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Plant reproductive phenology has evolved to enable species to persist within the constraints of

the environmental conditions in which they grow. Climate is an important control over phenol-

ogy but other environmental factors such a disturbance will also influence when reproduction

can occur. Quantitative reproductive phenology – flowering and fruiting, were examined in

heath (kwongan) and coastal scrub near Lancelin, Western Australia. Two questions were

addressed - how is reproductive phenology affected by time since fire and do communities on

different substrates under the same climate have different reproductive timing? In five sites with

a range of fire histories differences were observed in both within-year reproductive patterns and

total reproductive performance. The most prolific flowering occurred early in the season and

preceded the time when the majority of species were flowering. Reproductive activity was more

seasonally constrained in the most recently burnt site compared with more protracted flowering

at the sites several years after fire. Flowering and fruiting were greatest at the longest unburnt

site, more than 6 years post-fire. Life history characteristics and juvenile period of species were

important influences on reproductive output, with annuals the main contributors to reproduction

soon after fire while woody plants took longer to resume or begin reproduction. A comparison

of reproductive phenology on a range of substrates showed the coastal dune scrub vegetation to

have more protracted reproductive activity than coastal heathland vegetation. Differences of

reproductive timing and intensity in heathland vegetation on different substrate types were not

marked. Sites on different substrates but with similar fire histories appeared to be more strongly

influenced by time since fire than by substrate.
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Introduction

The reproductive phenology of species is one of the key components of community func-

tion, being integral to continuation of the species and having ramifications beyond any one par-

ticular species if pollinators, seed/fruit dispersers and propagule predators are involved (e.g.

Rafferty & Nabity 2017). Phenology in a general sense is under climatic control. Temperature

and water availability are particularly important cues (Segrestin & al. 2018) while day length
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is also influential for many species at high latitudes and altitudes (Li & al. 2016). In tropical

areas seasonality is important and phylogenetic relationships seem to be strongly correlated

with time of flowering within seasons (Wright & Calderon 1995). Within Mediterranean cli-

mate regions flowering may also be strongly seasonal but phylogenetic constraints are less

apparent (Petanidou & al. 1995), although in some important South African Cape groups

(Restionaceae) evolution of flowering time is related to phylogeny (Linder 2020). While most

Mediterranean climate regions are strongly seasonal it is usually water not temperature that is

the main environmental factor influencing community function (Dunn & al. 1976). Overlaid on

this climatic skeleton is the influence of frequent fire to which phenological patterns of some

species have also developed (Pignatti & al. 2002; Pyke 2017)

Both the timing and intensity of plant reproduction after fire are significant in terms of fire

management and species conservation in heathland ecosystems. Fire may influence plant repro-

duction in a range of ways eg. fire-stimulated flowering (Gill & Ingwersen 1976; Gill & Groves

1981; Lamont & Downes 2011; Lamont & al. 2019), more profuse flowering in the early post-

fire years (Gill & Groves 1981; Pyke 1983), synchronised flowering and seed production for

populations within a species and escape from predation through predator satiation (O’Dowd &

Gill 1984). More successful pollination may also be an outcome as fire has been found to

increase pollinator diversity in a number of systems such as central European forests (Bogusch

& al. 2015) and abundance of pollinators in Mediterranean pine forests (Lazerina & al. 2017).

However, a high frequency of fire may be inimical to reproduction due to depleted soil

resources (Carbone & Aguilar 2017). The establishment of seed banks is influenced by juvenile

period and the time required to first set seed after fire (Benson 1985; van der Moezel & al. 1987;

Muir 1987; Wills 1989). Species composition may also be affected by time since fire; species

richness is often greatest in the early post-fire years (Pate & al. 1985; Bell & Koch 1980) par-

ticularly in Australian heaths. 

Studies of reproductive phenology in heath or shrubland vegetation have focussed mainly

on seasonal variation in flowering and have been either descriptive in nature or have detailed

only the number of species flowering each month (eg. Specht & al. 1981; Milewski & Davidge

1981; Bell & Stephens 1984). While flowering of certain species is abundant after fire, giving

the impression of communities highly attuned to episodic disturbance, it has not been well doc-

umented just how important this is in terms of whole community reproductive effort over time.

