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Pollination Ecology and Flowering Phenology of the Star 
Mangrove Sonneratia alba. 

Abstract 

The Star Mangrove Sonneratia alba has a wide distribution through south-east Asia, 

New Guinea and tropical Australia (Tomlinson 1986). It occurs only on the seaward 

edge of mangals and along tidaJ creeks where it is inundated by most tides. This 

species has large, white, ephemeral flowers that open at dusk, presenting copious 

pollen and producing abundant nectar: features consistent with nocturnal pollinators. 

Both Fruit-bats and hawk-moths have been recorded as visitors to the flowers (van der 

Pijl 1969, Primack eta/. 1981 ), but flowers are also exploited by a variety of diurnal, 

nectarivorous birds in both Malaysia and Australia (Noske 1995, unpubl. data), so that 

bird poU.inatioo. is also possible. This study suggests that large honeyeaters exploit the 

flowers only in the early morning, when nectar levels are still high. 

This study concludes that S. alba is a protogynous outbreeder, pollinated in this site 

mainly by bats. 
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Chapter 1 - Introduction 

1.1 Mangals and Mangroves 

Mangrove is a coUective name for approximately 70 species of vascular plant that live 

between low and high spring tide (Semenuik et a/. 1978), usually subject to frequent or 

even periodical inundation of sea water. The tenn "mangrove" is subjective and 

sometimes includes coastal plants that are rarely, if ever, inundated. With such a broad 

definitioo, it is hardly surprising that Mepham & Mepham (1985) recorded 400 arboreal 

and 500 non-arboreal plants as mangroves in the Indo-Pacific region, while Tomlinson 

( 1986) recognises 66 genera and 94 species. Apart from tidal influences, mangroves share 

similar halophytic properties and indeed salinity is an important environmental factor, 

favouring the facultative mangroves by excluding less tolerant plants. Salt tolerance, wave 

tolerance, substrate composition, drainage, oxygen and nutrient levels all determine 

species composition of mangals - a community of mangroves (McNae 1968).These 

factors influence the typical zonation that occurs with mangrove species. Pioneer species 

such as Avicennia marina tend to grow in areas of high levels of inundation on the 

seaward edge. This zone is shared with Sonneratia alba and Rhizophora sty/osa. Ceriops 

and Bn~guiera species often appear in zones of less frequent inundation but higher salinity 

(due to evaporation). The Darwin Harbour contains 36 of the 48 species as recognised by 

Wigbrnan (1995) fmmd in the Northern Territory: this encompasses trees, climbers, 

parasitic plants, grasses and palms (Table 1). Of these 36 species, only 16 are considered 

true mangroves by Tomlinsoo ( 1986)while the others are mangal associates 

Mangroves probably originated between Australia and New Guinea (Richards 1996) and 

are now distributed over much of the Indo-West Pacific region and South-West Oceania 

(Wightman 1995) wherever the requirements of warm, sheltered. tidal shores are met 

(Semeniuk et a/. 1978). Richards (1996) suggested that the desert plants of central 

Australia, (which was once an inland ocean), are developed from relict mangroves. 

Evidence to support this are similar adaptations to salt tolerance (Aust Com. Environ, 

1996). The distribution of Australian mangals spans 10° latitude to 24° 0°S, extending 

oootinuously from Port Patterson, W.A to Weipa in Queensland (Semeniuk et al. 1978, 

Fig 1). Wells (1983) states that 4130krn2 of the NT is occupied by mangroves. 
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Mangroves have traditionally been utilised for food, building materials, charcoal, firewood 

and for medicines. Extracts from fruit or bark treat ailments as diverse as snakebites, 

diarrhoea. haemorrhaging, stings, boils and rheumatism Certain species are used to weave 

baskets, others are used as a fish anaesthetic. As human populations have increased, so to 

have the commercial uses for mangroves and rapid destruction of mangroves for timber is 

occurring. Mangroves are also being cleared for the aquacultw-e industry, salt production 

and, particularly in Australia, for land and housing development 

Much bas been recorded on the importance of mangrove communities as a shoreline 

stabiliser and as a nursery for fish species. Approximately 75% of commercially caught 

fish or prawns in Queensland have spent or depended on the mangals during one stage of 

their life. Important fisheries species include Barranumdi (Lates calcarifer), Mangrove 

Jack (Lutjanus argentimacu/ata), Bream (Mulio berda) and Javelin fish (Pomadasys 

hasta). There are over 70 species of crustacean (65% crabs) found in mangroves including 

the Mud Crab (Scylla serrata) which is another important fisheries species. Mangals have 

also been both a larder and a medicine chest for indigenous people. Mullet, catfish, 

mangrove worms and clams (Gelona coaxans & Batina violacea) are traditional 

aboriginal foods, while poultices are made from the fruit or bark of some mangrove 

species. 1be mangroves provide an environment for organisms along the food chain. 

Mangroves provide around 3.2 grams of litter per square metre each day (Duke 1988) 

This equates to over a kilogram per square metre per year. Ten million bacteria are present 

in one teaspoon of mangrove mud (Richards 1996), and these commence the break down 

of the detritus, along with fimgi, to provide food for crabs and molluscs. These in tum 

provide food for mudskippers and birds. Fawtal studies of animal species in Queensland 

mangals listed 13 mammals, 100 birds, 30 insects, 42 spiders, 23 reptiles, 76 crustaceans, 

3 amphibians, 33 fish, 39 molluscs and 42 spiders (Richards J 996). The nutrients are not 

solely available to resident species, for with each tidal flow, there is an exodus of litter and 

detritus that provide nutrients for benthic marine fauna Annually, over 12,500 toones of 

litter are exported over 260km2 of seabed on the Great Barrier Reef lagoon (Rjchards, 

1996) providing an essential primary food source to reef species. In addition to the 

importance of mangals as a primary producer, mangals have been shown to reduce tidal 

currents (Scoffin 1970) and check shore erosion (Carter 1959). 
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Table 1. Lilt of tbe 36 species of muagroves food iD Danria Barballr (from Wipt.•, 1995) 

.. True" mangroves 
Acanthw ilicifoliw 
Aegialiti.J annulala 
Aegiceras coriculaJum 
Avicennia marina 
Bruguiera exaristala 
Bruguiera g,m1r.a"hiza 
Bruiguiera parviflora 
Camptostylum schu/tzii 
Ceriops decandra 
Ceriops lagal 
Excoecaria ova/is 
L111rtnitzera racemo.sa 
L linorea 
Osbomia oetodonta 
Rhizophora sty/o.sa 
Scyphiphora hydrophylacea 
Sonneralia alba 
Thespesia popu/neoides 
Xylocarpus mekongeruis 
Manpi.A.aoclatea 
Diospyros compacta 
Dio.spyro.J linorea 
Halo.sarcia indica 
Hibiscus tiliaceus 
Bati.r argillicola 
Halosarcia haloenemoides 
Pemphis ocidula 
Suaeda arbwculoides 
Acroslichum speciosum 
Amyema mockayen.Je 
Amyema tJrala.uium 
&suvium portulacastrum 
Tecticomia OJLJtralasica 
C)"ffaachum carosum 
Dalbergia candenateruis 
Cynodon dactylon 
Sporobolw virginicw 

Habit 

Subshrub (1.5m) 
Shrub (1.5m) 
Small tree or shrub (5m) 
Tree (15m) 
Small tree or shrub (8m) 
Tree(15m) 
Tree(5m) 
Shrub (0.5m) 
Small tree or shrub (5m) 
Small tree or shrub (6m) 
Small tree (5m) 
Small tree (5m) 
Small tree (5m) 
Shrub/small tree (6m) 
Tree (10m) 
Shrub (5m) 
Tree (8m) 
Tree (8m) Also a saltmarsh sp. 
Tree (15) 

Tree (11m) 
Tree ( 15m) 
Tree(10m) 
Tree (8m) 
Shrub (0.7m) 
Shrub (0.5m) 
Shrub(4m) 
Shrub (0.5m) 
Fem(l.5m) 
Epiphyte (Mistletoe) 
Epiphyte (Mistletoe) 
Herb (0.75m) 
Herb (0.4m) 
Climber 
Climber 
Gmss 
Grass 

The loss of mangals leads to the loss of local primary productivity onshore and offshore, to 

the detriment to the ecology in these areas. This ultimately leads to further losses up the 

food chain, from the myriads of insects, reptiles and birds, to the economically important 

fisheries resources. Mangal destruction often leads to stagnant areas which harbour 

potentially disease spreading mosquitoes, as well as contributing to the erosion of the 
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coastline. Mangals also provide a waste filter from the land to the ocean. often preventing 

toxins and pollutants from leaching into the sea 

Thus far, the study of mangroves have concentrated on leaf litter rates, reproductive 

biology and physiological adaptations of mmgroves, with emphasis on Rhi.zophoraceae 

(Clough 1979, Steinke 1987, Tomlinson 1986) yet few studies have concentrated on 

pollination ecology and flowering phenology of mangroves. 

Although potential pollinators have been identified for many speCies of mangroves 

(fomlinson 1986), only one pollination study involving pollinator-exclusion experiments 

has been conducted (Noske in prep). Yet such experiments are essential to establish the 

roles played by various pollen vectors. The major aim of this project is to determine the 

relative importance of bats, birds and insects in the pollination of S. alba through such 

experiments. Knowledge ofbreeding systems provides insight into whether pollinators are 

required for plant reproduction. If pollinators are required, their foraging behaviours and 

the breeding systems of plants will influence the amount and structure of genetic variation 

within a population which. in tum, may influence evolutionary potential (Ramsey & 

Vaugbton 1991). Thus it is vital that the value of mangroves is recognised and understood 

and from there, that aspects of mangrove ecology are fully researched so that effective and 

careful management can reap the maximum potential while preserving this unique and 

valuable resource. Information on this subject is potentially useful in decisions regarding 

management, reforestation and regeneration of rnangals and cooserving the biodiversity of 

coastal ecosystems. 

The only detailed study of flowering biology is that of Tomlinson et a/,(1986) in which all 

Australian Rbizophoraceae compared had three pollination syndromes, although this study 

was not qualitative. Noske's (1993) observations of Bruigiera hainesii in Malaysia, like 

those of Tomlinson (1986) were based on limited field obsrevations and no experiments 

were cooducted to determine relative importance of pollinators. 

This study aimed to determine the flowering phenology of S.alba and its breeding system: 

whether it was self-pollinated (autogamous) or an outcrosser (geitogarnous/xeoogamous). 

To determine what triggers the onset of flowering, evironmental factors such as ambient 

temperature, humidity and lunar activity were monitored. Pattern of nectar production and 
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correlations of nectar volume and sugar levels were also investigated Flower visitors and 

their foraging ecology were monitored to determine the relationship between numbers of 

flowers and pollinator effectiveness. 

1.1 Sot~tteratia alba (J.Sm) 

The genus Sonneratia L.f , named after Pierre Sonnerat, a famous explorer and naturalist 

of the eighteenth century, has seven species, three species, (which are known to hybridise) 

are present in Australia (Semenuik 1978). Morphology changes slightly between 

populations of the same species in different geographical areas. For instance the Northern 

Territory populations of S.alba reach up to 8m and have one terminal bud, while the 

Queensland populations grow up to 20m and often have 5 terminal buds (van der Pijl 

1969). 

Both S. lanceolata Blume and S. alba J.Srnith occur in the Northern Territory. 

Sonneratia alba (Fig 2) occurs on the seaward edge of mangals, on tidal creeks and along 

most of the N.T. coast above 14° (Wightman 1995). It occurs where there is at least daily 

tidal inWtdation and thick pneurnatophores enable the species to cope with the 
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waterlogged substrate, although the pneumatophores are absent on solid substrate (van der 

Pijl 1969). Sonneratia alba is used for a variety of purposes. In Malaya, the fruit is eaten 

and also used as a poultice to check haemorrhaging. In New Guinea, the roots are used for 

corks and floats (Percival & Womesley in Wightman, 1995) and in Sulawes~ the wood is 

used for building houses and boats. 

Flowers are large reaching ca. 65mm in length from the base of the calyx to the tip of the 

stamens which form the attractive part of the flower (Figs 2,3 ). They are partially 

supported by the five or six thick, large, leathery calyx lobes. These lobes are green 

distally and red basally. These are conspicuous when the flowers shed. The style which is 

extends 30mm beyond the anthers, minimising automatic self-pollination, and ends in a 

sticky, disc-shaped stigma. Nectar accumulates in a well at the base of the calyx. Petals 

are caducous when present, membranous, narrowly linear, white to pale red, and 25mm 

long (Semenuik et al. 1978). The flowers are positioned terminally on ultimate branches 

and are highly conspicuous when open. 

F'ip la,b - The nower of S.alba sbowing creamy white stamens oo a terminal brancb and ftoral 

ltnacturel. 

Primack eta/. (1981) state that "the flowers last only one night, they open at dusk or just 

after dusk and are often orientated towards the setting sun. The following morning the 

stamens fall off and the stigma discolours. About one hour after the flower opens, a sour

milk odour is produced and the anthers begin to dehisce. The light, powdery pollen is 

produced in very large quantities (588,000 grains per flower)." Thus S.alba flowers have a 
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high pollen shed with high pollen-ovule ratio (based on 220 ovules per flower) ~ 2673: 1 

(Primack eta/. 1981). 

