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Glossary of terms

Biodiversity Species, threatened ecological communities and other key elements
features selected for inclusion in spatial conservation planning.

Ecological Naturally occurring biological assemblage that occurs in a particular
community type of habitat.

Endangered Ecological communities listed under the NSW Threatened Species
ecological Conservation Act 1995 (TSC Act) as critically endangered, endangered

communities

or vulnerable, depending on their risk of extinction, distribution pattern
and other biodiversity value metrics. Only some of these communities
align with the listed federally Threatened Ecological Communities
under the Commonwealth Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act).

Grid cell

One rectangular cell within a raster grid data layer.

Raster (data) layer

Rasters are uniform grids of rectangular shape and commonly used in
GIS based analyses. They typically describe characters of an area or
distribution of features, each grid cell having one value within one raster
layer.

Threatened
species (flora and
fauna)

Species listed under the NSW Threatened Species Conservation Act
1995 (TSC Act) as critically endangered, endangered or vulnerable
depending on their risk of extinction, distribution pattern and other
biodiversity value metrics. Only some of these species are listed
federally under the Commonwealth Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act).

Frequently used abbreviations

ALA Atlas of Living Australia

EEC Endangered Ecological Community

EPBC Act Environment Protection and Biodiversity Conservation Act 1999

GIS Geographic Information System

HCCREMS Hunter & Central Coast Regional Environmental Management Strategy
IBRA Interim Biogeographic Regionalisation of Australia

MNES Matters of National Environmental Significance

OEH NSW Office of Environmental and Heritage

TSC Act NSW Threatened Species Conservation Act 1995
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1. Introduction

he National Environmental Research Program (NERP) Environmental Decisions Hub, based at the
TUniversity of Melbourne, undertook an analysis of biodiversity priorities within the Hunter, Central
& Lower North Coast region of NSW for the HCCREMS program in 2014-2015. Over 600 spatial layers
representing biodiversity features were created to be included in this analysis. This document is an
excerpt from the main report (Whitehead A, Kujala H, & Wintle B (2015) Modelling Species and Threatened
Ecological Plant Communities in the Hunter, Central & Lower North Coast Region of NSW, University of
Melbourne, VIC) and provides information relevant to the HCCREMS Regional Biodiversity Program. This
excerpt describes the sources of these data, how they were processed, and how they were used to model
the feature’s distributions.

1.1. Flora and fauna species

1.1.1. SPECIES DATA: POINT OCCURRENCES AND MODELLED DISTRIBUTIONS
Point occurrence data for all listed species within the Greater Hunter (Hunter, Central and Lower
North Coast region of NSW) were downloaded from the ALA and BioNet. All species listed under
Commonwealth (EPBC Act 1999) or NSW legislation (Threatened Species Conservation Act 1995,
National Parks and Wildlife Service Act 1974) were identified as potential biodiversity features

to include in the analyses. Additional point data for 101 species were provided by OEH and
participants of the flora workshop, a technical expert review workshop.

To reduce biases due to potentially outdated and/or inaccurate spatial data, we undertook a
process of filtering point occurrence records whereby species records were excluded if they were
observed prior to 1 January 1990 to reduce uncertainties associated with spatial accuracy and
subsequent changes in environmental data, particularly vegetation cover. We also excluded those
records that had a spatial accuracy of greater than 100 m. The remaining data points for each
species were then compared to a raster grid of the Greater Hunter with a 700 m grid resolution
and all duplicate records within a given grid cell removed. Thus, the final data for each species
represents the distribution of occurrence records across the Greater Hunter region since 1 January
1990 where duplicate records have been removed.

For 653 species with more than 20 occurrence points within the Greater Hunter we produced
continuous distribution maps showing the likelihood of observing the species in any of the 100m
grid cells (see section 2).

