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The present study aims at understanding how certain traits of gorse (Ulex europaeus L.) contribute to its reproductive success in 
two climatically distinct regions in its invasive range, South Australia and Sri Lanka. We examined three different traits, namely 
seed production per pod, pod predation and the density of seeds in the soil seed bank. Our results suggest that gorse populations 
in Sri Lanka had higher seed numbers per pod compared with gorse populations in South Australia. We found that predation of 
pods was negligible in our study sites in both countries during the period of study; although the literature shows that predation in 
gorse strongly depends on the time period. We observed significant differences in the density of gorse seeds in the top 5 cm layer 
of the seed bank between 3 m away from shrubs and under gorse shrubs. The estimated density of gorse seeds under shrubs in Sri 

2
Lanka was 2141 / m  which was 1.5 times higher than that of South Australia. This information can be useful to design strategies 
(i.e., biocontrol measures) for the control and management of gorse in countries in its invasive range.

invasive plants, predation, seed bank density, seed production, Ulex europaeus
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Several factors may influence the invasiveness of a the literature on gorse regarding its environmental impacts is 
particular plant species.  Recognizing the factors that limit the limited. Gorse plants shade out seedlings and compete with 
reproductive success of an invasive species is important for young trees and reduce the productivity of pastures and 
conservation and management. Understanding the effects of plantation forests in New Zealand (Hill et al. 2000; Barton et 
different environments in limiting invasiveness is also al. 2003). Gorse reduces the recreation value of the land and 
important for effective management of widely spread invasive burns easily creating fire hazards (Gorse Control Strategy 
species (Sheppard et al. 2002). Several traits of plant invaders, 1999). In Sri Lanka, gorse is a serious invader in montane 
such as having a persistent seed bank, high dispersal capacity grasslands that compete with native plants and make negative 
of propagules (Bossard 1991), nitrogen fixation ability impacts on them (Kariyawasam et al. 2019). Denyer et al. 
(Skeffington and Bradshaw 1980; Wilson and Tilman 1991) (2010) report that gorse reduces the species richness of the 
and rapid growth rate or high fecundity (Bellingham et al. vegetation in the absence of grazing; however, gorse increases 
2004) support their widespread colonization in a given habitat. the soil nutrients making heterogeneity in productivity across 

Ulex europaeus L. (Fabaceae), popularly known as gorse, the sites. It is a generally accepted fact that most of the weeds 
is a native of Europe (Parsons and Cuthbertson 1992; Markin are nitrogen-fixing legumes (Richardson et al. 2000) and this 
and Yoshioka 1996; Ireson et al. 2008) and the British Isles is common for gorses too (Leary et al. 2006). This character 
(Hill et al. 2001). Gorse is a non-destructive and commercially can be considered important for invasion success of gorse; 
important plant in its native range but it behaves as a notorious being nitrogen-fixing legume it is benefited over other plants 
invader in most of its exotic range (Atlan et al. 2010). It is a to invade nitrogen-poor habitats (Leary et al. 2006). 
common weed in more than 15 countries in the world (Markin The seed bank often plays a vital role in determining the 
and Yoshioka 1996) from temperate to tropical areas and from invasive success of a particular weed (Hill et al. 2001). Gorse 
coastal areas to mountains along a wide latitudinal and seeds can remain dormant in the soil seed bank for 28 years 
altitudinal gradient (Fig.1). Gorse distribution is limited by (Moss 1959) and seed bank dynamics vary from site to site 
temperature and widely distributed in areas where the monthly (Hill et al. 2001). As for most plant species, gorse plants shed 
minimum temperature is higher than 2°C (Gorse Control the majority of their seeds under the canopy of the parent plant 
Strategy 1999). The recognition of gorse as a globally (Hill et al. 1996) where there is a low probability of successful 
important weed is illustrated by the listing of this species in the germination considering the shade condition. Seeds are 
top 100 of the world’s worst invaders prepared by the World generally deposited with a peak at the canopy margin and seed 
Conservation Union (Lowe et al. 2000). fall gradually declines away from the margin and is very low at 