Primack et a/. ( 1981) report that there are both intra and interspecific variation among 

Sonneratia for the presence or absence of petals, the time of day the flowers open and the 

colour of the petals and stamens. QJumal red-flowered plants may be adapted to bird 

pollination, while plants with noctuma1 white flowers may be adapted to mo1h or bat 

pollinatioo (Primack et a/. 1981 ). Whilst the species is widely believed to be pollinated by 

bats, Primack eta/. (1981) conclude that a Queensland population is pollinated by Hawk

moths. 

1.3 Pollination 

Pollination is the transfer of pollen from the anther to a receptive stigma (Abercrombie et 

a/. 1992). According to Faegri & van der Pijl (1979) pollination occurs in three phases: I) 

release of pollen from the anther, 2) transfer to the gynoecium and 3) deposition of the 

pollen grains to the receptive stigma Pollen grains are part of the structure that makes up 

tbe androecium - the male part of the flower (Fig 1). The individual members of this 

structure are made up of stamens, which in the case of the Star Mangrove, are the 

attractive part of the flower. The stamens are comprised of the filament and the anther. 

The anther contains four pollen sacs (microsporangia). The fully matured pollen sacs 

contain three cells; two sperm and the third for pollen tube formation. 

The megagametopbytes, the female gametes of the plant are contained within the ovules of 

the flower. The ovules are protected by tbe folded structure of the carpels. Pollination 

occurs when the pollen reaches the ovules, via the receptive area, called the stigma. This is 

wbere pollination concludes and should not be confused with fertilisation, the fusion of 

gametes, which may occur as a result of pollination The stigma is separated from the body 

of the carpel, by a tube called the style. The pollen grains fonn a pollen tube and grow 

through the carpel tissue to the ovule. During budding, the whole structure is contained 

within the protective folds of the calyx, made up of sepals. 
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1.4 Breeding Systems 

Breeding systems are "all the aspects of sex expression in plants which affect the relative 

genetic contributions to the next generation of individuals within a species"(Dafui 1992) 

the knowledge of which is necessary for evaluating seed production, pollen rate and 

mechanisms of gene flow. 

Even though many plants have developed morphological mechanisms (colour. proximity 

of anther to stigma. seen~ nectar, and seed production) to attract biotic pollinators (Table 

2), fur the most part, they are passive recipients of gametes. Stigmas receive pollen from 

the same flower or other flowers. "Most pollen on stigmas usually comes from the same 

individual." In self-incompatible flowers, the proportion of self and cross pollen grains 

landing oo the stigma does not influence the proportion of self and cross pollination. 

Accarding to Levin 1986, some species are self-incompatible due to reactions taking place 

within the pistil; self poUen then fails to effect pollination. 

Most species of flowers have the potential for either cross pollination or self-pollination or 

both, although some species of flowers are mJy self-pollinated (autogamy/cleistogamy), or 

cross-pollinated with flowers from the same plant (geitonogamy), or others only cross

pollinated with flowers from separate trees (chasmogamy/xeoogamy). The mating pattern, 

(which plants cross with which) is determined by the pollen that is received by the stigmas. 

'1f all plants produced equal quantities of pollen of similar quality, and if pollen were 

deposited oo stigmas from the whole population at random, then mating would be 

raodom"(Dafui 1992). Indeed, random mating is a common assumption in many 

ecological and evolutionary models. However it is very wilikely to occur in practice 

because pollen is not drawn from the poUen pool at random, poUen quality may vary from 

pbmt to plant and the cross compatibility of plants varies from ooe combination to another. 

The advantage of outcrossing is that favourable genes are spread to other individuals, 

aeating more heterozygosity within the population. This in turn. allows for greater 

adaptive responses fur that population. However there is a high cost involved in 

outcrossing. There are extra energy burdens placed on the plants to produce flowers that 

are attractively scented or coloured and contain nectar rewards. The energy requirements 

of nectar production can reach up to 3 70/o of total available energy (Southwick 1984 ), 

detracting from other energy needs, such as seed production (Pyke 1991) and plant growth 

(Silvertown 1982). 
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Self pollination (inbreeding), on the other hand. increases homozygosity, which may favour 

individuals adapted to a particular environment but is not adaptable to change. The main 

advantage of self-pollination is that there is no necessity to rely on external pollinators. Not 

surprisingly therefore, vegetative reproduction and self-fertilisation are often features of 

plants in extreme environments (Heinrich & Raven. 1972, Levin 1986, Lacey and 

Johnston 1990). 

Cruden (1977) argues that the breeding system is reflected by the pollen/ovule ratio. For 

cleistogamous plants (self-fertilising where there is no anthesis), the P/0 ratio is between 

2. 7 and 5.4, for obligate autogamy the P/0 ratio is from 18.1 to 39, for facultative 

amogamy the P/0 ratio varies from 244.7 to 2588 and for obligate "enogamy the P/0 

ratio is between 2108 and 195 525. With a P/0 ratio of2673, (588,000/220- Primack et 

a/. 1981) S. alba is might be thought to be obligately outcrossing although Webb (1984) 

cautions against using P/0 ratios as indicators of breeding systems. 

l.S Assortative mating 

1be noo-randomness of mating can be ex:tended to the phenotype of the flower. The 

oolows, scents and shapes of flowers influence the pollinator, which remains constant to a 

single phenotype, despite the presence of other flowers (Levin 1978, Faegri & van der Pijl 

1979). This coostmcy is short lived and the time limit is dependant on the pollinators and 

abundance of the flowers. In a study by Levin and Watkins (1985), red and pink Phlox 

plants were arranged in a chequerboard fashion to detennine patterns of assortative 

mating. Their study showed that mating was only partially assortative with flower colour 

alone, but wben height differences were introduced, the level of assortment dropped This 

was attributed to the tendency for pollinators to "move horizontally between plants" 

(Levin 1986). The authors concluded that flower constancy (rather than phenotypic 

variance) was the basis for assortative mating. 

Kay (1982) described three different ways in which assortative mating can occur in natural 

populations: 

I . from flower constancy when there is no preference for one variant over another, 

2. if different variants attract different pollinators 

3. if alternative variants are distributed in clumps (allowing neighbouring plants to be 

pollinated). 
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1.6 Pollination syndromes - Adaptations for biotic pollination 

Biotic pollination is often a specialised mutualism between the plants and animal 

pollinators. Pollen transfer can occur biotically or abiotically. Abiotic pollination includes 

(and is dominated by) wind pollination (anemophily) which responsible for pollen transfer 

in 98% of all known examples (Faegri &. van der Pijl 1979). Water pollination 

(bydrophily) is another form of abiotic pollination. Both of these methods are haphazard 

and non-directional and require vast quantities of pollen to be produced in the hope of 

reaching the target stigmas. 

Plants employ pollination techniques and adapt to outcrossing by luring particular 

pollina1ors. Plants develop petals, sepals or flowers that are attractive (either visually or 

olfactorily), pollen grains may be sculptured or sticky, nectar or poUen of nutritive value to 

the pollinator which ideally should be correlated to the activity patterns of the pollinator, 

thus allowing control of the dispersal of their gametes and reducing the risk of self

pollination (Raven & Johnston 1989). 

Pollination by birds and mammals have their benefits and disadvantages over wind/water 

poUination. Animal pollination is less random but more variable and energetically

expensive due to the necessity of having large, robust flowers secreting copious arnoWlts 

of nectar. However this may be offset by increase of anthesis rate resulting from the 

physical probing of potential pollinators, (McFarland 1985), hence making pollen more 

available (Law 1994 ). 

Animal pollinated plants may be adapted specifically for entomophilous (insect), 

omithophilous (bird) or chiropterophilous (bat) pollination and their morphology and 

phenology apparently reflects this adaptation (Table 4). Thus a plant species may be 

considered to have a specific pollination syndrome based on its morphology. Moth 

pollinated flowers, which are characteristically white, night opening and sweet smelling 

(Table 3), though generally with narrow corolla tubes. With staminiferous flowers, moths 

may rest their underside upon the flower, thus pollinating the flower (Baker 1961 ). 

Adaptations for bird pollination include recurved pedicels of solitary flowers to facilitate 

access by birds perched below and perhaps also to prevent rain from diluting the nectar, 

stout twigs for the support of birds, copious nectar production in a deep calyx cup and 

large flowers with a heavy construction suitable for a powerful pollinator like a bird 
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(Tomlinson, et a/. 1979). Hooked styles \\ere linked with bird or mammal pol..lination 

(Table 3), but Hopper (1 980) refutes this by observing that in BanJcsia baxteri and B. 

occidentalis, which have straight and cwved styles respectively, there was equal 

preference by birds or mammals. 

Table 2 - Pollinatioa syadi"'me!; c:ba racteristic1 fl flo" en related to polliu tioa ageat Baed 
• Jl'8qri aad vu ckr Pijl (1971). Na:tar c:llanc:1eriltia from Baker ud Baker (1983a, 
1983b) 

A~t ADthelb Colour OdlllJ' Flower lhape Nectar 
Beetles Day and Usually dull fruity or Flat or bowl shaped Undistinguished if 

night aminoid radial symmetry present 
Carrion and Day and Purple brown decaying Flat or deep, radial amino acids 
dung flies night or greenish protein Syul.UJo;;;u , often traps 
Syrpbidand day and variable variable moderately deep, usually hexo~rich 

bee flies night radial <>_ ILL<Uo;.U 

Bees day and variable but usually bilateral or radial sucrose rich f<ll" 
night 01" not pure red sweet symmetry, may be closed, long tongued bees' 
diurnal flat to broad tube hexose rich for 

short tongued bees 

Hawkmoths crepuscular white, pale or sweet deep, often with spur, ample and sucrose 
or nocturnal green usually radial symmetry rich 

Settling day and variable: not sweet flat or moderately deep, sucrose rich 
rnodu night or pure red bilateral or radial 

diurnal 

Butk::rflies day and variable: Sweet upright radial symmetry: variable , often 
night 01" pink very deep or with spur sucrose rich 
diurnal common 

Bats night Drab, pale, musty flat " shaving brush" or ample and sucrose-

often gn:a1 deep tube: radial rich 
syuunetry: much pollen, 
often upright, hanging 
outside foliage, or borne 
on branch or trunk 

B irds day vivid, often J'lOIIC Tubular, sometimes ample and sue~ 
red cwved, radial or bilateral rieb 

symmetry: robust corolla; 
often hanging 

Pollination by birds and presumably bats, requires large amounts of nectar to provide 

enough energy to attract them, while producing large amounts of nectar is disadvantageous 

U> insect-pollinated plants because the insect's requirements may be met at a single flower 

- thus reducing the risk of cross-fertilisation. It has been noted that the nectar content is 

generally greater in bird-pollinated species than in the insect-pollinated species. It was 

suggested that those with the large cup-shaped staminiferous flowers were "primitive" 

bird attractants (Stebbins & Carlquist 1978). 
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Table 3 CompariJOB of Oonl cbancteriJtics iD Proteacou plutJ polliaated by binb aa41 ... 
flyiag .......... Deriftd fi'OID Roarke and Wias (1977), Carpeatcr (1978) aad Boa. (1971). 

Floral characteristic Pollinatioo by birds l Pollioatioa by mammals 
Location of flowers in relation exposed either exposed or hidden 
to foliage within the foliage near the 

ground (ie cryptic and 
geoflorous) 

~.!Y.~-~- ··---- ···· ·------------· --~~~sh:! __________ -··-··--···--····-····-··----~~~-~~~ ---------·- ··-
Timing of nectar production diurnal and crepuscular ooctumal and crepuscular 
andanthesis 
Odour none or ~~ weak strongly odiferous 
Location of nectar confined to flowers on flowers, but also drips to 

, the grmmd aJoog channels 
between vertical floral rows. -

1. 7 Bird pollination 

Birds can improve the efficiency and quality of pollination for plants over that provided by 

insects in a variety of ways (Paton 1985, Hopper & Burbidge 1985). The advantages of 

bird pollination are that bird are a larger size than insects, thus there is more surface oo 

which 1D collect pollen: their feathers are capable of carrying comparatively large amounts 

of pollen (Ford, 1985). Moreover they are active in varying climates and can travel long 

distances. Collins & Spice ( 1986) removed pollen from flowers and observed pollination 

after visitation by birds. 

In Australia, bird pollination is associated with sclerophyllous vegetation which is in turn 

associated with soils deficient in humus and minerals including nitrogen, phosphorus and 

potassium (Ford, 1985). Ford argues that these plants require that their gametes (pollen) 

or propagules (seeds) need to be dispersed at "moderate distances to reduce inbreeding ... 

Bird pollinated flowers usually grow in areas where "energy, time and moisture are not 

limiting" (Ford eta/. 1985), although Ford (1985) suggests that high nectar production is 

"an alternative gene mixing mechanism" to the more European trend of producing 

succulent fruits, which is not common in uwty Australian plants due to nutrient poor soils 

md low moisture levels in many areas. Ramsey (1989) and Ramsey & Vaughtoo (1991) 

however, argue that honeyeaters are likely to cause geitonogamous self-pollination 
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Table 4 - A compariloa ~ flowen polliaated by binb ud biniJ wlbd polliaate flowen 
(Modified from Faegri and van der Pijl, 1979). 

