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Abstract

The use of predictive habitat distribution models by land managers in the conservation management of threatened species is in-
creasing. Few models, however, are subsequently field-checked and evaluated. This study evaluates the statistical strength and use-
fulness for conservation purposes of three predictive habitat models developed for a threatened stag beetle, Hoplogonus simsoni, found
in the wet eucalypt forests and mixed/rainforests of north-east Tasmania. The relationship between various environmental variables for
which spatial (GIS) information was available and the density, frequency of occurrence and presence/absence of the species was in-
vestigated using generalised linear modelling. Models developed were coupled with the GIS data to develop maps of predicted oc-
currence within the species’ range, grouped into categories of habitat quality. The models found that altitude, aspect, slope, distance to
nearest stream and overstorey tree height were significantly associated with the occurrence of the species. Evaluation of the statistical
strength of the models with independent data of species’ occurrence collected at 95 sites found that the density model performed poorly
with little correlation between predicted and observed densities of the species. The frequency of occurrence model, however, showed a
moderate ability to predict both species’ abundance and presence/absence. The presence/absence model had a similar discriminatory
ability in predicting presence or absence of H. simsoni, but also showed some potential as an indirect predictor of species’ abundance.
Assuming a correlation between relative abundance and habitat quality, the frequency of occurrence predictive model appeared to be
the better and more direct discriminator of high quality habitat relative to the other models. The value of species’ habitat models and the
need to evaluate their utility in the development of conservation strategies are discussed.
© 2003 Published by Elsevier Ltd.
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1. Introduction

With the advent of more powerful statistical tools
and geographic information systems (GIS) there has
been a growing use of predictive habitat distribution
models in the management of fauna and flora of con-
servation significance. Most often, this technique has
been used on ‘“‘charismatic” vertebrates, particularly
mammals such as wolves (Mladenoff et al., 1995; Corsi
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et al., 1999), the grizzly bear (Mace et al., 1999), the
black bear (Van Manen and Pelton, 1997; Clevenger
et al., 2002), lemurs (Smith et al., 1997), and marsupials
(Munks, 1993; Lindenmayer et al., 1995; Pearce and
Ferrier, 2001), but also birds (Pearce and Ferrier, 2001),
including the golden eagle (Fielding and Haworth,
1995). Similar studies have been conducted on reptiles
(Pearce and Ferrier, 2001), and vascular plants (Pearce
and Ferrier, 2001), including alpine grasslands (Zim-
mermann and Kienast, 1999) and rare plants (Elith and
Burgman, 2002).

In contrast, there have been very few attempts
at creating spatially explicit predictive models for
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invertebrates. Exceptions include a study by Fleishman
et al. (2001) that developed statistically significant
models predicting species occurrence for 36 of 56 resi-
dent butterflies in the central Great Basin of western
North America. Rushton et al. (1994) created a rela-
tively coarse-scale predictive distribution model that
related the occurrence of carabid beetle species in Brit-
ain to various land classification categories. In addition,
Ehrlich and Murphy (1987) and Murphy et al. (1990)
have incorporated models of habitat quality with spatial
and temporal metapopulation dynamics to examine the
population viability of threatened butterflies. The poor
representation of invertebrates in the literature on pre-
dictive distribution modelling may be because of the
lack of comprehensive distribution data (including ab-
sences) and quantitative habitat data for invertebrates.
Environmental variables that may be important to ter-
restrial invertebrates such as soil, leaf litter and under-
storey characteristics may not exist in GIS, or may not
have adequate surrogates within GIS (York, 1999; al-
though this can also be the case for vertebrates, see
Lindenmayer et al., 1999). Many environmental vari-
ables such as climate and topography that can influence
invertebrate distributions may exist in GIS at a scale too
coarse to be of use for organisms that often operate at
small spatial scales (Elith, 2000). The paucity of inver-
tebrate studies of this type is also a likely consequence of
the general lack of attention invertebrate conservation
has received from land managers (Yen et al., 1990).