Though gorse has been identified as an aggressive 3 m away from the bush (Hill et al. 1996). Examination of the 
invader in its exotic range (Hill et al. 2008; Atlan et al. 2010), seed bank density away from the canopy provides useful 



information about the regeneration potential of the species in Studying and understanding the factors influencing high 
adjacent areas. Gorse seed bank is declined due to germination reproductive efficiency and invasiveness of gorse is very 
or death of seeds, however; the losses could be mainly due to important for their control and management. We aim to 
germination (Rees and Long 1993, Rees and Hill 2001). Since compare some reproductive characters of gorse populations 
gorse has a long-lasting seed bank (Hill et al. 2001), seeds located in climatically distinct two countries of its invasive 
could be later dispersed by some other mechanisms (i.e., by range, South Australia and Sri Lanka: a) the seed production 
biological or physical agent), allowing colonisation of new per pod and seed predation in these populations during the 
localities later. Under mature bushes, there can be as many as study period, and b) the level of seed bank density that 

240,000 gorse seeds per m  (Gouldthorpe 2006). There are contributes to successful invasion of gorse. Therefore, the 
conflicting findings regarding the different depths in the soil results could be useful for future management of gorse in its 
that contain higher amounts of seeds. The amount of seed fall invasive range, particularly in these two countries. The 
of gorse in a particular site could also vary depending on the environmental differences between these two countries (i.e., 
level of pre-dispersal predation (Ivens 1978, Rees and Hill temperatures, rainfall, soil types) can influence and make 
2001). differences in the reproductive outputs. Therefore, the study 

The flowering and fruiting phenologies of a plant are findings provide insights into the variation of certain 
other very important aspects of its reproductive biology reproductive traits of gorse in its invasive range. This study is 
(Elzinga et al. 2007, Atlan et al. 2010). Research studies significant as only limited number of studies have been 
conducted on gorse show that there is considerable variation in undertaken to examine and understand the reproductive 
flowering and fruiting phenology throughout its native and biology traits of gorse in the invasive range. Further, this study 
invasive ranges (Markin and Yoshioka 1996, Tarayre et al. provides important baseline information on which future 
2007). In its native range, gorse flowers mainly in spring research can be underpinned. 
(Bowman et al. 2008), however, in its invasive range, it shows 

MATERIAL AND METHODSgreat variation in flowering phenology (Bowman et al. 2008; 
Atlan et al. 2010). Flowering intensity in gorse can be high and Study species—Gorse is a spiny, multi-branched, medium to 
variable; a single branch can produce 500 to 1000 flowers over tall perennial shrub (Markin and Yoshioka 1996, Richardson 
a 2-3-month flowering period (Markin and Yoshioka 1996). and Hill 1998, Bowman et al. 2008, Atlan et al. 2010) (Fig. 2). 

Fig.1– Distribution of occurrences of gorse (Ulex europaeus) in the world; the native range is shown in blue and the introduced range is shown in red. 

(The above map was prepared using the Ulex europaeus location information available on-line at the Global Biodiversity Information Facility data 
portal (http://www.gbif.org/), virtual herbaria of Australia (http://avh.ala.org.au) and New Zealand (http://www.virtualherbarium.org.nz) and data 