Jilowen pollioated by birds 

Diurnal anthesis 
Vivid, highly contrasting colours, often scarlet 
or orange 
Lip or margin absent or curved back, flower 
tubate and or hanging 
Hard flower wall, filaments stiff or united, 
protected ovary, nectar stowed away but 
visible 
Nectar very abWldant 
Capillary system bringing nectar up or 
preveo®g its flowing out 
oti~ drep tube or spur, wider than in flowers 
polli~1ed by butterflies 
Distance between nectar source and sexual 
organs may be large 
Nectar guide absent or plain 
Odourlcss 

Charaderistics ef bints wllida pollin•te 
Dowen 
Diurnal activity 
Visual sensitivity for red, not for ultraviolet 

Too large to alight on the flower itself 

Large size, hard bill 

Large, requiring a large amoWlt of food 
Long bill and brush-tipped tongue 

Long bill and brush-tipped tongue 

Long bill, large head 

Intelligent in finding an entrance. 
Scarcely any sense of smell 

The guild birds most likely to be involved in pollination are nectarivores, attracted by 

abundant nectar (Table 4). New World nectarivorous birds comprise hummingbirds 

(frochilidae), honeycreepers (fhraupini), bananaquites (Coerebinae) and flower-piercers 

(Emberizinae). These groups, most of whose species are tropical, have a mutualistic 

relationship with the plants by promoting pollination (F aaborg & Chaplin 1986 ).. Other 

oectarivorous nootrocholids pierce the corolla; bypassing the stamens and not aiding in 

pollen dispersal. Old World nectarivores include the honeyeaters (Meliphagidae), and 

sunbirds (Nectarinidae), which most closely resemble the hummingbirds (Faaborg & 

Chaplin 1986). In Australia, by far the largest group of nectarivores is the hooeyeaters, 

followed by specialised parrots. 

These groups display differences in fimctional morphology in relation to their acquisition 

of nectar. Among the morphological differences of honeyeaters is the possession of 

elongate, decurved bills that facilitate the extraction of nectar (Wolf et a/. J 976, Kodric

Brown et al. 1984) and trough-like tongues, usually with fimbricated fringedtips, which 

lid the uptake of nectar (Schamke 1931 ). 
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Many workers have found positive correlation between energy availability and booeyeater 

abundance (Ford 1985, Collins & Newland 1986, Pyke 1983, 1988). Collins and Newland 

(1986) observed that the abundance of the New Holland Honeyeaters Phylindonyris 

novaehol/andiae and A. chrysoptera were significantly correlated with daily nectar energy 

production. 

Collins & Newland (1986) also noticed that during some months there was more than 

sufficient nectar being produced for the boneyeaters that were actually present, but due to 

the wide dispersion of flowers, the energy foraging requirements necessary for the 

collection of nectar were less efficient than at other more rewarding nectar resources at 

other sites. Several authors however, failed to find such a correlation. Pyke's (1983, 1988) 

heathland studies however, suggest that honeyeater abundance was not only attributable to 

nectar abundance but to other factors such as insect availability. 

1.8 Mammal poUination 

Scientific focus on mammal pollination has been relatively recent as mammals do not 

pollinate flowers in Europe (Faegri & van der Pijl 1979). The feeding requirements of 

mammals are greater than those of insects and for flightless mammals, local supply needs 

1o be constant and plentiful Thus mammal pollinators are primarily foWtd in the tropics. 

wbere the absence of extreme seasonal variations promote a year round nectar supply. 

The best known mammals that affect pollination are bats but other nectarivorous mammals 

include primates and marsupials. In Australia the Honey-possum (Tarsipes spencerae) is 

the only nectar specialist (Faegri & van der Pijl 1979). 

Hutchings and Recher (1982) listed mammals inhabiting or visiting mangals, which 

included both placentals and marsupials (Appendix I) While many of these mammals are 

seasonal. others "regularly utilise mangroves as a secondary habitat (Frith 1973). 

Hutchings and Recher (1982) noted that bats were a seasonal visitor during flowering 

times to feed on the nectar. 

The order Chiroptera is more diverse than other manunalian order; globally comprising 

almost a quarter of aU mammalian species (Richards 1996). In Australia alone, there are 

83 forms of bats (Richards 1996). There are two groups of bats that are exclusively 

nectorivorous. Megachiropterans, otherwise known as fruit bats or flying foxes (Fig 4), are 
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nectarivorous and/or frugivorous, while microclUropterans are predominantly 

insectivorous, with some species adopting fruit, flowers, pollen, nedar, smaU vertebrates, 

blood and even other bats (Grzimek 1975). 

In many rain forest ecosystems, bats are the main pollinator of plants and in the American 

desert, cacti such as the organ pipe (Monotropa uniflora) and saguaro (Cereus giganticus) 

rely on bat pollination. The agave plant, from which tequila is made, produces 3000 times 

more seed when pollinated by bats (Marks 19%). Other bat pollinated plants include the 

baobab, mangoes, bananas, guava and avocados (Grzimek 1975). In the Pacific Islands, 

200/o of plants visited by flying foxes, depend on these bats for either pollination or fruit 

dispersal (Rainey et a/. 1995). The highly prized Durian, is said to depend on mangal 

flowering to attract bats to pollinate the Durian flowers. 

The nectorivorous bats have been likened to hummingbirds in that they have elongated 

snouts, with a long brush-like tongue, made up of a patch of elongated papillae (Hill & 

Smith 1984). Large, precumbant incisors are used to break open nectar glands and lower 

incisors are reduced PbyUostomid bats are able to hover at the flower mouth and many 

species of nectorivorous bats collect pollen on their heads and shoulders; often caught by 

a specially adapted scaly surface. Later, the pollen is groomed and collected by the tongue, 

where it is then softened by a nectar-saliva mixture before ingestion (Hill & Smith 1984). 

Thousands of viable pollen grains (78% viable) were collected on bodies of P. a/ecto, P. 

scapu/atus and M. minimus by McCoy (1990). Bats were thought to be the most 

successful pollinators in many north Australian plants in spite of a shorter foraging time 

than other nectarivores (Richards, 1995). 

While some species of flying-foxes (or Fruit-bat) roost in mangroves, 3 species of flying

fox as well as blossom bats are reputed to feed on flowers of S. alba (Walker 1996). 

Tomlinson (1986) states that Macroglossus minimus depends on Sonneratia as a major 

food source and "has never been recorded away from mangroves". 

During the early Dry season in Darwin, use of coastal vine forests/thickets (especially 

Ficus racemosa) is dramatically increased by P. alecto (Vardon, pers com) At Rapid 

Creek (a permanent roost site for P. a/ecto) peak occupation occurs from October to 
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November and the population declines gradually Wttil JWte when it reaches its low of 400 

animals. Pteroptus alec to are capable of flying 501an in a single night but forages 111rely 

exceed 20km. 

McNab (1968) reports that "high food intakes are needed to maintain the high energetic 

requirements of endothermy, and high-energy diets are correlated with faster rates of 

metabolism than other diets although Pyke' s ( 1983) studies show that this is not 

necessarily the case for nectorivorous birds. McNab also foWld that the high metabolic 

rates of nectorivorous bats are greater than that predicted for their weight. 

Fig 4 Blouom-bat approaching open flowen. ( ~ Merlin Tuttle, Bat Conservation 

laternationaJ) 

1.1 Insects as pollinators 

For Banlcsia spinulosa, only 29% of visits were made by bees and the specificity of their 

pollen collection made them unlikely to contact receptive stigmas often. (Carthew 1993). 

A. mel/ifera has also been seen as a relatively ineffective pollinator of several other plant 

spectes (Ramsey 1989). Primack et a/. (1981) observed bees visiting S. alba in 

Townsville but observed that they were "Wtable to penetrate the tangle of filaments and do 

not contact the stigma". Collins et a/. (1984} concluded that although bees pollinate 

Calothamnus quadrifidus, there were better pollinators of this plant than bees, that were 
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more likely to move to a new flower on the same plant, therefore promoting inbreeding In 

contrast, Hopper ( 198 J) found that some Ban/csia species visited by birds were 

outcrossing too far and bees were far more efficient. This is supported by Paton and 

Turner (1985) who also concluded that bees are effective pollinators of some plant 

specaes. 

Moths which have been most often observed visiting flowers are hawkmoths Macro glossa 

stellatarum and Sphinx species. These are not usually fmmd in large numbers and 

consequently many sphingophilous flowers have alternative pollination methods (Baker 

1961). Hawkmoths have a proboscis of 56-88mm (Primack eta/. 1981). A number of 

moth pollinated plants are self-incompatible, though some (egMirabilis /ongijlora) resort 

to self-pollination in the absence of pollinators (Baker J 961 ). 

Carthew also notes that moths were considered to be carrying significant pollen loads, 

even though they "accoWlted for one third of all noctumal visits" to his study site. Primack 

eta/. (1981) state that "hawkmoths ... .. appear to be the primary pollinators" of S.alba in 

- their study area though they mention later that the "high pollen/ovule ratio ... (is) .. much 

higher than expected for a moth-pollinated species". 

1.10 Pollinator Effectiveness 

Carthew (1993) investigated the effectiveness of pollination by different visitors to 

Banksia spinu/osa. He argues that although many visitors may be effective at pollen 

transfer, some may be responsible for transferring the ·'wrong type" of pollen (ie 

incompatible pollen from the same flower or from a different species altogether). This 

could result in clogging the stigmas or a ••reduction in fitness of any resulting progeny ... 

through the transfer of low quality pollen" (Levin 1984 ). 

Combined pollination systems are also relatively known. Species of several plant genera, 

thought to be exclusively bird pollinated are also visited for nectar by small mammals both 

in the wild and in captivity (Glauert 1958, Wakefield 1963, Morecombe 1967, 1968. 

Breeden and Breeden 1972, Vose 1972, Armstrong 1979, Winter 1979). Kigelia africana 

is visited just after dusk by hawkmoths, then by bats. In Africa Mirabilis froebelii is 

visited by hummingbirds, from 18.30 - 20.30, hawkmoths take over and Adansonia and 

Ceiha are visited by bats at night and bees during the day~ .. the drone of bees . . is so 
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conspicuous that the presence of trees can sometimes be heard before they are seen" 

(Baker 1961 ). 

Thus far, from evidence presented by the abovementioned authors, it has been established 

that S.alba is homomorphic, yet its morphology minimises self-pollination. It has also been 

established that geitogamous pollination is possible. S. alba bas adapted pollinatioo 

techniques that favour large, nocturnal pollinators that have been observed visiting the 

flowers, although birds have also been considered as important pollinators (van der Pijl 

1969). This study attempts to explore the flowering phenology and pollination ecology of 

the specific groves of S. alba on the NightcWf foreshore. 
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Chapter 2 - Methods 

2.1 Study site 

The major study site was on the foreshore of Nightcliff, a suburb of Darwin. This 2 

hectare area was chosen because of its accessibility and abundance of S. alba 

Night cliff mangal comprised of mangroves fringing an exposed rocky (mainly 

ironstone) platform and within a protected bay (Fig 6 ). The substrate is sandy-mud 

which is more compacted towards the rocky platform. 

Within the 1 hectare, four transects were chosen (Fig 6). The first and fourth transects 

possessed a deeper and thicker mud substrate, while the other two transects had a 

greater sand component. The site has an seaward fringe of S.alba and an inner fringe 

of Rhizophora stylosa. Other species present in the site are Aegiceras comiculatum 

and Avicennia marina. The trees reach a height of 8m (pers obs). The site is subject 

to twice-daily tidal inundation where maximum tide predictions are 7.4m (Anon 

1996). 

A second study site was at East Point, on the North side of Rapid Creek. This site 

was used to compare phenological observations. Here mangroves were mainly 

Rhizphora stylosa with a narrow seaward fringe (mean=4rn, +/- l.Jm) of S. alba (Fig 

5). The substrate here had a far larger mud/silt component than the Nightcliff site. 
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Fig 5. lbe two study sites, Nigbtcliff (Sector 3) and Ludmilla Creek (Sedor 10) in relation to 

DaJ"fftU City (Sector 20). Scale =1:25000 (UBD Telephone Directory). 

Fil 6. Nigbtdiff study site, sbowiug tbe 4 tranMCts. Scale = 1:5000 (Dept. of Lauds & Bowing) 
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2.2 Flowering phenology and pattern of nectar production 

Twenty individual flowers from 4 different trees were tagged to determine the time of 

anthesis (flower opening) and absiscion. To determine when nectar is produced, 

nectar from ten random flowers was sampled at two hourly intervals after anthesis 

until the stamens shed (Hopper & Burbidge 1978). Nectar was extracted using 

Blaubrand Intramark 5J.1l micropipettes. Sugar concentration (%w/w) was measured 

on all flowers sampled using a temperature-compensated hand refractometer (Paton & 

Turner 1985). The amount of sugar produced was calculated by converting the % 

measurements to mg of sucrose per gram of solution (McFarland 1985). 

This was amended after two weeks, due to inaccessibility of plants during high tides, 

to two separate experiments. The first was performed on 20 buds upon 20 freshly cut 

branches that were immersed in 12.5% sugar water (Dafui, 1992). Throughout the 

night, the nectar was sampled at two hourly intervals.To test whether there was any 

effect on osmotic gradient between the stem and the sugar water, more cut branches 

- were stood in tap water. 

