasica seeds slowed their imbibition (Fig. 3.5a; Table 3.5).  The fully-imbibed 

scarified or heated seeds tended to have higher germination (82-88%) within 185-200 

days (began to germinate after 40-42 days) than untreated seeds (68%) within 167 days 

(began to germinate after 39 days).  It appears fewer untreated seeds germinated, but they 

germinated faster.  This is a high total germination compared to that found in previous 

studies of Arenga species.  In one study, seeds of A. pinnata and A. wightii yielded only 

27% and 4% germination, and germinated after 27 and 3 days respectively without any 

treatments (Rees, A.R. in Koebernik (1971)).  Dormancy of A. pinnata seeds was broken 

by acid or mechanical scarification (using a file) treatments after 30-365 days; a few 

samples germinated after 730 days (Mujahidin et al. 2003).  A. microcarpa seeds gave 

74-86% germination after warm stratification for 2-6 weeks at 27-40°C (Odetola 1987).  

A. engleri, A. microcarpa, A. obtusifolia, A. pinnata, A. tremula, A. undulatifolia and A. 

wightii broke dormancy after 83-626 days without any treatments (Koebernik 1971).  In 

another study, scarified seeds of A. microcarpa had 70% germination after 63-308 days 

(Latifah, unpublished).  On the other hand, the seeds of A. australasica had 90% 

germination within 19 days; there is no information about the treatment, the source and 

the age of the seeds used in this study (ISTA 2006).  The varying results above suggests 

that Arenga spp., including A. australasica, may have secondary dormancy (Baskin and 

Baskin 2001; Fenner and Thompson 2005; Vleeshouwers et al. 1995), which refers to 

seeds that are able to germinate after shedding from their parent trees when conditions are 
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suitable for germination and seedling establishment; but the seeds can also lie dormant 

during seasons that are unfavourable for germination and establishment. 

Imbibition of C. australis seeds was also slowed by the seed coat (Fig. 3.5b; Table 

3.5).  The properties of the sarcotesta may cause water impermeability according to Bass 

(1979).  No previous research on C. australis could be found; however, the literature 

contains some information for other Calamus species.  In the current study, 78% of 

untreated seeds (sarcotesta removed (Fig. 3.1); see Glossary) germinated after 10 days 

(within 37 days) (Fig. 3.6d-f).  In comparison, C. peregrinus showed 91% germination 

within 12-35 days with the sarcotesta removed (Vangkualong 1984).  In the current study, 

70% of C. australis seeds, which had been scarified or heated, germinated after 10-13 

days (within 64-71 days); but, this was not significantly different to untreated seeds. 

Mohd et al. (1994) found increased germination of C. latifolius after heating at 40°C for 

48 hours. The current study and the previous research by the other authors did not 

examine germination without removal of the sarcotesta.  

Similarly, the seed coat of H. wendlandiana slowed imbibition (Fig. 3.5c; Table 

3.5).  As in A. australasica, H. wendlandiana also belongs to sub family Arecoideae 

whose members have a very thick seed coat (Uhl and Dransfield 1987) covered by a 

fibrous sheath (Essig and Hernandez 2002) (Fig. 3.3b). Untreated seeds (the fibrous 

sheath was not removed) of H. wendlandiana gave 43% germination after 102 days.  The 

scarified and heated seeds did not germinate.  Lawie (2007) found that scarified seeds of 

H. wendlandiana took 365 days for the first germination, but does not describe the 

percentage that germinated.  Another worker found that fresh seeds without any treatment 

germinated within 90-180 days (Cronin 1989).  In the present study, scarification and 

moist heat did not promote germination.  The seeds may require certain light conditions 

for germination (see below). 
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Like the other three palms, imbibition was slowed by the seed coat of L. ramsayi 

(Fig. 3.5d; Table 3.5).  L. ramsayi belongs to sub family Coryphoideae in which many 

members have very thick seed coats (Uhl and Dransfield 1987).  The seeds of this species 

also absorbed more water (0.08 mg/seed) when fully imbibed after 48 hours than the 

other study species, despite the seed weight being lighter than A. australasica and C. 

australis.  In the current study, scarification gave 78% germination after 101 days (within 

216 days) which was higher than untreated (60%, after 133 days, within 211 days) and 

heated seeds (58%, after 109 days, within 199 days).  Moreover, some of the 

ungerminated seeds were still viable, resulting in 71% (no treatment), 80% (scarification) 

and 77% (moist heat) viability.  A previous study found that L. ramsayi var. ramsayi 

germinated slowly and erratically in the nursery as well as in rainforests (Nicholson and 

Nicholson 1991).  In the nursery, the germination of L. ramsayi var. tuckeri seeds took a 

year (Diy pers.comm., January 7th 2009).  Previous research on other species of Licuala 

found L. elegans, L. gracilis, L. lauterbachii, L. muelleri, L. peltata and L. spinosa took 

53-475 days to germinate without any treatments (Koebernik 1971).  These results 

suggest that seed coat-imposed dormancy is present and the endocarp that covers the seed 

coat may inhibit imbibition and germination in L. ramsayi seeds.    

A. australasica seed germination was inhibited by far red light (Fig. 3.8a, Table 

3.5).  This suggests that canopy gaps created by cyclonic disturbances may induce seed 

germination in this species since: (1) this result was not significantly different from that in 

white light, and (2) the far red and red-far red combination resulted in lower germination, 

14% (72 days first germination) and 38% (130 days first germination).   

All of the C. australis seeds germinated under all light treatments (Table 3.5).  This 

indicates that canopy gaps were also favourable for germination of C. australis.  This 
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species could be considered to be able to germinate in all light conditions.  No previous 

research of this nature has been done on C. australis. 

No Hydriastele wendlandiana seeds germinated under far red light, while most 

germinated under darkness or red light (Fig. 3.9a, Table 3.5).  Under white light only 43% 

untreated seeds germinated after 102 days (Experiment 2: Dormancy Breaking 

Treatments).  The seed germination was inhibited by far red light.  No previous research 

on effects of light on germination of this species could be found in the literature.  

However, these results suggest that untreated seeds germinated slowly under continuous 

white light and scarified seeds under white light did not germinate; although the scarified 

seeds germinated under darkness or red light. 

Similarly, most seeds of L. ramsayi germinated under red and white light and were 

inhibited by far red light (Fig. 3.8f, Table 3.5).  This suggests that germination of L. 

ramsayi seeds may be favoured by canopy gaps.  No similar studies could be found for L. 

ramsayi in the literature. 

Seed germination of the four palm species also occurred in darkness (Fig. 3.8-9, 

Table 3.5).   The phytochrome system is involved in seed germination in darkness, the 

seeds may have sufficient Pfr which is an active form that can promote germination in 

darkness (Section 3.1.4: Introduction on light treatments) (Bewley and Black 1994b).  No 

research in this area has been done on A. australasica. However, in another Arenga 

species, A. microcarpa, darkness resulted in low germination when the seeds were placed 

inside 500 gauge polyethylene bags and exposed to continuous white light or continuous 

darkness (Odetola 1987).   

The germination of the palms studied varied in response to different temperatures 

(20 and 30°C) and diel light and temperature fluctuations.  The germination of A. 

australasica, C. australis and L. ramsayi was lower at 20°C, compared to 30°C.  The 
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effects of diel fluctuations were not significant in A. australasica and C. australis 

compared to L. ramsayi, which germinated best under the fluctuating treatment.  In 

contrast, diel fluctuations inhibited the germination of H. wendlandiana seeds.  A review 

of the literature found no similar research on palms.  A non-palm and invasive tropical 

plant, Mikania micrantha, germinated rapidly in 25, 30 15/30 °C (night/day) and an 

ambient temperature (24-32°C) suggesting it is widely adapted to a range of natural 

conditions (Yang et al. 2005).  Probert and Smith (1986) and Roberts and Totterdell 

(1981) found that temperature and light fluctuations did not significantly increase the 

R:FR ratios and the transformation of Pr to Pfr is influenced by temperature.   

 

3.9  Conclusion 

The hard seed coats of A. australasica, C. australis, H. wendlandiana and            

L. ramsayi slowed imbibition.  Scarified seeds germinated best in A. australasica,            

C. australis and L. ramsayi. The germination of all seeds was inhibited by far red light.  

The red light requirement suggests that canopy gaps created by cyclonic disturbances 

could promote their germination.  This implies that in the field post cyclone recovery 

dispersal agents may play important roles in promoting germination of some palms by 

scarifying through the frugivore gut passage and specific placement in canopy gaps. 
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Chapter 4:  Seedling Growth under Different Light Intensities 

4.1   Introduction 

4.1.1  Palms in the rainforest 

Approximately 75% of palms species worldwide grow in rainforests (Dransfield 

1978).  In Australia, approximately 60% of palm species occur in rainforest habitats 

(Dowe 2010a).  For example, Licuala ramsayi (one of the study species here) dominates 

lowland tropical rainforests in the Mission Beach area, north Queensland, Australia, 

occupying the upper canopy (Tracey 1982b).  Gorman (1996) demonstrated that the age 

distribution of L. ramsayi near Mission Beach, showed the predominance of mature trees. 

Adult palms of several species flourish and their populations become more dense 

following cyclones/hurricanes that create canopy gaps.  This is evident from studies of 

Calamus australis (Webb 1958), L. ramsayi (Gorman 1996), Prestoea montana  (Frangi 

and Lugo 1998) and Archontophoenix alexandrae (Dowe 2009).  Dransfield (1979) and 

Manokaran (1985) suggested that seedlings of C. manan grow slowly in the understorey 

until a canopy gap is formed.  Clearly, these previous studies show the importance of 

studying regeneration strategies with respect to the changing light environments found in 

rainforests.  However, seedling survival under varying light intensities is generally 

inexactly resolved for palm species.  Therefore, this chapter addresses this gap in 

knowledge by investigating the effect of different light intensities on the seedling growth 

of five palm species. 

4.1.2  Adaptation to sun and shade 

Palm tree seedlings trap light to perform photosynthesis that produces biomass.  In 

natural conditions, they have traits that enable them to adapt to a range of light 

environments from high to low light, reflecting the various habitats where they are found, 
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from rainforest understoreys to the canopy or large gaps (Atwell et al., 1999).  Therefore, 

their traits reflect their adaptive characteristics or responses to changing biotic or abiotic 

environment. 

This research investigated the responses of palm seedlings under different light 

intensities based on the growth responses in both shade-tolerant and shade-intolerant 

plants found from previous studies.  Specifically, the research determined the variations 

in the adaptive growth responses according to the tolerance of seedlings to levels of 

sunlight in the two extremes of (1) shade-tolerant, low-light tolerant or shade plants, and 

(2) shade-intolerant, high-light tolerant or sun plants (Atwell et al. 1999; Poorter and 

Boot 1998).  Many plants exhibit intermediate states on the gradient between these two 

extremes (Atwell et al. 1999).  

Plant adaptations are defined by Larcher (2003) in a broad perspective; these types 

of adaptation (which are not mutually exclusive) are:  ‘modulative adaptations (functional 

flexibility)’, ‘modificative adaptations (phenotypic plasticity)’ and ‘evolutionary 

adaptation (genotypic plasticity)’.  The latter, which, reflects ‘ecological differentiation’ 

as a result of ‘selection and adaptability’, results in plants adapted to dim-light, shade, 

intermediate light and strong-light (Larcher 2003).  Indeed, many plants tolerate a range 

of light environments (Anderson et al. 1988). ‘The reaction norm’ of a plant is genetically 

confined (Larcher 2003), i.e. shade plants can adapt to high light intensities but not as 

well as the genetically adapted sun plants.  The extent of tolerance reflects the presence of 

adaptive traits and these traits are expressed by competitors present at a site.  The traits 

characteristic of shade and sun plants that contribute to species success in canopy gaps are 

outlined in the following paragraphs.  

Traits that differ between sun and shade plants, which were examined in this 

study, are growth rate, leaf turnover, leaf area, leaf mass, allocation of resources to root or 

shoot biomass, and chlorophyll content, including chlorophyll a:b ratio. 
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Sun plants can achieve faster growth rates than shade plants when light is not 

limited (Popma and Bongers 1988).  In this study, growth rate was determined as changes 

in seedling height over time.  As palm seedlings lack stems, seedling height refers to the 

elongation of petioles and leaf blades.  Dransfield (1979) and Manokaran (1985) found 

that the seedlings of Calamus manan grow very slowly in the rainforest understorey until 

a canopy gap forms, at which time the seedlings grow faster.  The canopy gap formation 

can also be associated with local increases in nutrient levels (Chow et al. 1988).  In 

another study, the height of seven rainforest tree seedlings (non palms) was lower under 

lower light intensities than those under higher light intensities (Poorter and Boot 1998).   

Sun plants may show faster turnover of leaves than shade plants.  Poorter and Boot 

(1998) reported that the leaf turnover for tree seedlings of seven rainforest species (non 

palms) increased with light intensity.  An experimental defoliation of Sabal palmetto, 

conducted by McPherson & Williams (1998), showed that young seedlings had large 

resources of carbon that allowed them to survive defoliation and periods of stress.  

Seedlings under a shady environment deal with the problem of predation (herbivory) by 

allocating an increased proportion of resources to defence (Larcher 2003), including high 

leaf turnover, which decreases leaf longevity of some rainforest tree seedlings (Poorter 

and Boot 1998).  