To conserve threatened species effectively, knowledge
is required of their physiological and ecological require-
ments and responses to disturbance. In the absence of
such information, the development of models that predict
the extent and distribution of habitats that threatened
species utilise can be invaluable to land managers. The
generally high stakes involved in threatened species
management (i.e., potential species’ extinction and/or
economically or socially significant land-use changes)
dictate that such models should be rigorously evaluated
(Fielding and Bell, 1997; Manel et al., 1999; Guisan and
Zimmermann, 2000). Some predictive habitat models
have been subsequently field-checked and evaluated in
terms of their statistical strength and/or their usefulness
for conservation purposes (e.g. Rushton et al., 1994;
Fielding and Haworth, 1995; Lindenmayer et al., 1995;
Mladenoff et al., 1995; Zimmermann and Kienast, 1999;
Pearce and Ferrier, 2001; Elith and Burgman, 2002).
However, as well as a lack of empirical data, urgency for
action is often a driver for the development of predictive
distribution models to assist land-use decisions. Hence,
model evaluation may not be undertaken (e.g. Munks,
1993; Smith et al., 1997; Mace et al., 1999) or the evalu-
ation involves comparing the predictions against the
original data used to develop the model (e.g. Bustamante,
1997; Clevenger et al., 2002), often leading to an overly
optimistic assessment of the model’s predictive ability.

For many of the invertebrates listed in the schedules
of the Tasmanian Threatened Species Protection Act
1995 comprehensive distribution and habitat utilisation
data are not available (Taylor and Bryant, 1997; Munks
and Taylor, 2000). An exception is Simsons stag beetle,
Hoplogonus simsoni Parry (Coleoptera: Lucanidae),
which is listed as vulnerable due to its restricted distri-
bution, generally low population densities and the po-
tential adverse impacts of forestry practices within its
range (Meggs et al., 2003). The species is patchily dis-
tributed throughout its 250 km? range, centred on the
Blue Tier in north-east Tasmania, and potential habitat
for the species (i.e., wet eucalypt forest and mixed/
rainforest) encompasses 18,200 ha of its range (Meggs
et al., 2003). Meggs et al. (2003) identified optimal
habitat for the species as wet eucalypt forest below 300
m altitude, with a slope less than 5°, a deep leaf-litter
layer, and a forest structure with a well-developed tall
shrub layer. They suggested that these characteristics
relate to the beetle’s requirement for a relatively cool,
moist, stable microclimate and the absence of distur-
bance for at least 50 years, but possibly longer. They
also found that potential habitat of H. simsoni was
poorly reserved across its range and a high percentage
had been identified by the forest industry as having
potential for conversion to pine plantation, a practice
that results in the local extinction of the species (Meggs
et al., 2003). It was recommended that the conservation
requirements of the species would best be served by the
reservation of areas containing high-density popula-
tions, limitation of the area of potential habitat that may
be converted to plantation, and the retention of con-
tiguous links of undisturbed forest throughout its range
(Meggs et al., 2003).

The study by Meggs et al. (2003) provides a basis for
predicting the spatial distribution of habitats important
to H. simsoni and the areas where the conservation of
the species may conflict most strongly with planned
forestry activities. In the present study the aim was to
develop habitat models from the abundance and habitat
variable data collected by Meggs et al. (2003) that could
be coupled with GIS data to create predictive distribu-
tion and abundance maps of H. simsoni. The GIS-gen-
erated predictions of presence and abundance were then
field-checked and the models evaluated in terms of their
statistical strength and their utility as a conservation
planning tool for the management of H. simsoni.

2. Methods

2.1. Study area, animal survey and habitat variables for
model development

The species’ presence, abundance and habitat variable
data used for the development of the GIS-based pre-
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dictive models were the same as collected by Meggs et al.
(2003). Details of the study area, the stratification
methods for the field survey, and the collection methods
for each of the habitat variables and the beetle are de-
scribed in Meggs et al. (2003). Hence, only a brief out-
line of the original sampling methodology is provided
here. All field work was conducted between November
1996 and May 1997 in an area encompassing the known
range of H. simsoni in north-east Tasmania (Fig. 1).
Surveying was stratified according to the five broad
forest types occurring within the study area: mature wet
eucalypt forest, mixed forest and rainforest, mature dry
eucalypt forest, regenerated wet eucalypt forest after
clearfelling, and plantation. At least five different geo-
graphic locations within each forest type were selected
within or immediately adjacent to the range of the study
species H. simsoni (total of 42 locations). Locations were
selected to cover the widest geographic range that would
ensure sampling of all combinations of environments
within the potential range of the species. At each loca-
tion for a particular forest type, six sites were selected
(total of 252 sites) covering the range of topography
(i.e., gully/flat, mid-slope, and ridge-top), different as-
pects, slopes, and proximity to streams, present within a
location. Where these attributes were relatively consis-
tent within a location, sites were located greater than
100 m from one another. At a site, six 1 m? plots were
placed haphazardly within a 10 m radius circle, thus
ensuring all potential microhabitats were sampled. The
plots were systematically searched by hand for live

Hoplogonus specimens and body parts of dead ones.
Identifiable body parts included male heads, female
heads with thorax attached, and the thorax and abdo-
men of both sexes, which have distinctive humeral spines
(Bartolozzi, 1996).