1.2. Ecological communities

1.2.1. STATE-LISTED ENDANGERED ECOLOGICAL COMMUNITIES (EECs)

Occurrence points for state-listed EECs within the Greater Hunter were extracted from the survey records
and used as input data for constructing the GHVMv4 (Sivertsen et al,, 2011) based on the Map Unit codes.
Because EECs are mutually exclusive (i.e. two EECs cannot, by definition, occur in the same place), we
treated these occurrences records as presence-absence data where the presence of one EEC indicated that
all other EECs were absent.
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In addition, because these records were undertaken as part of a systematic survey, we considered them to
be spatially accurate and no data filtering was undertaken.

For 21 EECs with more than 20 occurrence points within the Greater Hunter we produced
continuous distribution maps showing the likelihood of observing the species in any of the 100m
grid cells (section 2.). For five EECs with less than 20 occurrences we used the occurrence records

to indicate their known locations within the LHSA region. The full list of state-listed EECs included in
the analyses can be found in Table 9 in the Appendix.
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2. Modelling species potential
distribution patterns

2.1. Modelling the distribution of threatened species

To identify areas important for conservation, it is necessary to understand how threatened species
and other important biodiversity features are distributed across the landscape. Distribution data is
typically available as occurrence records, where an observer has noted the location of an organism
at a given point in time. However, incomplete sampling and difficulties in detecting species mean
that these records often do not represent the entire habitat for a species. Therefore, prioritising sites
for conservation based solely on known occurrence data is likely to bias areas towards those sites
that are well sampled or where common and easy to survey species are located, with the very real
risk of missing important habitats (Rondinini et al., 2006).

Species distribution modelling provides a tool that can predict the likely distribution of a species
based on known occurrence data and environmental conditions at these localities (Figure 1).

The technique is well established within the ecological literature and provides a robust and
transparent method for predicting the distribution of species from available data. Here we predict
the distribution of 653 species and 21 EECs using two species distribution modelling tools, MaxEnt
(Phillips et al., 2006) and Boosted Regression Trees (BRTs; Elith et al., 2006). The outputs from this
modelling are then used as input data for a spatial conservation prioritisation to identify high priority
conservation areas for the region).

2.2. Environmental variables for species distribution modelling

We used publically available species occurrence data in a species distribution modelling framework to
characterise spatial patterns of threatened biodiversity within the Greater Hunter region. The collection and
pre-processing of these data are described fully in section 1.

2.2.1. SAMPLING BIAS LAYERS

Species distribution modelling techniques based on presence-only data assume that the landscape
has been systematically or randomly sampled (Phillips et al., 2009) and failure to correct for
geographic biases in the data can produce outputs that reflect the sampling effort rather than the
true species distribution (Reddy and Davalos, 2003). One option for reducing biases is to manipulate
the background data used in the modelling process by introducing a sampling bias layer that mimics
the biases in the occurrence data (Kramer-Schadt et al., 2013; Phillips et al., 2009).
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Figure 1. Schematic diagram representing the two-step modelling process used to generate the
conservation prioritisation. A) Occurrence data for species and endangered ecological communities
(EECs) were obtained from online databases and combined with environmental data to produce
species distribution models using MaxEnt (species) or boosted regression trees (EECs). B) These
models were clipped to LHSA region and combined with additional biological features in the spatial
conservation prioritisation software, Zonation, to identify high priority areas for conservation. We
identified the high priority conservation areas (the best 30% the landscape) based on the spatial

prioritisation.

The spatial distribution of species observations within the Greater Hunter region is highly biased
towards populated areas. Therefore, to reduce the influence of these observed biases in the species
occurrence data, we generated sampling bias grids for five broad taxonomic groups (amphibians,
birds, mammals, plants, reptiles). These bias grids were based on point data downloaded from

the ALA and BioNet for all species observed within the Greater Hunter region. For each taxonomic
group, we calculated a normalised kernel density layer from the available point data using a 10 km
radius. We chose to use all species within a taxonomic group rather than just the listed species as

it is likely that an observational technique that locates common species of a given taxa would also
locate threatened species if they were present.

Because the sampling for EECs was conducted as part of a systematic survey, no bias layer was
used in these models.