A short experiment on the strength of odour emitted from the open flowers was also 

conducted. Ten S.alba flowers were placed 30cm apart upon a table, where five 

genetically unrelated human subjects entered the room one by one and assessed 

whether in their opinion, each flower had no smell, smelled faintly or had a strortg 

smell. 

2.3 Stigma and Pollen Receptivity 

To determine at which stage to brush the stigmas with pollen and when pollen was active, 

stigma and pollen receptivity tests were conducted. Two experiments were performed in 

August. The first involved pollen from open flowers 20m away from the subject brushed 

onto stigmas that emerged from a forcibly opened bud, with the stamens excised. 

The second involved fresh flowers being cut and transported immediately to the laboratory 

where the stigmas and stamens were tested for receptivity at various stages of their 

emergence (see Tomlinson eta/. 1979, 1981, Collins & Spice 1985, Dafui 1992,), using 

an alpha-naphthyl acetate test for the presence of esterase activity (Appendix 3). Flowering 
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structures turned a deep blue-black if they were positive for esterase activity. The test was 

performed within an hour of the flowers being cut 

2.4 Flowering activity and environmental Factors 

The relationship between flowering periods and ambient temperature and humidity was 

examined using correlation analysis. During the first two weeks of April, temperature and 

humidity was recorded weekly at 09:00 using a whirling hygrometer. Due to the difficulty 

of obtaining the data during high tides and the similarity of results from the Bureau of 

Meteorology, the data was extracted from the Bureau tables. Flowering may correlate 

with periods of full moon so that the whiteness of the flowers would be corupicuous 

against the darkness of the foliage. To test this hypothesis, correlations of lunar activity 

numbers of flowers (recorded at 06:00 hours with weekly bird census) were also 

performed to determine whether there is indeed any correlation. Lunar interuity was 

calculated on a basis that a full moon had the most light and scored a 1. A new moon shed 

no light and scored 0. The phases of the moon between full and new, scored between 1 

and 0 depending on the lunar stages. 

2.5 Breeding systems 

To determine whether S.a/ba is autogamous (self pollinating), flower buds were bagged 

with fine nylon bags for the lifespan of the flower. To determine the relative roles of 

geitonogamy (cross-pollinating, same tree) and xenogamy (cross-pollination from another 

tree), pollen was added from the same tree and trees at least 20m away before bagging 

(Paton & Turner 1985) in the following manner: 

Eighty flowers were bagged with fine nylon bags (white, 12 threads per em). As most 

flowers were situated 3 to 6m from the ground, they were accessed by using a 2m 

aluminium ladder. 

1. To determine the extent of autogamy (self pollination), twenty flowers were bagged 

for the lifespan of the flowers. 

2. To determine geitonogamy, a velour powder puff (circular, 6cm in diameter and cut 

into 1
/6ths) was used to hand pollinate a covered flower with pollen from another 

flower from the same tree. 

3. To determine xenogamy, a velour powder puff (as above) was used to pollinate 

covered flowers with pollen from flowers from a tree at least 20m away. 

4. Twenty flowers were tagged and left exposed as a control. 
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Each of these sets of observations were originally performed on S flowers oo 4 different 

trees, making a total of 20 bags on each of 4 trees. Due to bags disappearing from storm 

damage and vandalism, this was changed after the second week to random bagging, with 

results generated from the bags that remained at the end of the experiment To eliminate 

self pollination from the non-self subjects, the flowers were emasculated by cutting the 

stamens half way through with a small pair of scissors, immediately the bud dehisced 

A new 1/l' of velour pad was originally used for each flower, which involved wiping 

excess pollen from the anthers of newly opened flowers and wiping this pollen on the 

stigmatic region of the test flowers. The flowers were bagged immediately after the hand 

addition of pollen. until they, or other flowers from the same time period, produced fruits. 

After three weeks, a variation in method included tagging different trees with different 

coloured, numbered flagging tape and collecting pollen from open flowers in labelled 

plastic coinbags and transferring that pollen to the experimental flower using a dark 

_coloured horse-hair brush. The reason for the flagging tape changes were that it became 

increasingly time consuming to shift the ladder from tree to tree continuously to check 

which treatment the bags belonged to and the coloured flagging tape facilitated 

identification. 

The reason fur collecting pollen in coinbags was that the best time for brushing pollen on 

the stigma did not always coincide with finding adequate amounts of pollen on the same 

tree. Newly opening flowers presented too little pollen and the pollen on the old flowers 

had already dehydrated. Due to the difficulty of collecting sufficient viable pollen from 

newly-opening or old flowers, I began collecting pollen at night. when flowers were fully 

open and pollen was copious and transferred to new flowers in the early hours of the 

mommg. 

The change from velour pad to horse hair brush was because the light coloured pollen was 

more visible against the dark coloured brush and the brush had a handle, which prevented 

any accidental touching of the pollen that may have occurred on the velour. The brush 

more closely simulated the fur or feathers of a potential pollinator. 

Unforseen problems arose due to the possibility that pollination could have occurred at the 

stage where the stigma was uncurling but the stamens were still uncurled, prior to hand-
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addition of poUen. A second experiment was oooducted whereby 1he stigmas of 20 flowers 

at this stage were excised at stage 2 (stigma out, stamens folded, Table 5) and the flowers 

bagged for the lifespan of the flower. If these experimental flowers fruited, the stigmas 

were already receptive and pollination had already occurred If the flowers did not fruit, it 

may suggest that either the stigmas were not yet receptive or that the poUeo cells had not 

reached the gynoecium before incision. Whichever the case, it presented a flaw in the 

earlier experiment, so after the third week, buds were covered before opening to ensure 

the virginity of the stigma The stigmas were also watched to determine any morphological 

changes that could indicate developmental stages. These changes would likely be a change 

in colour or in wetness/stickiness. 

2.6 Flower visitors and pollinator effectiveness 

To determine the role of various pollinators in effecting pollination, tagged flowers, still in 

bud, were treated in the following way: 

\ (a) 20 flowers (4 in each of 5 trees for each experiment) covered by galvanised steel 

mesh cages {lcm) for the lifespan of the flower (to aUow insects only) . 

. (b) 20 exposed continuously (open pollination control). This was the same control 

used in the breeding system experiment. 

(c) 20 flowers bagged in fine nylon bags (12threads/cm) at dusk (to exclude bats and 

large insects) and uncovered just after dawn the next morning (to aUow visits by 

birds). 

(d) 20 bagged in fine nylon bags (12threads/cm) just after dawn and during the day (to. 

exclude birds and large insects) and opened at dusk (for overnight access by bats 

and large insects). 

The cages were large enough to clear the flowers by at least 4 em, and the lids were large 

enough to aUow easy removal without disturbing the flowers. The experiments were 

attended every dawn and dusk for the duration of flowering. 

These observations primarily scored the number of visits by insects or other mammals and 

noted the time, duration of visit and whether the stigmatic regions were touched during 

visits. 
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The percentage of fruit set per experiment was calculated using 1he following procedure 

(Chrome and Irvine 1986): 

If D = % fertilised during day 

N = % fertilised at night 

C = % fertilised in exposed/untreated control cages 

& I = % fertilised in insect-only cages, 

Bat and large moth pollination will equal C- N, birds and large insects will equal C-D 

and small insects and wind will equal D + N - C. 

2. 7 Foraging Behaviour 

The foraging behaviour of birds and bats was observed and noted during the weekly 

censuses. Comparative beak lengths were subjectively graded, to determine whether beak 

length was related to foraging behaviour. Similarly, bat foraging was observed and noted 

during bat censusing. To determine the amount of pollen on honeyeaters, birds were mist

netted on the morning of April27, 1996. Sticky tape was pressed onto the feathers above 

the beak of the birds and gently pulled off to remove pollen residues. Pollen was examined 

-under a microscope to determine the presence of S alba. 

2.8 Relationship between flower abundance and pollinator abundance 

Flowering was monitored by counting the numbers of visible flowers on the nearest tree 

to every 1Om point of the transects. Nectarivore abundance was also measured by weekly 

counts. Four transects were fixed within distinct •groves' of S. alba (Fig 6). These 

transects were: 

Tl- 125m x 17m. 

T2- 125m x 25m. 

T3- 150m x 25m. 

T4 - 200m X 50m. 

T4 was counted in a "u"; first travelling 200m and recording bi.rds 13m each side, then 

turning and counting the second half of the transect along 200m. It took a period of one 

hour to walk slowly through the 4 transects, recording the birds by sight, using binoculars 

(Zeiss WG 8 x 30) or by call. 
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The transects were always counted in the same order to give more accurate comparisons 

for the same time of day. 

Birds were counted along the four transects at 0630hrs and 1900hrs recording: a) species, 

b) whether seen or heard c) activity and d) duration of visit per flower. Bats were censused 

along Tl and T2 only, by sight (using a Dolphin torch) and by sound six times: twice 

before and after peak flower production weekly, at 1900hrs, 2100hrs and 0500hrs and 

twice during peak flowering at two - three hourly intervals from 1900hrs to 0600hrs. 

C~ were conducted once weekly, despite high tides or rain, although most of the 

study -was conducted primarily during the dry season and most rain and storm activity 

ceased after the first month. 

To determine whether large honeyeaters are present only in the early morning, censuses 

were conducted at every hour through the four transects from 0600hrs to 1900hrs. Insect 

visits were also observed at random times on a weekly basis to determine whether 

abundance increased during flowering periods. 

-2.9 Statistical Analyses 

To test the relationship between nectar production and pollinator abundance, regression 

analyses were perfonned on flower numbers and numbers of bird visitors (Appendix 7). 

The weekly bird censuses, bat counts and the 1Om flower counts were used as data for 

these analyses. 

. 
Chi-square tests were conducted to determine whether the S. alba was autogamous, 

geitogarnous or xenogamous and on the numbers of fruits that developed from the daily 

and nightly covered flowers (Table 1). Although percentage success is presented, analyses 

were performed on raw data Success of caged and uncaged flowers was compared using 

an un-paired t-test. 
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Chapter 3 - Results 
3.1 Study site 

The compacted sand transects contained a larger percentage of S. alba in the community 

than the more muddy transects. which contained more Rhizophora. Transects I to 3 had a 

more open comnnmity. while Transect 4 more closely resembled the more dense mangal 

of Ludmilla Creek community (site 2) When spring high tides reached 7m. the trees were 

inundated to a height of 3m (fig 7). The inundation lasts up to 6 hours (Anon. 1996). 

Iii& 7. Sllowiag tidal iauadation in Transect 1. 

3.2 Flowering phenology and pattern of nectar production 

For the twenty individual flowers that were tagged to determine the time of anthesis 

(flower opening) and shedding. the following observations were made (Table 5): 

Between early evening and the early hours of morning, the bud dehisced (stage I), and the 

style slowly Wlfurled. coiling out, while the sepals pulled back. until the style was fully 

extended (stage 2). This process lasted until the sun rose and the flower remained in this 

stage during the entire day. During the second evening, after sunset, the stamens which I 

started to emerge (stage 3) until the flower was fully open (stage 4). This transition lasted 

only a few hours and the flower was fuUy open for most of the night (Table 5). 
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During the day, the flower remained open, releasing the stamens when they were 

distwbed The flower was now a cup like structure composed of the calyx and the pistil 

(stage 5). If the stamens remained undisturbed, they eventually wilted and dehydrated and 

were shed by nightfall. The stigma also eventually dehydrated but remained oo the 

structure Wltil the fruit was almost fully developed. 

As the stigma emerged from the flower, it was completely green, sometimes with a faint 

brown edge. The stigma was receptive to pollen prior to emergence until after the stamens 

drop (see 2. 3~ From observations during artificial pollination experiments, the stigma 

turned blackish on the edges soon after contact with compatible pollen (from 0 .5 to 2h). If 

the flower was not pollinated, the entire structure fell from the branch. 

The average lifespan of9 flowers was 43h (Table 6). In contrast, the 10 cut buds placed in 

sugar solution flowered within 22h (Table 7). Additional buds in dechlorinated tap water 

did not open 

- The mean number of stamens on a single flower was 306 (sd=25, n= IO.). Pollen COWlts 

were unsuccessful because nectar caused aggregation of pollen grains. 

Table 5. Stages of ftower development of S.alba. 

1 
2 
3 
4 
5 

Bud dehisces 
Started opening, stigma visible 
Stamens out and tangled, stigma curled up 
Fully open 
Stamens shed, flower finished 

Table 6. Duration (bn) of each stage of 9 S.alba flower development in sibl. 

liYf'~: ~ .,: ;;.:::,,~,--tage$~,1~ ,.:-'tt)l:f,_;$tagas ·~:y·$tagu u :. -;:-: ~ ,Entire cy~~ 

Mean 
Sd 

1 20 12 11 36 
2 20 12 12 43 
3 20 12 11 44 
.. 20 22 12 52 
5 17 14 12 42 
6 12.3 12 11 36 
7 12.5 12 12 36.5 
8 22 19 11 52 
9 13 20 12 45 

17.42 15 11.56 42.94 
3.84 4.12 0.53 6.21 
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Table 7. Nectar cooteot of flowen in an artificialaituatioa (usia& IUpr IOhlti011). 

13 :20 1 0 0 
15 :49 2 0.5 0 
19:40 3 0 0 
21:20 4 4 16 
01:20 4 13 24 
08:20 4-S 0 0 
11 :20 5 0 0 

Observations began in January 1996 but flowering did not commence until March 7. The 

primary flowering period for S.alba was mainly from March to mid-May, the peak 

occurring on April 30, when 246 flowers were recorded across the four transects (Fig 8). 