There have been few quantitative studies of reproductive phenology or changes in reproductive

intensity in relation to fire on a community basis (e.g. McFarland 1990; Petanidou & al. 1995).

The effects of substrate on community flowering patterns in heath and shrublands have been

investigated by Wills (1989), McFarland (1990) and Pierce & Cowling (1984). Substrate influ-

ences both the nutrient availability and water retention capability of the soil. Substrate has been

proposed as a major determinant of phenophases in mediterranean-type ecosystems through an

interplay of water availability and nutrient cycling (Specht & al. 1983). Heathlands in Australia

occur on a number of different substrate types. Casual observation suggests that flowering phe-

nology varies in relation to soil type but there have been no detailed studies examining com-

munities on different substrates.

The aims of this study were to quantify flowering and fruiting cycles in coastal heath in

south western Australia. Both the timing and intensity of flowering and fruiting were examined

in relation to fire and substrate in order to determine the relative influence of these factors on

reproductive phenology.
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Methods

This study was undertaken near Lancelin Western Australia (31°01’S, 115°20’E). The

climate is strongly mediterranean (annual rainfall 627 mm) most of which falls in winter.

Temperatures range from an average maximum of 30°C in summer; 19°C in winter and

average minimums of 16 - 18°C in summer; 10°C in winter (Fig. 1). The study sites were

located on two sections of a chronosequence of late quaternary near-coastal sand dunes

(Turner & al. 2018).

Five sites were chosen for sampling in coastal heathland in Nilgen Nature Reserve, 6 km

north east of Lancelin (approximately 30°57’ 48.00” S 115°21’ 05.00 E). These sites were locat-

ed on deep acid sands in close proximity to each other and were representative of a range of

fire histories. Time since last fire was 1, 2.5, 5, 6 and greater than 6 years corresponding to sites

1 (1990), 2 (1988), 3 (1986), 4 (1985), and 5 (pre-1985). Heath on sandy substrates in this area

of Australia is referred to as kwongan – basically sand heath (Beard & Pate 1984). An additional

five sites were located on a range of substrate types, site 6 (long unburnt, > 8 years) on skeletal

soils of a limestone ridge (7 km north east of Lancelin), sites 7 (burnt 1991) and 8 (long unburnt,

> 8 years) on deep calcareous sands and sites 9 and 10 (both long unburnt, > 8 years) on uncon-

solidated coastal sand-dunes (about 4 km south of Lancelin, Table 1). At each site three ran-

domly selected 3 m × 3 m plots were established. During monthly visits to each site from March

1991 to February 1992 quadrats were investigated for species flowering and fruiting. ‘Intensity’

was estimated by means of a logarithmic scoring system (McFarland 1990) (1 = one flower or

fruit per quadrat, 2 = a few flowers or fruits per quadrat, 3 = flowers or fruits common in

quadrat, 4 = profuse flowering or fruiting in quadrat). 
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Fig. 1. Annual rainfall and temperature for the Lancelin weather station that is close to the study sites

– orange line is maximum mean temperature and the grey line minimum mean temperature.



Inflorescences or infructescences such as those of Banksia and Stackhousia species were

counted as single flowers or fruits. Species noted to be flowering from casual observation within

50 m of each site were also recorded. However, this excluded individuals flowering near dis-

turbed areas such as trails or firebreaks.

Total annual flowering and fruiting scores for each site were analysed by means of a oneway

analysis of variance (SPSS Inc. 1986). The data were analysed in two groups: (i) fire history:

sites 1-5; (ii) substrate: sites 5, 6, 8-10.

Results

Flowering and fruiting data were obtained for 198 species. Data on the intensity of flowering

and fruiting were obtained for 162 species which occurred within site quadrats. Sites on the

Quindalup sands, particularly sites 9 and 10 on a near-coastal dune were much less species rich

than those on the older Spearwood sands (Table 2).