2.2.2. ENVIRONMENTAL VARIABLES

A set of 18 ecologically-relevant environmental variables were selected as potential predictors of
the distribution of threatened species and EECs within the Greater Hunter region (Table 1). These
included variables describing the climate, vegetation, topography and soils that were available
across the entire modelling region at 100 m resolution.
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Several vegetation spatial datasets were available across the Greater Hunter region, with varying
levels of accuracy. We took the best available datasets and merged these to provide a single

layer that represented the best available data at the level of Keith Formations (Keith, 2004) across
the entire region. At the scale of the Lower Hunter region, we used Keith Formation data from

an updated version of the Lower Hunter vegetation mapping produced by Parsons Brinkerhoff
(Cockerill et al., 2013; updated by Mark Cameron, OEH, June 2014), while vegetation data

outside the Lower Hunter region was obtained from the Greater Hunter Vegetation Mapping
spatial database (v4.0; Sivertsen et al., 2011). In addition to the categorical Keith Formation layer
(final_vegetation), we also generated a layer for three Keith Formations (dry sclerophyll forest, wet
sclerophyll forest, rainforest) that represented the percentage cover of that vegetation community
within a 2 km radius of each pixel in the landscape (Table 1). The percentage cover estimates were
restricted to these three Keith Formations as they have been assessed as having a high degree of
accuracy (John Hunter, pers. comm.)

Table 1. Abbreviated names and definitions of mapped environmental data used as candidate
predictor variables for inclusion in species distribution models. All environmental data were
available in raster format with a resolution of 100 m.

CANDIDATE VARIABLE DEFINITION UNITS

mean_temp Mean annual temperature derived from ANUCLIM degrees C
cold_temp Mean temperature of the coldest period derived from ANUCLIM degrees C
hot_temp Mean temperature of the hottest period derived from ANUCLIM degrees C
mean_rain Mean annual rainfall derived from ANUCLIM mm
seasonal_rain Mean seasonal rainfall derived from ANUCLIM mm
mean_solar Mean annual solar radiation derived from ANUCLIM W/m?/day
altitude The altitude of a cell (in metres) above sea level metres
slope The slope of a cell (in degrees) degrees
eastness The degree to which the aspect of a cell is east (east = 1, west =-1) index
northness The degree to which the aspect of a cell is north (north = 1, south =-1) index
rugg1000 Topographic ruggedness (standard deviation in elevation) ina 1000 m metres
radius
terr1000 Relative terrain position in a 1000 m radius dimensionless
wetness Compound topographic index dimensionless
final_vegetation Keith formation vegetation categories derived from the Parsons categorical
Brinkerhoff and Greater Hunter vegetation mapping (Cockerill et al.,
2013; Sivertsen et al., 2011)
Dry_sclerophyll_forests The percentage of cells within a 2000 m radius dominated by dry %
sclerophyll forest
rainforests The percentage of cells within a 2000 m radius containing rainforest %
Wet_sclerophyll_forests The percentage of cells within a 2000 m radius dominated by wet %
sclerophyll forest
soils Digital Atlas of Australian Soils (CSIRO, 2014) categorical
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2.3. Species distribution modelling

2.3.1. MODELLING SPECIES DISTRIBUTIONS USING MAXENT

All species distribution models were constructed using MaxEnt (Phillips et al., 2006, version 3.3.3k),
a freely available software. MaxEnt uses presence-only occurrence data to predict the likelihood of
observing a species in each pixel of the landscape, given the environmental conditions that exist
there relative to the environmental conditions in pixels where the species is known to occur (Phillips
and Dudik, 2008).

Models were built for 621 species including 151 threatened species, and a further 21 EECs with a minimum
of 20 records within the Greater Hunter region using taxa-specific sampling bias grids to account for
potential biases in the point data (Kramer-Schadt et al., 2013). All modelling was undertaken at the scale of
the Greater Hunter region, using raster grids with a grid cell resolution of 100 m.