Additional. subsidiary peaks occurred during March and June but total flower numbers did 

- not exceed 165. From June to August, there was a low but protracted flowering period 

(Fig 9). In late October, after the conclusion of the experiment, trees recommenced 

budding. 

When data from the four transects were examined separately however, it was revealed that 

Transect 1 bad the most flowers (117, Fig 8). While the peak flower abundance for 

Transects 1,2 and 4 occwred oo April 30, Transect 3 peaked one month earlier (March 

30). 
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The nectar volume of 10 flowers in situ (Fig 7) showed that the flowers opened with small 

amounts of nectar (- 5ul) then very rapidly built up to a mean peak of 280ul (sd =19, 

n= 1 0,) at 21 :00. lbis declined gradually during the evening until no nectar was found at 

11 :00. Sugar concentration of nectar also apparently rose from an average of 10% to a 

maximum of 28% sucrose and remained high until 07:00. It then declined sharply (Fig 

1 0). Nectar volume and sugar concentration were significantly correlated (R=O. 81 ). 

Within the l ha site, the total number of S.alba trees above 3m in height was approximately 

1476 and the estimated maximum volume of nectar during the study period was 2.371itres 

(Appendix 2). 

All five human subjects who tested the smell of the open S. alba flower concluded that the 

flower had a "faint" smell, which supported my own opinion (Table 8). On 30 April 

however, when there was massive and widespread flowering, I noted that the aggregation 

of many open flowers produced an almost nausiatingly sweet smell. 
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Table 8. Strength of flower odoor as percentages. 

1 20 80 0 
2 0 100 0 
3 0 100 0 
4 0 100 0 
5 10 90 0 

3.3 Stigma and Pollen Receptivity 

Stigmas from closed buds, dehisced buds, open flowers and open flowers with the 

stamens fallen, all showed signs of esterase activity (mean = 100%, n= 10 per treatment, 

sd=O), suggesting that they were receptive during all of these stages. This was not 

supported by the field experiments which showed flowers did not fruit after artificial 

pollination to buds. 

~ Only stamens from open flowers showed signs of esterase activity. Stamens from closed 

buds, and partially open buds showed no sign of esterase activity (n=30+). 

3.4 Flowering activity and environmental factors 

There were no correlations between humidity and flowering abundance (R= 0.13, n = 22, 

Appendix 5 Fig 11,) or between ambient temperature and the statistical analysis was not 

needed for ambient temperature and flowering abundance because a significant 

relationship was obviously not present From May 6 to June 1, there was a comparative 

drop in humidity which corresponded to a cessation of flower production. Similarly lunar 

intensity was not significantly correlated with peak flowering periods (R= 0.16, p>0.05, 

n=28, Fig 12). 
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3.5 Breeding systems 

All treatments in the breeding experiments produced some fruits (Table ??). Flowers 

pollined by pollen from trees 20m away produced significantly more fruit than those 

flowers treated with self-pollen or pollen from other flowers on the same tree (X2 = 3. 0 1 

p=O.OS). 

Table 9. Fate of artific:iaiJy pollinated S.alba flowers (as percentages). 

Fruit 
Failedldehisced 

Control 
67 
33 

self 
31.58 
68.42 

same tree 
65.38 
34.62 

20m 
77.78 
22.22 

total 
43 
39 

Insects were present (especially bees) but the cages that only allowed access to insects, 

failed to produce significant amounts of fruit (t = 0, ldf, p>O.OS: Table 10). 

The two main groups of flower visitors observed were birds and bats. Birds were 

observed from dawn to dusk, with peak numbers at 06:50hrs and 18:30hrs. At sunset, 

bats started visiting the mangroves. At approximately 18:30hrs, Friarbirds returned to the 

mangroves after an all day absence and at 19:00hrs, bats appeared, showing an overlap in 

foraging activity times. 
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Flowers that were uncovered during the night were significantly more successful (Table 

11) at producing fruit than those tmcovered during the day (x2 = 16.83, 1df. p<0.01). The 

rate of night pollinated plants (72%) was higher than the control (66%) so we must 

asswne 100% effectiveness. The flowers exposed during the day (21 %) were 41% 

effective. Effectiveness of flowers self or wind pollinated was 2-r'/o. 

Table 10. Fate of caged and uocaged flowen (%) 

Fruit produced (%) 

Failed(%) 

n 

15 

85 

33 

67 

33 

33 

Table 11. Fate of day and night exposed flowen expressed as a percent a~ 

~ Total 

3.6 Foraging Ecology 

Six bird species visited S. alba flowers ranging from the tiny Red-headed Honeyeater 

Myzomela erythrocephala to the large Helmeted Friarbird Philemon buceroides (Table 

8). Red-collared lorilceets were observed to extract nectar from flowers and also to rip 

flowers and fruit from the trees. Whilst honeyeaters foraged for nectar, pollen spilled 

freely onto their heads and onto flowers and eventually the ground below them. 

Hooeyeaters spent up to 7 seconds at each flower before moving to another flower in the 

same tree (6.35s n=20, sd =3.38). When all of the open flowers in close proximity had 

been visited, the individual honeyeater moved to the next tree. The foraging of Friarbirds 

allowed contact with the stigma on to the back of the birds' head Smaller species such as 

the Red-headed Honeyeater, Rufous-banded Honeyeater Conopophila albogularis and 

Brown Honeyeaters Lichmera indistincta were seldom in contact with the stigma during 

foraging. 

Over half (56%) of foraging observations of Rufous-banded Honeyeaters (n=19) were 

probing S.alba flowers, while flower probing by R-h and BH constituted 83% Red-
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headed honeyeaters and Brown hooeyeaters spent 83% (n=l2) and 95% (n=21). The 

remainder of obsservations for these species were of insect gleaning beneath S.alba leaves. 

All 7 observations of of Friarbirdswere of probing S.alba flowers. Nearly a third (31. 5%) 

of observations were of Lorikeets Trichoglossus rubritorquis (n=17) probing S.alba 

flowers while the remainder mainly concerned birds chewing the floral cup. 

Table 12. Mean weigbu of nectarivorouJ binl~pecies visiting flowen ef S. lllb-. 

Red-headed Honeyeater 7.5 0.73 133 Noske ( 1996) 
Brown Honeyeater 9.8 1.57 46 Noske (1996) 
Rufous-banded Honeyeater 11.9 1.04 11 Noske (unpubl. data) 
White-gaped Honeyeater 118.9 11.19 21 Franklin (pers. Comrn.) 
Helmeted Friarbird 91.0 4.37 6 Noske ( unpubl. data) 
Red collared lorikeet 28.9 2.21 10 Franklin (pers. Comm.) 

Black flying foxes Pteropus a/ecto (hereafter referred to as Fruit bats) and Northern 

_ Blossom Bats Macroglossus minimus were both observed in the S. alba flowers (n=55, 

n=2)during the months of peak nectar production (Fig 7). Nectar and pollen frequently 

'rained' from a flower or flowers visited by bats. The bats spent approximately 8 seconds 

per flower, apparently visiting a patch of three or four flowers on one tree, then moving on 

to another tree. It was difficult to quantify any data because of the timidity of the bats and 

low visibility, even by torchlight. It appeared that the bats hung for safety on the thicker 

part of the branch and pulled the thinner branches containing the flower, towards them. 

Pollen was collected from Brown Honeyeaters, White--gaped Honeyeaters Lichenostomus 

unicolor, Friarbirds and Lorikeets. At the laboratory the samples under microscope 

revealed that although pollen was present on aU of the birds, the origin of the pollen was 

Wlidentifiable through the sticky tape. 

3. 7 Relationship between nectar production and abundance of flower 
visitor. 

Fruit-bats started to visit the mangroves on sunset ( 19:00h) and over the next hour 

increased in numbers (fig 14). Over mid to late April, the mean flower numbers over the 
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two transects was 69 (n==4, sd ==45). The mean number of bats remained steady during the 

night. The bats aggregated mostly in Transect 2, which had more flowers (Fig 9) and more 

space around the trees. Bats were abundant on March 24 to April 30 but when the flower 

numbers had diminished to less than 20 per night, the bats left the study area and did not 

return. 
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Fig 14. Meao number of Fruit bat vis.iton tbrougbout tbe nigbt over four nigbts during peak 
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Fig 15. Dial cbanges in average abundance of birds during a peak flowering period. 

The pattern of bird abundance during the day (fig 15) shows that all species of 

nectarivorous bird that visited S.alba flowers, were present in the mangals during 
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early morning. There was a maximum of two Red-headed Honeyeaters in this data set 

and are therefore not presented. Lorikeets appeared early in the morning and left the 

site. Similarly, Friarbirds and White-gaped Honeyeaters were present early in the 

morning and left by 1040, although after midday, one of each these species remained. 

In contrast, two of the smallest species~ Rufous-banded and Brown Honeyeaters only 

gradually declined through the day. Four pairs of Brown Honeyeaters were present at 

1720, while there were no representatives from the other species at that time. 
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Fig 16 a) Seuonal cbanges in abundance of Red-beaded Honeye aters compared to numbers of 

flowen S.illb11 on 4 transects at Nigbtdiff. 
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Fig 16 b) Seasonal changes in abundance of Brown Boneyeaters compared to numbers of 

flowers S.alba over 4 transects at Nightcliff. 
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Fig 16 c) SeuonaJ changes in abundance of Rufous-banded Boneyeaters compared to numbers 

of flowen S.alba over 4 transects at Nigbtcliff. 
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Fig 16, f) Seasonal changes in abundance of Red-collared lorikeets compared to numbers of 

flowen S.tJiba over 4 transects at Nightcliff. 

Abundance of avian nectarivores and flower numbers show a significant correlation 

between Helmeted Friarbirds and flower numbers, little correlation between White

gaped honeyeaters and flower numbers and no correlation between the smaller 

honeyeaters or the lorikeets and flower numbers (Table 14). Red-headed Honeyeater 

numbers reached a peak of eight, a fortnight before peak flower production (April) and 

seven weeks after the second major flower peak ( 16a). Brown Honey eaters showed no 

correlation to flower numbers but appeared to fluctuate according to tidal variations (16b). 

There were fewer Brown Honeyeaters present during spring tides. Numbers of Rufous 

banded Honeyeaters were comparatively low during the major peak flowering period. Both 

White-gaped Honeyeaters and Friarbirds were evident of greater abundance during 

abundant flower production, yet only the Friarbirds showed a close and significant 

correlation. 
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Table 13. Correlation betweea aumber avian viliton and DWDben of s.alba Rowen. 

White gaped honeyeaters 
Rufous-banded honeyeaters 
Red-headed honeyeaters 
Friarbirds 
Brown honeyeater 
Red Collared Lorikeets 

0 .49 
0.02 
0.31 
0.71 
0.17 

0.22 
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Chapter 4 - Discussion 

4.1 Flowering phenology and pattem of nectar production 

Noske ( 1996) showed that most mangroves in Darwin Harbour flower from May to 

March. Thus there is a distinct hiaitus in the period when S. alba is flowering. In an 

extensive study of floral and vegetative phenology of mangroves in N-E Queensland, Duke 

et a/. (1984) concluded that most mangrove species flower during the hot dry Summer, 

prior to the rainy season, and they dropped their propagules the months of peak rainfall 

(around February). Sonneratia alba was no exception. Although S.alba was not examined 

in detail in that study, tabulated data suggest that the maximum appearance of open 

flowers occurs in October, and mature propagules occur in January. In contrast data 

presented for S.caseo/aris (with which S.alba frequently hybrises) suggests a variable 

phenology between three separated populations ("johnstone", "tully" and "claudie"). 

Indeed S. caseolaris "johnstone" exhibited maximum flowering in the middle of the Wet 

season and propagules mature during the cooler dry weather between July and September. 

More detailed studies by Duke (1981, 1984, 1988) showed that S.a/ba produced 

immature buds from August to December, mature buds in November and December and 

flowered mainly during December. Mature fruits were observed in leaf litter between 

January and April, mainly in February. 

In the Northern Territory, S.alba is said to produce flowers and fruit at most times of the 

year, but mainly from March to October (Wightman 1989, Brock 1993, DWllop et a/. 

1995). The study population at Nightcliff showed distinctive seasonality, one major 

flowering period (March to mid-May) and two smaller peaks. The major peak is consistant 

with limited observations of the same population in 1995 (Noske & Vardon lDlpubl data). 

The Nightcliff population flowering phenology fits largely within the period mentioned by 

the above authors. However, at the conclusion of my study, buds appeared in profusion. 

lbis suggests another early Wet season peak. Although the flowering activity reached a 

peak in April- May, a few trees remained in flower throughout most of the year. While 
• 

several species of Rhizophoraceous mangroves are known to have protracted bud 

development of up to 23 months (Duke eta/, 1988), my observations (1988) clearly infer 

that these late buds will flower in late October - November. In India, Muli.k & Bhosale 

(1988) reported populations of S. alba flowering from January (but as early as December) 
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to October, with a peak in March and June (early monsoon). Thus S.alba appears to be 

capable of two major flowering events during one year. Indeed. climate of the Indian site 

may be more similar to Darwin than the N. Queensland site. 