Two measures of beetle abundance for each site were
estimated from the data: beetle density (no. of individ-
uals/m? — calculated from the minimum number of H.
simsoni known to have been alive from dead parts and
live individuals in each plot); and the frequency of oc-
currence of beetles at each site (calculated as the pro-
portion of plots in which beetles were found). Habitat
variables recorded at each site were chosen for their
anticipated value as predictors of beetle distribution and
abundance, and for the ease with which they could be
collected. The following habitat variables were assessed
at each site: floristic composition and structure, altitude
(m), distance to nearest stream (<30 m; 30-100 m; >100
m), leaf litter depth (<1 cm; 1-3 cm; >3 cm), leaf litter
cover (% ground cover), rock cover (very low; low;
medium; high), dead wood cover (% ground cover of
logs >10 cm mid-diameter), moss cover (% ground cover
including on rocks and logs), average aspect (N, S, E,
W, none), average slope (degrees), distance to nearest
road (m), weeds (present/absent), and soil characteris-
tics. Spatial information for only a sub-set of these
habitat variables was available in Forestry Tasmania’s
GIS. Therefore the following habitat variables were used
to develop spatially explicit habitat models: Overstorey
tree height (m); Distance to stream (< or >100 m);
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Fig. 1. The predicted frequency of occurrence of H. simsoni within and adjacent to its 250 km? range (solid line) and the location of the evaluation
sites, indicating sites where observed values significantly differed from predicted frequencies at p < 0.05.
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Altitude (in 10 m intervals); Aspect (divided into N, S,
E, W, and none); and Slope (degrees).

2.2. Model development

The relationship between the presence and abundance
of H. simsoni and the measured habitat variables for
which GIS data were available was examined using
generalised linear modelling (GLM) (McCullagh and
Nelder, 1989). Only wet eucalypt forest and mixed/
rainforest were modelled because Meggs et al. (2003)
found that they constituted suitable habitat for H. sim-
soni. These forest types were modelled separately be-
cause they were considered distinct ecologically, with the
majority of rainforest limited to higher altitudes within
the study area. Meggs et al. (2003) found that the
abundance and presence of beetles differed between the
two, with significantly higher numbers occurring in wet
eucalypt forest. Some habitat variables needed loga-
rithm transformation to decrease excessive skewness.
This was done in order to make non-linear relationships
linear and hence simplify the models. These variables are
indicated in the results by the prefix ‘L’. Models were
constructed using the two measures of beetle abundance
derived from the animal survey data as described by
Meggs et al. (2003): beetle density and the frequency of
occurrence of beetles at each site. A Poisson distribution
and log-link function was assumed for the measure of
beetle density and a binomial distribution and logit-link
function was assumed for the measure of frequency of
occurrence. The probability of beetle presence/absence
was also modelled (assuming a binomial distribution
and logit-link function). A stepwise-forward fitting
process was used in which variables were added to the
model if the subsequent deviance change was sufficiently
large. A large deviance change was chosen so that all
variables that were finally included in the model were
highly significant. Hence, the criterion for entry of a
habitat variable to the model was a level of statistical
significance of at least 0.01. This had the effect of sim-
plifying the model. Only two-way interactions were fit-
ted, again to keep the model relatively simple.

2.3. Predictive map development

The models for each measure of beetle occurrence
(density, frequency of occurrence and presence/absence)
were coupled with GIS data for each 100 m (1 ha) grid
square within an area encompassing the range of H.
simsoni to produce three maps of the predicted distri-
bution and/or abundance of H. simsoni. A one-hectare
grid square scale was selected to match the resolution of
the digital elevation model (DEM) used. GIS data for
the significant habitat variables were extracted for the
two broad forest types that constitute potential habitat
for the species, wet eucalypt forest and mixed/rainforest.

These forest types were identified from photographic
interpretation (PI) codes (Stone, 1998) that categorise
patches of forest according to the height and density of
the tree layer, and broad type of understorey. Altitude,
aspect and slope data for each 100 m grid cell were ex-
tracted from a 100 m DEM. Overstorey tree height was
obtained from the height-class of the matching PI-code.
Distance from the nearest stream was obtained by buf-
fering a drainage coverage, and coding areas within 100
m of a stream or lake. The data that were initially grid
were based on a cell size of 25 m. Where both vector and
grid coverages required preparation, this was performed
in their original state and then converted into the final
grid requirements of 100 m cell size.