Prior to building the final model, we undertook a process of variable selection by including all 18
environmental variables in preliminary MaxEnt models for each species and then examining the
outputs to identify the most important variables across broad taxonomic groups (amphibians, birds,
mammals, plants, reptiles). Where variables were known to be spatially correlated (collinearity > 0.8),
we retained the variable that had the highest mean training gain (a measure of how well a variable
describes the presence data) for all species within a taxonomic group. We then reran the models

and iteratively removed those variables that contributed little information based on their permutation
importance (less than 1% on average across all species within a taxonomic group based on jack-

knife tests) (Williams et al., 2012).

Once the parameter set was finalised, we ran the models using a five-fold cross-validation procedure (Hastie
etal., 2001). With this process, the dataset was randomly divided into five exclusive subsets and model
performance calculated by successively removing each subset, refitting the model with the remaining data
and predicting the omitted data. We assessed the mean Area Under the receiver operator Curve (AUC)
value of each modelled species to determine the model fit, that is, how well the models are able to predict
species known occurrences. We retained those species for which the AUC value was greater than 0.7, which
is generally considered to be a threshold of an informative model (Swets, 1988a). For these species, we then
reran the models using the full dataset and predicted the likelihood of occurrence of each species across
the Greater Hunter at a spatial resolution of 100 m.

To explore the spatial uncertainties in our species’ SDMs, we used the individual predictions from
the models generated using five-fold cross-validation for each species to calculate the coefficient

of variation (CV) within each grid cell: that is, for each species we calculated the mean and standard
deviation of the predicted value in each grid cell across the five individual predictions, and divided
the standard deviation by the mean in each cell (producing the CV for each cell). When estimated for
a single species, a CV value greater than one represents a cell where the standard deviation across
the five predictions is greater than the mean of those predictions, indicating notable variation and
therefore potentially high uncertainty in the predicted value in the particular grid cell. To summarise
the spatial patterns in SDM uncertainty, the CV values in each cell were then averaged across all
species to identify how the variation in predictive ability of the SDMs changes across the landscape.

2.3.2 MODELLING EEC DISTRIBUTIONS USING BOOSTED REGRESSION TREES

We used Boosted Regression Trees (BRT) to model the potential distributions of 21 EECs within the Greater
Hunter region. This allowed us to utilise the absence points associated with the GHVM survey data, where
the presence of a given EEC at a location necessarily indicates the absence of all other EECs. BRT models
are an advanced regression technique based on machine learning (Friedman, 2002) and are being used
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increasingly to model the distributions of species (Elith et al., 2006). BRT models are capable of dealing with
non-linear relationships between variables and can assess high-order interactions, making them particularly
suited for ecological data (Elith et al., 2008b). BRT models are also robust to the effects of outliers and
irrelevant predictors (Leathwick et al., 2006).

We used BRT to analyse the relationship between the occurrence of each EEC and the environment.
All analyses were carried out in R (version 3.1.1) using the ‘dismo’ library (Hijmans et al., 2013).

The models were allowed to fit interactions, using a tree complexity of three and a learning rate of
0.003. We used ten-fold cross validation to determine the optimal number of trees for each model,
giving the maximum predictive performance. BRT models have a tendency to over-fit the training
data, so the performance of the model was assessed by making predictions at sites that were not
used during model development. The probability of occurrence of each EEC was predicted across
the Greater Hunter region at a spatial resolution of 100 m. Because EECs have legal definitions that
restrict them to specific bioregions, we clipped all EEC model outputs to their listed bioregions.

2.3.3. MODEL SELECTION

The predictive power of each model was evaluated using the area under the receiver operator
characteristic curve (Hanley and McNeil, 1982), where models with an AUC value of 0.7 or greater
were considered to be informative (Swets, 1988b). Models for species or EECs with an AUC less

than 0.7 were either excluded from subsequent analyses or replaced with their original point data if
they were represented by less than 100 records.

