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ABSTRACT 
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declarations see end of paper Themeda triandra (kangaroo grass) is the most widespread plant species in Australia. Using 

herbarium specimens, we quantified awn-length variation across its distribution in relation to climate. 
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We found that awn lengths were shortest around the eastern and southern coast of Australia (with 
short awns also concentrated in the Pilbara), increasing in length progressively inland and towards the 
north. There was a significant positive relationship between awn length and mean annual temperature. 
Further research is needed to understand why awn lengths vary, and how awn-length variation affects 
seed and seedling fitness in natural habitats. 
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OPEN ACCESS 

Seed dispersal is an important step in the life cycle of plants. The persistence of a non-
clonal plant relies on the ability of its seeds to move away from the parent plant and 
successfully bury at sites  that  have  optimal conditions for germination, establishment, 
growth and reproduction. Awned diaspores have been shown to influence autochorous 
dispersal and burial (Murbach 1900; Peart 1979; Peart and Clifford 1987; Adams and 
Tainton 1990; Sindel et al. 1993; Garnier and Dajoz 2001; Cavanagh et al. 2020). 
Awns are frequent in Australian native grasses and vary in their morphology across 
species (Cavanagh et al. 2019). Given that awns are a large resource investment for 
many grass species, and they are likely to have important plant fitness benefits (Adams 
and Tainton 1990), it is surprising that more consideration has not been given to this 
variation. 

The length of awns can vary both among and within plant populations (Garnier and 
Dajoz 2001). The broad distribution of some grass species in Australia may, in part, be 
due to their ability to move seeds across the soil surface and facilitate their burial into soil 
away from potential threats where germination can take place (Peart 1979; Stamp 1989; 
Cavanagh et al. 2020). This may be particularly pertinent to Australia’s most widespread 
plant species, Themeda triandra Forssk. (Poaceae; kangaroo grass) (Gallagher 2016), a C4

grass species thought to have arrived in Australia only 1.3 million years ago (Dunning et al. 
2017) but now growing in all parts of the continent except permanently wet, very dry, very 
cold, saline or heavily shaded sites. Across its range, T. triandra exhibits substantial ecotypic 
variation (Dunning et al. 2022). 

T. triandra has a bigeniculate, hygroscopic awn (Fig. 1), meaning that the awn twists and
untwists in response to changes in humidity (Sindel et al. 1993). This mechanical move-
ment allows the awn to act as a lever, facilitating forward movement on a surface and 
then bracing of the diaspore as it twists itself into the soil (Murbach 1900; Stamp 1989; 
Johnson and Baruch 2014). Surface movements of T. triandra awned diaspores are 
among the highest of Australian native grasses (Cavanagh et al. 2020), but it is unclear 
whether, and how, awn length varies in this species. The objective of this study was to 
quantify how awn length of T. triandra varies across the broad range of climates that 
the species occupies. 
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Fig. 1. Size variation in Themeda triandra (kangaroo grass) diaspores 
and their hygroscopically active awn. The awn is the focus of this study. 

Materials and methods 

Herbarium specimens from the Australian National 
Herbarium (Canberra, ACT) were used to determine awn 

lengths for 206 Themeda triandra specimens that had been 
collected from across the distribution of the species 
in Australia. Four diaspores were removed from each 
specimen; the length of the awn was measured (millimetres) 
with digital callipers, with the awn stretched as straight as 
possible to facilitate measurement. The mean awn lengths 
were then calculated for each specimen. Seed length was 
measured in the same way. Climate data for each site were 
obtained from Worldclim ver. 2 (Fick and Hijmans 2017) and 
linear regressions were performed on awn length and both 
mean annual precipitation (millimetres) and mean annual 
temperature (°C). 

Results 

Awn lengths ranged from 26.5 mm to 88.8 mm. Awn lengths 
were generally shortest around the eastern and southern coast 
of Australia, with awn length increasing progressively inland 
(particularly west of the Great Dividing Range) and towards 
the north (Fig. 2). Exceptions to this general observation can 
be seen in the Pilbara region of northern Western Australia 

Fig. 2. Distribution of awn lengths (mm) of Themeda triandra (kangaroo grass) from across its Australian 
distribution. 
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where awns are short. The longest awns were found in 
specimens collected in the tropical savanna biome of northern 
Australia. There was no relationship between awn length and 
mean annual precipitation (r = 0.05, P = 0.50), but there was a 
significant positive relationship between awn length and 
mean annual temperature (awn length (mm) = 0.7753 (mean 
annual temperature) + 33.345, r = 0.39, P < 0.0001; Fig. 3). 
Seed length was positively associated with awn length (seed 
length (mm) = 0.0516 (awn length (mm)) + 6.0885, r = 0.57, 
P < 0.0001). 