To simplify interpretation of the final maps derived
from the three models, predictions for each grid cell
were grouped into categories representing high, me-
dium, low or no occurrence of the beetle. The groupings
were based on the relatively low frequency of cells pre-
dicted as high occurrence, and the high frequency of
cells predicted as low occurrence. For the density map
these categories were >3/m? (high), 1-3/m? (medium),
<1/m? (low), and Absent (or not predicted). The cate-
gories for the frequency of occurrence map were 0.5-1.0
(high), 0.2-0.5 (medium), <0.2 (low) and absent. The
predicted probability of beetle presence was grouped
into the following categories: 90-100% probability
(high), 70-90% (medium), and 50-70% (low). Where the
predicted probability of presence was less than 50% the
beetle was considered to be absent. This is a generally
recognised cut-off for predictions of species’ presence/
absence (e.g. Fielding and Haworth, 1995; Manel et al.,
1999; Fleishman et al., 2001; Clevenger et al., 2002).

2.4. Field methods for the collection of model evaluation
data

Preliminary analysis of the three models, comparing
the predicted values for each grid cell with the original
observed field data, indicated that the predictions of the
frequency of occurrence model best reflected the original
abundance data (r =0.41; p < 0.05; n = 153). There-
fore, this model was chosen as the basis for the strati-
fication of the field survey to evaluate the models’
predictive ability. At least 30 new survey sites within
each of the high, medium and low categories of fre-
quency of occurrence (excluding predictions of absence)
were sampled, 95 sites in total (Fig. 1). Sites were se-
lected to cover as wide a geographic range as possible
within each predicted category. Where this was not lo-
gistically possible, sites were located at least 100 m from
one another. All sites were located at least 30 m from
roads, paddocks or any disturbed habitat. The same
animal sampling method as employed in the original
survey (Meggs et al., 2003) was used.
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2.5. Model evaluation analyses

A variety of analyses were used to compare predicted
and observed occurrences of H. simsoni at the evalua-
tion sites. Chi-square analysis in GENSTAT (Payne
et al., 1993) was used to compare predicted and observed
density and frequency of occurrence of beetles. Another
measure of a GLM’s predictive ability is the Wilcoxon—
Mann—Whitney two-sample rank test (Harrell, 2000).
This test measures the concordance between predictions
and actual presence/absence data. Hence, it was used to
compare the predicted and observed probabilities of
beetle presence, and the frequency of occurrence (con-
verted to presence/absence data). The Wilcoxon-Mann—
Whitney test is equivalent to the area under the “receiver
operating characteristic” or ROC curve (Hanley and
McNeil, 1982). A test statistic of 0.5 indicates random
predictions, whilst a value of 1.0 indicates perfect pre-
diction. A test statistic greater than 0.75 demonstrates
model utility. Predicted and observed values for all three
measures of beetle occurrence were also compared using
simple linear correlation (Pearson r).

3. Results

3.1. Predicted distribution of H. simsoni and the relation-
ship between its occurrence and measured habitat vari-
ables

Fig. 1 illustrates the map derived from the relation-
ship between the frequency of occurrence of the beetle
and habitat variables measured. This map and those
developed from the other measures of beetle occurrence
indicated that H. simsoni has a “ring” or “doughnut”-
shaped distribution, with the large “hole’ in the centre
corresponding to high altitude areas of the Blue Tier
(Fig. 1). High-density populations are predicted in a 5—
10 km-wide band in the eastern part of the species’
range, with relatively isolated populations in the west
and north of its range.

Altitude was a significant predictor of the density,
frequency of occurrence and presence/absence of H.
simsoni, with slope and aspect also found to be sig-
nificantly influencing the density and frequency of
occurrence of H. simsoni. The height of the overstorey
tree layer and proximity to the nearest stream
were also significant predictors of the density of H.
Simsoni.

3.1.1. Relative density model

The model constructed for the density of H. simsoni
per site for wet eucalypt forest consisted of the following
set of variables that together best explained the data
collected:

Beetle density
= constant + Altitude + Aspect + LSlope
+ Distance from a stream(RipD)
+ Overstorey tree height(OSTH)
+ Alt x Aspect + LSlope x Aspect
-+ OSTH x RipD.

The density of H. simsoni decreased with increasing
altitude at all aspects, but particularly quickly at sites
with southerly and northerly aspects (Table 1). It also
decreased with increasing slope at northerly and easterly
aspects, but there was no significant trend with slope at
other aspects. The few sites at which the beetle was
found in extraordinarily high numbers were flat and
hence had no particular aspect. However, these sites did
not appear to exert a strong influence on the overall
trends. For sites less than 100 m from streams, beetle
density increased significantly with increasing overstorey
tree height (Table 1). There was no significant trend at
distances greater than 100 m from streams.