2.4. Results

2.4.1. MODEL PERFORMANCE

In general, model performance for each of the 642 modelled features was high, with mean AUC values
greater than 0.83 for all taxonomic groups (Figure 2; Table 2). Seasonal rainfall, slope and local vegetation
type were important drivers for all taxonomic groups. In addition, the percentage cover of dry and wet
sclerophyll forest and rainforest within a 2km radius were important for all taxonomic groups. Using the
iterative variable selection led to small changes in AUC values for all species, with no consistent trend.

26 species were identified as being poorly modelled by MaxEnt based on a mean AUC value of less
than 0.7 (Table 3). The majority were common bird species, such as the Australian magpie (Cracticus
tibicen) and laughing kookaburra (Dacelo novaeguineae), with a high number of records across

the Greater Hunter region. These species typically occupy a broad range of habitat types and are,
therefore, difficult to model accurately. Those poorly modelled species with greater than 100 records
(20 out of 26) were excluded from subsequent analyses. For the remaining six species with less than
100 records (Table 3), we reverted to using the original point data in the spatial prioritisation.

10
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Figure 2. Boxplot of AUC values for 642 feature distributions modelled using MaxEnt (species) or boosted
regression trees (EECs) summarised across the six broad taxonomic groups. AUC values greater than 0.7 are
considered to be informative (Swets, 1988a).

Table 2. AUC values and the relative importance of each environmental variable for 674 species distribution
models summarised across taxonomic groups (mean = standard error), along with the number of species per
group. Variables with no data for a given taxa were not included in the model for that group. Variable descriptions
are given in Table 1. Results are based on MaxEnt models for species, while EECs were modelled using boosted
regression trees.

AMPHIBIANS BIRDS MAMMALS PLANTS REPTILES EECs
N 39 305 65 177 67 21
AUC 0.89 (0.01) 0.84(0.01) 0.83 (0.01) 0.91(0.01) 0.85 (0.01) 0.95 (0.01)
cold_temp 26.18 (3.46) 30.75 (1.34) 16.88 (1.94) 10.14 (1.07) 16.87 (2.13) -
hot_temp 6.9 (1.28) 6.75 (0.54) 9.82(1.72) 7.33(0.98) 5.74(0.93) -
mean_rain 11.38 (2.17) 11.83 (0.91) 16.21 (2.41) - - 19.6 (2.9)
seasonal_rain 14.95 (1.67) 10.2 (0.57) 13.54 (1.38) 10.24 (1) 10.31(1.14) 14.16 (3.46)
mean_solar = = = 23.37(1.7) 17.38(2.15) =
slope 13.21 (1.76) 10.02 (0.56) 12.09 (0.99) 3.94(0.47) 10.18 (1.06) 5.64 (1.02)
rugg1000 3.5(1.11) - - - - 5.74(1.02)
terr1000 - 3.29 (0.26) 2.97 (0.54) - 2.89(0.31) -
wetness - - - - - 3.32(0.73)
final_vegetation 4.55 (0.63) 3.96 (0.26) 8.02 (0.87) 6.62 (0.58) 10.52 (1.28) 7.02 (1.85)
Dry_sclerophyll_forests 4.97 (1.14) 9.01(0.57) 6.11 (0.76) 6.64 (0.75) 9.25(1.2) 8.44 (1.67)
rainforests 3.96 (0.84) 3.77 (0.36) 3.57(0.75) 3.56 (0.45) 5.49 (1.59) 5.34(1.72)
Wet_sclerophyll_forests 8.45 (2.07) 10.41 (0.62) 8.3(1.62) 6.16 (0.69) 8.74 (1.41) 4.04 (1.24)
soil - - - 18.88 (1.19) - 9.48 (1.41)

11
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Table 3. List of poorly modelled species with mean AUC values less than 0.7. These species were
either excluded from subsequent analyses or included as point data if they had less than 100

records. Number of records refers to observations within the Greater Hunter region.

