


Executive summary

Cliffs Asia Pacific Iron Ore Pty Ltd (Cliffs) commissioned Kings Park Science in January 2015 to
undertake an investigation into the distribution and habitat of Tetratheca erubescens ). P. Bull
(Elaeocarpaceae) based on desktop modelling and field survey.

Tetratheca erubescens is a threatened (DRF) plant species restricted to the southern Koolyanobbing
Range where approximately 6,300 individuals occur in a single population split into four ‘groups’ that
extend over an area of approximately 1.6 x 0.4 km. The species grows almost exclusively on
ironstone ‘cliff face’ habitat and the extent of cliff habitat occupied by T. erubescens totals
approximately 1.6 km of cliff line and an area of occupancy of approximately 3.5 ha.

The objectives of this study are to further characterise the habitat in which T. erubescens currently
occurs; and to develop a “first-pass” model for the purpose of predicting where T. erubescens could

potentially occur elsewhere across the Koolyanobbing Range.

The study developed models of the environmental parameters associated with the distribution of T.
erubescens and projected this model across an area of 30 x 30 Km around the Koolyanobbing Range
to identify locations where T. erubescens could potentially occur. Environmental parameters slope
angle and elevation (interpreted as a proxy for ironstone substrate) successfully modelled the

distribution of T. erubescens.

Almost two thirds of cliff line habitat predicted with the highest likelihood of supporting T.
erubescens population (model likelihood 0.6 — 0.78) within the 30 x 30 km projection area did
support T. erubescens plants, and three quarters of T. erubescens occurrences were within these

most highly predicted areas.

All but 200.m of the 1.9 km of ridge or cliff line habitat that was most highly predicted (model
likelihood 0.6 — 0.78) for T. erubescens occurrence was located in the vicinity of the existing
population. Within the region of the fragmented T. erubescens population, 550 m of this most highly

predicted habitat is unoccupied.

The study undertook field survey of highly predicted but unoccupied habitat, and of occupied habitat
to identify if differences in any easily observed site features might correlate with the difference in
occupancy. We surveyed 19 continuous and seven categorical variables relating to

geomorphological, substrate, slope soil and vegetation attributes at 372 points on 56 transects.

On average, unoccupied sites had slightly lower slope angles and rock cover and greater soil depth
and plant cover than occupied sites. They also were significantly more likely to include hillslope and
talus features and less likely to be cliff features, they had more locations with soil, and that soil was

more likely to be visually assessed as mineral rather than organic.

The environmental differences observed likely correlate with other plant-relevant soil, biotic or
microclimatic interactions that are more likely to be the proximate drivers of species distribution
limits. Further research could better characterise substrate structural or hydrological differences,
but ultimate testing of these hypotheses is best performed through formal experimentation,

including translocation research.
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random sampling within the T. erubescens population was of T. erubescens habitat. We could not
restrict our surveys simply to the specific habitat of T. erubescens because, in the predicted habitat
transects there were no plants present to identify the locations where they would grow if they did
occur there. Our survey showed that while there were differences between predicted unoccupied
transects and occupied transects, there were also differences between the random locations within
the T. erubescens population and the locations of T. erubescens plants. The locations where plants
grew were more likely to be in a locally water concentrating position in a crack within the steepest
regions, on a cliff, with some small amount of local soil that was organic rather than mineral in
nature, and with lower plant cover. If required, a more targeted survey could consider assessing the
frequency of these locations in habitats that are predicted to be most suitable for T. erubescens,
rather than the random sampling approach taken here.

Finally, we compared the habitat attributes of locations where the T. erubescens population
occurred with regions immediately adjacent to the T. erubescens population where plants did not
occur, i.e. we were looking for correlates with population boundaries as further potential
explanations of limits to the distribution of T. erubescens. Again we found slope angle, cliff feature
and soil depth and type, together with higher likelihood of non-massive (i.e. more weathered)
substrates to be the most important differences.

Parameters such as massive or non-massive substrate type, geomorphological feature, slope, rock
and crack features are not plant-relevant traits in themselves. However, these traits are highly likely
to correlate with features that were not measured, but are relevant to plant persistence, growth and
reproduction. These features are likely to include the hydrological, structural and chemical features
of the root habitat: the volume of water, its depth and persistence, the ease with which plants can
extract it, its period and frequency of availability. Organic soils in ironstone substrates may be highly
acidic, which may also potentially influence the form and availability of some nutrients. Finally, cliff
habitats might also offer some protection from some types of any grazing animals, if present. If
translocation programs were to be developed for T. erubescens populations, we would recommend
that these statements above be refashioned and tested as hypotheses in appropriately designed
studies.

Studies to further refine our understanding of the T. erubescens habitat could include geophysics
survey of the hydrological and related soil/substrate attributes of locations with and without T.
erubescens, including within existing populations and in regions remote from the existing
population. Study of the physiological and demographic responses of T. erubescens to variation in
these attributes may also be useful for understanding the parameters that limit the distribution of
this species.