Leaf area may be expected to increase in response to decreasing light availability, 

to increase the surface area for light interception for photosynthesis,  as is evident in 

tropical-rainforest species such as Amphitecna tuxlensis, Cecropia obtusifolia, Cordia 

megalantha, Myriocarpa longipes and Psychotria simiarum (Popma and Bongers 1988).  

However, non-palm rainforest tree species studied by Poorter and Boot (1998), Cecropia 

sp, Schizolobium amazonicum, Cedrela odorata, Amburana cearensis, Astronium 

lecointei, Tetragastris altissima and Theobroma speciosum, reduced their leaf area with 
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decreasing light availability, as leaf area might have increased up to a point above which 

the required increase in leaf area for capturing limited light would not be efficient. 

Plant traits such as total chlorophyll content and chlorophyll a:b ratios are 

exhibited in several ways under varying light intensities.  Plants produce more 

chlorophyll a per unit mesophyll volume under high light intensity, for example in 

canopy gaps, in response to the increased availability of sunlight of high spectral quality 

(Chow et al. 1988).  Moreover, there is a tendency for shade-adapted plants to have 

relatively more chlorophyll b, relative to chlorophyll a, in response to the changed 

spectral quality in the understorey.  Chlorophyll a:b ratios are species dependent; in 

general, the leaves of most green plants contain three times as much chlorophyll a as 

chlorophyll b (Raven et al. 1999).  The chlorophyll a:b ratio changes with changing light 

regime, reflecting changes in resource allocation to PSI and PSII of photosynthesis, as  

different chl a:b ratios are involved in each Photosystem (Raven et al. 1999). 

Leaf biomass, above-ground biomass, below-ground biomass and root:shoot ratio 

were measured to examine resource allocation. Leaf biomass is the dry weight of leaf 

blades; while above-ground biomass included both leaf blades and petioles (palm 

seedlings lack stems), which relates to the weight of total photosynthetic materials.  The 

responses of biomass to different light intensities have been investigated in previous 

studies.  An increase in light intensity can lead to increased leaf biomass in some tropical 

rainforest trees (Popma and Bongers 1988).  However, the increase in leaf biomass may 

decline in response to decreasing light availability (due to light competition under canopy 

gaps) where a further increase in leaf area would be uneconomic (Poorter and Boot 1998).  

The root:shoot ratio reflects the allocation of resources: the energy, nutrient, support and 

water demands of the plant .  These traits are related to water and soil nutrient uptake as 

canopy gaps can also be associated with local increases in nutrient levels (Lambers et al. 

1998).   
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Other growth indices considered in this study were leaf area ratio (LAR), specific 

leaf area (SLA) and leaf weight ratio (LWR).  LAR is the total leaf area of a plant divided 

by its dry weight (Atwell et al. 1999).  The ratio is useful because it relates total 

photosynthetic to total respiratory material, thereby giving information concerning the 

plant’s available energy balance.  An increase in LAR in response to a decrease in light 

intensity suggests that total photosynthetic material is more than total respiratory material  

in order to maximise harvesting light to undertake photosynthesis.  SLA is the leaf area 

per unit dry mass of the leaves (Atwell et al. 1999). Ten non-palm rainforest species  

exhibited lower SLA  under more shaded conditions  (Popma and Bongers 1988), as in an 

environment where light is limited, it is an advantage to not increase leaf area more than 

required. SLA is an indirect measure of the return on investments in a productive organ.  

It is indirect as leaf dry mass costs per unit leaf area generally increase with leaf size; the 

return on investment (i.e. light capture) thus decreases as leaf size increases.  This 

probably occurs because of the different biomass distribution between productive and 

support tissues in large, compared to small, leaves. However, the increase in leaf area is 

limited in an energy-limited system (i.e. limited light environment), where leaf area might 

increase up to a point above which the required increase in SLA would be uneconomic.  

LWR is the fraction of total plant weight allocated to leaves.   The eudicot Quercus 

pagoda showed a high LWR under a small canopy gap with 27% sunlight or a shaded-

environment with 8% sunlight (Gardiner and Hodges 1998).  This indicates that the 

proportion of biomass allocated to leaves is higher than the proportion of biomass 

distributed to the total plant.   
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4.2   Research aims 

Glass house trials on seedling growth in different light intensities were undertaken 

to investigate the effects of canopy gaps created in the field following cyclonic 

disturbance.  The trials aimed to determine the effects of different light intensities on 

growth rate,  leaf turnover, leaf area, total chlorophyll, chlorophyll a:b ratio, vigour, 

above-ground and below-ground biomass and growth indices (LAR, SLA and LWR) of 

palm seedlings. 

The hypothesis tested is that growth responses vary between different species of 

palm seedlings under different levels of shade, and this reflects their adaptation to 

changes in light conditions caused by disturbance to the forest canopy.  The varying 

growth responses reflect different survival strategies.   Seedlings adapted to disturbance 

are predicted to grow better under higher levels of sunlight and will show features of 

shade intolerance, whilst species that are not adapted to disturbance will grow better 

under shade and show features of shade tolerance.  However, there may also be species 

whose seedlings are adapted to a range of light intensities. 

It is, therefore, hypothesized that the growth responses will differ, reflecting 

different allocations of resources for survival strategies.  Shade intolerant palms will 

show increased growth rates, vigour, chlorophyll content, chlorophyll a:b ratios and 

biomass under higher levels of sunlight, whilst shade tolerant species will show less of a 

decline in these variables under higher levels of shade.  Palms adapted to a wide range of 

light intensities may allocate resources differently between the traits.  

 

  



 

151 
 

4.3   Methods 

4.3.1  Location 

The experiments were conducted using pot trials in a glass house located on the 

Douglas Campus of James Cook University, Townsville, from the fourth week of August 

2008 to the first week of January 2010 (94 weeks). The glass house was orientated north-

south, and inside the average daily maximum temperature was 39.10 ± 0.63 ºC (Dry 

season, 33 readings) and 41.90 ± 1.40 ºC (Wet season, 32 readings); average minimum 

was 17.60 ± 1.40 ºC (Dry season, 33 readings) and 23.50 ± 0.84 ºC (Wet season, 32 

readings), measured with a maximum-minimum thermometer over the full period of the 

experiment. The light levels inside the glass house, measured with a LICOR Quantum 

sensor when the sky was clear during midday, was 893 µmol quanta m-2 s-1 or 59% 

sunlight when compared to 1523  µmol quanta m-2 s-1 outside. 

4.3.2  Materials 

The five study species that represent different growth habits and taxonomic 

groups are described in Section 2.3.1 (Chapter 1).  I defined the seedling stage as the 

stage from the expansion of the first seedling leaf to when the leaves divided into 30 leaf 

elements (leaflets) or less and the height was 2.0 m or less.  My definition is consistent 

with that of a related solitary palm, A. alexandrae (Dowe 2009).   The concept of what 

constitutes the seedling stage was also based on Tomlinson (1990) and Henderson (2002).   

Tomlinson (1990) described the vegetative and reproductive development of palms in 

five steps involving gradual and smooth transitions: embryo, seedling, establishment 

phase, mature/adult vegetative and mature/adult reproductive phases.  Henderson (2002) 

considered the palm development phases to be the seedling phase, juvenile phase and 
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reproductive phase.  Both agree that the seed phase, which may include seed dormancy, 

should not be considered as a developmental phase.   

Seedlings were collected from different sources (Table 4.1).  In addition, the 

experiment starting date varied between species depending on the size of the seedlings 

(Table 4.1).  They were placed on one bench (28% sunlight) to allow them to acclimate to 

the conditions and to develop to a uniform size.  They were then placed on the treatment 

benches (Fig. 4.1) to begin the experiment.  The seedlings of A. australasica obtained 

from sprouted seeds (and having 1 eophyll when the new sprouts were transplanted) were 

ready to be moved to the treatment benches when they had produced 2-3 eophylls. C. 

australis had 4 leaves with 4-6 leaflets, C. moti had 1-4 leaves with 4 leaflets, H. 

wendlandiana had 2-4 leaves with 2 bifid leaves and L. ramsayi had 2 eophylls.  These 

four species were placed on the treatment benches when they produced at least one new 

shoot.  

Pots were 22 cm (height) x 15 cm (diameter) and the growth medium was a 

commercial sandy loam (Bedrock Landscaping Supplies (Qld) Pty Ltd). Commercial 

shade cloth with four different levels of shading were used for the light intensity 

treatments. PAR (Photosynthetically Active Radiation) was measured with a LICOR 

Quantum sensor under each level of shade (Table 4.2).  

 

Table 4.1  Collection details for the five palm species used in pot trials of three different 
durations.  

 
Species Date of collection Locality Experiment starting date  Experiment 

period 
A. australasica 
 

February 2007 Palmetum, 
Townsville 
 

31 August 2008  70 weeks 

H. wendlandiana 
L. ramsayi 

October 2007 
December 2007 
January 2008 

Tam O’Shanter 
National Park, 
Mission Beach 
 

11 November 2008 67 weeks 

C. australis 
C. moti 

March, May, 
June 2007 

Tam O’Shanter 
National Park, 
Mission Beach 
and Paluma 

February 2008 94 weeks 
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Table 4.2  The four light treatments used in the palm seedling growth experiment.  

 
Treatments 

(% relative to full sunlight) 
Light intensity 

(µmol quanta m-2 s-1) 
Levels 

59 893 high 
29 447 medium to high 
17 265 medium 
6 99 low 

 

4.3.3  Research Methods 

The light environment can be manipulated under experimental conditions to 

simulate natural low and high light conditions. For example, Atwell et al. (1999)  used 

three levels of light, weak (30 µmol quanta m-2 s-1), medium (130 µmol quanta m-2 s-1) 

and strong (535 µmol quanta m-2 s-1), to examine growth responses to light in Flindersia 

brayleyana (intermediate), Toona australis (sun-loving) and Argyrodendron sp. RFK and 

A. trifoliolatum (shade-adapted).  They considered low light to be less than 100 µmol 

quanta m-2 s-1, high light to be about 1000 µmol quanta m-2 s-1 and full sunlight to be 

about 2000 µmol quanta m-2 s-1.  Gardiner and Hodges (1998) used four different light 

intensities to investigate their effects on the growth of Q. pagoda.  Based on these 

previous studies, four different light intensities were used (Table 4.2), in order to reflect 

the variation in light intensities found in natural forests subject to different levels of 

disturbance.   

A completely randomized research design for a glasshouse experiment was 

applied based on Gasperz (1991). The arrangement of the five study species (P1= Palm 1, 

Arenga australasica, P2= Calamus australis, P3= Calamus moti, P4= Hydriastele 

wendlandiana, and P5= Licuala ramsayi) was randomized between the four shade 

treatments (Fig. 4.1).  The seedlings were randomised at the beginning of the experiment.  

The position of the treatment benches and five study species were also randomised at the 

beginning of the experiment.  The arrangement of the treatments was spaced so as to 
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avoid shading from adjacent benches.  The number of replicates in each experiment 

varied depending on seedling availability and survivorship during the acclimatisation 

period.  For C. australis there was nine replicates; C. moti seven replicates and for the 

other study species 15 replicates in each treatment.  As sufficient sprouted seeds of all 

species were not available from the germination experiments (Chapter 3), seedlings were 

obtained from the field for all species except A. australasica.  

 

 

Figure 4.1  Layout of the pot trials in the glass house for the study of early 
growth response of palms to shade (T1 = 59% full sunlight, T2 = 29% 
sunlight, T3= 17% sunlight, T4= 6% sunlight; P1= A. australasica, P2= C. 
australis, P3= C. moti, P4= H. wendlandiana, P5= L. ramsayi).  Grey areas 
represent benches; the treatments were spaced so as to avoid shading from 
adjacent benches (B, C, D, E and F). 
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Growth rate was quantified by determining the change in the seedling height over 

time.  The seedling height was measured every three weeks.  The height was measured by 

lifting the leaf upright (Fig. 2.6, Chapter 2).  

Leaf turnover was measured as a leaf dynamic variable.  The number of leaves 

produced and shed was recorded every three weeks.  Thus, the leaf turnover is a rate 

coefficient indicating how fast senesced leaves were replaced by new leaves; defined by    

Poorter and Boot (1998) as ‘the rate at which the leaf pool in the plant crown is replaced’. 

Leaf turnover (LT) formula was calculated as follows: 

 

 

 
 

The chlorophyll content was determined at the end of the experiment, according to 

the method of Marr et al. (1995).  Three circular subsamples were excised from the 

youngest fully expanded leaf using a cork borer (diameter = 6.9 mm, total area = 112.2 

mm2).  A minimum of 3 replicates were taken and weighed to determine mass (mg).  

Each sample containing three subsamples was ground with about 2 mL of ice-cold 80% 

acetone and a pinch of acid-washed sand.  This sample was then transferred to a 

centrifuge tube, made up to 4 mL with acetone, then centrifuged at 5000 x g for 5 min. 

