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1. Background

The Yeelirrie Project is a proposed uranium ore mine located on the Yeelirrie Pastoral Station 
(Yeelirrie), 700 km northeast of Perth and 70 km southwest of Wiluna (Figure 1).  The 
Threatened Flora Atriplex sp. Yeelirrie Station (L. Trotter & A. Douglas LCH 25025) occurs at 
Yeelirrie, a western population within the proposed mine footprint and an eastern population 
approximately 30 km to the east-southeast (Figure 2). 

To date, Atriplex sp. Yeelirrie Station has been presented within flora and vegetation survey 
reports (Western Botanical 2011; Western Botanical 2015) and within a preliminary demography 
investigation (Western Botanical 2014).  Two additional studies (Clarke et al. 2012; Shepherd et 
al. 2015) focus specifically on genetics and conservation significance of Atriplex sp. Yeelirrie 
Station. 

Cameco Australia engaged Western Botanical to initiate a population and demography study of 
Atriplex sp. Yeelirrie Station (L. Trotter & A. Douglas LCH 25025).  The purpose of the study is 
to collect population and demography information of Atriplex sp. Yeelirrie Station to assist the 
management of existing populations and any future translocated populations.  Fieldwork for 
phase 1 of this study was performed 23 – 30 March, 2015 and was preceded by a cyclonic 
rainfall event.  Rainfall at Yeelirrie Station for the preceding 12 months is presented in Figure 3. 
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Figure 1: Location of the Yeelirrie Project within Western Australia. 
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Figure 2:  Location of Atriplex sp. Yeelirrie Station and the proposed mining footprint at Yeelirrie. 
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Figure 3.   Recent and long-term mean rainfall at Yeelirrie Station. 
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2. Methods

2.1. Field Survey

Fieldwork for phase 1 of the population and demography field study was conducted March 23 – 
30, of 2015 and was preceded by a ~130 mm cyclonic rainfall event.  Study sites were selected 
to adequately represent both eastern and western populations as a whole, and also represent a 
majority of subpopulations within both populations.  Fourteen field sites were established and 
surveyed; seven within the eastern population, six within the western population, and one within 
a rehabilitation population (location coordinates within Appendix A).  Site locations were 
selected prior to fieldwork using aerial imagery.  The exact location of each site was adjusted in 
the field to ensure plot contents adequately represented typical configuration of Atriplex sp. 
Yeelirrie Station plants at that location. 

A strip plot (2 m x 24 m) was installed at each site to provide access to plants while minimising 
trampling disturbance to seedlings and the cracking crust of the clay soil.  Plots were orientated 
north-south with all four corners permanently marked by galvanised metal fence droppers.  For 
each site the following metadata were collected (and presented in Appendix A): 

• Coordinates – hand held GPS unit with ±5 m accuracy. 
• Associated flora species – uncertain specimens collected and determined post fieldtrip. 
• Vegetation condition – using the Keighery Scale (in Government of Western Australia 

2000). 
• Soil profile and texture – outside of and within 5 m of plot, to ~35 cm depth. 
• Soil samples – of each major horizon encountered; for future use if required (analysis of 

salinity and nutrient content). 

Within the strip plots, Atriplex sp. Yeelirrie Station plants were assessed in order from north to 
south to assist future repeat surveys.  As plants often grow amongst each other with enmeshed 
canopies, careful inspection of plants was undertaken to help ensure individual plants were not 
overlooked.  Care was also taken when searching for seedlings, which typically grew under the 
dense canopies of adult plants.  Numbers of seedlings (< 5 cm) and juveniles (5 to ~15 cm) were 
tallied separately for each 2 x 2 m section of a strip plot.  The following data was collected for 
each (non-seedling) plant: 

• Dimensions of live canopy to nearest centimetre; length (maximum), width 
(perpendicular to length), and height. 

• Leading shoot length; length of longest branch/shoot (difficult at times due to branch 
switchbacks). 

• Condition; percentage of live canopy on a six-point scale (0 – none, 1 – up to 20%, 2 – up 
to 40%, 3 – up to 60%, 4 – up to 80%, and 5 – up to 100%). 