received from individuals).
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Plant height varies from 1 to 4 m (Atlan et al. 2010). Gorse They have been identified as a centre of plant species 
plants live up to 30 years (Lee et al. 1986, Gouldthorpe 2006) richness and endemism (Crisp et al. 2001), indeed this area is 
and attain reproductive maturity normally at four years of age considered as one of 15 national biodiversity hot spots in 
(Atlan et al. 2010). Reproduction of gorse occurs by seeds Australia (Guerin and Lowe 2013); it is a biogeographically 
only and seed production is abundant (Moss 1959; Gorse unique area in Australia encompassing a broad range of 
Control Strategy 1999). Flowers are bright yellow and vegetation types (DEH 2009). This region is home to over 
approximately 2 cm long (Parsons and Cuthbertson 1992; 1,500 native vascular plant species, over 450 native fauna 
Richardson and Hill 1998). Each  flower typically bears 10 species including over 75% bird species recorded in South 
stamens and 12 ovules (Bowman et al. 2008; Atlan et al. Australia (DEH 2009). However, biodiversity of this region is 
2010). Seed pods are ovoid to linear-oblong in shape, hairy, depleting due to the impact of invasive species and land 
with a maximum length of 1-2 cm and usually contains 4-5 fragmentation (Crossman et al. 2011). In this area, gorse has 
seeds which are 1.5-2 mm in diameter (Parsons and successfully invaded and displaced the native understorey 
Cuthbertson 1992; Richardson and Hill 1998, Tarayre et al. vegetation and grasses (Dewar et al. 2006). 
2007). Pods dehisce explosively, resulting in the ballistic In parallel, a similar study was conducted in a 
dispersal of seeds (Tarayre et al. 2007). geographically distinct small gorse population located in the 

central mountains in Sri Lanka. Study sites were located near 
the town of Nuwara Eliya (6°57’49"N, 80°46’7"E), at 
Kirigalpota nature trail in Horton Plains national park (Horton 
Plains site 1, 6°57’40" N, 80°46’19" E) and closer to Horton 
Plains park entrance (Horton Plains site 2, 6°47’58" N, 
80°48’6" E). The prevailing forest type in this area is wet 
montane evergreen forests (MoFE 1999). Around 50% of tree 
species in these forests are endemic to the country 
(Gunatilleke 2006). This is also home to about half of 
country’s endemic birds (Pethiyagoda and Gunatilleke 2006). 
In these areas, though the populations are small, gorse has 
successfully invaded the upper-montane grasslands 
(MoMD&E 2016), threatening the native plant biodiversity. 
Annual rainfall in this area ranges from 2500–5000 mm 
however, the temperature is substantially lower (MoFE 1999). 
Central mountain of Sri Lanka is significantly important 
hydrologically since it safeguards the catchment areas of all of 
Sri Lanka’s major rivers. The prevailing soil type in this area is 
red-yellow podsolic (MoFE 1999). Top soil of the area is 
acidic and rich in organic matter due to slow rate of 
decomposition (Ranasinghe et al. 2007). 

Fieldwork was conducted from late August to late 
October (late winter to spring) in the Mount Lofty Ranges, 
South Australia and late November to late January (late wet 
and early dry season) in the central mountains in Sri Lanka. 
Three gorse populations were chosen in each geographic 
study area. In South Australia the distance between 
populations varied from 5 km to 30 km whereas it was 1 km to 

Fig. 2– A : Gorse (Ulex europaeus) infestation; B: gorse shoot with 
30 km in Sri Lanka.flowers; C: gorse pods (dehisced) and seeds. 
Seed production per pod—The mean number of seeds in 

Study sites and materials—This study was carried out in mature gorse pods was investigated. In each visit, 50 pods 
three sites located in the Mount Lofty Ranges of South were harvested from each study site. They were dissected and 
Australia: Belair National Park (-35°0’29.41"S, the number of seeds in each pod was calculated. Infested pods 
138°40’43.9"E), near the towns of Littlehampton (- or pods with rotten or damaged seeds were not considered for 
35°2’35.73" S, 138°51’48.46" E) and Mount Barker (- the seed production study. The mean number of seeds per pod 
35°4’10.93" S, 138°50’33.08" E). The Mount Lofty Ranges is at each visit was calculated at each study site.
a relatively hilly area with elevations up to 700m and a Pod predation-The percentage of infested gorse pods out 
Mediterranean climate characterized by hot, dry summers and of all mature pods was investigated. In each visit, 50 ripe pods 
cool, wet winters (DEH 2009; Crossman et al. 2011).
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significance of the effects was tested independently for each of were harvested in each study site randomly. They were 
the study site. Thus, we treated study sites as random effects dissected and observed for infestation by predators. Fully or 
within countries which were treated as fixed effects. For partly damaged pods were considered as infested. The 
binomial seed predation data we used a generalized linear percentage of infested pods at each visit was calculated 
model (family binomial).separately at the study site level.

