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Abstract
Research related to the phenotypic plasticity of species that face 
rapidly changing conditions in the near future, such as those in the 
Australian Alps, is extremely important for ecological conservation 
efforts. Eucalyptus pauciflora is a species found throughout much of 
the Australian Alps. In this paper, the phenotypic plasticity exhibited 
by the species in terms of tree height and leaves across an elevation 
gradient was studied to gain insight into how the species is able to 
survive in such a range of conditions. Height and leaf size decreased 
with elevation, chlorophyll content (a measure of photosynthetic 
potential) increased, while specific leaf area (indicative of investment 
in photosynthesis and growth) and leaf dry matter content (indicative 
of investment in structural strength) showed no significant trends 
across the elevation range. These results give insight into the 
phenotypic plasticity of E. pauciflora, and provide information on 
how the ecosystem may respond to climate change in the future.

Introduction
All around the world, plant species exhibit phenotypic variation across 
their ranges, because varying environmental conditions cause either 
the formation of hybrid zones through natural selection or variation 
within a species (Holman et al. 2011). Intraspecific variation may be 
due to phenotypic plasticity, namely the ability of a certain genotype to 
express a variety of phenotypes in response to environmental conditions 
(Andrew et al. 2010).
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This phenotypic change due to the environment leads to measurable 
correlations between the phenotype of plants and their microhabitat. 
Understanding these correlations enables more accurate predictions of 
how ecosystems will respond to climate change, providing information 
on the resilience of an ecosystem. This allows different ecosystems to be 
assessed for their vulnerability to climate change.

Alpine regions are seen to undergo a more rapid response to climate change 
than is seen in other areas, making them a priority in conservation efforts 
(Jurasinski and Kreyling 2007). These areas have variable and highly 
localised abiotic conditions, which are accompanied by high biodiversity 
and relatively sharp transitions between vegetation communities 
(Beniston 2003). Due to the complex nature of these ecosystems, change 
in the environment is thought to cause homogenisation of high altitude 
communities and loss of alpine biodiversity (Speed et al. 2012).

It is therefore important to explore the ways through which species are 
able to survive in variable conditions. In this study in the Australian Alps, 
Eucalyptus pauciflora, commonly known as snow gum, was chosen due to 
its abundance across a large altitudinal range and thereby across a range of 
abiotic conditions (O’Sullivan et al. 2013).

In order to explore the ways through which E. pauciflora is able to survive 
across different environments, the phenotypic variations in tree height, 
leaf size, leaf dry matter content (LDMC), leaf chlorophyll content 
and specific leaf area (SLA) of snow gum trees were measured across an 
altitudinal gradient. Due to increasing environmental disturbance, tree 
height and leaf size are usually seen to decrease with elevation (Wang et al. 
2012; Royer et al. 2008). LDMC is related to the structural strength of the 
leaves, while SLA is related to potential photosynthetic and growth rates 
and therefore an inverse relationship with LDMC is often seen (Pescador 
et al. 2015). Chlorophyll content, the primary light-harvesting pigment in 
a plant’s leaves, which varies in response to light and stress levels, is vitally 
important as photosynthetic potential and primary production is limited 
by the solar radiation absorbed by the plant (Turkis and Ozbucak 2010). 
In terms of chlorophyll content variability across an elevation gradient, 
conflicting results have previously been found (Filella and Peñuelas 1999; 
Covington 1975).



19

ANALYSING PHENOTYPIC VARIATION IN EUCALYPTUS PAUCIFLORA

The aim of this paper is to explore the phenotypic variation among 
E. pauciflora across an elevational gradient in the Australian Alps to gain 
insight into the species’ ability to survive in a range of environmental 
conditions. Leaves are expected to be smaller, LDMC lower and SLA 
higher at lower elevations, while trees are expected to be shorter at higher 
elevations. 

Method

Field procedure
Sampling was done at four different sites along an elevational gradient 
(shown in Table 1). At each site, eight leaves were taken from each of 
10 different trees, and chlorophyll content (in SPAD units) of three of the 
leaves from each tree was measured three times with a chlorophyll meter 
and the measurements from each tree were then averaged. The height of 
each tree was calculated using angles measured with a clinometer after 
walking 10 m from the base of the tree. The global positioning system 
(GPS) coordinates of each tree were also recorded. 

Table 1: Elevations of the four different sample sites

Site Name Elevation (m)

1 Waste Point 920

2 Kosciuszko Learning Centre 1,200

3 Rainbow Lake 1,600

4 Charlotte Pass 1,860

Source: Authors’ data.

Laboratory procedure
In the laboratory, five leaves from each tree were scanned using ImageJ to 
give an average leaf area for each site, with the three remaining leaves being 
set aside for later genetic testing. The scanned leaves were then saturated 
with water by soaking for a minimum of 10 minutes, at which point 
they were measured using a fine scale balance to determine saturated leaf 
mass. The leaves were then placed in an oven overnight at 70–80°C, after 
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which they were again weighed to determine oven-dry leaf mass. These 
measurements were then used to calculate SLA and LDMC using the 
equations shown below.

Results
Trees at site 1 were significantly taller than those at Sites 2 and 3 (P<0.05, 
Figure 1a), and while trees at site 1 appeared to be taller than those at site 
4, this difference was not significant (P>0.05, Figure 1a), due to the large 
variance seen at site 4. Sites 2, 3 and 4 were also not significantly different 
from each other (P>0.05, Figure 1a). 

