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Abstract

We examined data on bird and reptile assemblages in a plantation landscape in southern New South Wales, south-eastern Austra-
lia, for evidence of threshold responses to the amount of native eucalypt vegetation in circular areas of 2000 and/or 1000 m around
field survey sites. These circular areas contained varying proportions of native Eucalyptus and exotic radiata pine Pinus radiata forest
thereby providing a basis for examining potential threshold effects in relation to the area of native vegetation cover. For bird species
richness or the probability of detection of individual bird species we found no empirical evidence of a threshold response to the area
of native vegetation cover, or any other potential explanatory variables. All relationships were characterised by considerable vari-
ability in the response data. “Broken-stick™ relationships which involved sudden change points did not fit the response data better
than smooth relationships obtained from generalised additive or linear models. As with birds, there was no evidence that a threshold
model between lizard richness and the amount of native vegetation within 1000 m described the relationship any better than a
smooth, continuous or other type of relationship. Several related factors may explain our results. An important one is that species-
specific responses to landscape conditions mean that marked thresholds will not be seen for an aggregate measure like species rich-
ness at a given value for a given landscape variable. Another is that factors other than the amount of native vegetation may signifi-
cantly influence underlying patterns of species occurrence. This highlights a need to be aware of the potential effects of various
ecological processes, even when a substantial amount of native vegetation cover remains.

Our findings do not rule out the possibility of the existence of threshold relationships. However, irrespective of the choice of mea-
sure of predictor variable (e.g., the amount of native vegetation cover), it will often be difficult to detect and estimate threshold
responses due to high inherent variability — a characteristic of the vast majority of ecological datasets. Furthermore, even if it is pos-
sible to estimate functional (threshold) forms and although they might be useful from an explanatory perspective, in most instances
they are likely to be of limited value in a predictive sense. This calls into question the practical significance of the threshold concept.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Several forms of threshold responses have been iden-
tified in ecology (see Huggett, this volume). One is the
Allee effect where patterns of social behaviour are dys-
functional below a given population size (Allee, 1931).
Another example is the relationship between plant spe-
cies diversity and island size published by Macarthur
and Wilson (1967) (Fig. 1).
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More recently and in a conservation biology context,
With and King (1999) broadly defined thresholds as
abrupt, non-linear changes that occur in some measure
(such as the rate of loss of species) across a small amount
of habitat loss. It has been hypothesised that where a
threshold response occurs, below a critical amount of
habitat cover, the loss of species and populations is
greater than can be predicted from a smooth relation-
ship with habitat cover alone (Rolstad and Wegge, 1987,
Andrén, 1994, 1999; Enoksson et al., 1995; With and
Crist, 1995; With and King, 1999). In a review of studies
on birds and mammals, Andrén (1994) calculated that
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Fig. 1. The form of the relationship between higher plant species rich-
ness and island area for the islands of the Kapingamarangi Atoll,
Micronesia. The relationship is suggestive of a ‘broken-stick’ model on
a log scale (redrawn from Macarthur and Wilson, 1967).

threshold levels for remaining habitat often were
approximately 10-30% of original levels of native vege-
tation cover. That is, species richness and populations of
individual species declined more rapidly when less than
10-30% of habitat cover remained, than expected under
a simple linear model. Threshold levels are predicted to
vary among landscape types and species (Andrén, 1999;
Moénkkonen and Ruenanen, 1999); from 60% for some
taxa to 10% for others (Bennett and Ford, 1997). They
also have been thought likely to vary according to the
number and spatial arrangement of patches in frag-
mented environments (Lamberson et al., 1994; Doncas-
ter et al., 1996; Jansson and Angelstam, 1999), the
movement capabilities of the group of species targeted
for investigation (Andrén, 1994, 1999), and the spatial
scale at which organisms use the landscape (Pearson
et al., 1996).

The search for threshold responses for biota in rela-
tion to native vegetation cover has become a topic of
increasing interest in biological conservation (e.g., McAl-
pine et al., 2002; Radford and Bennett, 2004). Much of
the work on threshold responses for biodiversity has
been derived from theoretical landscape cover models
(With and Crist, 1995) and population models (e.g., Don-
caster et al., 1996; see the review by Huggett, this vol-
ume). In Australia, MclIntrye et al. (2000, 2002) have
focussed considerable effort in this arena, with much of
their thinking based on work showing that the preva-
lence of eucalypt dieback was most pronounced in land-
scapes supporting less than 30% of the original eucalypt
woodland cover. Other workers have examined threshold
relationships for individual species (van der Ree et al.,
2003; Homan et al., 2004; Radford and Bennett, 2004)
and species assemblages (Drinnan, this volume; Radford
et al., this volume). Given the upsurge of interest in stud-

ies of thresholds, in this paper we report on results of a
statistical analysis to empirically explore threshold rela-
tionships between species diversity and individual bird
and lizard taxa and the amount of native vegetation
cover. We chose to focus our work on the total amount
of native vegetation cover because it has been found to
be important in other studies (Andrén, 1994; Bennett and
Ford, 1997) and secondly, because some authors have
recommended using threshold levels of native vegetation
cover as a benchmark for land clearing and restoration
programs (Brown et al., 1999; McAlpine et al., 2002; see
Lindenmayer and Luck, this volume).