At mixed forest/rainforest sites the significant habitat
variables that were influencing the density of H. simsoni
were:

Beetle density = Constant + Altitude + Aspect.

In the mixed forest and rainforest sampled, beetle den-
sity again decreased with increasing altitude at all as-
pects (Table 1). In addition, beetles consistently
occurred at higher densities on slopes with southerly and
northerly aspects.

3.1.2. Frequency of occurrence model

The habitat variables that had a significant influence
on the frequency of occurrence of H. simsoni in wet
eucalypt forest were:

Frequency of occurrence = Constant + Altitude

+ Aspect + LSlope.

The proportion of plots with H. simsoni within a
site decreased with increasing altitude at all aspects
(Table 2). There was an apparent trend whereby beetles
occurred with a greater frequency at sites with southerly
and easterly aspects, but this difference was not statis-
tically significant. There was also a significant trend for
the frequency of occurrence of beetles to decrease with
increasing slope at all aspects and altitudes.

In the mixed forest and rainforest surveyed only al-
titude appeared to be influencing the frequency of oc-
currence of H. simsoni. The model took the form:

Frequency of occurrence
= 0.512 — 0.004877 x Altitude.

Again, beetles were found with less frequency as al-
titude increased (¢t = —5.46). Sites above 500 m where



506 J.M. Meggs et al. | Biological Conservation 118 (2004) 501-511

Table 1

Estimates of the regression coefficients for the GLM that best explained the density of H. simsoni in the wet eucalypt forest and mixed/rainforest

surveyed
Habitat variable Estimate SE t(*)
Wet eucalypt forest
Constant —0.05400 0.64500 —-0.08
Altitude —-0.00165 0.00139 -1.18
Aspect E 0.29100 0.49800 0.58
Aspect S* 1.45400 0.49700 2.93
Aspect N* 3.52900 0.81600 4.32
Aspect none 0.45400 0.56300 0.81
Stream distance > 100 m 5.38700 0.54900 9.81
Altitude x Stream distance > 100 m* —-0.01091 0.00123 —-8.88
Altitude x E* 0.00482 0.00148 3.25
Altitude x S —-0.00297 0.00163 —-1.82
Altitude x N* —0.00474 0.00196 -2.41
Altitude X Aspect none 0.00117 0.00190 0.62
LSlope 0.12100 0.10800 1.12
LSlopex E* —-0.63500 0.14300 —4.45
LSlopex S —0.22800 0.13700 —-1.66
LSlope x N* —1.48400 0.23900 -6.22
LSlope x None - - -
Overstorey tree height* 0.06120 0.01130 5.42
Overstorey tree height x Stream distance > 100 m* —-0.05760 0.01220 -4.72
Mixed/rainforest
Constant 3.432000 0.412000 8.32
Altitude* —0.004886 0.000655 —-7.46
Aspect W* —0.878000 0.366000 -2.40
Aspect E* —-1.367000 0.376000 -3.63
Aspect N —0.042000 0.312000 —-0.14
Aspect none —1.627000 0.753000 -2.16

Significant variables are indicated with an asterisk (SE = standard error; ¢ = the #-statistic, used as a rough guide to test whether each of the

factor levels differ from the first level. In this case, any ¢-statistic greater than 2.26 is approximately significant at the 0.01 level).

Table 2

Estimates of the regression coefficients for the GLM that best ex-
plained the frequency of occurrence of H. simsoni in the wet eucalypt
forest surveyed

Habitat Estimate SE t (%)
variable

Constant 3.80200 0.53200 7.15
Altitude* —-0.01048 0.00107 -9.80
Aspect E* 0.61500 0.27500 2.23
Aspect S 0.55400 0.25900 2.14
Aspect N* —-1.15500 0.35000 -3.30
Aspect none —-0.33600 0.57800 —-0.58
LSlope* —-0.60000 0.15600 -3.85

Significant variables are indicated with an asterisk (SE = standard
error; t = the ¢-statistic, used as a rough guide to test whether each of
the factor levels differ from the first level. In this case, any #-statistic
greater than 2.26 is approximately significant at the 0.01 level).

the beetle was absent appear to have strongly influenced
this trend.