Time Since Fire

The number of species which did not flower was highest in the more recently burnt sites.

Therophytes dominated flowering in the first year with a sudden upsurge of flowering following

Table 1. Site characteristics.

Table 2. Lifeform composition of the study sites.
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fire but decreased dramatically to a generally constant low level in the following years. In con-

trast, phanerophyte flowering increased from a very low level at one year post fire to account

for almost half the species flowering on the long unburnt site (Fig. 2a). Species richness rose

in the initial post-fire period reaching a maximum at 2.5 years post-fire (site 2/1988).

Flowering intensity showed a different pattern from number of species flowering (Fig. 2b).

On the long unburnt sites flowering intensity peaked before the majority of species flowered.

The most recently burnt site (site 1, 1990) had the lowest while site 5 (pre 1985) had the high-

est total flowering intensities for the year. On site 5 most species flowered in October (mid

spring) but flowering intensity was highest in late winter and early spring (August,

September). The site burnt in 1985 (5 years before) had more species flowering in September

and October but similarly, greatest intensity in August and September.

The pattern of fruiting intensity and number of species in fruit was more closely similar

than was the case for flowering (Fig. 3a, b). In addition, the fruiting pattern generally showed

a similar pattern to flowering but occurred a month later. All except the most recently burnt

site showed peaks of intensity and number of species fruiting in November; this site showed

a peak in October. Fruiting intensity was most evenly spread and was highest in the longest

unburnt site 5. 

A one-way analysis of variance failed to show a significant effect (P > 0.05) across sites

with different fire histories for total annual flowering or fruiting scores in sites 1 - 5. 
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Fig. 2a. Number of species flowering per month at the sites (1 - 5) used in the “time since fire” study.



Fig. 2b. Flowering intensity at the sites (1 - 5) used in the “time since fire” study.

Fig. 3a. Number of species in fruit in each month at the sites (1 - 5) used in the “time since fire” study.
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Substrate

Species richness in the coastal dune sites was considerably lower than that of the other sites

contrasting markedly with the species-rich site 6 on skeletal limestone soil. Thus, there were a

smaller number of species that flowered at these dune sites (Table 2). Flowering intensity on the

deep sand Spearwood site (Site 5) was much higher and earlier than on the geologically more

recent Quindalup sands (Sites 9 and 10). Although the number of species flowering and flower-

ing intensity in the coastal dune sites was low, flowering was relatively high in late winter and

into mid spring (Fig. 4a, b). Total annual flowering intensity scores were highest in sites 6 and 8

and lowest in the coastal dune sites.

Total species with fruit was highest in November (Fig. 5a) for the shallow soil limestone site

(site 6), a month later than the maximum flowering and for the heath on Quindalup sand (site 8)

and the foredune site (site 10). Total fruiting intensity scores followed a similar pattern to that of

flowering intensity (Fig. 5b). The foredune sites (sites 9 and 10) had few species fruiting and low

intensity due to low species richness and was generally absent or very low in winter compared

to the other sites but carried on into the summer and autumn.

Site 5 in the Nature Reserve sites was included with sites 6, 8, 9, 10 in a one way analysis of

variance which showed it was statistically valid to test for differences in number of species flow-

ering between sites (p<0.05). However, Tukey’s multiple range test showed that the only signif-

icant differences were between site 5 in the Nature Reserve and sites 9, 10 (the coastal dune

sites). The analysis of variance for number of species fruiting also showed it was statistically

valid to test for differences between sites (p<0.05). However multiple range tests showed no two

pairs of sites to be significantly different. 

Comparing sites on different substrates with similar fire history shows that the flowering and

fruiting patterns of site 1 on brown siliceous sands of the Spearwood System and site 7 on cal-

careous sands of the Quindalup System, both recently burnt, show marked similarities. 
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Fig. 3b. Fruiting intensity at the sites (1 - 5) used in the “time since fire” study.



At both sites there was a similar upsurge of flowering in spring driven particularly by the

many annuals flowering in the first year after fire (Fig. 6a, b). As with the other sites, number of

species fruiting and fruiting intensity peaked a month later (Fig. 7a, b).