The absorbance at 645, 663 and 750 nm was determined in a spectrophotometer 

LT = CLP + CLL 
TL 

where, 

CLP = the cumulative leaf production – the number of leaves produced during the 
experiment period;  

CLL = cumulative leaf loss; the total number of leaves lost during the experiment 
period.  In the current experiment coefficients ranged between 0 and 2 (Fig. 
4.6).  For instance, when the leaf turnover is 1, it demonstrates than when the 
seedling had shed one leaf, one new leaf was produced; and 

TL = the total number of leaves, including the fully open productive leaves and 
leaves which had been dying or become senescent. 

TL = CLP + Lw1 
where, 

Lw1 = number of functional leaves at the beginning of the experiment. 
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(SpectraMax Plus 384, M3 Molecular Devices).  Background absorbance was corrected 

by subtracting the reading at 750 nm from each of the A663 and A645 readings, and these 

corrected absorbance readings were used for the following calculations: 

 

Total chlorophyll (mg L-1) = 20.2 A645 + 8.02 A663 

Chlorophyll a (mg L-1) = 12.7 A663 – 2.69 A645 
 

Chlorophyll b (mg L-1) = 22.9 A645 – 4.68 A663 
 

Chlorophyll (mg sample-1) = chlorophyll (mg L-1) * (v/1000) 
 
where v is extract volume in mL 

 
Chlorophyll (ng mm-2)= chlorophyll (ng sample-1)/112.2(mm2) 

 

Seedling vigour was assessed to determine whether they were either (1) vigorous 

or likely to survive, or (2) moribund and unlikely to survive.  Seedlings were categorized 

as vigorous when the number of senesced leaves was less than 50% of total leaves. The 

assessment was made at the middle (after 35 weeks in A. australasica, 47 weeks in C. 

australis and C. moti, and 34 weeks in H. wendlandiana and L. ramsayi) and end of the 

experiment (70 weeks in A. australasica, 94 weeks in C. australis and C. moti, and 67 

weeks in H. wendlandiana and L. ramsayi).  

Vegetative biomass is accumulated in shoots (leaves and petioles in palm 

seedlings) and roots, as no significant stem biomass was produced during the course of 

the experiment.  Leaf mass, leaf area, final above-ground and below-ground biomass, 

Leaf Area Ratio (LAR), Specific Leaf Area (SLA), Leaf Weight Ratio (LWR), and 

Root:Shoot Ratio (RSR) were determined at the end of the experiment from the harvested 

biomass.  
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4.3.4  Data Analysis 

The effects of different treatments on the changes in seedling height over time, 

leaf turnover, vegetative biomass and chlorophyll contents were determined by 

computing the 95% Confidence Intervals for the means of populations (µ):  

 

Mean ± [t(0.025,df)xSEM] 
 
 

The values from the equation above were plotted in graphs with the error bars 

corresponding to a 95% Confidence Interval.  Only the significant treatment effects of 

light intensities on the changes in seedling height over time are displayed in graphs for a 

clear presentation (Fig. 4.2).   

To estimate the growth rate, regression analyses were used whenever the 

regressions were significant at the 95% confidence level (p < 0.05) (Miles and Shevlin 

2001; Steel and Torrie 1980).  SPSS version 17.0 was used for the analyses.  

4.4   Results 

4.4.1   Vegetative growth 

The palm seedlings showed distinct responses at varying periods of time (Fig. 

4.2).  A. australasica grew better under intermediate light intensities (17 and 29 % 

sunlight) (Fig. 4.2a).   After 70 weeks, this species had a mean height increase of 36 cm 

under the 17% sunlight treatment (rates = 0.51 cm/week, R2 = 0.72, p <0.01, N = 15), and 

51 cm increase under the 29% sunlight treatment (rates = 0.71 cm/week, R2 = 0.75, p < 

0.01, N = 15).  C. australis grew better under intermediate light intensities (17 and 29% 

sunlight) (Fig. 4.2b).  This species showed a mean height increase of 40 cm in 17% 

sunlight (rates = 0.32 cm/week, R2 = 0.52, p < 0.01, N = 9), and 66 cm increase in 29% 
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sunlight (rate = 0.66 cm/week, R2 = 0.70, p < 0.01, N = 9) after 94 weeks.  A faster 

growth rate (0.54 cm/week) was also shown by C. moti under 17% sunlight (R2 = 0.62, p 

< 0.01, N = 7) with a mean height increase of 48 cm (Fig. 4.2c).   H. wendlandiana grew 

more rapidly in higher light intensities indicated by the mean height increase of 31 cm in 

59% sunlight (rate = 0.50 cm/week, R2 = 0.44, p < 0.01, N = 15), 23 cm increase in 29% 

sunlight (rate = 0.35 cm/week, R2 = 0.31, p < 0.01, N = 15), and 32 cm increase in 17% 

sunlight (rate = 0.47 cm/week, R2 = 0.61, p < 0.01, N = 15) (Fig. 4.2d).  L. ramsayi grew 

better under lower light intensities after 67 weeks.  The seedlings had the mean height 

increase of 5 cm with a growth rate of 0.07 cm/week in 17% sunlight, 3 cm increase with 

a growth rate of 0.05 cm/week in 29% sunlight, and a 2 cm increase with a growth rate of 

0.05 cm/week in 6% sunlight (R2 = 0.10, p < 0.01, N = 15) (Fig. 4.2e).   

4.4.2   Leaf turnover, leaf area and chlorophyll content 

The palm seedlings responded differently under different light intensities as 

shown by their leaf turnover rates of 1.0-1.5 (Fig. 4.3).  A. australasica showed low leaf 

turnover under lower light intensities, while C. australis decreased leaf turnover under 

higher light intensities.  C. moti had a lower leaf turnover under 59 % sunlight than in 6 % 

sunlight. H. wendlandiana had the lowest leaf turnover under 17 % sunlight.          Leaf 

turnover of L. ramsayi was not significantly different between all treatments.   

Leaf area varied under different light conditions (Fig. 4.4).  The leaf areas of A. 

australasica and C. australis were smallest in the 6 and 59 % light treatments. In the case 

of C. australis the difference between these two treatments and the intermediate ones (17 

and 29%) appears significant. The lowest leaf area of C. moti was under 59 % sunlight.  

Thus, the leaf areas are low under the highest (59%) light environments for                     

A. australasica, C. australis and C. moti.  In H. wendlandiana  the leaf area under the 
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highest light intensity was significantly greater than under the lowest. High variability of 

results meant that there were no significant responses under different light intensities in 

and L. ramsayi; however, there was a trend that the leaf area of L. ramsayi tended to 

decrease when the light intensities increased. C. australis produced the greatest leaf areas 

(approximately 2,000 cm2 per plant) under 29% light, while L. ramsayi produced the least 

(approximately 200 cm2

 The effects of light intensities on the chlorophyll contents of palm leaves at the 

end of the experiment varied under all light treatments in the five species, but there was 

high variability amongst replicates (Fig. 4.5).  A. australasica had the highest chlorophyll 

content under higher light intensities.  There were no significant differences in chl a:b 

ratios between treatments for each species.   

 per plant).   
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Figure 4.2  The changes in seedling height of (a) A. australasica over 70 weeks, (b) C. 
australis and (c) C. moti over 94 weeks, (d) H. wendlandiana and (e) L. ramsayi over   67 
weeks under the 59 (  ○  ), 29 (  ◊  ), 17 (  ∆  ) and 6 (  □  ) % sunlight treatments.  Values 
represent mean ± txSEM.  The significant differences at 0.05 levels are shown by non-
overlapping error bars. 
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Figure 4.3  Leaf turnover of (a) A. australasica, (b) C. australis, (c) C. moti, (d)  H. 
wendlandiana, and (e) L. ramsayi under the 59, 29, 17 and 6% sunlight treatments.  
Values represent mean ± t x SEM, t depends on the number of replicates (n).  Leaf 
turnover is a coefficient of estimated rate of shed leaves replaced by new leaves (scales= 
0-2). Samples with the same lower case letters are not significantly different (p = 0.05). 
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Figure 4.4  Leaf areas of (a) A. australasica, (b) C. australis, (c) C. moti, (d) H. 
wendlandiana and (e) L. ramsayi under the 59, 29, 17 and 6% sunlight treatments.  
Values represent mean ± t x SEM, t values depend on the number of replicates (n).  
Samples with the same lower case letters are not significantly different (p = 0.05). 
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Figure 4.5  Chlorophyll contents of A. australasica (a), C. australis (b), C. moti (c), (d) 
H. wendlandiana and (e) L. ramsayi - total chlorophyll (  ); ratio of chlorophyll a to b (  ); 
Values represent mean ± (4.303 x SEM), n=3.  Under 59% light there was only one C. 
australis with >50% green-portion of leaves, while there was insufficient leaf material for 
analysis in C. moti. Samples with the same lower/upper case letters are not significantly 
different (p = 0.05). 
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4.4.3   Vigour 

The vigour of the seedlings varied at different stages of the experiment, i.e. at the 

middle and end of the experiment (Table 4.3, Fig. 4.6).  Most seedlings (90-100%) of A. 

australasica, C. australis, H. wendlandiana and L. ramsayi were vigorous at the middle 

of the experiment, i.e. after 35 weeks in A. australasica, 47 weeks in C. australis and 34 

weeks in H. wendlandiana and L. ramsayi.  80 to 100% of seedlings of C. moti were also 

classified as vigorous after 47 weeks, but only about 50% under the highest light intensity 

(59% light).   Only seedlings of A. australasica remained vigorous (90-100% seedlings) 

at the end of the experiment.  H. wendlandiana seedlings maintained their vigour under 

higher light intensities, while L. ramsayi maintained their vigouur under lower light 

intensities.  The seedlings of C. australis favoured intermediate light intensities.  Almost 

a half of C. moti were less vigorous at the end of the experiment (after 94 weeks), except 

the ones under 17% light. 

 

Table 4.3  Vigour of five species of palm seedlings under varying light intensities.  
Seedlings were assessed as being either (1) vigorous and likely to survive, or (2) 
moribund and unlikely to survive.  Vigour is expressed as a percentage of the original 
number of seedlings (n).  Seedlings were categorized as vigorous when the number of 
senesced leaves were less than 50% of total leaves.   

 
 

Species 
 

n 
 

Experiment 
stages 

Vigorous seedlings (%) 
under each treatment 

59% 
sunlight 

29%  17%  6% 
 

A. australasica 15 Middle 100 100 100 100 
  End 93 100 100 100 
C. australis 9 Middle 90 100 100 90 
  End 11 100 92 11 
C. moti  7 Middle 56 88 100 90 
  End 0 43 100 44 
H. wendlandiana 15 Middle 100 100 100 100 
  End 87 73 100 40 
L. ramsayi 15 Middle 100 100 100 93 
  End 40 73 93 79 
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L. ramsayi 
 

 

Figure 4.6  Photographs of the seedlings of A. australasica, C. australis, C. moti, H. 
wendlandiana and L. ramsayi at mid term under 59% sunlight (T1), 29% sunlight (T2), 
17% sunlight (T3) and 6% sunlight (T4) treatments;  photographs of the seedlings at the 
beginning and end of the experiment are presented in Appendix 4.1.  The scale is 20 cm 
tall. 

4.3.4   Vegetative biomass  

Leaf mass (the mass of leaf blades only) varied between the study species under 

different light conditions (Fig. 4.7).  The overall responses of leaf mass were similar to 

those for leaf area.  The leaf mass of A. australasica and C. australis was low under 59% 

than 29% light intensities.  The results had high variability demonstrating that there were 
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no significant responses under different light intensities in C. moti, H. wendlandiana and 

L. ramsayi.  However, they showed some trends. The leaf biomass of C. moti tended to be 

higher under intermediate light intensities and the lowest leaf biomass of C. moti was 

under the highest light intensity (59% sunlight).  H. wendlandiana tended to have higher 

leaf biomass under higher light intensities. A. australasica and Calamus species produced 

up to 20 g dry weight of leaf mass per plant over the course of the experiment 

,considerably more than the other species  

As no stems were produced over the course of this experiment, above-ground 

biomass was comprised only of leaves and petioles (Fig. 4.7).  The changes in 

aboveground biomass showed similar trends as those for leaf mass.  A. australasica 

tended to yield lower biomass under lower light intensities, although relatively less 

above-ground biomass was produced under the highest light intensity (59% sunlight).     

C. australis and C moti had low biomass under the 6 and 59% light treatments,  and was 

highest at intermediate light levels.  H. wendlandiana yielded most biomass under higher 

light intensities then declined under lower light.  L. ramsayi tended to yield higher 

biomass when the light intensity was low.   

The below-ground biomass was lower than above-ground biomass, but showed 

similar trends (Fig. 4.7).  There was little change in the below-ground biomass of A. 

australasica, while below-ground biomass tended to be lower under lower light 

intensities in H. wendlandiana.  

Root:shoot ratios were not significantly influenced by the available light in this 

study, however there were some trends (Fig. 4.8).  In A. australasica, C. moti and H. 

wendlandiana, the root:shoot ratios tended to decrease under the lower light intensities.  

That is relatively more leaves than roots were produced under lower light.  In contrast, the 

root:shoot ratios of C. australis were higher under lower light intensities.  In L. ramsayi, 
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the highest root:shoot ratios were recorded under 59% sunlight but then there was a trend 

that the proportion of shoots increased under lower light. 