• Sex; male, female, or unknown (further information below). 
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• Flower abundance; four-point scale (0 – none, 1 low, 2 – intermediate, and 3 – high). 
• Fruit abundance; four-point scale (0 – none, 1 low, 2 – intermediate, and 3 – high). 

Assessment of plant sex in the field was problematic.  Mature plants with (usually abundant) 
terminal male flower heads were scored as male plants, while plants absent of male flowers (and 
typically abundant in fruit) were scored as female plants.  Due to the sessile axial female flowers 
(occurring in abundance on female plants but less so on male plants) being difficult to identify 
with the naked eye, assessment of female flower presence or abundance was not practicable.  
Plants with neither male flowers nor any fruit were scored as unknown sex (missing value within 
data). 
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2.2. Statistical Analysis

SPSS v11.5.0 (IBM 2002) statistical software pack was used to conduct analysis of collected 
field data.  Descriptive statistics were explored to help ensure that appropriate data treatments 
and statistical tests were performed.  All tests were assigned an alpha-value of 0.05 to determine 
significant difference.   

Plant canopy dimension data (length, width, height) were used to produce a canopy volume 
index (Figure 4) based on the formula for an ellipsoidal hemisphere, which approximates the 
shape of plants observed in the field.  Canopy volume index and leading shoot length were log-
transformed to attain normal distributions and homogeneity of variances suitable for parametric 
statistical tests.  Remaining nominal and ordinal variables (canopy condition, sex, flower 
abundance, and fruit abundance) were not suitable for transformation and remained untreated for 
nonparametric tests. 

A suite of statistical tests was performed (Table 1) with a focus on determining baseline 
population and demography characteristics of phase 1 of the study.  Plant numbers within strip 
plots were tested to detect any differences in plant density amongst populations and survey sites.  
Differences in plant characters between sexes were tested due to field observations suggesting 
male and female plants differed in flowering and fruiting abundance.  Significant differences 
between plant sexes were found for canopy condition (p = 0.013) and fruit abundance (p = 
0.000), resulting in those variables being split by sex for subsequent analysis.  Flower abundance 
was also split by sex as a precaution; difficulty in reliably observing female flowers in the field 
resulted in insufficient Ns to statistically confirmed difference in flower abundance between 
sexes.  Plant characters were then tested by location to determine if plants differed amongst 
populations and amongst survey sites. 

 

 
 

Where:  ICV = Index of Canopy Volume  L = Plant Length 
  W = Plant Width (perpendicular to Length) H = Plant Height 

Figure 4.  Formula used to calculate plant canopy volume index. 
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Table 1.  Summary of statistical tests performed for analysis of Atriplex sp. Yeelirrie Station 
population and plant characters. 

Target (Dependent) Variables Grouping (Independent) Variables Test and Details 
Numbers (density) of adult, juvenile 
plants. 

Location (by population and survey 
site). 

Chi-square test.  Expected values 
based on assumption of equal 
distributions. 

Plant sex proportion None (one variable analysis) Chi-square test.  Expected values 
calculated based on assumption of 
50-50% sex split. 

 Location (by population and survey 
site). 

Chi-square test.  Expected values 
based on assumption of equal sex 
proportions amongst locations. 

Plant characters: 
canopy volume index, leading shoot 
length, canopy condition, male 
flower abundance, male fruit 
abundance, female fruit abundance). 

Plant sex (where known) One-way ANOVA test (parametric 
suitable variables) and Mann-
Whitney-U test (nonparametric 
suitable variables).  No post hoc 
tests performed. 

Plant characters: 
canopy volume index, leading shoot 
length, canopy condition, male 
flower abundance, male fruit 
abundance, female fruit abundance). 

Location (by population and survey 
site). 

One-way ANOVA test (parametric 
suitable variables) and Kruskal- 
Wallis test (nonparametric suitable 
variables).  Mann-Whitney-U post 
hoc tests performed. 
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3. Results and Discussion

Field site profiles, including site photographs (north to south), are presented in Appendix A.  
Data collected is intended as a baseline for future survey phases, particularly for tracking 
population dynamics (recruitment and mortality).  Statistical analysis (quantitative) and 
observational (qualitative) findings are presented in the following sections. 