Fig. 4a. Number of species flowering per month at the sites (5, 6, 8 - 10) used in the substrate study.

Fig. 4b. Flowering intensity per month at the sites (5, 6, 8 - 10) used in the substrate study.
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Fig. 5a. Number of species fruiting at the sites (5,6, 8 - 10) used in the substrate study.

Fig. 5b. Fruiting intensity at the sites (5,6, 8 - 10) used in the substrate study.



Fig. 6a. Number of species flowering per month at the sites 1 and 7 – both one year after fire.

Fig. 6b. Flowering intensity per month at the sites 1 and 7 – both one year after fire.
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Fig. 7a. Number of species fruiting per month at the sites 1 and 7 – both one year after fire.

Fig. 7b. Fruiting intensity per month at the sites 1 and 7 – both one year after fire.



Discussion

The pattern of a spring peak in flowering seen in the Lancelin heaths is typical of that of

other heathlands in Mediterranean-type climates (Bell and Stephens 1984). The timing of the

peak, however, shows some variation within Western Australian heaths and shrublands. The

greatest number of species flowering in the Lancelin area was in early October. However, the

greatest flowering intensity was earlier and in these heathlands species in the Fabaceae, par-

ticularly Acacia, are some of the earliest to flower, beginning in mid-winter (pers obs). In the

Mt Lesueur area 100 km to the north the peak was earlier, in August (Wills 1989), at

Badgingara 80 km north-east it was in late September (van der Moezel & al. 1987) and in the

Perth region, 125 km south, flowering peaked mid-October (Bell & Stephens 1984; Gentilli

1996). Therefore, the peak number of species flowering is later with distance to the south. Bell

and Stephens (1984) related this to interactions of the environmental factors daylength, tem-

perature and soil moisture and Gentilli (1996) demonstrated a very good correlation between

flowering and monthly rainfall lagged by 2-3 months plus an influence of low winter temper-

atures. This correlates with results from the cool temperate climate of Chile under a rainfall

regime of 1600 mm/a where flowering occurs much later in the year, in late spring extending

into summer, and is primarily related to temperature (Smith-Ramirez and Armesto 1994).

The spring onset flowering pattern in the south-western Australian heaths is similar to that

seen in southern California, Israel, Chile (Bell and Stephens 1984), Spain (Hererra 1986),

Greece (Petanidou & al. 1995), France (Segrestin & al. 2018) and to the winter rainfall area

of the South African Cape (Johnson 1993). The Lancelin dune community was more similar

to the pattern found in the non-seasonal rainfall area of the eastern Cape (Johnson 1993) with

flowering extending more into the summer. 

In contrast the single peak in flowering in heathlands in the south western Australian

Mediterranean climate does not match with the bimodal flowering and fruiting activity in sub-

tropical heaths in Queensland (Specht & al. 1981; McFarland 1990) and lacks the late spring

and summer secondary peak of mostly woody species in France (Segrestin & al. 2018) or any

autumn subsidiary peak of flowering as recorded for phrygana in Greece (Petanidou & al.
1995).

Time Since Fire

The visual impression of abundant flowering in the early years post-fire (Specht 1981)

which can be apparent from southern Australian heathlands is not an accurate representation

of the majority of the community. It is the result of flowering in a few specialised (but often

abundant) members of the community (eg. Xanthorrhoea spp., Gill 1981; Nuytsia Lamont &

Downes 2011) plus fire ephemerals, particularly grasses. Flowering intensity in the Lancelin

kwongan was greatest in the oldest sites (although not significant), more than 6 years post-fire

and occurred earlier than at the one year since fire site. This accords with similar peaks in

flowering and fruiting intensity at 8 years post-fire in subtropical heathlands (McFarland

1990). In contrast there is poor correlation with South African fynbos in which a rich suite of

geophytes produces an impressive post-fire floral display (Johnson 1992). Geophytes are

prominent in both fynbos and Australian heath, but analysis of closely matched sites shows

geophytes are more common in the Cape (Cowling and Witkowski 1994) and the hysteranthos
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habit is rare in Kwongan (le Maitre & Midgley 1992), contributing to the contrast in flower-

ing behaviour between the African and Australian communities. In Brazilian cerrado flower-

ing of grasses after fire is very pronounced (Fontenele & al. 2020) and this is similar to the

frequent abundance of Austrostipa compressa the first year after fire in kwongan (Baker & al.