Ultimately, the approaches described in this report are correlative and as such simply create
hypotheses about the limits to T. erubescens distribution. The ultimate testing of these hypothesis is
best performed in a formal experimental setting that should include translocation research.
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Appehdix 1: methods of environmental data layer extraction.

The following are the methods for generating base data for the Koolyanobbing Range Tetratheca erubescens
Habitat Modelling project.

The landform data generated has been done so based on the elevation data supplied by Landgate.

e Elevation —source: Landgate. This data is comprised of two projects, the eastern side is the 2007
Bullfinch (2736) DEM and the western side is the 2012 Seabrook (2836) DEM. The data supplied was
10m resolution as an ers (ER Mapper) format. This was converted to a tiff format for processing in
ArcGlIS (version 10.2).

The landform datasets generated from this elevation data were:

e Slope —Generated using ArcGIS (10.2) 3d Analyst extension, output to a tiff format in Degrees.

e Aspect — Generated using ArcGIS (10.2) 3d Analyst extension, output to a tiff format with a numerical
value representing the direction of the slope:

e  Curvature — Generated using ArcGIS (10.2) 3d Analyst extension, output to a tiff format with a
numerical value representing the curvature on the surface on a cell by cell basis. Additional Curvature
rasters, Profile Curve (Down Slope) and Plan Curve (Across Slope) were also generated during this
process.

e Roughness — Generated using ArcGIS (10.2), Geomorphology and Gradients metrics toolbox —
Roughness script (utilising the Spatial Analyst extension), to apply a 3 x 3 cell rectangular analysis
with an output to a tiff format.

e Wetness Index — Generated using SAGA (System for Automated Geoscientific Analysis) Wetness Index
with an output to an ascii format (using the default parameters). The result was compared to that
generated using ArcGIS (10.2) Spatial Analyst extension, and was comparable and therefore adopted
as it was deemed to be a surface that was a better representation of the wetness index.

e Solar Radiation — Generated using ArcGIS (10.2) Spatial Analyst extension, Area Solar Radiation tool.
The result was generated for the Spring Equinox {2pm and 10am), Winter Solstice (2pm and 10am),
Summer Solstice (2pm and 10am) using the within a day configuration. Annual solar radiation was
also calculated by calculating the whole year with a monthly interval and then totaling each of the 12
months (12 individual bands) to give a sum for the year and also an average but dividing this sum by
12.

Other datasets supplied were:

e Geology — Supplied by Cliffs Natural Resources covering the Northern and Southern Koolyanobbing
Ranges. The polygon data was converted to a raster (tif) format with a numerical value of O to 30
representing the lithology code. Data outside of the survey area was classified as “NoData”. The
lithology codes are represented as follows:

LITH_CODE_ Lith_No LITH_CODE_ Lith_No LITH_CODE_ Lith_No -
fbx 1 mgh 11 qvn 24
fsh 2 mgo 12 qz 22
ftf 3 mif 13 scg 23
ggn 4 ocg 14 sct 24
grt 5 oci 15 sif 25
mam 6 ocl 16 sit 26
mbs 7 odt 17 siy 27
mcs 8 ogr 18 sqz 28
mdl 9 olf 19 umu 29
mgb 10 olt 20 utc 30
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e Vegetation — Surveyed by Woodman Environmental in 2013 covering the Southern Koolyanobbing
Range and supplied by Cliffs Natural Resources. The polygon data was converted to a raster (tif)
format with a numerical value of O to 16 representing the community code (with the cleared area
converted to a value of 0). Data outside of the survey area was classified as “NoData”.

e Fire history was considered but there is no data recorded in this area by Cliffs Natural Resources, its
previous owner Portman Mining Limited or Landgate. Historic aerial photography was investigated
over a number of dates (1983, 1984, 1990, 1997, 2001, and 2006 to 2014) and no evidence of fire was
visible from these images.

e Tetratheca erubescens data supplied by Cliffs Natural Resources as surveyed by Maia Environmental.
The data was supplied as a series of sites with the plant numbers recorded or estimated. The data was
converted to a raster (tif) format with a corresponding value of 1 for presence or O for absence within
the study area defined by the Maia survey tracklogs. Data outside of the survey area was classified as
“NoData”.

All data was set to the same extents and cell size using the environmental controls in ArcGIS (10.2). Raster
snapping was also used to align all cells of the data created.

Each data set was created to the extent of the larger project area covering the Northern and Southern
Koolyanobbing Ranges. This became the “Projection” area supplied.

Each dataset was then cropped to the study area (which was defined using the tracklogs from the Maia
Tetratheca erubescens Survey and matches that defined with the presence / absence data). These datasets
then became the “Modelling” area supplied and maintained the consistent extent, cell size and cell position
(using raster snap).

Prior to supplying all datasets were converted to an ascii (asc) format using ArcGIS (10.2). These asc datasets
were viewed in ArcGIS (10.2) following their creation to confirm the data was exported as expected.

Once this process was complete the data was supplied to Botanic Gardens and Parks Authority for input into
the “Maxent” program for species distribution modelling.