 

3.1. Statistical Analysis

Statistical analysis for phase 1 of the population and demography study focused on detecting if 
differences occur i) between plant sexes, ii) amongst the three populations, and iii) amongst the 
14 field sites. 

 

3.1.1. Differences in Plant Density and Recruitment

A summary of statistical test results for differences in plant numbers (density) and recruitment of 
Atriplex sp. Yeelirrie Station plants is presented in Table 2. 

A significant difference in adult plant numbers within strip plots (density) was found amongst 
the three populations (p = 0.000).  Further inspection found that rehabilitation site RP01 and 
western site WP02 were outliers, containing 11% and 305% of expected plant numbers, 
respectively (Figure 5).  With the western population outlier (WP02) removed from analysis, 
there was no significant difference in observed adult plant numbers between western and eastern 
populations (p = 0.343) (Figure 5, right).  It is recommended that both outlier sites be excluded 
from any future analysis focusing on plant density.  When outliers are excluded, the mean 
density of adult Atriplex sp. Yeelirrie Station is 31.0 plants per strip plot (0.646 per m2), with a 
95% confidence interval range of 23.5 to 38.5 plants per plot (0.490 to 0.802 per m2). 

Observed seedling numbers within strip plots significantly differed from expected numbers (p = 
0.000) amongst the three populations (Figure 6, left).  The mean density of seedlings was 114.5 
per strip plot, with a 95% confidence level range of 67.1 to 162.9 per plot.  No juvenile plants 
were found within the rehabilitation strip plot (though limited numbers were observed outside 
the plot).  Observed juvenile numbers within strip plots did not significantly differ from expected 
numbers (p = 0.086) between western and eastern populations, but probably a type II error due to 
extreme variance amongst eastern population sites (Figure 6, right); a single site (EP05) contains 
76% of recorded live juvenile plants. 

Numbers and proportions of all plants (adult, juvenile, and seedling) within each survey site are 
shown in Figure 7.  These phase 1 graphs provide a snapshot of possible population dynamics 
for Atriplex sp. Yeelirrie Station:  
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• Generally high proportion (3.33:1) of seedlings relative to adult plants. 
• High rate of seedling mortality with low numbers surviving to juvenile stage. 
• Considerable variability in both numbers and proportions of adult, juvenile, and seedlings 

plants by site. 
• Site WP02 containing a high number of smaller mature plants, suggesting an early 

successional stage of development. 

These points suggest a pattern of pulse recruitment for Atriplex sp. Yeelirrie Station, with site 
factors affecting (perhaps independently) density of adult plants, density of seedlings, and 
survival rates to the juvenile stage.  Site WP02 may be of interest for future study phases; the 
high number of smaller mature plants may indicate a younger population stage, with plant 
numbers expected to decrease over time. 

Variance in rainfall pattern does not well explain the observed variability in seedling 
recruitment, since nearby sites often differ greatly in seedling numbers.  The variability in 
recruitment may instead be due to site differences in lake/playa/channel hydrology (e.g. seasonal 
inundation depth, run-on and run-off characters, moisture retention and inundation period) 
affecting available moisture for germination and establishment and survival of young plants.  
Future monitoring phases are expected to provide further information on the link between site 
factors and population dynamics. 

Table 2.  Summary of statistical test results for differences in plant numbers (density) and 
recruitment of Atriplex sp. Yeelirrie Station. 

Test Description Observed N Expected N χ2 df p-value 
Adult plant numbers 
amongst three 
populations. 

Western – 269 
Eastern – 208 
Rehabilitation – 4 

Western – 206.1 
Eastern – 240.5 
Rehabilitation – 34.4 

50.402 2 0.000 

Adult plant numbers 
between western and 
eastern populations 
(outlier WP02 removed). 

Western – 164 
Eastern – 208 

Western – 155.0 
Eastern – 217.0 

0.898 1 0.343 

Seedling plant numbers 
amongst three 
populations. 