In NE Queensland Duke (1988) found that the period of development from the first 

immature buds to flowering was four months and the period from flowering to fruit 

maturation was two months. In India, Mulik & Bhosale (1988) recorded S. alba budding 

from January; flowers emerging between four and six weeks after budding. The period 

between flowering and fruiting was four to six months, with another two months for fruit 

maturation. Thus, these two studies suggest that full reproductive development requires 

six to eight months. My observations based on the fate of individual flowers suggests that 

reproductive development occurs well within six months. 

Despite having noticeable peaks, flowers were seen in small numbers between peaks 

Flowering intensity is distinctly seasonal, although isolated flowers were noted between 

flowering peaks, creating an almost continual flowering environment. 

Continual flowering may be a strategy to keep a small, loyal population of nectarivores in 

situ and to perhaps encourage resident populations so as to ensure a continued supply of 

nectarivores. If this is so, the nectarivores that would most likely remain resident are 

birds, as it is unlikely that the abundancy of nectar would be sufficient in off-peak times to 

attract or maintain the interest of bats. The many flowering peaks of S.alba may capitalise 

on the lack of flowering of other local mangals or may be an opportunistic response to 

Mela/euca flowering that occurs on the landward fringe of mangals. Noske (1996) 

recorded that both Red-headed honeyeaters and Brown Honeyeaters were absent in the 

mid to late Wet season at Palmerston mangals. During this time, these species were 

present in adjacent Melaleuca woodland. Sbatian (1995) reports that Me/a/euca is also a 

common food source for Macroglossus minimus. In spite of urbanisation at Nightcliff, 

S.alba may still respond to historic Me/aleuca woodland 

When the tree r~commences budding, there are very few, if any fruit remaining on the 

tree; thus it appears that even though a flowering period has flowers and fruits developing 
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at different stages, it waits until a whole cycle of fruit production has completed before 

producing more buds. 

Duke ( 1988) concluded that temperature bad a major influence on the reproductive 

phenology of Sonneratia species in NE Qld. Freshwater fWl-<>ff was also suggested as an 

environmental trigger for flowering (Duke et al. 1988) but in the case of S.alba, run-<>ff 

would correlate with the Wet season and flowering occurred during the Dry season and 

according to observations, at the beginning of the Wet. Disparity in flowering times 

between S.alba in Qld and Darwin, may be due to environmental factors such as tidal 

regime, temperature and rainfall, physical differences affecting physiology, or differences 

in the behaviour of pollinators, or both. 

4.1.1 Flower development 

The experiment involving the cut flowers in sugar solution indicated that flowers complete 

their full cycle within 24 hours (mean +sd, 19.3 + 3h), supporting the claims of Primack et 

a/. (1986). The in situ study contradicts this observation, showing that the flowers take 

two days (mean = 42.9, sd = 6.2) to complete their flowering cycle. The differences may 

be due to the flowers on the cut branches indulging in an accelerated release of pollen in 

order to ensure survival and dispersal of gametes before death. Given that the stamens of 

a flower are not extended on the first evening, it may be an advantage for the flowers to be 

open for another evening. 'This also increases the chances of cross-pollination on the first 

evening,. Being open during the day increases the chances of pollination by birds but 

nectar rewards are diminished A longer lifespan should generally be conducive to 

increased pollination opportunities. 

4.1.2 Nectar 

The variability between the nectar production in situ and in sugar water may be attributed 

to the solution into which cut flowers were placed. Dafui (1992) mentions that cut flowers 

generally proce less nectar thatn flowers on the parent plant. Nectar production may be 

decelerated by the sugar solution if the osmotic gradient favours the water. To test for the 

effect of the osmotic gradient between the stem and the sugar water, more cut branches 

were stood in tap water but the buds did not dehisce. Secretion rates may also have been 

reduced by nectar extraction. Differences in microclimate (humidity, temperature) may 

have also contributed to the variation in nectar production. Notwithstandiing the fact that 

cut flowers in tap water died and therefore cut flowers in sugar solution apparently 
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developed nonnally in a physical appearance, it would be expected that cutting of the stem 

would interfere with normal physiological processes and therefore these data must be 

treated cautiously. 

In Banlcsia species, nectar volume, and productivity is dependent on ••inflorescence age, 

time of day ... and weather conditions." The weather conditions were most influential as 

dilution or evaporation of nectar can occur (McFarland 1985). S. alba showed a distinct 

pattern of increased nectar volume with the cooler night hours, thus suggesting that the 

decrease in volume during daylight hours may be due to either evaporation, exhaustion of 

nectar supply or as a response to attracting the more effective night-time pollinators or all 

of these factors combined. I believe however that the greater night-time production is a 

response to pollinators, mainly because this is also the time of peak sugar concentration. If 

the reduced nectar volume was due to evaporation, it would be expected that the sugar 

concentration would be higher than when there was a greater volume. Zimmerman and 

?Yke (1988) found no correlation between sugar concentration or nectar volume and plant 

size or between reward in terms of volume or concentration and flower size in Christmas 

Bells Blandfordia nobilis. They did however, find significant negative correlation between 

nectar volume and sugar concentration. 

4.2 Attrition 

Insect predation causes fruit set failure (Scott 1982, Zammit and Hood 1986).Evidence of 

insect predation includes tunnelling, frass, larvae in the rachis. •• When insect predation 

occurs near the base of a flower, vascular tissues connecting with flowers above are 

destroyed resulting in barrenness. However, when the site of attack is located towards the 

tDp of an flowrer, some seed can be set below (Scott 1982). Therefore, if there is evidence 

of insect predation in the basal third, they should be classified as •fatally attacked" and 

therefore omitted from statistical analysis.(Vaughtoo 1988). 

Only 66% of the S. alba buds observed at Nightcliff developed into mature fruit. This was 

termed natural attrition as it included both controls and subjects. Excisions were due to 

wave damage during tidal inundation, damage by lorikeets, cockatoos and fruit bats and 
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abortion was apparently due to insect damage. Evidence from leaf litter showed that this 

was a phenomenon that occurred throughout the community, it can therefore be assumed 

that this was not a result of either artificial pollination or of bagging. Primack eta/ (1981) 

reported that 41 of 46 tagged buds developed into fruit (894'/o), Duke (1988) observed a 

73% flowering success based on litter fall and Mulik and Bhosale (1988) noted that "only 

a few fruits are observed on the plant and out of all the flowers formed only a few develop 

into fruits". 

Steinke (1988) concluded that abscission and emergence of mangrove vegetative and 

floral parts is a result of temperature; acknowledging the possibility of related 

environmental factors such as radiation intensity, soil moisture conditions or photoperiod 

contributing to vegetative phenology is stated. Duke also attributed excision rates 

environmental factors; stating that bud and flower abscison correlated with increases in air 

temperatures. As the object of flower production is to produce fertile gametes in the form 

~f fruit. the unpollinated flowers presumably abscise to allow energy to be reallocated to 

fruit production of a successfully pollinated flower. 

4.3 Stigma and PoUen Receptivity 

Sonneratia alba flowers appeared to be protogynous (carpels mature before the anthers). 

Results from the alpha-naphthyl acetate tests for the presence of esterase activity showed 

that the stigmas were receptive throughout the maturity of the flower but that stamens only 

indicated receptivity when the flower was fully open. This suggests a mechanism to 

prevent self-fertilisation. Although stigmas from nearly every stage of florescence showed 

that they were receptive, this was not was supported by the field experiments which 

showed abscision of buds that were forcibly opened for artificial pollination. It could be 

suggested that although the stigma was receptive at the bud stage, the floral structure was 

too immature to achieve fertilisation. Another reason for this abscision may include 

physical damage during treatment or high competition between fertilised ovules (Dafui 

1992). 
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Table 14. Compoaeata of "poolination quality" from Daflli (1991) 

Pollen loaded 
pollinator 

Flower visit 

Pollen delivery to a 
receptiw stigma 

Number of pollen 
grains loaded on the 
stigma. 

Pollen genninatioo 

Pollination tube 
growth 

F ertilisatioo 

No. of pollen grains attached 
to the pollinator 

Amountlproportion of 
oontacts between the 
pollinator's body and the 
stigmas. 

Amount/proportion of the 
stigmatic contacts resulting 
in pollen delivery, during the 
stigma' s receptivity period 

Number of pollen grains 
deposited on receptive 
stigma during one visit 

Number/proportion of 
conspecific compatible 
pollen grains of the whole 
pollen load during 
receptivity. 

Number of germinating 
pollen grains 

The proportion of 
germinating pollen tubes 

Percentage of fertilised 
ovules 

Proportion of seeds 
produced per flower and/or 
ovule. 

Heavily loaded pollinators are not necessarily tbe 
most efficient ones in loading the stigma with the 
proper pollen and vice versa. Some pollen may be out 
of mach to stigmas or else non-viable. 

Contact with stigma does not necessarily mean a 
pollination event even if the visitor is loaded with 
pollen. The Total Pollen Load (IFL) on the visitor's 
body has to be differentiated from the pollen on the 
cootact area with the stigma, the Functional Pollen 
Load (FPL). 

The pollen load on the pollinator is effective only in 
relation to chances of meeting the stigmatic swface. 
The number of pollen grains and their exact location 
on the pollinator's body are essential factors in 
relation to pollinator mo-vement and spatial position 
of the stigma. Analysis of the number of pollen 
grains on the pollinaton alone does not reveal 
anythi.ng about their chances of reaching the stigma. 

In general, one visit of a pollinator may supply the 
needed amount of pollen. Foreign pollen may clog the 
stigma when "interference competition' occurs. 

May be dependent on the pollinator's lligbt distance, 
self-incompatibility, and the population structure 
system. 

Pollen allelopathy or populatioo effects may reduce 
the germination on the stigma, or 'mentor effect' may 
increase it 

Competition between the germinating pollen grains 
may determine their success in reaching ovules. 

Competition between fertilised ovules may result in 
abortion which may regulate final seed production. 

The product of the male reproductive success. Seed 
size and viability have also to be considered. 

4.4 Flowering Activity and Environmental Factors 

Mulik & Bhosale (1988) postulate that "phenological characteristics of mangrove species 

are related to different environmental factors". The Nightcliff population had its main peak 

in late April, which coincided with the end of the Wet season and start of the Dry. It was 

suggested that peak flowering may correspond to fruit production during spring tides, 

however there was no evidence of tidal and flowering correlation. There would be no 
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apparent reason that S.a/ba would employ tidal fluctuations as a strategy because the site 

is inudated at every tide. 

According to Baker (1961), the setting of the sun produces higher end wavelengths (red) 

that make yeUow and blue flowers contrast strongly against the green foliage. This time of 

day also corresponds to one of the peak activity periods for nectarivorous birds (Fig 15). 

There is no reason however, that the same concept would not hold true for the white 

flowers of the S. alba. 

Similarly, nocturnal pollinators could have been attracted to the almost luminescent 

brightness of S.alba flowers in full moonlight but the regression analysis refutes this. 

4.5 Breeding system 

The results from S.alba at Nightcliff were fertilised significantly more by poUen from other 

trees (xenogamy) but are capable of geitogamy or autogamy. Because the flowers were 

pollinated artificially, it is assumed that the flowering pattern and pollinator behaviour 

favour xenogamous pollination. Nearly any visitor to a receptive stigma may be an 

effective cross-pollinator and artificial experiments can only determine possibilities: only 

constant and consistent observations on site can conclusively determine the breeding 

system (Baker 1961 ). 

Mechanisms which prevent self-fertilisation include the protogynous behaviour of the 

flowers. The stigma is immediately receptive after emergence, yet the stamens remain 

folded for up to twelve hours after the stigma has emerged Although this inhibits self

pollination, it still allows for the possibilty of geitogarnous pollination, providing poUen 

vecotrs visit flowers at this stage. Observations suggest some species of honeyeaters do 

visit during this stage (Red-headed Honeyeaters, Noske pers comm). This would be an 

advantage in isolated or colonising plants. Primack et a/.(1981) state that an increase in 

plant population would result in the increase of xenogamy as pollinators moved from plant 

to plant Evidence for autogamy is found in the high proportion of fruit set (Table 9). 

When plant populations are as close as I OOm apart, there is greater likelihood of 

outcrossing than further distanced populations but as distance increases between 

populations, the chances of cross pollination decreases (Levin 1986). Similarly, there is 

negative correlation between the pollen pool and outcrossing. The fewer number of plants, 
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the greater the chances that pollination would occur across populations. When pollen md 

nectar rewards are high within a population, pollinators are more likely 1o stay within that 

population (Levin 1986). 

4.6 Flower visiton and pollinator effectiveness 

The experiments involving caged and non-caged flowers demonstrated that the 

contribution of small insects, although present. was not as great as the contribution from 

vertebrates; indicating that insects were not very effective as pollinators. lbis and evidence 

from noctwnal censuses contrasts with Primack eta/ (1981 ), who suggest that hawkmoths 

are the main polllinators. Their evidence was based on observations over two hours and 

capture of two hawkmoths. While hawkmoths may be the main pollinators in the 

Queensland population, the Nightcliff population appears to be mainly pollinated by bats. 

This suggests that different populations may rely on different pollinators, of for no other 

reason than nectarivore availability. Some fully opened flowers were within Scm of the 

edge of the cage and may have allowed access to trophic structures ie tongues or 

probocses to nectar, through the mesh. Hawkmoth probosces average 88mm (Primack et 

a/ 1981) and Fruit bat tongues are approximately 3-4 em (Vardon pers com) but as it is 

more likely that any pollen collected this way would be ingested rather than transferred to 

other flowers. 