2005).

Differences in reproductive activity in the Lancelin heath were due largely to life history

characteristics and age structure of individuals, which in turn were related to fire history.

Annuals, geophytes, chamaephytes, sub-shrubs, multi-stemmed shrubs and single stemmed

shrubs represent the approximate order of time from regeneration to flowering (Griffin pers

comm). The earlier and more peaked flowering and fruiting on the most recently burnt site

reflected the greater representation of annuals on that site, than on other sites, and the rapid

completion of their life cycle before the dry summer in this markedly seasonal environment. 

From 2.5 years (site 2) after fire the community phenological pattern in terms of seasonal

behaviour showed little change, although number of species flowering decreased (but would

eventually plateau) with time since fire. The higher total flowering intensity scores for the

older sites, in particular for the pre-1985 site is related to the more protracted flowering of

woody perennial species and the greater reproductive effort required to attract pollinators in

self-incompatible species (Wills 1989). The fact that flowering intensity was highest in the

late winter may be related to greater competition for pollinators at this time of the year when

adverse weather conditions limit pollinator foraging.

Peak fruiting activity was more narrowly confined than was flowering, perhaps related to

the need by shallow rooted plants to complete fruit set before conditions became excessively

dry in summer (Bell & Stephens 1984). The fact that the longer unburnt sites had higher fruit-

ing intensities in summer than more recently burnt sites is related to the increasingly greater

proportion, in biomass terms, of large (deep rooted) woody plants on the long unburnt sites.

Lower intensity scores, in general, in comparison with flowering reflects the fact that in many

species a low proportion of flowers set fruit (Vaughton 1991).

Fruit production after flowering will be related to the type of fruit/seed produced. Fruit

maturation in annuals will be much quicker than in perennials (Segrestin & al. 2018). Fruiting

followed relatively rapidly (one month) after flowering in comparison to fruiting at a site in

southern Spain (Herrera 1986) where the main fruiting peak followed flowering by 3 months.

Seeds that are destined for the soil seed bank may mature more quickly than those in seroti-

nous infructescences where the woody fruit will take longer to mature than a less substantial

fruit. In Spain there was a bimodal peak in fruiting related to nonfleshy (first mature) and

fleshy (matured later) fruits. This same trend was apparent in a study of phenology in rainfor-

est in Chile at 40°S with a winter maximum rainfall. Shrub species which were mainly zoo-

chorous showed a 3-month separation between peak flowering and fruiting. For tree species

which were evenly divided between anemochorous and zoochorous species the peak flower-

ing was later in the season and preceded peak fruiting by only one month (Smith-Ramirez &

Armesto 1994). In Lancelin heaths there are few plants with fleshy fruits and most have small

fruits requiring only a short time for development. The fruiting curve is more peaked than the

flowering curve with a tail into the autumn indicating longer fruit development in a proportion

of the flora, such as those with woody capsules or follicles. Species with myrmecochorous

seeds may need to mature in late spring to early summer to coincide with ant activity and such

species are common in kwongan vegetation (Lubertazzi & al. 2010).
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The main trend in fruiting intensity in relation to time since fire was sites longer since

fire tended to have higher intensity later in the year than sites burnt more recently. The high

fruit numbers, rapid development and fruiting intensity of the recently burnt sites seems to

be related to the seeding characteristics of annuals, which, due to phenological cycles, mat-

ing systems and post-fire regeneration strategy, tend to produce large quantities of seed

(Willson 1983; Wills 1989). The monocarpic fire ephemerals of the kwongan have been

found to produce smaller, more numerous seed than the polycarpic ephemerals, which

commence reproduction in the second season post-fire (Pate & al. 1985). In the majority

of months the site burnt in 1986 (five years previously) had higher seed production than

Site 2 (burnt 2.5 years previously in 1988), but was also generally slightly higher than the

site burnt six years previously in 1985 (Site 4). Fruit production of sites burnt in 1985 (site

4) and before 1985 (site 5) were generally similar except in February and October. It seems

that fruit production reaches a stable level by at least five years after a fire episode and may

even decline in long unburnt heathland (Whelan & Ayre 2020). 