In terms of leaf size, leaves were seen to decrease in size as elevation 
increased. Leaf area decreased as elevation increased, though the difference 
between the leaf size at sites 1 and 2 was not statistically significant 
(P>0.05, Figure  1b). Despite this, the decrease in leaf size from sites 
2 to 3 and from sites 3 to 4 was seen to be statistically significant (P<0.05, 
Figure 1b). Leaf mass also appeared to decrease as elevation increased, and 
again the decrease in mass from sites 1 to 2 was not statistically significant 
(P>0.05, Figure 1c). The decrease in mass from sites 2 to 3 and from 3 to 
4 though was statistically significant (P<0.05, Figure 1c). No significant 
trend was seen in regards to SLA (P>0.05, Figure 1f ).

In the analysis of leaf composition, no significant trend was seen in LDMC 
across the elevation gradient (P>0.05, Figure 1d), but a trend was seen in 
chlorophyll content. Sites 1 and 2 were seen to have significantly lower 
chlorophyll content than sites 3 and 4 (P<0.05, Figure 1e). However, the 
difference in chlorophyll content between sites 1 and 2 and between sites 
3 and 4 was not statistically significant (P>0.05, Figure 1e). There were no 
significant differences in SLA between sites (Figure 1f ).
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Figure 1: Column graphs showing variation in a) tree height, b) mean 
leaf area, c) mean saturated leaf mass, d) leaf dry matter content, 
e)  chlorophyll content and f) specific leaf area across an elevational 
gradient. Site 1 was Waste Point (920 m), site 2 was Kosciuszko Learning 
Centre (1,200  m), site 3 was Rainbow Lake (1,600 m) and site 4 was 
Charlotte Pass (1,860 m). 
Note: Error bars represent 95 per cent confidence intervals.
Source: Authors’ data.
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Discussion
In order to better understand how E. pauciflora is able to survive in a range 
of environmental conditions, a number of plant traits were measured 
across an elevational gradient in the Australian Alps. As seen in Figure 1a, 
site 1 (the lowest elevation) had taller trees than higher elevation sites. 
At sites 2 and 3, sampling was limited to small trees due the fact that the 
leaves of tall trees (which were more abundant) were inaccessible given 
the equipment available. If this sampling issue could be resolved, it is 
expected that, given both the hypothesis and results seen previously in 
the literature (Wang et al. 2012), observations would show tree height 
decreasing as elevation increases, 

In terms of leaf size, when analysed in regards to both leaf area and leaf 
mass (Figures 1b and 1c), a downward trend is apparent as elevation 
increased. This is consistent with our predictions and results seen in 
previous research (Royer et al. 2008). 

The results for LDMC and SLA (Figures 1d and 1f ) showed no significant 
trend across the elevational gradient. While these results do not support 
the hypothesis, previous studies have revealed varying trends in SLA 
and LDMC across elevational gradients (Zhong et al. 2014). The reason 
for this deviance from the hypothesis could be due to the genotype of 
E. pauciflora not allowing for significant phenotypic plasticity in regards 
to SLA or LDMC.

Chlorophyll content was also seen to change with elevation, with the leaves 
from sites 3 and 4 having significantly higher chlorophyll content than 
those from sites 1 and 2. In previous studies, a variety of trends have been 
seen (Filella and Peñuelas 1999; Covington 1975). A possible explanation 
for the trend seen in this study is that, in order to maintain carbon uptake 
as leaf size decreases with elevation, an increased chlorophyll content 
is needed to increase the amount the overall solar radiation absorbed. 
Another explanation could be that chlorophyll content varies seasonally 
and in growth periods (Turkis and Ozbucak 2010), such that the observed 
difference in chlorophyll content may simply be due to differences in 
growth periods brought on by the varying microclimates at each site.

There is much room for further research into the phenotypic plasticity 
of E. pauciflora, especially in regards to LDMC, SLA and chlorophyll 
content. In the case of chlorophyll content, measuring it at various periods 
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throughout the year in order to isolate the variable of growth periods may 
help to increase the accuracy of the results achieved. For SLA and LDMC, 
analysis of other species within the range may help to determine whether 
the absence of a clear trend in E. pauciflora was due to its genotype or 
simply the environment in which it is found. Research on additional 
plant traits could also be done. Additionally, in the analysis of the results 
achieved for chlorophyll content, leaf area and leaf mass, a clear break 
was seen between the observations of site 2 and 3 (see Figures 1b, 1c, 1e). 
Further sampling between sites 2 and 3 may determine whether there is 
a particular elevation at which traits change, or whether the significant 
difference in observations was due to the large distance between sites 
(both elevation and horizontal distance). For some measurements, namely 
tree height, LDMC and SLA, site 4 exhibited large variation. This may 
be due to there being more varied microhabitats present at such a high 
and exposed elevation. Future studies could also investigate the difference 
in microhabitats in these types of environments. Finally, the leaves set 
aside for later genetic testing could also provide definitive evidence as 
to whether the variation in phenotype is due to phenotypic plasticity or 
genetic variation.

The results achieved in this paper provide insight into the ability of 
E. pauciflora to thrive across such a range of environments. By learning 
which adaptions enable it to perform better in certain environments, we 
can better predict how the distribution and characteristics of the snow 
gum population will change as the climate warms. Through further 
research, both into E. pauciflora and other species, a better understanding 
can be gained of how the alpine ecosystem as a whole will respond to 
climate change. 
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