3.1.3. Presencelabsence model

Altitude was the only habitat variable found to in-
fluence significantly the probability of finding H. simsoni
(i.e., the probability of the species’ presence) in both wet
eucalypt forest and mixed/rainforest. In both forest

types the chance of finding the beetle greatly decreased
with increasing altitude. The models constructed were

Prob. beetle presence(wet eucalypt forest)
= 3.064 — 0.00827 x Altitude,

Prob. beetle presence(mixed/rainforest)
= 3.620 — 0.00765 x Altitude.

There was a very high likelihood of finding H. simsoni
in wet eucalypt forest below 300 m altitude within its
range. Sixty-two percent of sites in which the species was
found occurred below this altitude compared to only
19% of absent sites. No wet eucalypt forest above 500 m
was sampled.

3.2. Evaluation of the habitat models

3.2.1. Relative density model

The relative density model proved to be a poor pre-
dictor of the abundance of H. simsoni. Comparison of
the predicted and observed densities of the evaluation
sites revealed a Chi-square deviance of almost 30 times
greater than would be expected for an acceptable model
fit (154 = 2.842). This indicates that the model is over-
dispersed, with too much variation at a number of scales
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for the model to counter random site effects adequately.
There was little correlation between predicted and ob-
served densities (» = 0.04). In general, the model ap-
peared to be significantly underestimating relative
densities of H. simsoni (Fig. 2a).

3.2.2. Frequency of occurrence model

In terms of predicting the species presence or absence
the frequency of occurrence model was found to have a
moderate discriminatory ability with a Wilcoxon—
Mann—Whitney statistic of 0.77. A direct comparison of
predicted and observed frequencies of occurrence

Observed no. B simsoni per site

80

0

60

50

30

20

o o
o
o
o5 o
o =3 o e
o o R
o o PO
o ° o I
e A =004
Tttt o o
-
e o o
L---WaE o SeeeelL O
oo oo o o R E TS
o oo oF oo o o a 0o .-
-5 5 15 25 35 45 55

Observed probability of presence

507
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ance of five times greater than would be expected for an
acceptable model fit (y3, = 512); indicating that this

model was also over-dispersed.

Examination of the spatial distribution of the resid-
uals of the Chi-square analysis (Fig. 1) indicated that the
model was significantly over-estimating frequency in the
southern and northern margins of the species range, and
under-estimating in the largest area of quality habitat in
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simsoni at each of the 95 evaluation sites (dotted lines indicate 95% confidence intervals).



508 J.M. Meggs et al. | Biological Conservation 118 (2004) 501-511

3.2.3. Presencelabsence model

The presence/absence model showed a moderate dis-
criminatory ability in predicting the probability of beetle
presence with a Wilcoxon—-Mann—Whitney statistic of
0.76, and a significant correlation coefficient of 0.50
(» < 0.05) (Fig. 2c). A comparison of the predicted
probability of presence with observed density (» = 0.42;
p < 0.05) and frequency of occurrence (r = 0.52; p <
0.05) indicated that this model had potential as an in-
direct predictor of species’ abundance.

4. Discussion

It is critical for threatened species management that
land managers have access to information on the extent
and spatial distribution of habitats important to a spe-
cies in order to assess the consequences of various land
management options. Unfortunately, for most inverte-
brates, including threatened species, this information is
not available. Exceptions include invertebrates with ex-
tremely restricted ranges such as the Eltham copper
butterfly Paralucia pyrodiscus lucida (Vaughan, 1988), or
species whose distribution is tied to a particular food
plant such as the Ptunarra brown butterfly Oreixenica
ptunarra (Neyland, 1992) and Checkerspot butterflies
Euphydryas spp. (Ehrlich and Murphy, 1987). However,
for more broadly ranging or ecologically opaque inver-
tebrate species, techniques that couple statistical models
with GIS may be powerful tools in enabling extrapola-
tion of data of species’ distribution and abundance be-
yond the sites sampled (Nicholls, 1989; Neave and
Norton, 1991). Given the high stakes often involved in
threatened species management, the use of an evaluation
dataset independent of the model provides the most
rigorous test of a model’s predictive ability (Chatfield,
1995; Fielding and Bell, 1997; Guisan and Zimmer-
mann, 2000). To our knowledge this is the first study to
develop predictive distribution and abundance models
for a threatened invertebrate that have then been field-
checked and evaluated.