SPECIES

COMMON NAME STATUS

NUMBER OF
RECORDS

MEAN AUC
(+ SE)

DECISION

Acanthiza pusilla Brown Thornbill 4626 0.68 (0.01) exclude
Alisterus scapularis Australian King-Parrot 2244 0.68 (0.02) exclude
Aquila audax Wedge-tailed Eagle 1206 0.65 (0.02) exclude
Artamus personatus Masked Woodswallow 34 0.66 (0.09) points

Cacatua galerita Sulphur-crested Cockatoo 2256 0.69 (0.01) exclude
Colluricincla harmonica Grey Shrike-thrush 4255 0.67 (0.01) exclude
Cormobates leucophaea White-throated Treecreeper 4116 0.69 (0.01) exclude
Corvus coronoides Australian Raven 4501 0.7 (0.01) exclude
Cracticus tibicen Australian Magpie 5273 0.67 (0.01) exclude
Dacelo novaeguineae Laughing Kookaburra 5132 0.67 (0.01) exclude
Eopsaltria australis Eastern Yellow Robin 4385 0.69 (0.01) exclude
Lichenostomus chrysops Yellow-faced Honeyeater 5185 0.66 (0.01) exclude
Malurus cyaneus Superb Fairy-wren 4508 0.69 (0.01) exclude
Ninox connivens Barking Owl V,3 22 0.64 (0.12) points

Pachycephala pectoralis Golden Whistler 4186 0.7 (0.01) exclude
Pachycephala rufiventris Rufous Whistler 2672 0.69 (0.01) exclude
Pardalotus punctatus Spotted Pardalote 4030 0.68 (0.01) exclude
Philemon corniculatus Noisy Friarbird 3678 0.67 (0.01) exclude
Rhipidura albiscapa Grey Fantail 6063 0.66 (0.01) exclude
Strepera graculina Pied Currawong 4849 0.64 (0.01) exclude
Zosterops lateralis Silvereye 3191 0.69 (0.01) exclude

Tachyglossus aculeatus

Short-beaked Echidna P

2350

0.69 (0.01)

exclude

Diuris sulphurea

Tiger Orchid P

40

0.69 (0.10)

points

Pterostylis obtusa

Blue-tongue Greenhood P

29

0.55(0.12)

points

Lialis burtonis

Burton’s Snake-lizard P

63

0.66 (0.08)

points

Vermicella annulata

Bandy-bandy P

12

62

0.65 (0.06)

points
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2.4.2. REGIONAL DISTRIBUTION PATTERNS AND UNCERTAINTY

We summed the predicted relative likelihood values in each grid cell across all species to give an
estimate of the overall regional biodiversity patterns based on the species included in this analysis
(Figure 3a). In general, species were distributed unevenly across the region, with more species
predicted to be present closer to the coast. Maps of the predicted distributions for each of the
modelled species are available upon request.

The mean predictive uncertainty in the model predictions across the Greater Hunter region ranged
from 0.15-0.54 (median: 0.26), with the highest values occurring along the north-western boundary
of the modelling region and around Barrington Tops National Park (Figure 3b).

Predictive uncertainty

I:—

Law High
(CV=0.17) {CV=0.54)

Figure 3. Spatial distribution patterns for species and EECs within the Greater Hunter region.

A) Relative richness of species and EECs included in the analysis, calculated by summing the outputs
of the 674 distribution models retained for inclusion in the spatial prioritisation. B) Mean predictive
uncertainty across 653 modelled species distributions. These data were calculated by quantifying the
coefficient of variation for each species’ MaxEnt predictions based on five-fold cross validation and
then averaging across all species (see section 2.3.1).