Overall, LAR of all species (Fig. 4.9) showed little difference between treatments 

except for C. australis and C. moti.  C. australis had the highest LAR under the highest 

light intensities and C. moti had a low LAR under 17% sunlight. In addition, there were 

no clear trends in changes in SLA with treatments except for C australis and C. moti.   

The two Calamus spp. tended to respond to 17% sunlight with lower SLA.   In addition, 

C. australis had a low SLA under 29% sunlight.   

The leaf weight ratio (LWR, Fig. 4.9) also varied depending on the various light 

intensities.  The LWR of A. australasica, C. moti and H. wendlandiana were not 

significantly different and there are no clear trends.  In C. australis, there was a trend that 

the LWR decreased under lower light intensities.  H. wendlandiana tended to have higher 

LWR under 29% sunlight.   
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(a) (b) 

  
(c) (d) 

  
(e)  

 

 

Figure 4.7 Leaf mass (   ), below-ground  (    ) and above-ground biomass (    ) of           
(a) A. australasica, (b) C. australis, (c) C. moti,  (d) H. wendlandiana and (e) L. ramsayi  
under the 59, 29, 17 and 6% sunlight treatments.  Values represent mean ± t x SEM, t 
values depend on the number of replicates (n).  Samples with the same lower/upper case 
letters are not significantly different (p = 0.05). 
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(a) (b) 

 
 

       (c) (d) 

 
 

     (e)  

 

 

Figure 4.8  Root:shoot ratios of (a) A. australasica, (b) C. australis, (c) C. moti, (d) H. 
wendlandiana and (e) L. ramsayi under the 59, 29, 17 and 6% sunlight treatments.  
Values represent mean ± t x SEM, t values depend on the number of replicates (n).  
Samples with the same lower case letters are not significantly different (p = 0.05). 
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(a) (b) 

  
(c) (d) 

 

 
(e)  

 

 

Figure 4.9   LAR(   ), SLA (   ) and LWR  (   ) of (a) A. australasica, (b) C. australis, (c) 
C. moti, (d) H. wendlandiana and (e) L. ramsayi  under the 59, 29, 17 and 6% sunlight 
treatments.  The values of the original LWR is between 0-1; the values in the graph are 
expressed as % for clarity.  Values represent mean ± t x SEM, t values depend on the 
number of replicates (n).  Samples with the same lower or upper case letters are not 
significantly different (p = 0.05). 
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4.4.5  Adaptation to sun and shade inferred from five traits: growth rate, leaf 

turnover, leaf area, chlorophyll contents and biomass allocation 

The seedlings of the palm species studied responded differently to varying light 

intensities (Table 4.4), in terms of growth rate, leaf turnover, leaf area, chlorophyll 

content, chlorophyll a:b ratio and below-ground biomass.  These different responses were 

reflected in various responses of vigour and vegetative biomass.  

A. australasica survived different light intensities, including the highest light 

intensities, by maximizing resource allocation to increased leaf turnover and decreased 

leaf area under 59% sunlight, and decreased total chlorophyll under 6% sunlight.  Plants 

under 59% yielded more vigorous seedlings and vegetative biomass; while much lower 

biomass was produced under 6% sunlight.  However, the seedlings under 6% were 

vigorous.  This palm responded positively to the intermediate light intensities, 29 and 

17% sunlight. 

C. australis responded to 59% sunlight by decreasing leaf area and biomass, and  

increasing its below-ground biomass under higher light intensities.  This species increased 

leaf turnover in response to limited light. C. australis allocated proportionally more of its 

resources to above-ground parts, principally leaves, as indicated by the increased leaf 

mass and area under intermediate light intensities.  Under 6% sunlight, increased leaf 

turnover, failed to maintain the vigour of the seedlings but more shoots and total plant 

mass were produced.  Seedling growth was not inhibited under the 29 and 17% sunlight 

treatments. 

C. moti responded to 59% sunlight by decreasing leaf turnover and leaf area.  

Under 59% sunlight seedlings were less vigorous and yielded more leaf mass and 

aboveground biomass compared to those under 6% sunlight.  Under 6% sunlight, 

increased leaf turnover maintained the plant vigour, and yielded a lower proportion of leaf 
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biomass.  Under 29 and 17% sunlight, the palm seedlings showed positive responses in all 

the survival traits, but more biomass was produced under 17% than 29% sunlight.  

H. wendlandiana dealt with 59% sunlight by investing in a higher seedling growth 

rate, increased leaf turnover and increased below-ground biomass. This species survived 

6% sunlight with increased leaf turnover.  Under 59% sunlight, seedlings maintained 

vigour and yielded maximum shoot and total plant mass; while, under 6% the seedlings 

became moribund with a greater proportion of root mass.  The 29 and 17% sunlight 

treatments yielded maximum vegetative biomass. 

L. ramsayi responded with increased leaf area under 59% sunlight; and increased 

seedling height and leaf area under 6%.  Seedlings were vigorous and yielded maximum 

vegetative biomass under the highest and the lowest light treatments.  Growth responses 

were positive under the 29 and 17% sunlight treatments. 

 

4.5.  Discussion 

4.5.1  Adaptation to sun and shade  

Growth rate 

The growth rates of the seedlings responded differently between species (Section 

4.4.1, Table 4.4).  A. australasica, C. australis and C. moti grew better in intermediate 

sunlight (Figs 4.2a-c), with growth rates of 0.51 – 0.71 cm/week.  H. wendlandiana grew 

more rapidly  in higher light intensities (17-59% sunlight) with an estimated growth rate 

of 0.35-0.50 cm/week.  This suggests slow growth responses under a high light 

environment in these palm seedlings, and that A. australasica, C. australis and C. moti 

allocated maximal resources to growth rates under intermediate light intensities.  
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However, the resource allocations to growth were limited under the higher and lower 

extremes of light in these three species.  H. wendlandiana grew fastest under the highest 

light treatment, and least in the low-light treatment.  In contrast, L. ramsayi responded to 

decreased light with an increased growth rate.  The relationship between growth rates 

were not significant in L. ramsayi.  Popma and Bongers (1988) found that the heights of 

ten non-palm tropical rainforest species were not correlated with shade tolerance, i.e. the 

more shade-tolerant plants were not taller than shade-intolerant plants under low light.  

Seven timber species studied by Poorter and Boot (1998) responded to competition for 

light by increasing their growth rate.   
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Table 4.4  Adaptation to sun and shade inferred from responses observed in this study.  Responses to light intensities are summarised on the 
basis of absolute values as greater (+) or smaller (-). The light intensity treatments were: 59, 29, 17 and 6% of full sunlight. SI=shade intolerant, 
ST=shade tolerant, and IT=intermediate. It was not applicable (na) to assign a symptom (S) for a species if all responses were “+” or if the 
responses did not differ significantly within that species.  

Responses A. australasica C. australis C. moti H. wendlandiana L. ramsayi 
59 29 17 6 S 59 29 17 6 S 59 29 17 6 S 59 29 17 6 S 59 29 17 6 S 

Growth rate - + + - IT - + + - IT - + + - IT + + + - SI - + + + ST 
Leaf turnover + - - - SI - - - + ST - + + + ST + + - + SI + + + + na 

Leaf area - + + - IT - + + - IT - + + - IT + + + - SI + + + - SI 
Total chlorophyll content  

Chlorophyll a:b ratio 
+ 
+ 

+ 
+ 

+ 
+ 

- 
+ 

SI 
na 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

na 
na 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

na 
na 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

na 
na 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

na 
na 

Vigour 
Mid-experiment 
End-experiment 

 
+ 
+ 

 
+ 
+ 

 
+ 
+ 

 
+ 
+ 

 
na 
na 

 
+ 
- 

 
+ 
+ 

 
+ 
+ 

 
+ 
- 

 
na 
IT 

 
- 
- 

 
+ 
- 

 
+ 
- 

 
+ 
+ 

 
IT to ST 

ST 

 
+ 
+ 

 
+ 
+ 

 
+ 
+ 

 
+ 
- 

 
na 
SI 

 
+ 
- 

 
+ 
+ 

 
+ 
+ 

 
+ 
+ 

 
na 

IT to ST 
Leaf mass - + + - IT - + + - IT - + + - IT + + - + SI - + + + ST 

Above-ground biomass - + + - IT - + + - SI - + + - IT - + + - IT - + + + ST 
Below-ground biomass - + + - IT + + + - SI + + + - SI + - - - SI not significant na 

Root:shoot ratio + + + - SI - - - + ST + + + - SI + + - - SI + - + + IT 
Leaf Area Ratio (LAR) not significant na + - - - SI not significant na not significant na not significant na 

Specific Leaf Area (SLA) not significant na + - - + IT + + - + IT not significant na - - - + ST 
Leaf Weight Ratio (LWR) not significant na + - - - SI + - - - SI - + - - IT not significant na 

Overall Trend Intermediate to shade 
intolerant 

Intermediate to shade 
intolerant 

Intermediate to shade 
intolerant 

Shade intolerant Shade tolerant 
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Leaf turnover 

Leaf turnover of the palm seedlings responded differently under the different light 

intensities (Section 4.4.2, Table 4.4).  A. australasica responded to lower light intensities 

by lower leaf turnover.  This suggests that this species survived the 59% sunlight 

treatment with increased leaf turnover.  In contrast, C. australis had lower leaf turnover, 

or had higher leaf longevity, under higher light intensities. C. australis survived under the 

low light treatment with increased leaf turnover.  The results suggest that, in the field,    

C. australis is likely to survive under a low-light environment, such as deep canopy 

shade, with increasing leaf longevity.  C. moti had a lower leaf turnover under 59% 

sunlight intensities.  L. ramsayi did not show any clear pattern but the responses 

demonstrated that this species may survive both low and high light intensities.   

Increased leaf turnover under higher light intensities shown by some species 

indicated that they allocated their resources to new leaves to survive the increased light.  

Under more shaded treatments, when light is limited, some study species had increased 

leaf turnover, suggesting they tended to shed their leaves as the photosynthetic capacity 

was reduced.  Perhaps increased leaf turnover in the palm seedlings was a response to 

light competition by shedding unproductive, over-shaded leaves in the lower part of the 

canopy (seedling crown) and replacing them with new, productive leaves in the top of the 

canopy.  Poorter and Boot (1998) found that the leaf turnover of some rainforest tree 

seedlings (non-palms) increased with an increase in sunlight intensities.  An experimental 

defoliation of the palm Sabal palmetto, conducted by McPherson & Williams (1998), 

showed that young seedlings had large resources of carbon that allowed them to survive 

defoliation and periods of stress.   
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To conclude, some palm species increased leaf turnover of seedlings under the 

higher light treatment while other species showed increased leaf turnover under the lower 

light  treatment.  

Leaf area 

The leaf areas of the palm seedlings studied responded differently under different 

light intensities (Section 4.4.2, Table 4.4).  These results suggest H. wendlandiana 

responded to the higher light environment with a larger leaf area, for instance, when the 

seedlings were at the stage when the bifid leaves were replaced by pinnae/leaflets.  This is 

different to the response found for non-palm rainforest tree species studied by Poorter and 

Boot (1998), Cecropia sp, Schizolobium amazonicum, Cedrela odorata, Amburana 

cearensis, Astronium lecointei, Tetragastris altissima and Theobroma speciosum had 

greater leaf areas with increasing light availability due to increasing competition for light 

during gap phase regeneration.  Leaf areas of ten tropical rainforest species studied by 

Popma and Bongers (1988) also increased with increased light intensities.  

By contrast, the leaf area of L. ramsayi palm seedlings were greater under lower 

light intensities, perhaps to maximise leaf surfaces to capture available light as shown by 

the increase of leaf mass and above-ground biomass.  These results were in accordance 

with a non-palm species, Impatiens parviflora, which increased its leaf area with an 

increase in shading (Evans and Hughes 1961). 

The leaf areas of palm seedlings of A. australasica, C. australis and C. moti were 

greater under higher light intensities, except the highest.  These results suggest that under 

17-29% openness, they would respond to high irradiance with a greater leaf surface for 

maximising light capture; however, they would reduced the leaf areas under 59% sunlight 

to inhibit water loss.  Under the more shaded treatments, A. australasica did not allocate 

resources into leaf expansion, but rather into petiole and leaf blade elongation (expressed 

as ‘height’). Similarly C. australis and C. moti did not increase leaf area under low light 
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intensities.  Therefore, A. australasica, C. australis and C. moti also exhibited their 

adaptability to a wide range of light intensities. 

In addition, the responses of C. australis and C. moti to higher light intensities 

(although the leaf areas were lowest under the highest and lowest light intensities) suggest 

that in the field, under canopy gaps, they would respond to high irradiance by producing a 

greater leaf surface to maximize light trapping for photosynthesis; but, this study showed 

that these species reduced their leaf areas under 59% sunlight (equivalent to very big 

canopy gaps).  However, the leaves of C. australis and C. moti were pinnate, so they 

expanded the leaf area by increasing the number of leaflets, showing that the response of 

a species relates to its leaf morphology.  This suggests that plants increase their leaf area 

to a maximum level, according to their leaf morphological characteristics, when further 

resource allocation to maximize leaf area becomes no longer efficient. 

Thus, all palm species studied showed changes in leaf areas in response to 

different light treatments.   