The three predictive models showed variable levels of
performance. The density model proved to be a poor
predictor of species abundance with little correlation
between predicted and observed abundances. It was
significantly over-dispersed; a problem consistently
found with rigorous tests of GLMs (Pearce and Ferrier,
2001), particularly when GLMs are used to model the
abundance of rare or cryptic species, resulting in zero-
inflated count data (Welsh et al., 1996). The frequency
of occurrence model was also over-dispersed, with too
much variation at a number of scales for the model to
counter random site effects adequately. The lack of fit of
the abundance models may be a consequence of the
indirect relationship between the species and the vari-
ables modelled and/or the non-inclusion of biologically

important variables. Meggs et al. (2003) found that leaf
litter depth and a well-developed tall shrub layer sig-
nificantly influenced the abundance of H. simsoni. Spa-
tial data for both of these variables did not exist in the
GIS used, nor were adequate surrogate variables avail-
able in the GIS. The lack of fit of the models may also be
due to the patchiness of the original survey (Meggs
et al., 2003), and/or the naturally patchy distribution
and abundance of the species (Meggs et al., 2003). The
inclusion of spatial variables in the models, such as the
grid coordinates of the sampling sites, may have pro-
vided some insight into the relationship between spatial
biases and the models’ predictive ability.

Nevertheless, a significant correlation of marginal to
moderate strength was found in a comparison of pre-
dicted and observed frequencies of occurrence. This
model also proved to have a moderate ability to predict
the presence/absence of H. simsoni. A simple compari-
son of the accuracy of the model in predicting categories
of species frequency of occurrence revealed that the
model was stronger at predicting areas of high abun-
dance. The model was found to predict high abundance
accurately for 59% of the evaluation sites predicted as
high (Fig. 3). When predictions of high and medium
abundance categories were pooled this rose to 68% ac-
curacy. The model performed poorly in predicting low
abundance, with the beetle not found at over 80% of
sites predicted as low. This may suggest that a minimum
threshold of frequency of occurrence should have been
applied or that the sampling intensity of the evaluation
sites was insufficiently intensive to assess very low pre-
dictions of occurrence.

The presence/absence model also showed a moderate
ability to predict accurately the occurrence of H. sim-
soni. Interestingly, it also exhibited potential as an in-
direct predictor of species abundance. Pearce and
Ferrier (2001) have suggested that more effort should be
directed to the collection and modelling of presence/
absence data rather than abundance data. They pro-
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Fig. 3. Comparison of predicted and observed categories of frequency
of occurrence of H. simsoni. The figures on the bars indicate the per-
centage of sites where the predicted and observed category matched.
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duced reasonably accurate models for 12 of the 44 spe-
cies of small reptiles, arboreal marsupials, vascular
plants and diurnal birds evaluated and found that for all
12 of the species, predictions from direct abundance
models performed no better as a relative measure of
abundance than predictions from presence/absence
models. The results of this study would appear to sup-
port this finding but whether this is the case for other
invertebrates requires further investigation.

It is essential that the evaluation of the predictive
performance of a species model be done within the
context of the original aims of the study (Rykiel, 1996;
Fielding and Bell, 1997). Hence, it has been recom-
mended that a range of criteria be used to evaluate the
performance of a model (Manel et al., 1999; Guisan and
Zimmermann, 2000). In this study, we aimed to predict
the distribution of habitats important for a threatened
species for which we have limited ecological informa-
tion. Of particular importance was to produce a model
to predict the spatial distribution and extent of high-
abundance populations of H. simsoni and/or optimal
habitat, as there appeared to be a high correlation be-
tween the occurrence of high-density populations and
forest with a high potential for plantation establishment
(Meggs et al., 2003). Whilst the presence/absence model
exhibited some potential as an indirect predictor of the
abundance of H. simsoni, the results of this study sug-
gest that the frequency of occurrence predictive model
should be used by land-managers in the development of
any conservation management plan for the species. The
frequency of occurrence model contains a direct, albeit
conservative, measure of species abundance and has
shown a moderate ability to predict species abundance.
In addition, it was a relatively accurate predictor of
areas of high beetle abundance.

This study represents a reasonably successful transfer
of conservation biology techniques developed predomi-
nantly for vertebrates to an invertebrate of conservation
significance. This was unexpected since many predictive
distribution and abundance models developed for ver-
tebrates have been plagued by problems of scale (e.g.
Fielding and Haworth, 1995; Lindenmayer et al., 1995;
Cork and Catling, 1996), and invertebrates generally
operate at a small spatial scale. H. simsoni, for example,
is believed to have a dispersal ability of only 100-200 m
in an individual’s lifetime (G. Bornemissza and P.
McQuillan, pers. comms.). These problems of scale may
be overcome by designing a sampling regime at a scale
appropriate to the organism under investigation (Horne
and Schneider, 1995) and also at a spatial scale at which
decisions are to be implemented (Elith, 2000). The
sampling design used to collect the data from which the
predictive models for H. simsoni were built incorporated
stratification on the basis of both environmental vari-
ability and spatial scale (Meggs et al., 2003). Hence,
replicate forest types were sampled over as wide a geo-

graphic area as logistically possible, and clusters of sites
were sampled within each replicate forest type. This al-
lowed measurement of the species’ abundance and
habitat variability at both a landscape scale (relevant to
the scale at which forest management is conducted) and
a local scale (relevant to the ecology of the species).