Many characteristics of bird and bat pollinated plants are found in S. alba. The flower is 

open during the day (albeit for a short time), has a protected ovary and produces very 

abundant nectar (Table 14). The experiments showed that the flowers that were available 

between dusk and dawn that were pollinated significantly more than those exposed during 

daylight hours. This does not totally exclude birds as pollinators nor does it mean that 

birds effect pollination at all, as there is a an overlap of approximately half an hour before 

sunrise when both bats and birds are present albeit in very small numbers. 
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Table 14 - Characteristics of S.alba favouriD1 polliaatioa by Fruit bat.Jud Mdariwrau biniL 

~;;~~ra.~~~~t·~:t::,::, ,;;m:r:'J[t; :: , ::::~.: , ~. ::;,;;!h.' ,l~r~,~,-~:m;:l;1:i\:~:,.::.;r~;,i ./m: d~~-. ,: ·~L '.:;. 
Attractive stamens + + 

Strong odour + 

Guiding marks + 

Nectar production + + 

Duration of flowers ++ + 

Landing surface ++ + 

4. 7 Foraging Behaviour 

Carpenter (1978) suggested that the tapering of the bills of honeyeaters may result in less 

contact with the pollen bearing structures than the broad snout of a mammal. Honeyeaters 

forage predominantly close to the periphery of the plant foliage, usually remaining in the 

same position throughout a foraging bout (Carthew 1993). This was in contrast to 

inammals who seemed to move across the inflorescence, making contact with much of the 

flower. This would result in a higher amount of pollen being transferred to the stigma but 

would include a greater amoWlt of the flower's own pollen; increasing the potential for 

incompatible pollen transfer. 

Of the six main species of nectarivorous birds present in the man gals, only the Red-headed 

Honeyeater may be considered mangal dependant (Noske 1996). White-gaped 

Honeyeaters and the Rufous-banded Honeyeaters are both opportunistic feeders and have 

a various diet This is reflected in the comparative shortness of their beaks, which can be 

used for a variety of foraging techniques (fable 15). Similarly, the Rainbow-collared 

Lorikeet is foWld in most areas aroWld Darwin where there is an abundance in fruit or 

nectar. Helmeted Friarbirds and the Brown and Red-headed honeyeaters have long bills 

associated with a predominantly nectorivorous diet. 

In terms of biomass, the large Helmeted Friarbird is probably most likely to pollinate 

S.alba as its larger head provides a better pollen carrying surface. This species is also a 

reliable visitor to S.alba as it is largely confined to vine forests and mangals within coastal 

Northern Territory (Blakers eta/ 1984), and does not even penetrate the inland suburbs of 
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Darwin (Noske, pers comm). Like the Fruit Bats, this species does not rely entirely oo 

nectar, however and is well known to eat small fruits, especially figs (Biakers el a/. 1984, 

Noske pers cornm). Indeed it was uncommon in mangals in Darwin Harbour (Noske 

1996), and its abundance in Nigbtcliff mangal is almost certainly due to the very 

favourable conditions of urban Darwin, including an abundance of fruit and nectar-bearing 

trees. 

Unlike the Helmeted Friarbird, the small Brown Honeyeater is very widespread, catholic 

in its habitat requirements (Blakers et al. 1984) and predominantly nectarivorous in the 

Darwin region (Noske 1996, Franklin pers comm). At Palmerston mangal, this species 

was common and like the Red-headed Honeyeater, moved to adjacent Melaleuca 

woodlands during the mid to late Wet Season, due to lack of mangal nectar sources. Both 

of these species establish long term territories around the Orange Mangrove Brugiera 

e.mristata at the start of the Dry season (late April - early May). The flowers of the latter 

species are however too small to attract Friarbirds or other large honeyeaters. 

Both the Rufous-banded and larger White-gaped Honeyeaters are relatively short-billed 

omnivores (Table 14) that mainly inhabit vine-forests and riparian vegetation, but are very 

common in urban Darwin, preswnably due to favourable year-round conditions (Noske 

pers comm). The efficient colonising ability of these species (characteristic of all Top-End 

vine forest species) predicts that they would exploit any local temporary nectar source 

available. Thus their presence in S.alba at Nigbtcliff is not surprising, even if it involves 

only those birds residing close to the site. 

Similarly the exploitation of S.alba by Red-collared Lorikeets is predictable since 

Nightcliff supports a large year round roosting "camp" for this species of up to 1000 

individuals. Groups within this population make regular sorties over the mangals at dawn 

and dusk, perhaps to monitor S.a/ba flowering intensity (Noske pers com, pers obs). Apart 

from visits to S.alba, this species does not occur in mangals. 
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Table 14. Comparative bill lengths and food pnf'erences of S.lllbt1 viJiton (TbHipiOD 4 
GoodfeUow 1987, Noske pen com) 

· · •ee.n~ec~ Diet . : ~ 
Red-headed Honeyeater Long Mangroves, nearby gardens 
Brown Honeyeater Long Mangroves, woodland 
Rufous-banded Honeyeater Short Common except in eucalypts 
White-gaped Honeyeater Short Mangroves, dense wooded veg'n 
Helmeted Friarbird Long Mangroves, nearby gardens 
Red-collared Lorikeet Short Open woodland 

Nectar, insects 
Nectar, insects 
Nectar, insects 
Fruit, nectar 
Nectar, insects 
Nectar ,fruit 

Observations of honeyeaters showed that the birds predominantly directed their foraging at 

the lower rim of the calyx, where nectar accumulates. Probing the large cups of S.alba 

flowers with bird skins showed that especially with the smaller honeyeaters, there was 

little likelihood of contact with the stamen, thus the effectiveness as pollinators of this 

species is low. Ramsey (1989) suggests that larger species of honeyeater visiting at peak 

flowering, may result in more self pollination. Foraging movements of the honeyeaters 

\vould favour geitogarnous rather than xenogarnous breeding systems on plants that have 

mechanisms that reduce self-pollination. nus is indeed the case for both Brugiera hainseii 

and B. exaristata which are bird pollinated (Noske 1993 ). 

Results of the pollen samples from the mist-netted birds were inconclusive due to poor 

representation on the sticky tape. Although using sticky tape is an accepted method (Dafhi 

1992) but could be improved by staining and fixing the pollen grains with gelatine -fuchsin 

(Dafni 1992). 

Bodkin ( 1961) explains that plants pollinated by bats need to have a tree-like habit to 

accommodate the weight and flying habits of the bats and that due to the flying space 

needed by bats, the flowers need to be extended from the trunk ( cauliflory) or from the tips 

of branches (flagelliflory) - two other characteristics of tropical trees (van der Pijl 1956). 

Both of these habits allow flying space around the flowers for easy access by large flying 

pollinators. The advantage of bat pollination is that many woody plants, especially in the 

Australian tropics are obligate outbreeders (Johnson & Briggs 1975, Chrome & Irvine 
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1986) and bats are highly mobile. McCoy's (1990) study of the tropics showed that umore 

pollen was moved a greater distance by bats than by other vertebrate flower visitor" . 

Bats may be the predominant effective pollinators solely because they are present during 

the period of peak pollen productivity but it is more likely that it is this reason plus their 

more effective foraging behaviour that allows successful pollination The drop in numbers 

at 23:00h may have been a resting period, which is reportedly common in bat foraging 

behaviour (Richards 1995). 

The Northern Blossom bat flies repeatedly from flower to flower~ spending seconds at 

each (lbompson 1989), to extract nectar with its "long papillated tongue and exchanging 

pollen on its fur" (Strahan 1995) in comparison to Carthew's (1993) observations of 

honeyeaters on Bansksi spinulosa which showed that the birds foraged "predominantly 

close to the advancing front", with very little movement from one advantageous position. 

Mammals were far more active and generally brushed against the flowers with much of 

their body. Gunnell et al (1994) reported pollen on the faces and shoulders of over 80% of 

Macroglossus minimus oberserved on Lombok Island, Indonesia. Carthew stated tha~ 

" .. nocturnal visitors were more effective at removing pollen from newly opened flowers ..... 

(because they were able to) .... transfer much more pollen to flowers than other visitors and 

probably contact receptive stigmas more often". 

4.8 Pollinator foraging behaviour. 

"The restricted spatial pattern of breeding is a consequence of pollinator foraging 

behaviour." (Levin 1986). Bees move from one plant to its neighbour. This relationship 

was demonstrated with the flower Lupinus texensis, which is pollinated by bees and also 

with Phlox drummondii, which is pollinated by butterflies. For these studies. a plant 

carrying an homozygous enzyme marker was introduced into a population without a 

marker (Levin 1981) and the flight distances between plants and pollen flow were 

compared. The studies revealed that both distances were short, but the pollen flow 

occurred at greater distances than the flight distances. The flight distances for Phlox and 
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Lupinus were 2.6m and l.m and the pollen flow distances were 4.m and 1.8m. 'Ibis is 

explained by residual pollen being carried over more than one flower. 

Other behavioural features of the pollinators affect pollination. For instance, courtship and 

mating behaviours affect the spacing and order of pollination. The spatial arrangements of 

the flowers also have an effect on pollinator behaviour. Levin and Kerster (1970) found 

that there was a high correlation between flight distances and mean spacing of the flowers. 

The type of pollinator also affects the mating distance of plants, Schmitt (1980) revealed 

that insect pollinated plants have a narrower mating structure, and more specifically, bee

pollinated plants have a narrower structure than plants pollinated by lepidopterans. She 

demonstrated that butterflies, with an average flight distance of 3.5m, have nine times 

greater flight distance than bees, whose average flight distance is 0.4m. 

While many species of bat correlate their population density to the availability of nitrogen 

(Mattson 1980, Kavanagh & Lambert 1990), the nectarivorous bats feeding on Sonneratia 

are able to satisfy their nitrogen on the nitrogen-rich pollen 

A similar African tree, also found in Northern Australia is the Baobab, Adamsonia 

digitata (Bombaceae ). It also has large white starniniferous flowers (Bodkin 1993) and is 

also pollinated by bats (Baker 1961). 'Visiting bats hold on by clasping the ball of stamens 

to their breasts while lapping nectar from the base of the stamen-colurrm. In the process, 

their breasts become covered with pollen which may be transferred subsequently to the 

stigma,(Bodkin 1993). From the same family, the Kapok tree (Ceiba pendandra) also has 

large flowers which "open after dark and then glisten whitely with large quantities of 

nectar'·. The flowers occur in clusters, wbich the bat Eidolon helvum and two other 

species of bat "crawl over and among ... lapping nectar, chewing stamens and, 

incidentally, effecting pollination, (Bodkin 1993). Strong protandry prevails in the 

savannah tree, Parkia c/appertoniana (Mimosaceae). For one night the flowers are in a 

staminate condition and during the next night, the flowers are in a pistilate condition 

(B~ 1993 ). Pollination of this flower also occurs by bats. 

3.9 Relationship between nectar production and pollinator abundance. 

There are a large number of nectorivorous birds present during times of peak nectar 

production and although S. alba does not meet all of the usual characteristics of bird 
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attracting plants (Table 5), flowers are present during the day and there are copious 

amounts of nectar. 

Red headed honeyeaters, which were found mostly in the afternoons were usually present 

just before dusk or in April, at dusk and dawn. A common local nectar source is for this 

species is Brugiera exaristata (Noske, 1996) and it is thought that when this source is 

exhausted, the red-headed honeyeaters find other local nectar sources. 

It is likely that the low number of honeyeaters present during the day was due to the 

reduction in nectar availability, causing birds to find alternative sources of energy. This 

would especially be the case for the friarbirds, who appeared to be present only in times of 

peale nectar production. This is supported by Collins and Newland ( 1986) who commented 

on the smaller numbers of Little Wattlebirds (Anthochaera chrysoptera) during times of 

low nectar production. 

Where several species of nectarivorous birds co-exist, larger species dominate the nectar

rich resources while the smaller more efficient species exploit the poorer sources of nectar 

(Feisioger 1976, Lyon 1976, Carpenter 1978a,b, Ford & Paton 1982, McFarland 1986). 

Collins and Newland (1986) also observed that the larger honeyeaters excluded smaller 

boneyeaters from the richest nectar resources, forcing smaller honeyeaters to forage at 

"less profitable sources of nectar", which they can exploit far more efficiently. Thus the 

relative increase of Rufous-banded Honeyeaters during early afternoon may be a strategy 

to exploit Salba when Friarbird numbers were low. 

Armstrong (1991) found a correlation between aggressiveness ofhoneyeaters and scarcity 

of nectar. During the study, I found evidence of aggressiveness in two species only; the 

Helmeted Friarbird, and White-gaped Honeyeater, the two largest species present. The 

aggressive behaviour occurred in the early morning and late afternoon: the time when 

nectar abundance was greatest. However, when nectar availability was limited, both of 

these species left the study area There was evidence of aggression in brown honeyeaters 

during early April, when flowering was at a peak. Armstrong (1992) concluded that 

honeyeater aggressiveness was not a response to change in nectar availability but rather an 
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evolutionary response to past seasonal patterns of nectar resources, triggered by external 

influences. Therefore, correlations may exist between nectar availability and 

aggressiveness may not be a direct causal relationship. McFarland (1986) postulated that 

honeyeaters reduce aggression in response to low nectar, to save energy and unhinder 

foraging. He concludes that when nectar is moderatelly abundant, honeyeaters became 

aggressive but reduced aggression when nectar was superabundant. 