Time to first flowering after fire has been examined for a large number of Western

Australian species (Burrows & al. 2008). While the juvenile period for most forest species

was 3 years; seeder species in drier kwongan may be considerably longer (Wooller & al.

2002). Even if flowering begins 3 years after fire fruit production may take longer, as with

sparse flowers from young plants, pollen transfer may be limited, so outcrossing plants in

particular may have delayed fruiting. Serotinous species will build up a retained seed bank

once flowering is of a sufficient density to attract pollinators. However after a period of

production retained seed loses viability or is damaged by predators (e.g. Lamont & Barker

1988; Whelan & Ayre 2020) so the seed bank capital will plateau at a certain level, depend-

ing on the species involved.

Plant community flowering pattern is clearly most strongly influenced by climatic fac-

tors (Herrera 1986; Johnson 1993; Petanidou & al. 1995; Segrastin & al. 2018) but fire

changes the reproductive phenology spectrum by enabling annuals to enter the community,

removing adult tissue of sprouting species and initiating flowering in a minority of species

such as monocots (McFarland 1990) which are cued to flower by disturbance. Flowering

intensity and number of species flowering shows the same pattern for the early post fire

period but after about four years the number of species flowering decreases while peak

flowering intensity does not alter from the early spring pattern. From a community point

of view there seem to be two components. Firstly, taxa which flower profusely in the first

(possibly 2) years after fire, flower early in spring and set seed before summer - most are

annuals. These have limited root mass so need to mature fruit and seeds while soil moisture

is still available in the upper part of the soil profile. Secondly, there are the core taxa of the

heathland, which mostly begin flowering at least 2 years after fire, flower later in spring

and continue to fruit into summer. Shrubs with more extensive root run and access to deep-

er soil moisture can take longer to mature fruit.

Substrate

Although the edaphic differences between sites were not large, the coastal dune sites con-

trasted most markedly with the sites on other substrates. They were notable for their more

protracted flowering and fruiting activity and the lack of flowering and fruiting synchrony
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in certain species. Similar asynchrony has been observed in dune thicket species of the

South African Fynbos (Pierce 1984). In species which fruited asynchronously in fynbos

dune thicket, there was variation in the quantity of fruit produced at different times of the

year (Pierce 1984). There was a similar trend in fruit production in this study. Lower fruit

production in winter may reflect inadequate pollination at this time.

A comparison of reproductive activity at sites on different soils types but with similar

fire histories, albeit limited, showed similarities in flowering and fruiting patterns, suggest-

ing that the effect of fire history or fire history combined with other factors influencing

reproductive phenology, such as climate may be more important than substrate. A pheno-

logical study of three shrubland types in climatically similar sites in South Africa showed

that substrate had minimal effect on phenophases (Pierce & Cowling 1984). Temperature

and soil moisture may be more important in determining phenophases than nutrient avail-

ability (Heinsohn & Pammenter 1988; Segrestin & al. 2018). However, the phenological

contrast between the dune and the heathland flora may reflect the cosmopolitan origin of

many dune species which is different from the heath species that are part of the autochtho-

nous element of the Australian flora. Johnson (1993) and Linder (2020) have emphasised

that there is a relationship between phenological patterns and the phylogeny of species so

the prominence of different groups in the different floras might be expected to produce dif-

ferent phenological patterns.

In conclusion, our study emphasises the influence fire on reproductive phenology. From

a fire management perspective, the timing and intensity of peak reproductive activity are

important aspects to consider in relation to both fire interval and season of fire. 
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