Western – 458 
Eastern – 1121 
Rehabilitation – 24 

Western – 687.0 
Eastern – 801.5 
Rehabilitation – 114.5 

275.207 2 0.000 

Juvenile plant numbers 
between western and 
eastern populations. 

Western – 38 
Eastern – 63 

Western – 46.6 
Eastern – 54.4 

2.954 1 0.086 
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Figure 5.  Comparison of adult plant numbers in strip plots amongst populations of Atriplex sp. 
Yeelirrie Station including (left) and excluding (right) outlier plots WP02 and RP01 (bars represent 

standard error).  Number of adult plants per site, red bars represent outlier plots (below). 
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Figure 6.  Numbers of seedlings (left) and juveniles (right) of Atriplex sp. Yeelirrie Station per strip 

plot by population. 

 
Figure 7.  Numbers and proportions of all Atriplex sp. Yeelirrie Station plants (adult, juvenile, and 

seedling) within each survey site. 
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3.1.2. Differences Between Plant Sexes

A summary of statistical test results for differences in sex of Atriplex sp. Yeelirrie Station plants 
is presented in Table 3. 

No significant difference was found in the observed proportion (expected 50/50% split) of male 
and female plants for all plants surveyed (p = 0.262).  Additionally, no differences in the 
proportion of plant sexes were found amongst populations (p = 0.120), or amongst survey sites 
(p = 0.697).  This confirms past observations of equal numbers of male and female plants, with 
no difference in sex proportion by location. 

Collectively for all plants surveyed, canopy condition of male plants was slightly (but 
statistically significant, p  = 0.013) higher than for female plants (Figure 8).  This difference was 
not readily apparent during the field survey.  However, the finding does connect to the 
observation of oldest heavily fruit-bearing branches (predominantly a female plant character), 
being senescent and absent of foliage.  If female plants live longer (currently unknown) they may 
have greater opportunity than male plants to accumulate senescent branches and thus a lower 
canopy condition (% alive) percentage. 

Difference in flower abundance between plant sexes was not assessed since very few female 
flowers were recorded.  However, fruit abundance significantly and dramatically differed by sex 
(p = 0.000), as was expected from previous field observations.  Female plants typically had high 
abundance of fruit compared to male plants where low abundance or no fruit was the norm 
(Figure 9).  A limitation to this result is the confounding inability to reliably assess female 
flowers in the field due to their very small size.  Though probably low in occurrence, male plants 
bearing some fruit but lacking in male flowers would present as female plants; this would, 
however, lead to reduced difference in fruiting abundance between sexes, rather than increasing 
the apparent difference. 

There was no significant difference between the sexes of Atriplex sp. Yeelirrie Station for 
canopy volume index (p = 0.395) or leading shoot length (p = 0.071) (Figure 10). 

Table 3.  Summary of statistical test results for differences in sexes of Atriplex sp. Yeelirrie Station. 
Test Description Observed N Expected N Test Statistic df p-value 
Sex ratio, all plants. Male – 222 

Female – 199 
Male – 210.5 
Female – 210.5 

χ2 = 1.257 1 0.262 

Sex ratio, amongst 
populations. 

Not calculated Not calculated χ2 = 4.248 2 0.120 

Sex ratio, amongst sites Not calculated Not calculated χ2 = 9.966 13 0.697 
Canopy condition (% 
alive), between plant sexes. 

Male – 222 
Female – 199 

N/A Z = -2.474 – 0.013 

Fruit abundance, between 
plant sexes 

Male – 222 
Female – 199 

N/A Z = -14.960 – 0.000 

Canopy volume index, 
between plant sexes. 

Male – 222 
Female – 199 

N/A F = 0.724 1 0.395 

Leading shoot length, 
between plant sexes. 

Male – 222 
Female – 199 

N/A F = 3.270 1 0.071 
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Figure 8.  Left: Significant difference in mean canopy condition index (% alive; scale 1 to 5) of male 
and female plants (bars represent standard error).  Right: Comparative distribution of male and 

female plant canopy condition index (% alive, scale 1 – 5.) 