Discussion 

Themeda triandra had longer awn lengths with an increasing 
mean annual temperature across its distribution. This implies 
that the way that diaspores move and bury will vary, given 
that species with longer bigeniculate awns move further and 
bury deeper than do species with other awn types (Cavanagh 
et al. 2020). There may be three, non-mutually exclusive 
explanations at play for the observation of longer awns in 
hotter environments. 

First, ploidy of T. triandra varies across Australia. At least 
five ploidy variants of T. triandra have been documented 
throughout Australia, with populations of tetraploids found 
mainly in xeric inland areas and diploids around the cooler 
and wetter eastern and southern coasts (Hayman 1960; 
Godfree et al. 2017; Dunning et al. 2022). It is thought that 
Australia was colonised twice by T. triandra, with the 
independent colonisations representing two different ecotypes 
adapted to different environments (Dunning et al. 2022). 

Tetraploid grass species typically have longer awns than do 
diploids (Godfree et al. 2017) and, so, this is likely to be the 
most parsimonious explanation for the observed awn-length 
variation in this study. Indeed, Ahrens et al. (2020) found 
that genomic variation (including ploidy) in T. triandra was 
strongly correlated with climate. Further detailed investigation 
of ploidy type, distribution and awn length is therefore 
warranted. In other species, polyploids have bigger seeds, a 
faster rate of germination and larger and taller seedlings than 
do diploids (Chan et al. 2022), suggesting that morphological 
variation in diaspore traits is likely to have functional 
implications for T. triandra. 

Second, fire intensity has been found to influence the awn 
length of diaspores within a species (Garnier and Dajoz 2001). 
In northern Australia, tropical savannas burn very frequently 
(Russell-Smith et al. 2020) and, hence, there may be an adap-
tive advantage to burying deeply into soils where vegetation 
is burnt frequently, thereby escaping direct fire effects. 

Third, awn length was longer at higher mean annual 
temperature. Soil baking over several days can kill seeds 
(Egley 1990) and, in northern Australian climates, consistently 
high temperatures, combined with a dry season and high 
temperatures post-fire in burnt soils, may place seeds at risk 
of soil-heating mortality. Diaspores with longer awns have 
significantly greater burial depths than medium- or short-
awned diaspores (Cavanagh et al. 2020) and,  as  such,  deeper  
burial may reduce risks of high-temperature exposure in 
surface soils. The shorter awns observed in T. triandra from 
the Pilbara (of what are thought to be polyploid populations; 
Dunning et al. 2022) may be because these habitats are quite 

 

Fig. 3. The awn length (mm) of Themeda triandra (kangaroo grass) diaspores is positively and 
significantly associated with the mean annual temperature (°C). 
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different from those elsewhere in north-western Australia. 
Here, populations are found on cracking claypans that are 
frequently inundated by water (Dunning et al. 2022), perhaps 
reducing the magnitude or effect of soil baking. Further to this, 
Cavanagh et al. (2020)  found that some grass species with 
particularly long awns did not bury as deeply as expected and 
were species that are typically found on floodplains or in soils 
with high organic matter, meaning that the necessity of assisted 
burial in these soil types may be lower. Further study on the 
performance of awns in different soil types should be considered. 

Conclusions 

To conclude, we have shown that there is substantial variation 
in awn length across the distribution of Themeda triandra. 
Such variation is likely to play a role in ‘safe-site’ selection 
across the species’ range and may be an outcome of differ-
ences in ploidy across the range. Quantifying the relationship 
between ploidy and awn length is an obvious starting point to 
better understand the reasons for this variation. Regardless, 
further research is needed to understand how observable 
variation in awn length of T. triandra with climate, and more 
broadly among native grasses, affects fitness in natural 
habitats. Avoidance of hazards (such as fire, drought) is one 
potential explanation worthy of further investigation. This 
may contribute to a better understanding of how (or why) 
T. triandra has come to occupy much of the continent in 
such a short time. 
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