Chlorophyll content and chlorophyll a:b ratio 

The effects of light intensity on total leaf chlorophyll content was not significant 

in all species, however, there were some trends in A. australasica (Section 4.4.2, Table 

4.4).  In A. australasica, it was not possible to differentiate between responses under the 

59, 29 and 17% light intensities; the only clear cut distinction was at  the lowest light 

intensity, where the lowest total chlorophyll content was found.  In the field, this trait, 

lower total chlorophyll content when light is limited, is an adaptive response to survive 

the low-light stress in which the photosynthesis capacity is reduced (Atwell et al. 1999).  

The low level of resources allocated to chlorophyll content was also related to an increase 

in resources allocated to other traits such as leaf turnover.  The results in A. australasica 

agree with the observation that most green plants produce more chlorophyll when the 
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light availability increases (Atwell et al. 1999).  A. australasica did not allocate resources 

into leaf expansion under limited light where the photosynthetic capacity would be 

limited.   

The effects of light intensity on chlorophyll a:b ratio were also not significant in all 

species. These results also suggest that chlorophyll a:b ratio is species dependent, as in 

other species, such as the non-palm species, Alocasia macrorrhiza, chlorophyll a:b ratio 

increased with increasing light intensities (Chow et al. 1988).  Most green plants contain 

chlorophyll a which generally constitutes about three-quarters of the total chlorophyll 

content, with the remainder accounted for by chlorophyll b (Raven et al., 1999). The 

chlorophyll a:b ratio changes with changing light intensities as the plants change their 

resource allocation to Photosystem I (PSI) and PSII in their photosynthesis reactions, i.e. 

different chlorophyll a:b ratios are involved in each Photosystem.  Thus, the chlorophyll 

a:b ratio is lower under canopies where the red:far red ratio is lower; and, a higher 

chlorophyll a:b ratio occurs in canopy gaps where the red:far red ratio is higher. 

Overall results demonstrated that there was no significant difference in the 

chlorophyll content and chl a:b ratio responses of palm seedlings between treatments for 

each species.   

Below-ground biomass 

Root or below-ground biomass showed no clear trend in the palm seedlings 

studied under different light intensities,  although, there was a little change yielded in the 

below-ground biomass of L. ramsayi.  The root or below-ground biomass of C. australis 

was higher under the higher light intensities.  Atwell et al. (1999) reported sun plants 

produce a high root:shoot ratio to deal with high photosynthetic capacity.   
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4.5.2  Vigour 

The six survival traits, discussed above, maintained the vigour of some palm 

seedlings under different light intensities, but not all (Section 4.4.3, Table 4.4).   

A. australasica and H. wendlandiana show features which suggest that they are 

more adapted to survive in higher light intensities.  After 34 weeks, the vigour of A. 

australasica palm seedlings was maintained at 100%, and after 67 weeks it only 

decreased slightly to 93% (one seedling) under the highest light intensity (59% sunlight), 

indicating its adaptability to a wide range of light intensities.  This suggests that               

A. australasica is likely to survive in canopy gaps.  All H. wendlandiana seedlings 

showed vigorous growth after 34 weeks, however, after 67 weeks only 40% of the 

seedlings appeared likely to survive under 6% sunlight, suggesting this species is also 

likely to survive in canopy gaps in the field.  L. ramsayi was able to survive in the highest 

and lowest light intensities for at least 34 weeks, but after 67 weeks only 40% of 

seedlings appeared likely to survive, suggesting it is shade tolerant (but not under 6% 

sunlight). 

C. australis and L. ramsayi are likely to survive in higher light intensities for at 

least 47 and 34 weeks respectively, and then become unlikely to survive after 94 and 67 

weeks respectively.  This suggests, in the field, C. australis and L. ramsayi are likely to 

survive in canopy gaps for several months, but the results suggest that their vigour would 

decline over longer periods.  In the current experiment, C. australis seedling vigour was 

maintained at 90-100% after 47 weeks, however, it declined considerably after 94 weeks 

(under 6% and 59% sunlight).  As the vigour was defined by senescence, it is related to 

increased leaf turnover.  In addition, the vigour of seedlings of A. australasica under 

different light intensities may be caused by the use of seeds rather than transplanted 

seedlings, which resulted in seedlings with a healthier root system.   
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4.5.3  Vegetative biomass 

Leaf mass and above-ground biomass 

Greater yields of leaf and above-ground biomasses were found under the higher 

light treatments.  Higher leaf mass was found under the intermediate light intensities (29 

and 17% sunlight) in A. australasica, C. australis and C. moti, reflecting the higher leaf 

area of these species in these treatments.   

A. australasica, C. australis and C. moti had greater above-ground biomass under 

intermediate light intensities.  Above-ground biomass was higher under the higher light 

intensity in H. wendlandiana.  On the other hand, L. ramsayi yielded more above-ground 

biomass under the lower light intensities.  In H. wendlandiana, this was consistent with 

the responses that this species exhibited in leaf area, leaf mass, below-ground biomass 

and LWR, which suggests the adaptability of H. wendlandiana to a wide range of light 

intensities. 

Root:shoot ratio 

A. australasica, C. moti and H. wendlandiana produced higher root:shoot ratios 

under higher light intensities.  By contrast, C. australis and L. ramsayi tended to increase 

their root:shoot ratio under lower light intensities; however, the highest response was 

under 59% in L. ramsayi.  It suggests that under natural conditions, C. australis and L. 

ramsayi would respond to higher light intensities by allocating more of their resources to 

roots to maximize water absorption.   

Thus, some palms responded by reducing their root:shoot ratios in response to a 

lower light environment to increase photosynthetic capacity, while others increased the 

root:shoot ratio to maximize water absorption for their growth. 
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Growth indices:  LAR, SLA and LWR 

In the current study, leaf area ratio (LAR) was significantly different under the 

higher light treatments in C. australis and C. moti.  This did not fulfill the expectation that 

an increase in shade intensity would cause an increase in LAR (leaf area), as suggested by 

Atwell et al. (1999).  This may be caused by the responses of Calamus to expand their 

leaf areas in maximum light intensities to maximize their photosynthesis when the 

number of single leaflets in each of their pinnate leaves was insufficient. 

A decrease in leaf thickness, as indicated by the increased SLA, was found under 

the higher light treatments in all palm study species except H. wendlandiana. These 

findings agree with the observation that an increase in light intensity can lead to increased 

SLA or reduced leaf thickness (Atwell et al. 1999).  H. wendlandiana showed the 

opposite response.  This may indicate a response of this species to maximise light capture 

for photosynthesis under low light conditions.   

There was little variation in LWR with light treatments except in H. wendlandiana.  

These results were opposite to the LWR of non-palm species such as Q. pagoda that 

showed high LWR under 27 or 8% sunlight (Gardiner and Hodges 1998).  These findings 

suggest a greater allocation of total plant dry weight to leaves under a higher light 

environment in H. wendlandiana.  This may reflect an increased growth rate under higher 

light intensities. 

4.6  Conclusion 

The response of seedlings of palm species examined in this study to light intensity 

varied, as shown by differences in vigour and biomass production.  Seedlings of most 

species survived the higher light intensity examined in this experiment.  In general, these 

palm species favoured 29% and 17% sunlight, which would be found in medium-sized 

canopy gaps and environments with intermediate shade, as 17% external light is greater 

than would be expected in an understorey subjected to low shade. 
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A. australasica responded to intermediate light intensities by increasing leaf area, 

and to lower light intensities with decreased leaf turnover and decreased total chlorophyll 

content.  Under the highest light treatment this species exhibited a low growth rate, high 

leaf turnover, low leaf area, low root biomass, and under high shade it yielded a low 

growth rate, low leaf turnover, low leaf area and low root biomass.  This suggests that 

traits that promote survival under intermediate light intensities maintained the vigour of 

seedlings and yielded more vegetative biomass; whereas the traits that were expressed 

under limited light were associated with lower vegetative biomass compared to the 

biomass under higher light intensities, as would be expected in a low energy environment, 

but the seedlings under limited light remained vigorous.  The seedlings of this species 

grew well under the intermediate light treatments, and so, A. australasica can be 

recommended for revegetation of degraded land after cyclones, where the light intensity 

is intermediate. 

C. australis responded to increased light with decreased leaf turnover, increased 

leaf area, increased below-ground biomass, and a low growth rate. Under low light, this 

species exhibited a low growth rate, low leaf turnover, low leaf area and low root 

biomass.  The traits expressed under increased light were associated with plant vigour; 

however, seedlings under the highest light treatment were less vigorous.  This species had 

a higher proportion of leaf mass and above-ground biomass compared to the total plant 

mass under intermediate light intensities. Under limited sunlight seedlings failed to 

maintain vigour but continued to increase height and total plant mass.  The seedlings of 

this species are likely to survive in large canopy gaps, therefore C. australis is likely to 

establish best in medium to large canopy gaps. 

C. moti responded to the higher light treatments by investing in increased leaf area 

and increased root biomass, and to the lower light treatment by investing in increased leaf 
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turnover.  In the higher light treatment, growth rate and leaf turnover were low but leaf 

area and root biomass were high. Under low light the growth rate, leaf area and root 

biomass were low while leaf turnover was increased.  The traits expressed under 

increased light were associated with less vigorous seedlings compared to those under 

limited sunlight.  This species yielded more leaf mass and aboveground biomass under 

intermediate light intensities.  Increased leaf turnover under limited sunlight maintained 

plant vigour, which was observed as a greater proportion of biomass in shoots as 

compared to roots.  Seedlings of C. moti are unlikely to survive in large canopy gaps; 

therefore C. moti is not suitable for rainforest restoration in unshaded areas. 

H. wendlandiana responded to the highest light treatment with an increased 

growth rate, high leaf turnover, low leaf area and high root/below ground biomass, and to 

low-light with a low growth rate, high leaf turnover, low leaf area and low below-ground 

biomass. Under the highest light treatment the seedlings maintained vigour and yielded 

maximum shoot and total plant mass; while under limited light seedlings became 

moribund and yielded a lower above- to below-ground biomass. Hence seedlings of this 

species grew well under higher light intensities and are likely to establish as juveniles in 

gaps. H. wendlandiana appears suitable for revegetation of unshaded areas of degraded 

rainforest. 

L. ramsayi responded to higher light intensities with low growth rate and leaf area, 

and to lower light intensities with higher growth rate and leaf area to cope with limited 

light.  Seedlings were vigorous and yielded maximum vegetative biomass under low light.  

The observations are consistent with the conclusion that seedlings of L. ramsayi are 

unlikely to survive in large canopy gaps. 

H. wendlandiana appear suitable species for revegetating large low-shade canopy 

gaps.  A. australasica and C. australis may be planted in medium-sized canopy gaps, 
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while C. moti and L. ramsayi appears best-suited for subsequent restoration where these 

palms are planted subsequently to the formation of canopy.  The light conditions resulting 

from disturbance by cyclones would favour the recruitment and seedling establishment of 

H. wendlandiana, while the other species would be favoured by intermediate levels of 

disturbance. Of course, this does not relate to the response of other palms, such as 

Calamus, which are already established in the understorey at the time of disturbance.  
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Chapter 5:  General Conclusions 

Tropical cyclones are primary ecological drivers in northern Australia including 

north Queensland, as cyclones impact this region each year between November and May.  

Turton (2008) suggested that the rainforests in the region may be frequently affected by 

cyclones and become cyclone-dependent.  Cyclonic disturbance creates canopy gaps of 

differing size and various kinds of damage from minor stripping of foliage to large 

windthrows.  Canopy gaps are important in promoting plant regeneration in most plant 

communities (Bullock 2000; Fenner and Thompson 2005; Harper 1977).  The 

regeneration process may lead to disruption of plant community structure and dynamics 

(Bullock 2000).   

This research documented the life stage, height and dbh distributions, as well as 

wind resistance, of several palm species in the rainforests near Mission Beach after 

Cyclone Larry.  The level of cyclonic disturbance was quantified in terms of canopy 

openness and damage categories.  Regeneration strategies and reproductive phenology 

were monitored, to document the life history strategies of the palms in relation to frequent 

cyclonic disturbances.  Studies on regeneration strategies were supported by seed 

germination and seedling growth experiments.  The overall results are summarised in 

Table 5.1. 
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Table 5.1 Summary of results on the light requirements of five palm species in varying damage categories based on the results of field, 
germination and seedling growth studies; D=Damage categories (See Table 2.3), SI=Shade intolerant, ST=Shade tolerant, IT=Intermediate. The 
presentation of damage categories were based on Table 2.7 (Study site characterisation: canopy openness and level of damage). 

 
Studies A. australasica C. australis C. moti H. wendlandiana L. ramsayi 

      
Life stage distribution      
- Seedling SI, D2 (Fig. 2.8: not significant) SI, D5 to D3 SI, D3 SI, D5 IT to ST, D5 
- Juvenile ST, D2 (Fig. 2.8: not significant) IT to SI, D3 Not applicable Not applicable IT to ST, D5 
Wind resistance Resistant when h < 3m Not applicable Not applicable Resistant when h < 10 m Resistant when h < 12 m and 

dbh > 16 cm 
Regeneration 
strategies 

     

- Recruitment IT to ST, D4 (Fig. 2.13: not 
significant)  

IT to SI, D4 SI, D4 IT to SI, D4 (Fig. 2.13: not 
significant) 

IT to ST, D5 (Fig. 2.13: not 
significant) 

- Growth rate IT to ST, D4 (Fig. 2.15: not 
significant) 

SI, D2 (Fig. 2.15: not 
significant) 

SI, D4 (Fig. 2.15: not 
significant)  

IT to SI, D4 IT to ST, D4 (Fig. 2.15: not 
significant) 

- Leaf turnover ST, D2 SI, D5  IT to SI, D4 (Fig. 2.16: not 
significant) 

Fig. 2.16: Not significant Not significant 

Life history  Fruiting annually in Wet season 
including cyclone season with 865 
fruit/100 m2 yielding 4 
seedlings/100 m2 and 
establishing 4 juveniles/100 m2 
within 2 years. 