 

 

Figure 9.  Left: Significant difference in fruit abundance between male and female plants (bars 
represent standard error).  Right: Comparative distribution of male and female plant fruit 

abundance index (scale 0-3), with trend lines showing an inverse relationship. 
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3.1.4. Differences in Plant Characters Amongst Survey Sites

Though no significant differences were found in Atriplex sp. Yeelirrie Station in adult plant 
variables amongst populations (Section 3.1.3), descriptive statistics indicated high variance 
amongst field sites.  Subsequent non-parametric analysis of variance found significant 
differences amongst field sites for canopy volume index, leading shoot length, male canopy 
condition, female canopy condition, male flower abundance, and male fruit abundance (Table 5, 
Figure 13 & Figure 14).  Female fruit abundance was the only measured plant character that did 
not significantly vary by field site (Figure 14, bottom (2nd series)). 

Though variance amongst sites is high, a lack of significant differences between the western and 
eastern populations indicates that the variance is equivalent within both major populations.  The 
cause(s) for the observed variance may be of interest for future management of Atriplex sp. 
Yeelirrie Station.  From observations during field survey (see Section 3.3) complexity of habitat 
soil stratigraphy characters within the clay flats and paleochannel is suspected as the cause. 

While some soil profile data was collected at each site (and full exploration by Soil Water Group 
occurred at some sites), a full and conclusive analysis of texture, salinity, water holding capacity, 
nutrient content, and potential elemental toxicities is beyond the scope of the phase 1 survey.  
Soil samples collected by Western Botanical are stored and may be used in analysis of future 
study phases. 

Correlational investigation of the current limited data for site/habitat characters (clay horizon 
depth and soil texture ribbon length) did produce some interesting indicative results (Table 6).  
Depth of the upper clay horizon was significantly but weakly inversely correlated with canopy 
volume index (p = 0.000, rs = -0.236), leading shoot length (p = 0.000, rs = -0.315), and male 
plant fruit abundance (p = 0.001, rs = -0.295); as the depth of the clay increased, the size of 
plants and the abundance of fruit on male plants decreased.  While strengths of the correlations 
are weak, they perhaps indicate a stronger relationship with another site/soil factor not yet fully 
assessed.  A possible explanation is the marked difference (or differences) between the upper 
clay layer and the underlying gypsiferous sand or loam in factors such as salinity, available 
moisture, nutrient content or potential elemental toxicities. 

No significant correlation (p >= 0.05) existed between soil texture ribbon lengths and any of the 
plant characters measured. No significant correlation (p >= 0.05) existed between depth of the 
top clay horizon with male or female canopy condition, male flower abundance, or female plant 
fruit abundance. 

Further investigation and collection of site/habitat data is recommended to allow future analysis 
beyond correlations, and comprehensively describe Atriplex sp. Yeelirrie Station habitat 
preferences. 
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3.2. Future Monitoring

3.2.1. Survey Phase Timing

Observations during phase 1 field survey strongly suggest that Atriplex sp. Yeelirrie Station 
undergoes a pulse recruitment pattern.  The timing of future monitoring phases are expected to 
be important in capturing the most appropriate data for determining population dynamics.  
Ideally, future survey phases should be timed to follow periods of maximum i) post rainfall event 
seedling recruitment, and ii) end of dry season seedling (and mature plant) mortality.  Due to 
seasonal variation of rainfall events in the Murchison biogeographic region, such timing of 
future survey phases may need to be performed on an ad hoc basis. 

 

3.2.2. Recruitment and Mortality Assessment

When repeated for additional survey phases, with appropriate seasonal timing, the current study 
design should be adequate to capture Atriplex sp. Yeelirrie Station population dynamics 
(recruitment and mortality patterns).  Dynamics of a population are measured by an equation (i.e. 
Figure 15) that measures change in population numbers over time, accounting for births, deaths, 
immigration, and emigration. 
 

 
 

Where:  N = Number  D = Deaths 
t = time   I = Immigration 
B = Births  E = Emigration 

Figure 15.  Formula for calculating change in population over time. 