The size of the seed bank—At each study site, quadrats RESULTS
(15x15) were placed randomly beneath the crown of each of 

Seed production per pod—The average seed number per pod ten gorse plants and 3 m away from gorse plant crowns (so that 
across all study sites in South Australia is 2.9 whereas it is 3.7 each did not have any gorse plants within a radius of 10 m); in 
in Sri Lanka; the observed difference was highly significant as each quadrat the upper soil layer was removed for country 
demonstrated by GLMM analysis (z = 3.758, P < 0.001). The gorse seeds. Therefore, altogether there were thirty soil 
mean number of seeds per pod in three sites of Sri Lanka are samples from outside gorse canopies (called 3 away) and 
3.8±0.12, 3.9±0.11 and 3.4±0.09 (Nuwara Eliya, Horton thirty from beneath the crown (called beneath crown) from 
Plains site 1 and Horton Plains site 2 respectively) whereas each country. All samples were bagged and numbered 
they are 3.1±0.09, 2.5±0.10 and 3.1±0.10 (Littlehampton, separately for further analysis.
Belair and Mount Barker respectively) in South Australia. We Soil samples were filtered through a 3 mm mesh-sized 
found a range of 1-8 seeds in pods from gorse populations in sieve. The fraction passed through the mesh was retained and 
South Australia; whereas the range was 1-12 in gorse pods in was filtered again through a 1 mm mesh-sized sieve. The 
Sri Lanka. The number of seeds in a gorse pod was graphed fraction retained in the final sieve was used for the 
against study areas in the two countries (Fig. 3), and the plot examination of seeds. Using this method, we could extract soil 
showed a similar median value in most of the study sites. samples of between 1-3 mm granules in size in which gorse 
Pod Predation—Predation of pods was negligible in our seeds should be embedded according to their size. Gorse seeds 
study sites in both countries during the time of our study. are normally around 2 mm in size (Markin and Yoshioka 1996) 
Predation was at zero level in all study sites in South Australia; and can be easily identified by their heart-shaped, olive green, 
even if we observed some predators, presumably Exapion shiny appearance. In each sample, gorse seeds were taken out 
ulicis, during our field work. We observed slight predation and examined under a microscope. Seeds contained in each 
(<4%) in two study sites in Sri Lanka (Horton Plains site 2 and sample were counted and the measurements were 
Nuwara Eliya). Data were analysed using a generalized linear standardized to the square meter.
model (family binomial) and no significant difference in Analysis—Analyses were done in the R program (R 
average levels of pod predation was observed between Development Core Team 2012) with the support of the 
countries (z = 0.005, P>0.05).packages ‘lattice’ (Deepayan 2008) and ‘lme4’ (Bates et al. 
The size of the seed bank—We compared the density of the 2012).  Number of seeds per pod, percentage pod predation, 
gorse seed bank in two locations (under shrubs and 3 m away) and log (seed number) in the seed bank were treated as 
between countries. The density of gorse seeds in the top 5 cm response variables and study sites were taken as the 2
layer of the soil showed a marked decline 3 m  away from explanatory variable. Generalized Linear Mixed Models 
shrubs compared with that under gorse shrubs (Fig. 4). The (GLMM) were used for statistical analysis. The magnitude of 
GLMM analysis shows that this difference is highly response variables was quantified across study sites. Analysis 
significant (z = 15.470, P< 0.001).  was structured to facilitate comparison across countries. The 
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Fig. 3–Number of seeds per pod in gorse (Ulex europaeus) in the study sites in South Australia and Sri Lanka. Bel, Belair; LH, Littlehampton; MB, 
Mount Barker; HP1, Horton Plains site1; HP2, Horton Plains Site2; NE, Nuwara Eliya.



2019 149Reproductive biology of gorse, Ulex europaeus (Fabaceae) in the Mount Lofty Ranges of South ........

Fig. 4–Number of seeds in top 5 cm layer of soil seed bank (log value) against each study site in two locations (under shrub and 3 m away the shrub) 
in South Australia and Sri Lanka. Bel, Belair; LH, Littlehampton; MB, Mount Barker; HP1, Horton Plains site1; HP2, Horton Plains Site2; NE, Nuwara 
Eliya.