Fruiting biennially in Wet 
season including cyclone 
season with 295 fruit/100 m2 
yielding 15 seedlings /100 m2 
and establishing 3 
juveniles/100 m2 in 2 years. 

Fruiting biennially in Wet 
season including cyclone 
season with 218 fruit/100 m2 
yielding 8 seedlings/100 m2 
and establishing 6 
juveniles/100 m2 in 2 years. 

Fruiting annually in Wet season 
including cyclone season (Site 
A); or Dry season (Site E) with 
991 fruit/100 m2 yielding 21 
seedlings/100 m2 and 
establishing 4 juveniles/100 m2 
in 2 years. 

Fruiting annually in Dry 
season with 23,488 fruit /100 
m2 yielding 47 seedlings/100 
m2 and establishing 7 
juveniles /100m2 in 2 years. 

Germination SI SI SI SI SI 
Seedling growth IT to SI IT to SI IT to SI SI ST 

      
Overall Trend IT, D2 to D4 IT to SI, D1 to D5 IT to SI, D2 to D5 IT to SI, D2 to D5 IT to ST, D1 to D5 
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5.1  Study site characterisation based on level of cyclonic disturbance 

Cyclonic disturbance greatly disturbed the rainforest canopy near Mission Beach 

and Kurrimine Beach, resulting in 27 to 80% canopy openness 1.5 to 2 years after 

Cyclone Larry.  Canopy openness did not differ significantly over the 2 years of the field 

study.  This suggests that a high level of canopy openness is likely in these forests due to 

the regular occurrence of cyclones.  The damage resulting from the cyclone varied from 

plot to plot, as categories ranged from 4 (minor to moderate) to 1 (severe).  Overall, at 

most sites there was 49% canopy openness and moderate to severe damage (D4). 

5.2  Population structure:  Life stage distribution 

Most study species had fewer adults than seedlings.   More A. australasica, C. 

australis and C. moti seedlings were recruited under higher canopy openness than under 

lower canopy openness in vegetation showing differing degrees of damage  from ‘minor 

to moderate’ to ‘severe’ (Table 5.1).  More seedlings of H. wendlandiana were also found 

under higher canopy openness (80%) and severe damage than 59%, moderate damage 

(Table 5.1).  By contrast, more seedlings of L. ramsayi occurred under lower light 

intensities (43% sunlight) and under canopies showing severe damage. More juveniles of 

A. australasica were established in lower light intensities, suggesting the juveniles 

established after the formation of an extensive canopy.  More juveniles of C. australis, C. 

moti, H. wendlandiana and L. ramsayi were established under higher light intensities, 

suggesting they survived higher light intensities and under severely damaged canopies 

following Cyclone Larry.   
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5.3  Population structure: Height and dbh distribution and wind resistance 

Height and dbh were not correlated in Arenga australasica and L. ramsayi.  The 

stands of A. australasica which were taller than 3 m were more susceptible to Cyclone 

Larry; the height was related to wind resistance.  In L. ramsayi, stands taller than 12 m 

and with dbh less than 16 cm were more susceptible to Cyclone Larry; the dbh was 

correlated with wind resistance.  The stands of H. wendlandiana with height more than   

10 m were susceptible to wind stress due to their height-dbh distributions that were close 

to or exceeded the theoretical buckling limit.   

5.4  Regeneration strategies 

 The seedlings of C. australis and C. moti showed greatest recruitment under the 

higher light intensities found in gaps created by the cyclone.  The net recruitment of the 

seedlings of A. australasica and H. wendlandiana was not significantly different between 

sites.  Smaller gaps favoured the recruitment of L. ramsayi seedlings.  The growth of      

A. australasica, C. australis, C. moti and L. ramsayi seedlings did not respond 

significantly to different light intensities, while the seedlings of H. wendlandiana grew 

better under smaller canopy gaps.  

5.5  Life history observations based on reproductive phenology and regeneration 

Life history observations based on reproductive phenology and regeneration for 

five palm species is documented in Table 5.1 (more details in Table 2.9 and Appendix 

2.5).  These records can be used as a basis for future research to examine whether these 

palms exhibit gregarious flowering in response to cyclones, or whether fruiting and its 

magnitude occurs normally in the wet season, even in the absence of cyclones. For 

example, do L. ramsayi and H. wendlandiana always produce large numbers of fruit in 
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the wet season, and is fruiting generally biennial in C. australis and C. moti?  Hopkins 

and Graham (1987) found that L. ramsayi showed gregarious flowering in response to the 

disturbance from Cyclone Winifred. 

5.6  Germination 

 The germination of Arenga australasica, C. australis and L. ramsayi was 

enhanced by scarification (abrasion of their hard seed coat).  The germination of all seeds 

was inhibited by far red light. These results suggest that canopy gaps created by cyclonic 

disturbances would induce seed germination of the palm species studied.  The seeds of A. 

australasica, C. australis and H. wendlandiana were able to germinate in the dark, 

suggesting that burial of the seed does not inhibit germination.  In contrast, the 

germination of L. ramsayi seeds was inhibited by darkness.   

5.7  Seedling growth 

The seedlings of the palm species studied responded differently to different levels 

of shading, indicating different shade tolerances.  The seedlings of A. australasica,         

C. australis and C. moti were found to be intermediate to shade-intolerant.                      

H. wendlandiana are shade intolerant.  L. ramsayi showed indications of shade-tolerance.  

The findings from the seedling growth experiment differed from the field observations 

because the canopy openness in the field ranged from 27 to 80% sunlight, indicating the 

lack of fully-closed canopies or shaded environments. 

5.8  Overall trends  

The five palm species studied varied  in relation to the responses of seedlings to 

environmental changes that are associated with cyclonic disturbances.  The overall trends 

for seedlings do not necessarily reflect responses of adult palms, which show other 
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adaptations in terms of wind resistance and life history strategies. The seedling studies 

have implications for the establishment phase of rainforest restoration, particularly in 

areas prone to cyclonic disturbance.  The observations on wind resistance and life history 

strategies are more useful in predicting the survival and responses of established juveniles 

and adults to cyclonic disturbances. 

Arenga australasica seedlings are ‘intermediate’ in terms of their response to 

shading. More A. australasica seedlings were recruited in higher light intensities (31%) 

(Table 5.1: IT to ST).  In the field, the differences in growth rates of A. australasica 

between study sites were not significant (IT to ST). The glasshouse experiment showed 

that the seedlings grew better in intermediate light intensities (17 and 29% sunlight; IT to 

SI).  More juveniles were established in more shaded plots (Appendix 2.5a: ST). The 

germination of this species was promoted by light (SI).  Overall, the shade and cyclonic 

damage tolerance of A. australasica could be categorised as ‘IT, D4 to D2’, i.e. the seed 

germination favours light, the seedlings are intermediate-shade tolerant, and in the field 

the seedlings/juveniles survived in plots with ‘minor to moderate’ to ‘moderate to severe’ 

damage. 

Calamus australis seedlings are ‘intermediate-shade intolerant’.  More                

C. australis seedlings were recruited in higher light intensity and these results were 

consistent with their net recruitment overtime (Table 5.1: IT to SI).  In the field, the 

growth rates of the seedlings were not significantly different between sites (SI).  The 

results from the glass house experiment showed that the seedlings grew better in higher 

light intensities (IT to SI).  More juveniles were established in plots with less canopy 

cover (Appendix 2.5b: IT to SI). The seed germination of C. australis was stimulated by 

light (SI).  Thus, C. australis seedlings could be categorised as ‘IT to SI, D1 to D5’, i.e. 
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the seed germination is promoted by light, the seedlings are intermediate to shade 

intolerant and survived in plots with ‘minor’ to ‘severe’ damage. 

Calamus moti seedlings are ‘intermediate-shade intolerant’.   More seedlings of   

C. moti were recruited in larger canopy gaps and these results were consistent with their 

net recruitment after approximately 1.5 years (Table 5.1: SI).  The results from the field 

observations were not distinct between sites. The seedlings grew better in higher light 

intensities in the glass house experiment (IT to SI).  More juveniles were established in 

higher canopy openness (Appendix 2.5c).  Therefore, C. moti seedlings could be ‘IT to 

SI, D1 to D5’, i.e. the seedlings are intermediate-shade intolerant and in the field the 

seedlings/juveniles survived in plots with ‘minor to ‘severe’ damage. 

Hydriastele wendlandiana seedlings are ‘intermediate-shade intolerant’.   More   

H. wendlandiana seedlings were recruited in larger canopy gaps and these results were 

consistent with their net recruitment (Table 5.1: IT to SI).  The growth rates of seedlings 

were not significantly distinct between sites (IT to SI).  The results from the glass house 

trials showed that the seedlings grew better in higher light intensities (IT to SI).  In more 

shaded plots more juveniles were established (Appendix 2.5d). The seed germination of 

this species was enhanced by light (SI).  Overall, H. wendlandiana seedlings are ‘IT to SI, 

D2 to D5’, i.e. the seed germination is promoted by light, the seedlings are intermediate-

shade intolerant and survived ‘moderate’ to ‘severe’ damage. 

Licuala ramsayi seedlings are ‘intermediate-shade tolerant’. More L. ramsayi 

seedlings were recruited in more shaded plots and these results were consistent with their 

net recruitment over time (Table 5.1: IT to ST).  In the field, the differences in growth 

rates of the seedlings were not significant between sites (IT to ST).  In the glass house, 

the seedlings grew better in lower light intensities (ST).  More juveniles were established 

in more open plots (Appendix 2.5e: IT to ST). The seed germination of this species was 
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enhanced by light (SI).  Overall, L. ramsayi seedlings tend to be ‘IT to ST, D1 to D5’, i.e. 

the seeds favour light for germination, the seedlings are intermediate-shade tolerant and 

the seedlings/juveniles survived ‘minor’ to ‘severe’ damage. 

5.9  Implications 

This research indicates that A. australasica, C. australis, C. moti,                         

H. wendlandiana and L. ramsayi can regenerate naturally following disturbance in 

cyclone-prone rainforests, such as the rainforests in the Mission Beach and Kurrimine 

Beach areas. When palms are used in rainforest restoration to accelerate natural 

regeneration and repair habitat degradation caused by cyclonic disturbance, the 

restoration should only be undertaken in areas that will not regenerate naturally: sowing 

seeds or transplanting seedlings are suitable methods.  The palm seeds can be sown in 

medium-sized canopy gaps during the wet season to prevent drying out (desiccation).   

Based on the overall trends, we recommend that C. australis, C. moti and                         

H. wendlandiana seedlings appear suitable species for revegetating medium to large low-

shade canopy gaps and ‘minor’ to ‘severe’ damage.  Arenga australasica may be planted 

in medium canopy gaps with ‘minor-moderate’ to ‘severe’ damage.  Licuala ramsayi 

appears best-suited for subsequent revegetation, being planted subsequent to canopy 

formation. 
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Appendix 1.1   Index of scientific names used in this thesis. 

Acacia farnesiana (L.) Willd. 
Adonidia merrillii (Becc.) Becc. 
Aechmea nudicalis Griseb. 
Archontophoenix alexandrae (F.Muell.) H.Wendl. & Drude 
Arenga australasica (H. wendl. & Drude) S.T. Blake ex H.E. Moore 
Arenga microcarpa Becc. 
Arenga pinnata (Wurmb) Merr. 
Asterogyne martiana H. Wendl. ex Drude 
Asterogyne alatum  
Butia capitata (Mart.) Becc. 
Calamus australis Mart. 
Calamus moti F.M. Bailey 
Calamus caryotoides Mart. 
Chamaedorea exorrhiza Dammer 
Chamaedorea seifrizii Burr. 
Cocos nucifera L. 
Cyrtostachys lakka Becc. 
Coronilla varia L. 
Dypsis lutescens (H. Wendl.) Beentje & J. Dransf.  
Elaeis guineensis N.J. Jacq. 
Hydriastele wendlandiana (F.Muell.) H.Wendl. & Drude 
Lactuca sativa L. 
Licuala ramsayi var. ramsayi (F.Muell.) Domin 
Licuala ramsayi var. tuckeri Barford & Dowe 
Normanbya normanbyi (Hill) Bailey 
Oraniopsis appendiculata (F.M. Bailey) J. Dransf., A.K. Irvine & N.W. Uhl 
Cyrtostachys lakka Becc. 
Elaeis guineensis N.J. Jacq. 
Hydriastele wendlandiana (F.Muell.) H.Wendl. & Drude 
Licuala ramsayi var. ramsayi (F.Muell.) Domin 
Licuala ramsayi var. tuckeri Barford & Dowe 
Melilotus alba Desr. 
Mikania micrantha H.B.K. 
Normanbya normanbyi (Hill) Bailey 
Oraniopsis appendiculata (F.M. Bailey) J. Dransf., A.K. Irvine & N.W. Uhl 
Prestoea decurrens (H. Wendl. ex Burrett) H.E. Moore 
Prestoea montana G. Nicholson 
Pritchardia remota (Kuntze) Beck. 
Ptychosperma elegans (R.Br.) Blume 
Reindhardtia latisecta T.W. Spanner, H.J. Noltie & M. Gibbons 
Reindhardtia simplex (H. Wendl.) Burret 
Rhapidophyllum hystrix (Pursh) H. Wendl. & Drude 
Roystonea elata (Bart.) Harper 
Sabal causiarum (O.F. Cook) Becc. 
Socrates exorrhiza (Mart.) H. Wendl. 
Streptocalyx floribundus Mez in Mart. 
Thrinax parviflora Sw. 
Welfia georgii H. Wendl. 
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Appendix 2.1   Density of the five study species per hectare for each life stage in July 
2007 for Site A1, C and D, May 2008 for Site E and August 2008 for Site B.   