 

3.2.3. Suggested Analysis

The addition of future survey phases for existing survey sites would compel the use of repeated 
measures statistical analysis.  If a similar approach to this report’s analysis is used, suggested 
tests would be repeated measures ANOVA tests for canopy volume index and leading shoot 
length, and Friedman’s tests for repeat measures of canopy condition, flower, and fruit variables.   

The option of adding additional field sites to future monitoring phases may enhance analysis 
power, particularly for greater investigation into Atriplex sp. Yeelirrie Station density amongst 
sites and the relationships amongst plant measurement variable and site/habitat factors. 
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3.3. Observations

3.3.1. Habitat Preference and Performance in Rehabilitation

Atriplex sp. Yeelirrie Station occurs almost exclusively on red, alkaline, moderately saline (89 to 
515 µS/m within the first 10 to 15 cm of the soil profile, overlying up to 2,500 µS/m from 15+ 
cm), clay within the Yeelirrie paleochannel on Yeelirrie Station.  In March 2015, these soils 
were dry in the upper 10 to 15 cm but moist below that depth.  Plants within the rehabilitation 
population occur on neutral, non-saline, massive loamy sand, characteristic of that supporting the 
adjacent Acacia ayersiana (a mulga) shrubland with some residual calcrete gravel at the surface 
from the former stockpile. 

Plants within the rehabilitation population have experienced high mortality (35% dead) since 
August 2014 and demonstrate poor canopy condition in March 2015.  A comparison of canopy 
condition between rehabilitation population plants and the nearby natural western population 
plants (Western Botanical 2014) is presented in Figure 16 and shows a strong inverse 
relationship in between the two sites.  The higher mortality and lower canopy condition of 
rehabilitation plants is likely the result of reduced moisture availability compared to the clay of 
the natural populations. 

Within the eastern population particularly, areas of apparently suitable clay existed near and/or 
adjacent to existing Atriplex sp. Yeelirrie Station subpopulations but these areas contained no 
Atriplex sp. Yeelirrie Station plants.  These patches often supported Lawrencia helmsii 
shrublands or Tecticornia spp. shrublands, indicating higher soil salinities in the range of 1700 to 
4700 micro Siemens per metre. One small eastern subpopulation (site EP03) surrounded by a 
lower relief Tecticornia laevigata shrubland flat, cohabitated with Tecticornia indica subsp. 
bidens.  This limited cohabitation with a more salt tolerant species may indicate that Atriplex sp. 
Yeelirrie Station has some limited tolerance of higher salinity that may be relevant for selection 
of translocation sites.  Of additional note, Lycium australe was typically present in low numbers 
scattered amongst Atriplex sp. Yeelirrie Station plants with greater numbers at the periphery of 
Atriplex populations.  This may indicate tolerance differences in soil type, salinity, soil chemistry 
or inundation periodicity. 

Within Atriplex sp. Yeelirrie Station habitat it was widely and consistently observed that adult 
plants did not occur in the wettest and lowest portions of the clay flat.  Low numbers of live 
seedlings were found within these lower relief areas, but dead seedlings found with a coating of 
clay dust indicate they typically die during seasonal inundation.  Mature plants were also noted 
at some sites to have a similar pattern of clay dust deposited on dead lower branches; indicating 
height of the recent flood level and foliage intolerance of submersion. 

Mature adults within lower relief of the clay flat tend to grow upon shallow soil and organic 
material mounds/islands that often join to form irregular and spreading ‘bars’ where plants were 
densest.  Formation of these shallow mounds would be due to trapping or retention of sediments 
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usually at the base of the canopy below newer fresher branches.  This may explain the slight but 
statistically significant difference in canopy condition between plant sexes.  Loose fruits were 
rarely observed in the field, but this is probably due to fruit settling unseen into deep cracks of 
the clay that Atriplex sp. Yeelirrie Station inhabits.  At some survey sites old detached branches 
laden with fruit were found at the base of plant canopies; as often at plants that had not reached 
reproductive maturity as at mature plants. This indicates that detached branches with fruit may 
be transported by wind or by water during times of seasonal flooding, and presents a possible 
vector for fruit and seed dispersion. 