Although nectar is obviously a source of energy for honeyeaters, it cannot provide all their 

protein requirements. Virtually all species include some arthropods in their diet (Collins 

1980, Collins & Bri.ffa 1983). Studies of foraging behaviour of Australian honeyeaters 

have suggested that many spend a proportionately large time foraging for arthropods 

(Halse 1978, Ford eta/., 1979 Collins eta/. 1984a, b, Paton 1982: Pyke 1980, Collins & 

Newland 1986) and it has been suggested that the arthropods contribute significantly to 

the protein requirements of the birds, whereas the nectar provides mainly carbohydrates. 

The abundance of nectarivorous birds at flowering sites was thought to be attributable 

therefore, to the increased abundance of nectarivorous insects during flowering periods. 

Seasonal and spatial variation in honeyeater density was apparently unrelated to variation 

in biomass of flying insects, the principal source of protein for the honeyeaters observed by 

Pyke (1983a, 1985). Collins and Newland (1986) also observed that arthropod biomass 

was relatively high at all times and not significantly correlated with honeyeater abundance. 

They concluded that honeyeater populaticn fluctuation was rarely if ever related to 

arthropod availability. 

It is assumed that the visits by bats only coincided with peak flower/nectar production and 

when this was not the situation, alternative food sources were found There is almost 

always a Sonneratia flowering outside a peak flowering period, and when there is not, 

there is another mangrove species in flower. The most common species flowering outside 

the Sonneratia are the Mangroves, Rhizophora stylosa, Aegiceras coriculatum, the 

Hibiscus (Hibiscus tiliaceus) on the shoreline and the mistletoe (Amyema mackayense and 

A. thalassium). This creates a continuous flowering season within the mangrove area, thus 

keeping the interest of the pollinators. 1bis strategy ensures the constancy of preferred 

pollinators. 
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3.10 Similar flowen and their poUinatioa strategies 

It could be predicted that flowers would produce sufficient nectar to attract a pollinator, 

encouraging the pollinator to move to another flower to gain its energy requirements. 

Sonneratia alba however, produces an abwt<lance of nectar and this it has in couunon with 

some species of Eucalyptus, Cal/istemon, Grevil/ea and Banlcsia (Franklin 1994). One 

explanation for this is inter- and intra- specific competition among plants to compete for 

a limited number of pollinators. Another hypothesis, also involving competition, is that 

subordinate birds, lacking territories, are forced from one nectar-rich (and strongly 

defended) territory to another, thereby affecting outcrossing (Vaughton 1990). 
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Chapter 5 - Conclusion 
The study shows that the Star Mangrove is a protogynous outcrosser, pollinated mainly by 

bats at this site. The morphological characteristics of this mangrove; mainly the large, 

white, nocturnal flowers are adapted for bat-pollination. 

There have been reputed cases of specific obligate relationships between plant and 

pollinator. For instance, Yucca plants and Yucca moths (Tegiticula sp) depend solely upon 

each other for survival. Yet in fact, cases like these, upon close examination are rare. It is 

perhaps for this reason, that observations of hawk-moth pollination of S.alba have been 

made in North Queensland. 

The flowering season commenced during late Wet, early Dry season, which may be an 

adaptative response in coastal localities. Peak flowering production occured in late March

April. Flowers were exploited by Fruit-bats and several species of nectarivorous birds, 

which may visit the mangals during times of nectar paucity in their usual food source; 

Melaleuca woodlands fringing the landward edge of mangals. Fruit-bats were considered 

to be the prime pollinators of S.alba at the Nightcliff site, although they appeared only 

during peak nectar production, preswnably attracted by the strong odour that a large 

number of flowers produced. 

The large, white, staminiferous flowers began to open during early evening developing 

over a forty-eight hour period before shedding. The flowers produced copious amounts of 

nectar, particularly during the second evening. 

Further studies could use gel electrophoris tests, to show the amount of genetic variation 

among flowers on a single tree and among flowers from different trees. Many plant 

species visited by birds vary greatly in flowering intensity both within and among 

flowering seasons {Ashton 1975, Ford 1979, Vaughton 1990) although Noske (1996) 

suggests that Rhizophoraceous mangroves show remarkably little variation. 

There is scope for further studies on all mangrove species in Darwin Harbour on seedling 

establishment, standing crop and biomass, successional ecology and the effect of 
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anthropogenic changes to the mangrove habitat This knowledge can only enhance our 

understanding of mangrove ecosystems and allow us to develop informed oooservation 

and management decisions to protect and preserve this valuable resource. 
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Appendices 

Appendix 1 - Mammals reported in mangals (adapted from Ridlards, 
1996) 

Rattus colletti, 
Hydromys chrysogaster 
Mus musculus 
Melomys spp 
Mesembriomys spp, 
Conilurus spp, 
Perame/es, 
Jsoodon (bandicoots), 
Trichosurus amhemensis, 
Tadarida p/aniceps (posswns) 
P. loridae (flying foxes). 

Northern Blossurn Bat (Macroglossus lagochilus) should also be added to this list 
(Semeniuk et al. 1978). Guinea (pers comm) reported sightings of possums in the 
mangroves of Buffalo Creek, not 30km from the study site. 
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Appendix 2 - Calculation of Standing Crop 

Table 1 -estimated number of trees 
, ~- ~~~.:Vifl"'"~'''"'~~ ..... .~>.".@riiJ/!t~litl~~ 
T1 130 
T2 172 
T3 118 
T4 1056 

1476 trees x 5.47 flowers (246 flowers /45 trees) = 8068.8 flowers 
8068.8 x 293 .34ul of nectar = 2366901.792ul = 2.37/ 
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Appendix 3 - Alpha-naphthyl acetate test for esterase activity. 

Alpba-oapbtbyl acetate test for tbe presence of esterase activity (from Pearse, A 
1972) 
1 Omg of a-naphthyl acetate powder 
0.25 m1 acetone 
20ml ofO. l M phosphate buffer (pH 7.4) 
50-1 OOml of fast blue B salt 
Dissolve the a-napthyl acetate powder in the acetone in a vial that will hold more than 
20ml of fluid. Add the phospate buffer. 

Shake the tightly stoppered vial for 10 minutes or until the initial 'milky' colour of the 
fluid begins to break up. 

Add the fast blue B salt, and shake so that everything is well mixed. 

Filter the stain and apply it directly on a selection of stigmas, taken at dififerent stages 
of the flower life-span, until they are completely immersed for 2-5 minutes. 

Wash the stigmas in distilled water and observe under a dissecting microscope. If the 
stigmatic surface has produced esterase, the stigmatic secretions or the stigmatic 
Qapillae will tum a deep blue/black. 
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Appendix 4 - Cage and Uncaged Variables 

T-Test: Two-Sample Assuming Equal Variances 
for Caged and Uncaged Samples 

Mean 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean Difference 
df 
t Stat 

P(T <=t) one-tail 

t Critical one-tail 
P(T <=t) two-tail 

t Critical two-tail 

Caged 

0.16 
0.1-4 

32 
0.179 

0 
62 

5.02361 
2.29E-

06 
1.67 

4.58E-
06 

1.999 

Non-
caged 

0.69 
0.22 

32 
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Appendix 5 - Flower number and humidity 

SUMMARY OUTPUT 

Regression Statistics 
Multiple R 0.138986 
R Square 0.019317 
Adjusted -0.02972 
R Square 
Standard 63.30813 
Error 
Observati 22 
ons 

ANOVA 

df 
Regressio 1 
n 
Residual 20 
Total 21 

ss MS F Significance F 
1578.923 1578.923 0.393951 0.537331 

80158.39 4007.92 
81737.32 

/ 
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Appendix 6 - Regression analysis between lunar activity and 
flower production 
SUMMARY OUTPUT 

Re{Tesslon Statistics 
Multiple R 0.163058 
R Square 0.026588 R = 0.16 
Adjusted -0.01085 
R Square 
Standard 62.02833 
Error 
Observati 28 
ons 

ANOVA 

df ss 
Regressio 1 2732.363 
n 
Residual 26 100035.4 
Total 27 102767.7 

Coefficient standard 
s Error 

Intercept 43.57675 24.06264 
Intensity 34.0201 40.36979 

MS F Significance F 
2732.363 0.710163 0.407075 

3847.514 

tstat P-value Lower Upper Lower 
95% 95% 95.0% 

1.810971 0.081716 -5.88474 93.03823 -5.88474 
0.842712 0.407075 -48.9612 117.0015 -48.9612 

Upper 
95.0% 

93.03823 
117.0015 
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Appendix 7 - Regression statistics of bird species and flower 
numbers 

Regression Statistics 
White-gaped honeyeater 

Multiple R 0.494721 
R Square 
Adjusted R 
Square 
Standard Error 
Observations 

ANOVA 

0.244749 
0.215701 

54.63706 
28 

df ss MS F Significance F 

Regression 
Residual 
Total 

1 25152.29 2515229 8.425639 0.007444 
26 77615.43 2985.209 
27 102767.7 

Coefficients Standard t St.. P-value Lower Upper Lower Upper 
Error 95% 95% 95. 00-"' 95. 00"' 

Intercept 
Bird numbers 

25.1293 16.179321 .553174 0.132471 -8.12779 58.38639 -8.12779 58.38639 
11.00413 3.791003 2.902695 0.007#4 3.21160318.79665 3.211603 18.79665 

Regression Statistics 
Rufous banded honeyeater 

Multiple R 0.017074606 

R Square 0.000291542 
Adjusted R -0.038158783 
Square 

Standard 62.86057624 
Error 
Observations 28 
AN OVA 

df ss MS F Significance F 

Regression 

Residual 
Total 

1 29.96112 29.96112 0.007582 0.931278 

26 102737.8 3951.452 
27 102767.7 

Coefficients Standard t Stat P-value Lower Upper Lower Upper 
E"or 95% 95% 95. 00"' 95. 0% 

Intercept 62.24035791 16.1653 3.850245 0.00069 29.01209 95.46862 29.01209 95.46862 

Bird -0.293736501 3.373318 -0.08708 0.931278 -7.22769 6.640222 -7.22769 6.640222 
numbers 
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Regression Statistics 
Red-headed honeyeater 

Multiple R 0.310506 
R Square 0.096414 

Adjusted R 0.061661 
Square 

Standard Error 59.76218 

Observations 28 

AN OVA 

df ss MS F Significance F 

Regression 
Residual 

1 9908.236 9908.236 2.774236 0.107798 
26 92859.48 3571.518 

Total 27 102767.7 

Coefficients Standard t Stat P-value Lower Upper Lower Upper 

Intercept 
Bird numbers 

Error 95% 95% 95. QG-' 95. 00-" 
47.54523 13.98604 3.399478 0.002188 18.79649 76.29397 18.79649 76.29397 
7.543795 4.529165 1.665604 0.107798 -1.76604 16.85363 -1.76604 16.85363 

Regression Statistics 
Friarbird 

Multiple R 0.707735553 
R Square 0.500889613 

Adjusted R 0.481693059 
Square 
Standard Error 6.965480418 
Observations 28 

ANOVA 

df ss MS F Significance F 

Regression 1 1265.963 1265.963 26.09268 2.53E-05 

Residual 26 1261 .466 48.51792 
Total 27 2527.429 

Coefficients Standard t Stat P-value Lower Upper Lower 
Error 95% 95% 95.00-' 

Intercept 3.055068713 1.872434 1.631603 0.114818 -0.79378 6.903914 -0.79378 

Flower number 0.110989555 0.021728 5.1081 2.53E-05 0.066327 0.155652 0.066327 
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Regression Statistics 
Brown honeyeater 

Multiple R 0.166452631 

R Square 

Adjusted R 
Square 
Standard Error 
Observations 

AN OVA 

0.027706478 
..{).00701829 

4.216524818 

30 

df SS MS F Significance F 
Regression 
Residual 
Total 

1 14.18571693 14.18572 0.797888 0.379339 
28 497.8142831 17.77908 
29 512 

Intercept 
Flower 
number 

Coefficients 

12.30211506 
0.011214005 

Regression Statistics 
Red Collared Lorikeet 

Standard Error t Stat P-value 

1.096837153 11.21599 7.21E-12 
0.012554221 0.893246 0.379339 

Multiple R 0.224928691 

R Square 

Adjusted R Square 
Standard Error 

Observations 

AN OVA 

0.050592916 
0.014077259 
79.19330624 

28 

Lower 
95% 

10.05534 
..{).0145 

Upper 
95% 

14.54889 
0.03693 

df ss MS F Significance F 

Regression 

Residual 

Total 

1 8689.355 8689.355 1.385513 0.249828 

26 163061.1 6271.58 

27 171750.4 

Lower Up~ 
95. 00-' 95.€1 

10.05534 14.54 
..{).0145 0.03 

Coefficients Standard t Stat P-va/ue Lower Upper Lower Up1 

Intercept 

Flower numbers 

Error 95% 95% 95. 00-' 95. ( 

10.82216066 21.28844 0.508359 0.615488 -32.9369 54.58121 -32.9369 54.5 

0.290780595 0.247036 1.177078 0.249828 -0.21701 0.798571 ..{).21701 0.79 
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