 
Species Site Seedling Juvenile Mature Total 

  individuals/ha 
A. australasica C 

D 
350 
200 

325 
450 

150 
75 

825 
725 

C. australis A1 
C 
E 

775 
50 

975 

1375 
0 

125 

375 
25 
50 

2525 
75 

1150 
C. moti A1 

C 
D 
E 

500 
50 
50 
0 

50 
25 
0 

25 

100 
25 
0 
0 

650 
100 

50 
25 

H. wendlandiana A1 
E 

100 
525 

0 
275 

75 
75 

175 
875 

L. ramsayi A2 
B 
E 

1950 
6850 

0 

600 
2150 

150 

850 
1800 

0 

3200 
10750 

150 
 
 

Appendix 2.2   Summary of the population structure of palm species other than the five 
principal species studied in July 2007 for Sites A1, C and D; May 2008 for Site E and 
August 2008 for Site B; N = total number of individuals in each study site.  

 
Species Site Gap Openness 

(%) 
N 

(Total) 
Seedling 

(N) 
Juvenile 

(N) 
Mature 

(N) 
Ptychosperma elegans A1 

C 
D 

59 
31 
27 

31 
364 
56 

30 
328 
39 

1 
15 
8 

0 
21 
9 

Linospadix minor A1 59 1 0 0 1 
Archontophoenix 
alexandrae 

C 
D 
E 

31 
27 
80 

13 
15 
1 

10 
14 
0 

1 
1 
1 

2 
0 
0 

C. caryotoides C 
D 
E 

31 
27 
80 

22 
28 
18 

7 
5 
0 

2 
16 
11 

13 
7 
7 

Livistona drudei E 80 1 0 1 0 
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Appendix 2.3   Recovery of mature (a) A. australasica, (b) H. wendlandiana and (c) L. 
ramsayi  following the disturbance of Cyclone Larry; numbers 1 - 52 = unique individual 
numbers; 1 – 7 = wind resistance ranks (Table 2.4); 1 – 4 = recovery scores (Table 2.5);  
1 – 3 = flowering/fruiting status, where 1 = mature, not flowering/fruiting, 2 = mature, 
flowering/fruiting, 3 = not applied (wind resistance ranks 6-7).   

(a)  A. australasica 

No. Recovery Height (m) Diameter (cm) Flowering/Fruiting Status Vegetative Regeneration Wind Resistance 

1 1 4 12 1 0 1 

2 1 5 13 2 0 1 

3 1 3 11 1 0 1 

4 1 4 13 1 0 1 

5 1 3 12 1 0 1 

6 1 5 10 1 0 1 

7 1 3 14 1 0 1 

8 1 3 14 1 0 1 

9 1 4 14 1 0 1 

10 1 3 18 1 0 1 

11 1 5 15 1 0 1 

12 1 3 15 1 0 1 

17 1 3 22 1 0 1 

18 1 3 16 1 0 1 

19 1 3 16 1 0 1 

13 2 5 22 3 1 6 

14 2 3 12 3 1 6 

15 2 4 12 3 1 6 

16 3 1 14 1 0 1 

20 3 2 10 1 0 1 

21 3 1 10 1 0 1 

22 3 1 12 1 0 1 

23 3 2 13 1 0 1 

24 3 2 12 1 0 1 

25 3 1 12 1 0 1 

26 3 2 19 1 0 2 

27 3 2 12 1 0 1 

28 3 1 13 1 0 1 

29 3 1 12 1 0 1 

30 3 1 10 1 0 1 

31 3 1 11 1 0 1 

32 3 1 12 1 0 1 

33 3 1 16 1 0 1 

34 3 1 13 1 0 1 

35 3 2 15 1 0 1 

36 3 2 13 1 0 1 

37 3 1 12 1 0 1 

38 3 1 11 1 0 1 

39 3 2 19 1 1 3 

40 3 2 19 1 0 3 

41 3 2 13 1 0 1 

42 3 1 13 1 0 1 

43 3 4 16 1 0 3 

44 3 4 15 1 0 3 

45 4 3 10 3 0 6 

46 4 4 11 3 0 6 
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Appendix 2.3   (Continued). 
 
(a)  A. australasica  
 

No. Recovery Height (m) Diameter (cm) Flowering/Fruiting Status Vegetative Regeneration Wind Resistance 

47 4 2 12 3 0 6 

48 4 3 12 3 0 6 

49 4 4 17 3 0 6 

50 4 3 16 3 0 7 

51 4 3 17 3 0 7 

52 4 3 14 3 1 7 

 

(b)  H. wendlandiana 

No. Recovery Height (m) Diameter (cm) Flowering/Fruiting Status Vegetative regeneration Wind Resistance 
1 1 10 13 2 0 1 

2 1 9 8 2 0 1 

3 1 4 6 2 1 5 

4 1 7 6 2 1 5 

5 1 6 20 1 0 1 

6 1 4 7 1 0 1 

7 1 4 6 1 0 1 

8 1 4 4 1 0 1 

9 1 3 4 1 0 1 

10 1 3 5 1 0 1 

11 1 6 7 1 1 1 

12 1 3 4 1 0 1 

13 3 7 7 1 0 2 

14 3 2 4 1 0 1 

15 3 3 4 1 1 3 

16 3 7 7 1 1 3 

17 3 6 7 1 1 3 

18 3 2 4 1 0 1 

19 3 3 8 1 1 5 

20 3 6 8 1 1 5 

21 4 5 6 3 0 6 

22 4 6 7 3 0 6 

23 4 8 8 3 0 7 

24 4 4 5 3 0 7 

25 4 6 17 3 0 7 

26 4 3 13 3 0 7 

27 4 6 6 3 0 7 
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Appendix 2.3   (Continued). 

 
(c)  L. ramsayi 
 

No. Recovery Height (m) Diameter (cm) Flowering/Fruiting Status Vegetative regeneration 
Wind 

Resistance 

1 1 12 13 3 0 1 

2 1 9 14 3 0 1 

3 1 8 14 3 0 1 

4 1 9 14 2 0 1 

5 1 8 12 2 0 1 

6 1 10 15 2 0 1 

7 1 9 14 2 0 1 

8 1 8 12 2 0 1 

9 1 8 14 2 0 1 

10 1 8 13 2 0 1 

11 1 11 14 2 0 1 

12 1 6 14 2 0 1 

13 1 12 13 2 0 2 

14 1 10 14 2 0 1 

15 1 10 12 2 0 1 

16 1 7 12 2 0 1 

17 1 9 13 2 0 1 

18 1 16 14 2 0 1 

19 1 6 10 2 0 1 

20 1 8 12 2 0 1 

21 1 10 13 2 0 1 

22 1 10 12 2 0 1 

23 1 10 13 2 0 1 

24 1 10 13 2 0 1 

25 1 10 12 2 0 1 

26 1 8 14 2 0 1 

27 1 5 9 2 0 1 

28 1 8 11 2 0 1 

29 1 10 14 1 0 1 

30 1 10 12 1 0 1 

31 1 7 16 1 0 1 

32 1 10 12 2 0 1 

33 1 10 15 2 0 1 

34 1 14 15 2 0 1 

35 1 11 12 2 0 1 

36 1 11 12 1 0 1 

37 1 8 12 1 0 1 

38 1 3 19 1 0 1 

39 1 11 15 1 0 1 

40 1 10 15 2 0 1 

41 1 13 14 2 0 1 

42 1 17 15 2 0 2 

43 1 9 18 2 0 1 

44 1 16 14 2 0 1 

45 1 8 12 2 0 1 

46 1 12 14 2 0 1 
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Appendix 2.3   (Continued). 
 
(c)  L. ramsayi 
 

No. Recovery Height (m) Diameter (cm) Flowering/Fruiting Status Vegetative regeneration 
Wind 

Resistance 

47 1 10 13 2 0 1 

48 1 2 26 2 0 1 

49 1 9 14 2 0 1 

50 1 11 12 2 0 1 

51 1 8 14 1 0 1 

52 1 12 14 2 0 1 

53 1 12 13 2 0 2 

54 1 12 16 2 0 1 

55 1 8 14 2 0 2 

56 1 5 15 1 0 1 

57 1 11 14 2 0 1 

58 1 8 13 2 0 2 

59 1 8 13 2 0 1 

60 1 7 13 2 0 2 

61 1 9 14 2 0 1 

62 1 7 14 2 0 1 

63 1 6 14 2 0 1 

64 1 8 13 2 0 1 

65 1 12 14 2 0 1 

66 1 5 12 2 0 1 

67 1 6 14 2 0 5 

68 1 7 13 2 0 1 

69 1 6 11 2 0 1 

70 1 8 15 2 0 1 

71 1 6 12 2 0 1 

72 1 6 13 1 0 1 

73 1 7 15 2 0 1 

74 1 11 13 2 0 1 

75 1 4 13 1 0 1 

76 1 8 12 2 0 1 

77 1 12 13 2 0 1 

78 1 12 9 2 0 1 

79 1 8 9 2 0 1 

80 1 12 13 2 0 1 

81 1 11 12 2 0 1 

82 1 7 12 2 0 2 

83 1 6 14 2 0 1 

84 1 12 19 2 0 2 

85 1 7 12 2 0 1 

86 1 10 12 2 0 1 

87 1 8 12 2 0 1 

88 1 3 10 1 0 1 

89 1 7 13 2 0 4 

90 1 5 11 2 0 1 

91 1 10 8 2 0 3 

92 1 11 12 2 0 1 
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Appendix 2.3   (Continued). 
 
(c)  L. ramsayi 
 

No. Recovery Height (m) Diameter (cm) Flowering/Fruiting Status Vegetative regeneration 
Wind 

Resistance 

93 1 7 11 2 0 1 

94 1 16 14 2 0 2 

95 1 8 13 2 0 2 

96 1 12 13 2 0 1 

97 1 3 13 1 0 1 

98 1 1 18 1 0 1 

99 3 11 14 1 0 2 

100 3 8 12 1 0 2 

101 3 8 12 1 0 2 

102 3 12 12 1 0 3 

103 3 5 9 3 0 3 

104 3 7 11 3 0 2 

105 3 7 11 1 0 4 

106 3 7 14 3 0 4 

107 3 6 13 1 0 2 

108 4 10 14 2 0 6 

109 4 6 14 2 0 6 

110 4 9 11 3 0 7 

111 4 10 14 3 0 7 

112 4 8 11 3 0 7 

113 4 13 15 2 0 7 

114 4 11 9 2 0 6 

115 4 9 11 1 0 7 

116 4 10 7 3 0 7 

117 4 11 9 1 0 7 

118 4 11 15 3 0 6 

119 4 12 9 3 0 7 

120 4 6 14 3 0 6 

121 4 4 12 3 0 6 

122 4 5 13 3 0 7 

123 4 14 11 3 0 7 

124 4 12 10 3 0 7 

125 4 12 14 3 0 7 

126 4 2 7 3 0 6 

127 4 13 12 3 0 7 

128 4 10 10 3 0 7 

129 4 5 11 3 0 7 

130 4 3 15 3 0 6 

131 4 9 11 3 0 7 

132 4 7 10 1 0 7 

133 4 12 15 3 0 7 
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Appendix 2.4   Risk factors that might lead to seedling mortality of (a) A. australasica, 
(b) C. australis, (c) C. moti, (d) H. wendlandiana and (e) L. ramsayi and the number of 
surviving or dead seedlings in each category of risk factor (Table 2.6) 

(a)  A. australasica 
 

Categories (C) of Risk  
Factors  

(Table 2.6) 

Survivorships 
(combined between Site C 

and D) 

 
Total 

0 = died 1 = lived 
C1 0 9 9 
C2 1 9 10 
C4 0 4 4 
C6 1 11 12 
C7 1 5 6 
C10 0 1 1 
C12 4 0 4 
Total 7 39 46 

 
(b) C. australis 
 

Categories (C) of Risk  
Factors  

(Table 2.6) 

Survivorships 
(combined between Site 

A2, D and E) 

 
Total 

0 = died 1 = lived 
C1 3 25 28 
C2 5 20 25 
C4 0 2 2 
C5 0 3 3 
C6 5 8 13 
C7 2 9 11 
C9 5 10 15 
C10 5 12 17 
C11 3 7 10 
C12 13 2 15 
Total 41 98 139 

 
(c) C. moti  
 

Categories (C) of Risk  
Factors  

(Table 2.6) 

Survivorships 
(combined between Site 

A2 and E) 

 
Total 

0 = died 1 = lived 
C1 4 14 18 
C2 2 14 16 
C3 0 1 1 
C4 0 1 1 
C5 3 1 4 
C6 1 5 6 
C7 1 2 3 
C9 1 3 4 
C10 1 8 9 
C11 0 2 2 
C12 4 0 4 
Total 17 51 68 
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Appendix 2.4   (Continued).   
 