The vast majority of seedling recruitment was observed to occur on the low soil mounds beneath 
the canopy of mature plants.  Though additional effort was undertaken to search for seedlings, 
numbers recorded are likely a slight underestimate due to the difficulty of finding seedlings 
within dense canopies of mature plants.  Explanations for a higher rate of recruitment beneath 
adult Atriplex sp. Yeelirrie Station plants include; i) shelter from direct sunlight, ii) protection 
from grazing, iii) likely location for direct seedfall, iv) likely trapping location of water-mobile 
fruit-bearing branches, and v) flood-relief afforded by the shallow soil mounds around adult 
plants reducing inundation mortality of germinants.  While reduced recruitment was observed to 
occur away from mature plant canopies, standing dead juvenile plants (to 15 cm) in open areas 
indicate an eventual high mortality rate of young seedlings. 

 

3.3.3. Cattle Grazing

Widespread grazing of Atriplex sp. Yeelirrie Station by cattle was previously reported in 
Western Botanical (2011), and Western Botanical (2015).  The extent of grazing was sufficient 
in the eastern population to apply a vegetation condition rating of ‘degraded’ on the Keighery 
Scale (Appendix B).  However, during phase 1 of the population and demography field survey, 
no signs of recent cattle grazing were observed at any of the survey sites (western or eastern).  
Evidence of grazing was only found at one location (in proximity to EP02) and for one plant 
only, though cattle trampling was also observed at this location.  The field assessment followed a 
period of substantial cyclonic rainfall and associated perennial grasses such as Eragrostis falcata 
and E. tenellula were vigorously growing in adjacent habitats (for example, in the Atriplex 
vesicaria low shrubland).   

The general lack of observed cattle grazing results in an improved vegetation condition rating for 
both populations of Atriplex sp. Yeelirrie Station compared to previous observations.  Vegetation 
condition recorded at each field site is presented in Table 7, and provides an overall condition 
rating of ‘good-excellent’ and ‘good’ for western and eastern populations, respectively. 

Differences in reported cattle grazing may be due to season of observations.  It is likely that 
cattle preferentially graze more palatable grass species when available and only graze Atriplex 
sp. Yeelirrie Station when the more palatable feed is unavailable.  
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Plate 1.  Caterpillar and silk found on Atriplex sp. Yeelirrie Station.  Note grazing of most leaves 

from the branchlet (left) and extent of silk webs and frass over plant (right). 

 

3.3.5. Increasing salinity

Some bare salt scalded areas of the clay flats adjacent to live populations of Atriplex sp. Yeelirrie 
Station demonstrated high measured soil salinities (14,750 micro Siemens per metre at 2 to 8 cm 
depth).  These showed remnants of Atriplex sp. Yeelirrie Station occupation in the form of dead 
plants and remnant branches on eroded soil mounds.  It is inferred that salinity is increasing in 
some parts of the eastern population, particularly adjacent to low gypsum rises supporting 
Lawrencia helmsii or medium-heavy clay flats supporting Tecticornia spp. are present.  It is 
inferred therefore that the area of occupancy of Atriplex sp. Yeelirrie Station within the 
paleochannel’s clay flat soil landscape may change over time.  The changes in plant community 
distribution within the eastern population of Atriplex sp. Yeelirrie Station should also therefore 
be monitored.  

 

3.3.6. Plant Roots

During assessment of survey strip plots some large mature plants of Atriplex sp. Yeelirrie Station 
were observed to possess short adventitious roots growing on branches partially buried in the 
clay surface (Plate 2).  It is currently unknown if these roots are persistent or a seasonal response 
to rainfall events.  It is also unknown if these roots would facilitate vegetative reproduction.  
However, the vast bulk of plants observed were single stemmed and the species is not considered 
to regularly propagate by vegetative means. 