We compared average seed bank densities across study et al. 2008, Atlan et al. 2010). Predators may attack pods 
sites in the two countries using GLMM. The density of resulting from spring flowering but are absent in pods 
gorse seeds in the top 5 cm layer of the seed bank under resulting from autumn or winter flowering (Tarayre et al. 
shrubs across all sites in Sri Lanka was 1.5 times higher 2007, Bowman et al. 2008). According to a study done in the 
than that of South Australia. The estimated average density native range (Brittany, France), Atlan et al. (2010) found that 

2
(mean ± standard error) was 2141±732.65 seeds/m  in Sri Lanka ripe pods produced before June had no seed predators and then 

2
and 1419±211.95 seeds/m  in South Australia. This difference is the pod infestation increased continuously. This study shows 
statistically highly significant (z = -3.659, P < 0.001). that genetic variation in gorse contributes to a high level of 

variation in seed predation by insects. We found few predated 
DISCUSSION pods in our random samples from Sri Lanka but none from 

South Australia. Therefore, the levels of predator population Seed production per pod—Markin (2008) reported that a 
were very low during our field visits in both countries and mature gorse pod contains a range of 1-12 seeds with an 
hardly sufficient to make an impact for gorse.average of 4-5 seeds. Our results demonstrated that gorse 

Since pod maturation of gorse takes about 3-4 months populations in Sri Lanka had a similar seed number per pod, 
from pollination to dehiscence (Bowman et al. 2008), the ripe which is higher than that observed in gorse populations of 
pods we observed in early spring in South Australia could be South Australia. Higher production of seeds in gorse 
resulting from late autumn or early spring flowering. population in Sri Lanka could be due to one or a combination 
Therefore, our field sampling period could be too early to of factors, which themselves may perhaps vary with time 
observe predators in South Australia. However, much less is (Ågren and Willson 1992). 
known about the predator type, population size, impact and Blossey and Notzold (1995) supported the ‘evolution of 
response to seasonal climatic differences. Therefore, long increased competitive ability’ hypothesis which predicts 
term studies are needed to observe the changing pattern of exotic species can invest more resources for growth and 
predators over the year.reproduction and less resources for defence since they live in 

The enemy release hypothesis which is one of the main an environment free of natural enemies. The higher level of 
accepted mechanisms of species invasion states that upon seed production in Sri Lanka may result from a relatively 
entry into a new range, invader losses its natural enemies that lower abundance of natural enemies but this aspect was 
limit its population size in its native range (Keane and Crawley beyond the scope of this study. 
2002, Catford et al. 2009). Since the level of predator Pod predation—Weevils and moths can cause destruction of 
population is very low in the new region, the species spread 90% of gorse pods (Hill et al. 1991, Atlan et al. 2010). Gorse 
fast without control. Results of our study clearly indicate that may escape seed predation in two ways; by changing the time 
the levels of predator populations of gorse were very low in of fruit production before or after predators are active, or by 
both countries at least during one season. This condition may producing massive numbers of fruits in a shorter period (Hill 
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provide a favourable environment for gorse to spread fast and meter across our study sites in South Australia and Sri Lanka, 
acquire a large area. respectively; however, we considered only the top layer (5 cm) 

According to Keane and Crawley (2002) gorse seed of the seed bank, where approximately 75% of gorse seeds are 
weevil contributes. 12-55% to mature gorse seed destruction contained (Hill et al. 2001). According to another study, the 
annually in Tasmania. However, according to a computer mean seed number was higher in the 5–10 cm soil layer than in 
modeling study done in New Zealand this level is not enough the two other layers (0–5 and 10–15 cm) (Gonzalez et al. 
to make a significant impact to decline the gorse populations 2010). There are conflicting findings related to the changes in 
(Rees and Hill 2001). gorse seed bank density in different layers of soil (Hill et al. 