 (d) H. wendlandiana 
 

Categories (C) of Risk  
Factors  

(Table 2.6) 

Survivorships 
(combined between Site 

A3 and E) 

 
Total 

0 = died 1 = lived 
C1 0 90 90 
C2 2 13 15 
C3 0 1 1 
C4 1 4 5 
C5 1 4 5 
C6 1 5 6 
C7 1 5 6 
C8 0 5 5 
C9 0 8 8 
C10 3 30 33 
C11 1 12 13 
C12 7 0 7 
Total 17 177 194 

 
 
(e) L. ramsayi 
 

Categories (C) of Risk  
Factors  

(Table 2.6) 

Survivorships 
(combined between Site 

A3 and B) 

 
Total 

0 = died 1 = lived 
C1 7 101 108 
C2 0 39 39 
C4 0 7 7 
C5 2 23 25 
C6 1 11 12 
C7 1 5 6 
C8 0 1 1 
C9 4 10 14 
C10 6 25 31 
C11 0 1 1 
C12 4 0 4 
Total 25 223 248 
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Appendix 2.5   Observations of the life history stages of  (a) A. australasica, (b) C. 
australis, (c) C. moti, (d) H. wendlandiana and (e) L. ramsayi.  Counts were the total 
number of individuals calculated per study site (400m2 or 200m2 for L. ramsayi); overall 
(mean ± SEM) was calculated as number of individuals per study plot (100m2

(a)  A. australasica 

); study 
sites with a = not included in the mean ± SEM calculation to avoid bias; b = recruited 
although there was no productive mature palms; tntc = too numerous to count; n.a. = data 
were insufficient for calculating mean ± SEM.  

 
 

No. 
 

Life Events 
 
Site 

 
Time 

 
Count  

Overall 
(mean ± SEM) 

    individual/400m2 individual/100m2 
      

1. Productive mature plants C Jul 2007- Dec 2009 2 } 
  D Jul 2007- Dec 2009 0 } n.a 

2. Juveniles (survived from previous 
cyclones) 

C Jul 2007 13 } 
} C & D = 

  D Jul 2007 18 } 3.88 ± 1.19 
3. Seedlings/recruits C Jul 2007 14 } C & D = 
  D Jul 2007 8 } 2.75 ± 0.86 

4. Flowering C Jul-Oct (2008-2009) tntc n.a. 
5. Fruiting (Young fruit stage) C Aug-Dec (2008-2009) 3461 n.a.  

Average= 865.25 
6. Fruiting (End-season stage) C Oct-Dec (2008-2009) 831 n.a.  

Average= 207.75 
7. Seed dispersal/predation C Oct-Dec (2008-2009) 3461 n.a.  

Average= 865.25 
8. Germination period (Fig. 2.23)  ca. 7 months   
9. Seedling pool  C Dec 2009 11 } C & D = 
  D Dec 2009 21 } 4.00 ± 1.21 

10. Juveniles pool C Dec 2009 15 } C& D = 
  D Dec 2009 20 } 4.38 ± 0.73 
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Appendix 2.5   (Continued)    
 
(b)  C. australis 
 

 
No. 

 
Life Events 

 
Site 

 
Time 

 
Count 

Overall 
(mean ±  SEM) 

    individual/400m2 individual/100m2 
      

1. Productive mature plants  A2a Jul 2007- Dec 2009 3  
 (male or female) A3 Aug 2008-Dec 2009 4 } 
  Ca Jul 2007- Dec 2009 1  
  Da Jul 2007- Dec 2009 0    
  E May 2008-Dec 2009 2 } n.a. 

2. Juveniles (survived from previous 
cyclones) 

A2a Jul 2007 26  

  A3 Aug 2008 22 } 
  Ca Jul 2007 0  
  Da Jul 2007 0   A3 & E = 
  E May 2008 5 } 3.38 ± 1.58 

3. Seedlings/recruits A2a Jul 2007 9  
  A3 Aug 2008 38 } 
  Cab Jul 2007 2  
  Dab Jul  2007 4   A3 & E = 
  E May 2008 27 } 8.25 ± 3.29 

4. Flowering  A3 Aug-Nov   
Female-biennial: 2007 & 
2009; Male: 2007-2009   

tntc n.a. 

  E Jul-Oct (Male & Female: 
2009, no flower  in 2008) 

tntc n.a. 

5. Fruiting (Young fruit stage) - biennial A3 Oct-Nov 2007 & 2009 1451 } A3 & E = 
  E Aug (2009, not in 2008) 907 } 294.75 ± 199.69 

6. Fruiting (End-season stage) - 
biennial 

A3 Nov-Dec 2007 & 2009 352 } A3 & E = 

  E Sep (2009, not in 2008) 90 } 55.25 ± 43.83 
7. Seed dispersal/predation - biennial A3 Nov-Dec 2007 & 2009 1154 } A3 & E = 
  E Dec (2009, not in 2008) 907 } 257.63 ± 170.26 
 Seed dispersal by cassowaries:     
 -  Dung collection, number of seeds 

found,  
A Feb 2008 18 seeds; 80%  

    germination  May2008 5 seeds; 0  
   Jun 2008 4 seeds; 0  
   Jul 2009 68 seeds; 60%  

8. Germination period (Fig. 2.23)  ca. 6 months   
9. Seedling pool  A2a Dec 2009 56  
  A3 Dec 2009 83 } 
  Cab Dec 2009 1  
  Dab Dec 2009 5    A3 & E = 
  E Dec 2009 36 } 14.88 ± 4.07 

10. Juveniles pool A2a Dec 2009 21  
  A3 Dec 2009 22 } 
  Ca Dec 2009 0  
  Da Dec 2009 0   A3 & E = 
  E Dec 2009 5 } 3.38 ± 1.58 
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Appendix 2.5   (Continued).  
 
(c)  C. moti 
 

 
No. 

 
Life Events 

 
Site 

 
Time 

 
Count 

Overall 
(mean ± SEM) 

    individual/400m2 individual/100m2 
      
1. Productive mature plants A2a Jul  2007- Dec 2009 2  
  A3 Aug 2008-Dec 2009 2 }  
  Ca Jul  2007- Dec 2009 0  
  Da Jul  2007- Dec 2009 0     
  Ea May 2008-Dec 2009 0 } n.a. 
       Average= 1  
2. Juveniles (survived from previous 

cyclones) 
A2a Jul 2007 26  

  A3 Aug 2008 45 }  
  Cab Jul 2007 1  
  Da Jul 2007 0   A3 & E = 
  Eb May 2008 1 } 5.75 ± 2.72 
3. Seedlings/recruits: A2a Jul 2007 20  
  A3 Aug 2008 40 }  
  Cab Jul  2007 1  
  Da Jul 2007 4    
  Ea May 2008 0 } n.a. 
       Average= 10 
4. Flowering (biennial) A3 Jul-Sep 2008-2009 tntc n.a. 
5. Fruiting (Young fruit stage)-biennial A3 Sep-Oct 2008-2009 1742 n.a.  

Average= 218 
6. Fruiting (End-season stage)-biennial A3 Nov-Dec 2008-2009 548 n.a. 

Average= 69 
7. Seed dispersal/predation A3 Sep-Dec 2008 – 

Feb 2009 
1742 n.a. 

Average= 218 
8. Germination period (Fig. 2.23)   n.a. n.a.  
9. Seedling pool  A2a Dec 2009 43  
  A3 Dec 2009 58 }  
  Cab Dec 2009 4  
  Dab Dec 2009 1   A3 & E = 
  Eb Dec 2009 3 } 7.50 ± 3.25 
10. Juveniles pool A2a Dec 2009 26  
  A3 Dec 2009 45 }  
  Ca Dec 2009 1  
  Da Dec 2009 0   A3 & E = 
  E Dec 2009 1 } 5.75 ± 2.72 
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Appendix 2.5   (Continued) 

(d)  H. wendlandiana 
 

No. 
 

Life Events 
 
Site 

 
Time 

 
Count 

Overall 
(mean ± SEM) 

    individual/400m2 individual/100m2 
1. Productive mature plants A2a Jul 2007- Dec 2009 3  
  A3 Aug 2008-Dec 2009 3 } A3 & E = 
  E May 2008-Dec 2009 2 } 0.88 ± 0.40 

2. Juveniles  A2a Jul 2007 0  
 (survived from previous cyclones) A3a Aug 2008 13 } A3 & E = 
  E May 2008 11 } 3.00 ± 1.44 

3. Seedlings/recruits: A2a Jul 2007 4  
  A3 Aug 2008 88 } A3 & E = 
  E May 2008 21 } 13.63 ± 8.17 

4. Flowering A3 Apr 2008-2009 tntc n.a. 
  E Jul 2008-2009 tntc n.a. 

5. Fruiting (Young fruit stage) A3 May 2008-2009 5543 } A3 & E = 
  E Sep 2008-2009 2383 } 990.75 ± 714.03 

6. Fruiting (End-season stage) A3 Sep-Oct 2008-2009 1684 } A3 & E = 
  E Nov-Dec 2008-2009 75 } 219.88 ± 209.37 

7. Seed dispersal/predation A3 Nov 2008-2009 5543 } A3 & E = 
  E Nov-Dec 2383 } 990.75 ± 714.03 

8. Germination period (Fig. 2.23)   ca. 7 months   
9. Seedling pool  A3 Dec 2009 139 } A3 & E = 
  E Dec 2009 32 } 21.38 ± 13.08 

10. Juveniles pool A3 Dec 2009 18 } A3 & E = 
  E Dec 2009 12 } 3.75 ± 1.76 

(e)  L. ramsayi 
 

No. 
 

Life Events 
 
Site 

 
Time 

 
Count 

Overall 
(mean ± SEM) 

    individual/200m2 individual/100m2 
1. Productive mature plants A2 Jul 2007- Dec 2009 17 } A2 & B = 
  B Aug 2008-Dec 2009 36 } 13.25 ± 4.71 

2. Juveniles  A2 Jul 2007 12 } 
 (survived from previous cyclones) B Aug 2008 43   A2 & B = 
  Eab May 2008 3 } 6.25 ± 2.39 

3. Seedlings/recruits: A2 Jul 2007 39 } A2 & B = 
  B Aug 2008 137 } 44 ± 24.63 

4. Flowering A2 Feb-Apr 2008-2009 tntc n.a. 
  B Feb-Mar 2008-2009 tntc n.a. 

5. Fruiting (Young fruit stage) A2 Mar-Apr 2008-2009 42,860 } A2 & B = 
  B Mar-Apr 2008-2009 51,091 } 23,488 ± 10,602 

6. Fruiting (End-season stage) A2 Apr-Jun 2008-2009 7,583 } A2 & B = 
  B May-Aug 2008-2009 1,105 } 2,172 ± 1,808 

7. Seed dispersal/predation A2 Aug 2008-2009 42,860 } A2 & B = 
  B May-Sep 2008-2009 51,091 } 23,488 ± 10,602 
 Seed dispersal by cassowaries 

(possibility): 
    

 - seedlings found in cassowary’s dungs: A2 Dec 2007 1 seedling  
   Nov 2008 1 seedling  

8. Germination period (Fig. 2.23)   ca. 8 months   
9. Seedling Pool  A2 Dec 2009 53 } A2 & B = 
  B Dec 2009 168 } 46.96 ± 23.48  

10. Juveniles Pool A2 Dec 2009 10 } A2 & B = 
  B Dec 2009 44 } 7.25 ± 2.63 
  Eab Dec 2009 3  
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Appendix 3.1  Examples of the seeds of (a) A. australasica, (b-c) C. australis, (d-e) H. 
wendlandiana and (f-g) L. ramsayi after being tested with tetrazolium and viability 
determination at the end of the experiments; a= embryo, b= endosperm, v= viable, nv= 
not viable. 
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Appendix 4.1  Photographs of the palm seedlings at first 6 months and harvesting time. 

  

 

A. australasica 

 

 

 

 

 

C. australis 

 

 

C. moti 
 
T1= control, T2= strong, T3= medium, T4= weak;  scale= 20, 100 and 150cm;  Left= first 
term, Right= Final term;  C. moti seedlings senescent (the height almost constant) 
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Appendix 4.1  (continued)  Photographs of the palm seedlings at first 6 months and 
harvesting time. 
 
 
 
 

  
H. wendlandiana 

 
 

  
L. ramsayi 

 
T1= control, T2= strong, T3= medium, T4= weak;  scale= 20, 100 and 150cm;  Left= first term, 
Right= Final term;  C. moti seedlings senescent (the height almost constant) 
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