A soil profile and root investigation was conducted within populations of by Atriplex sp. 
Yeelirrie Station in 2015 by Soilwater Group Pty Ltd.  Atriplex sp. Yeelirrie Station was found to 
possess a thick tap thick root descending to ~ 30 – 40 cm, with multiple strong lateral roots 
spreading from the lower half (Plate 3, left).  Lateral roots are generally ~0.5 – 1.5 cm in 
diameter with individual roots found to extend beyond a length of 2 m (Plate 3, bottom).  Fine 
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roots (<1 mm diameter) were scattered throughout the upper clay horizon and difficult to track 
within soil, breaking readily during exploration.  Fine roots were also found scattered throughout 
the lower gypsiferous horizon, though this varied depending on the horizon’s density (also 
variable); solid gypsiferous horizons appeared to act as a barrier to fine roots (Plate 3, right). 

The root system investigations were undertaken under DRF Permit 162-1415 issued to Geoff 
Cockerton, Western Botanical, and allowed for up to 50 plants of Atriplex sp. Yeelirrie Station 
to be impacted.  Field supervision of root investigations was undertaken by Dr. David Leach, 
Western Botanical and Soilwater Group Pty Ltd, under direction. 

 

 
Plate 2.  Example of roots (holding clay soil) growing from partially buried branches of mature 

Atriplex sp. Yeelirrie Station plant. 

 





POPULATION AND DEMOGRAPHY STUDY (PHASE 1) OF ATRIPLEX SP. YEELIRRIE STATION

 32 

4. References

Clarke L.J., Byrne J.D., Shepherd K & Lowe AJ (2012). Significant population genetic structure 
detected for a new and highly restricted species of Atriplex (Chenopodiaceae) from Western 
Australia, and implications for conservation management.  Australian Journal of Botany 60: 32-
41. 

Government of Western Australia (2000).  Bush Forever (volume 2).  Department of 
Environmental Protection, Perth, Western Australia. 

IBM (2002).  SPSS v 11.5.0 (computer software).  IBM Corporation, New York, United States 
of America. 

Shepherd K.A., Thiele K.R., Sampson J.S., Coates D. & Byrne M. (2015, in press).  Recognition 
of a rare, new species of Atriplex (Chenopodiaceae) comprising two genetically distinct 
populations in arid Western Australia: implications for taxonomy and conservation.  

Western Botanical (2011).  Yeelirrie Project Flora and Vegetation Survey Baseline Report, 
February 2011.  Consultant report (#WB653) prepared for Cameco Australia.  

Western Botanical (2014).  Demographic Study of Atriplex sp. Yeelirrie Station. Consultant 
Report (#WB836) prepared for Cameco Australia. 

Western Botanical (2015).  Addendum to Report WB653: Yeelirrie Project Flora and Vegetation 
Survey (February 2011).  Consultant report (#WB839) prepared for Cameco Australia. 





POPULATION AND DEMOGRAPHY STUDY (PHASE 1) OF ATRIPLEX SP. YEELIRRIE STATION

 34 

Appendix A.  Study site location coordinates 
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Plate 4.  Photo of survey site WP01, western population. 

 

 

Plate 5.  Photo of survey site WP02, western population. 
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Plate 6.  Photo of survey site WP03, western population. 

 

 

Plate 7.  Photo of survey site WP04, western population. 
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Plate 8.  Photo of survey site WP05, western population. 

 

 

Plate 9.  Photo of survey site WP06, western population. 
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Plate 10.  Photo of survey site EP01, eastern population. 

 

 

Plate 11.  Photo of survey site EP02, eastern population. 
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Plate 12.  Photo of survey site EP03, eastern population. 

 

 

Plate 13.  Photo of survey site EP04, eastern population. 
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Plate 14.  Photo of survey site EP05, eastern population. 

 

 

Plate 15.  Photo of survey site EP06, eastern population. 
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Plate 16.  Photo of survey site EP07, eastern population. 

 

 

Plate 17.  Photo of survey site RP01, rehabilitation population. 
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Appendix B.  Keighery vegetation condition scale 

From Government of Western Australia (2000). 

 

  





 

 

 
 
 
 
 
 
 