Predation is potentially important in reducing the seed 2001, Gonzalez et al. 2010). However, the total number of 
bank of noxious plants. Several researchers in New Zealand gorse seeds estimated in the 0-5 cm soil layer in our study is far 
have investigated the effectiveness of gorse seed weevils in higher than the numbers the above authors found in the native 

-2reducing the viability of gorse seeds. Cowley (1983) states that context (66.3 to 385.9 m ).
weevil attack reduced the viable seeds and remaining seeds in The gorse seeds we extracted from the seed bank ranged 
attacked pods failed to sprout in germination tests. Sixtus et al. in colour from yellow, yellowish green, olive green to reddish 
(2003) found that 11% of gorse seeds that are attacked by the brown, brown to black. The different colours of the seeds 
gorse seed weevil were viable and germinate successfully. could possibly provide an idea of the age of seeds in the seed 

bank. Yellow and green seeds, which look quite fresh and The size of the seed bank—The information given in the 
shiny, could be the most recently deposited whereas black literature on the distance that gorse seeds can be ejected after 
seeds that are somewhat shrunken and small in size could be dehiscence is somewhat contradictory. According to Markin 
much older. We observed many green, fresh seeds compared and Yoshioka (1996), gorse seeds can be spread 1-3 m away 
with a few black seeds in the soil seed bank. Moss (1959) from the parent plant. Moss (1959) stated that gorse seeds can 
reported that gorse seeds can stay in the soil seed bank for be ejected about 5 m away from the parent plant. The above 
about 28 years (Markin and Yoshioka 1996). Hill et al. (2001) studies suggest that a boundary of around 5-6 m is needed to 
stated that there is no evidence to prove gorse seeds survive a prevent infestations by ballistically dispersed seeds into 
long time in the seed bank.neighbouring areas. 

However, under the given statistical similarities and In our study, we found very few seeds in the seed bank 3 m 
differences above, the results must be interpreted carefully as away from shrubs in our study sites. However, we believe that 
the data collection was done in a specific period of the year. We other mechanisms such as seed dispersal by ants may 
are not certain about the peak flowering season of gorse in Sri potentially cause a greater spread of gorse seeds (Markin and 
Lanka as no such study has been done. Our study was limited Yoshioka 1996) several metres away (Gómez and Espadaler 
to three reproductive traits due to time constraint; however, we 2013). Hill et al. (2001) reported that the majority of gorse 
endorse the importance of studying and understanding other seeds are deposited under the canopy with a higher 
traits as well. We recommend similar studies in other countries 

concentration at the canopy margin. According to the above 
of the invasive range of gorse as virtually it was impossible for 

authors, seed fall gradually declines away from the margin and 
us to replicate regions where the species had different levels of 

becomes very low at 3 m away from the parent bush. Our 
invasiveness. The findings of this study reveal that the 

findings corroborate these results.
contributions of traits that influence the reproductive success 

There is a 50% higher density of seeds in the soil in Sri of gorse could vary among countries in the invasive range. The 
Lanka than in Australia. According to our experience the study shows trends of higher invasive potential in the invaded 
flowering intensity of gorse is likely the same in both range than in the native range. The results we obtained for seed 
countries. However, gorse is flowering year-round in Sri predation is more tentative since differences in seasonality 
Lanka whereas in South Australia gorse flowers mainly in were not adequately captured. However, such information 
winter. Therefore, the number of flowers per unit area per year provides implications for further studies. The seed bank 
could be much higher for Sri Lanka relative to South Australia. density drastically reduces 3 m away from the parent bush, 
The significant increase in the number of gorse seeds in the suggesting a minimum level of boundary demarcation needed 
upper layer of the seed bank in Sri Lanka relative to South for conservation action in gorse-affected areas. These findings 
Australia may be partly explained by the higher mean number provide some baseline information for managers to design 
of seeds in a gorse pod. Also, the fallen seeds can persist a long programs for control of gorse.
time in the soil as dormant seeds. These two reasons, year- Acknowledgements—We would like to acknowledge the 
round seed production and the production of many seeds in a Australian Development Scholarship (ADS) for providing 
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