2.5. Discussion

2.5.1. OVERVIEW

The modelling framework described in this report to predict the distribution of threatened species
within the Greater Hunter region is well established amongst the conservation literature (e.g. Guisan
and Zimmermann, 2000; Phillips and Dudik, 2008; Phillips et al., 2006; Williams et al., 2012). It
provides a robust, transparent and repeatable method for identifying the relatively likelihood of
species’ occurrences across the landscape.
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2.5.2. LIMITATIONS AND SOURCES OF UNCERTAINTY

When using SDMs to inform decisions, it is necessary to consider the potential limitations and
sources of uncertainty associated with the predictions (Guillera-Arroita et al., 2015). Uncertainty

in species distribution modelling can arise from two major sources: poor quality input data or
inappropriate model structures (Barry and Elith, 2006). For example, inaccurate occurrence data
may result from spatial biases in sampling, imperfect detection and/or misidentification of species,
while appropriate environmental variables may not be available or mapped at a sufficiently-high
resolution to be ecologically relevant. Both issues can lead to models that may not reflect the true
distribution of the species, with potential ramifications for the decision-making process. Also, the
choice of modelling technique may influence model predictions. Here we chose to use two well-
established methods (MaxEnt, BRT) to fully utilise the presence-only and presence-absence data
available for species and EECs, respectively, and reduce any potential biases from model structure.

The occurrence data used in this analysis were obtained from two online databases that combine
data from a range of sources, including systematic surveys, museum records, and observations by
the general public. While the records were cleaned for spatial accuracy to the best of our ability,
we were unable to compensate for inaccuracies due to species misidentifications or taxonomic
changes. Therefore, it is possible that some inaccurate records were included in the model
construction.

Initial analyses identified a strong spatial bias in the occurrence data, with records concentrated
close to the coast. For this reason, we included a bias layer in the modelling approach to try and
reduce the impact of this sampling bias when making predictions. Using a bias grid technique has
previously been shown to help address issues related to sampling bias (Kramer-Schadt et al., 2013).

Species distribution models are reliant on the appropriate use of ecologically-relevant environmental
data to make sensible predictions across the landscape and the availability of accurate data at an
appropriate resolution can be problematic. We were able to include a range of environmental data
describing characteristics of the climate, topography, soils and vegetation across the Greater Hunter
region. Our modelling framework used a process whereby all species within a given taxonomic
group were modelled using the same suite of environmental variables. While it would have ideally
been better to have fine-tuned the models for each species individually, this was not possible due to
time constraints and the large suite of species modelled. The high AUC values (Figure 2; Table 2) of
most of our models indicate that, despite the somewhat generic variable selection process across
taxonomic groups instead of individual species, our approach was successful in building distribution
models that captured the known occurrences of species and notably increase our understanding of
their distribution patterns within unsurveyed areas.

It is important to understand that there may be some mismatches between species’ observed
distribution and their predicted distribution when a species is absent from a site identified as
suitable habitat. This common observation of environmentally suitable but unoccupied sites often
results from competitive exclusion by other species, a low dispersal ability that may prevent
colonisation of otherwise suitable site or historic factors that may have excluded species from a
previously occupied site (Guisan and Zimmermann, 2000). While these areas may not currently be
occupied, they represent potentially suitable habitat for the species concerned and may still be
important for conservation purposes.

Our analysis of spatial uncertainty in the predictions indicated some areas of higher uncertainty
within the Greater Hunter modelling region, located predominantly in the north-western areas of
the region (Figure 3). However, these uncertainty values are relatively low. Ideally, the predictions
from SDMs should be validated to ensure that they accurately reflect the true distribution. There
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is a tradeoff between using unvalidated SDM models and the time required to generate potentially
hundreds of highly accurate SDMs. While it is important to recognise the potential uncertainties
associated with the model predictions, SDMs contain more information than the original point

data (Rondinini et al., 2006). The models retained for use in the spatial prioritisation all had a high
predictive value and low spatial uncertainty in the predictions. Therefore, we feel confident that they
represent the best available distribution data for inclusion in the spatial conservation prioritisation
(Hermoso et al., 2015). However, we recommend that sites highlighted by subsequent analyses

as high priority for conservation or at risk from development be surveyed as part of the decision-
making process.
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Landscape Connectivity Assessment
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Landscape Connectivity Assessment
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