Ecological explanations for the success of variables
such as altitude, aspect and slope in predicting the dis-
tribution and abundance of H. simsoni are uncertain.
Meggs et al. (2003) suggested that the characteristics of
optimal habitat for the beetle related to a requirement of
the species for a cool, moist stable microclimate and the
absence of disturbance for some time. Altitude and as-
pect are likely to play a significant role in the local
distribution of microclimates. Fleishman et al. (2001)
found altitude to be the most common predictor in 20 of
the 36 significant species distribution models developed
for butterflies in the Great Basin of western North
America. The importance of gentle slopes to the beetle
may relate to the influence of this variable on the de-
velopment and maintenance of a deep leaf litter layer
and particular soil characteristics. The fine-scale habitat
modelling for H. simsoni conducted by Meggs et al.
(2003) indicated that the abundance of the species was
greater in forest with a deep leaf litter layer. Although
based on limited information, Meggs et al. (2003) also
suggested that a deep, well-drained soil may be impor-
tant for the species. These soil characteristics were
present at sites with a flat topography and were associ-
ated with high beetle densities (J. Meggs, pers. obs.). It
has been argued that a successful model used to predict
the distribution of a species can serve as a valuable
planning tool regardless of whether or not ecological
explanations are apparent (Fleishman et al., 2001).
However, studies have shown that improved modelling
success is associated with the use of variables with a
known direct or causal effect on a species distribution
(Austin and Myers, 1995). Establishing causal relation-
ships between the presence and abundance of H. simsoni
and particular habitat variables or groups of habitat
variables remains to be done.

The intensification of forestry activities in ‘off-reserve’
forested areas recently increased following Tasmania’s
Regional Forest Agreement (Commonwealth of Austra-
lia and State of Tasmania, 1997), resulting in an upsurge
in clearing of the native forests in the north-east of the
State for conversion to plantations (Munks and McAr-
thur, 2001; Lindenmayer and Franklin, 2002). Meggs
et al. (2003) found that the conversion of potential wet
forest habitat to plantation results in the local elimina-
tion of H. simsoni. They also suggested that whilst
clearfell, burn and sow silvicultural regimes are likely to
have a significant negative impact on populations of the
beetle, recovery of beetle populations may occur within
a standard 80-90 year harvest rotation, with recoloni-
sation of disturbed habitat through immigration from
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adjacent undisturbed forest. This information on po-
tential threats and conservation requirements, together
with knowledge of the fine-scale habitat requirements of
the species (Meggs et al., 2003), can be coupled with the
landscape-scale map of predicted habitat derived from
the frequency of occurrence model to inform the de-
velopment of a conservation management strategy for
H. simsoni.

5. Conclusions

Model accuracy and model utility are not the same
thing. It is important to remember the original goals of a
study in choosing model evaluation methods. In this
study, the aim was to identify the extent and spatial
arrangement of habitats important to this species and
the areas in which conservation management of the
species may conflict with planned forestry activities.
Hence, a range of criteria were used to assess the models’
predictive ability. Statistically, the frequency of occur-
rence model performed best as a simple presence/ab-
sence predictor, but as such has much less utility for
conservation management than as a predictor of abun-
dance (or habitat quality). It was clear from the original
sampling (Meggs et al., 2003), that there were definite
“hotspots” of abundance — areas where there was a
magnitude greater abundance of H. simsoni, and the
evaluation analysis has shown that the model performs
best in predicting the occurrence of such areas. It is for
this reason that we conclude that whilst the frequency of
occurrence model had only exhibited a moderate level of
statistical strength, it has a high level of utility as a
landscape-scale conservation planning tool for H. sim-
soni. The usefulness of a model in planning the conser-
vation of a species and its habitat should not necessarily
be discounted if the model is found to be inaccurate
according to some criteria. In the absence of informa-
tion on many aspects of the biology and ecology of H.
simsoni, it is proposed that land managers can confi-
dently utilise the predictive habitat map derived from
the frequency of occurrence model in this study as one
tool to inform the development of conservation mea-
sures throughout the species’ range.
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