Brian White

CAD Resources
9/2/2015
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Appendix 2 Vegetation mapping codes
Woodman Environmental (2013)
0 Cleared

1 Mid woodland of mixed species including Eucalyptus salmonophloia, Eucalyptus corrugata, Eucalyptus
salubris, Eucalyptus longicornis and Eucalyptus vittata over tall to mid sparse shrubland dominated by Atriplex
nummularia, Exocarpos aphyllus, Eremophila scoparia, Scaevola spinescens and Senna artemisioides subsp.
filifolia over low sparse shrubland dominated by Atriplex vesicaria, Maireana trichoptera, Olearia muelleri,
Sclerolaena diacantha and Rhagodia drummondii on red, brown, orange or red-brown clay, clay loam and
sandy loam with dolerite, quartz and ironstone stones on plains, flats and low rises.

2 Mid to low woodland dominated by Eucalyptus ravida and Eucalyptus celastroides subsp. celastroides
over tall to mid sparse shrubland dominated by Atriplex nummularia and Eremophila scoparia over low sparse
shrubland dominated by Atriplex vesicaria, Sclerolaena diacantha, Maireana trichoptera, Maireana georgei and
Rhagodia drummondii on red, brown, orange or red-brown clay with dolerite, quartz and ironstone stones on
plains and flats.

3 Mid woodland dominated by Eucalyptus longicornis and Eucalyptus vittata over low open mallee
woodland dominated by Eucalyptus celastroides subsp. celastroides over tall to mid sparse shrubland
dominated by Atriplex nummularia, Eremophila scoparia, Exocarpos aphyllus, Eremophila interstans subsp.
interstans and Halgania andromedifolia over low sparse shrubland dominated by Atriplex vesicaria and Olearia
muelleri on red, brown, orange or red-brown clay with dolerite and quartz stones on low rises.

4 Mid woodland dominated by Eucalyptus capillosa or Eucalyptus salubris over tall to mid sparse
shrubland dominated by Eremophila oppositifolia subsp. angustifolia, Alyxia buxifolia, Acacia tetragonophylla
and Exocarpos aphyllus over low sparse shrubland of mixed species including Grevillea acuaria, Acacia
erinacea, Olearia muelleri, Rhagodia drummondii and Acacia andrewsii on red, brown or red-brown clay with
laterised ironstone stones and occasionally with laterised ironstone outcropping on slopes adjacent to lateritic
breakaways and cliffs.

5 Mid to low woodland of Eucalyptus vittata over mid sparse shrubland dominated by Atriplex
nummularia, Eremophila oppositifolia subsp. angustifolia and Eremophila caperata over low sparse shrubland
of mixed species including Olearia muelleri, Acacia erinacea, Maireana georgei and Ptilotus obovatus var.
obovatus on red or red-brown clay with ironstone and quartz stones on lower slopes of ranges and low rises.

6 Mid to low mallee woodland of Eucalyptus corrugata and/or Eucalyptus vittata over tall to mid open
shrubland dominated by Exocarpos aphyllus, Senna artemisioides subsp. filifolia and Eremophila interstans
subsp. interstans over low sparse shrubland dominated by Olearia muelleri, Acacia erinacea, Dodonaea
stenozyga, and Ptilotus obovatus var. obovatus on brown or red-brown clay loam with dolerite stones and
occasionally dolerite outcropping on lower slopes of ranges and low rises.

7 Low open mallee woodland of Eucalyptus corrugata and Eucalyptus longissima over tall shrubland
dominated by Allocasuarina helmsii over mid sparse shrubland dominated by Dodonaea stenozyga and Acacia
dissona var. indoloria over low isolated shrubs of mixed species on brown clay loam with dolerite stones and
some dolerite outcropping on low rises.

8 Low isolated mallees of Eucalyptus longissima or Eucalyptus loxophleba subsp. lissophloia over tall
shrubland dominated by Acacia sp. narrow phyllode (B.R. Maslin 7831) and occasionally Acacia
tetragonophylla over mid open shrubland dominated by Dodonaea inaequifolia and Scaevola spinescens over
low isolated shrubs of mixed species on red or red-brown clay with ironstone stones on low rises.

9 Low open mallee woodland dominated by Eucalyptus loxophleba subsp. lissophloia over tall open to
sparse shrubland of mixed species dominated by Acacia sp. Mt Jackson (B. Ryan 176), Acacia sp. narrow
phyllode (B.R. Maslin 7831), Acacia tetragonophylla and Allocasuarina acutivalvis subsp. acutivalvis over mid
open shrubland dominated by Scaevola spinescens, Eremophila oppositifolia subsp. angustifolia, Grevillea
zygoloba, Dodonaea inaequifolia and Philotheca brucei subsp. brucei over low sparse shrubland dominated by
Dodonaea microzyga var. acrolobata, Olearia pimelioides, Prostanthera semiteres subsp. semiteres and Olearia
muelleri on red, red-brown, orange-brown or brown clay or clay-loam with ironstone stones, occasionally with
banded ironstone outcropping, on mid to lower slopes of ranges and low rises.
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