2. Data
2.1. Study area

The study area was a 50,000 ha radiata pine (Pinus
radiata) plantation at Tumut in south-eastern Australia
which contained 192 patches of remnant eucalypt (Euca-
lyptus spp.) forest of varying sizes, shapes and forest
types. These were the remains of the original native for-
est cover that was cleared to establish the plantation
between the 1930s and 1980s. The landscape context
(sensu Enoksson et al., 1995) of the eucalypt remnants
varied. Some were surrounded by extensive stands of
uniform-aged radiata pine and were remote from other
eucalypt remnants, whereas others were close to neigh-
bouring remnants with only 200-300 m of softwood for-
est separating them. The extent of the road network in
the forests surrounding the eucalypt remnants, the
extent of patchiness of native vegetation cover and other
landscape measures also varied across the study area.
Further information on the study area such as climatic
conditions, the history of landscape change and other
details are presented in Lindenmayer et al. (1999, 2002a).

2.2. Birds

For birds, our data were obtained from sites within a
randomised selection of 86 eucalypt remnants in the
study area. The remnants varied in size from 1 to 124 ha
(Lindenmayer et al., 2002a). Field counting of birds were
completed by repeated Smin point interval counts at
seven stations spaced 100 m apart along a 600 m transect
that had been established within 63 remnants that were
3ha or larger. A 400m long transect (with five point
interval counting stations spaced at 100 m intervals) was
used to count birds in 14 eucalypt remnants measuring
2-3ha in size. A 200 m transect (with three point interval
counting stations spaced at 100 m intervals) was used to
count birds in nine eucalypt remnants measuring 2-3 ha
in size. Counts were undertaken by experienced observ-
ers in the spring breeding seasons of 1996 and 1997
(Cunningham et al., 1999; Lindenmayer et al., 2002a).
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Our focus was on exploring relationships between: (1)
bird species richness (excluding birds that used pine
stands) and (2) the probability of detection of individual
birds and the amount of native (eucalypt) vegetation
cover. We defined the amount of native vegetation cover
as the area of native vegetation within circles of 2000 m
radius around the centroid of each remnant. Statistical
analysis involved fitting generalised additive models (see
Hastie and Tibshirani, 1990) and ‘broken-stick’ models
(two intersecting lines of different slope).

2.3. Lizards

In the case of lizards, the logistics of pitfall trapping
meant that fewer locations could be sampled than for
birds. Thirty sites were sampled, and they included 24
eucalypt sites, ranging from 1ha in size to continuous
forest, three sites in pine forest >20 years of age, and
three sites in recently clearcut pine forest. Each site con-
tained 12 pitfall traps (total number of traps =360) and
was sampled on 12 separate days throughout the sum-
mer of 2002/2003. For lizards, the amount of native veg-
etation cover within a circle of 1000 m radius was used as
the potential explanatory variable in investigations of
potential threshold relationships. We also assessed data
from a range of other radii, but here we only report
results from 1000 m because it produced the most signifi-
cant results for both species richness and several individ-
ual species.

3. Results
3.1. Birds

No strong empirical evidence of threshold relation-
ship (e.g., a ‘broken-stick’ model; see Fig. 1 for an exam-
ple) between bird species richness (excluding pine-using
species) and the total area of native vegetation within a
circle of 2000 m radius around the 86 sites was found
(Fig. 2). Indeed, there was an insufficient signal in our
data to distinguish between many alternative plausible
models (such as straight line and curvilinear functions).

Furthermore, there was no empirical evidence for a
change point or threshold relationship between the
probability of detection of individual bird species and
the area of native vegetation cover. Our findings for the
red wattlebird (Anthochaera carunculata) (Fig. 3) are
indicative of those for other bird taxa, we analysed.

We further explored the potential, for threshold rela-
tionships for bird species richness and individual bird
species responses, using a range of other landscape vari-
ables including the density of roads within a landscape
area (the sum of all 20 x 20m cells bisected by a road),
the mean area of native vegetation patches within a
landscape area (a measure of spatial sub-division),
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Fig. 2. Relationship between bird species richness and the natural loga-
rithm of the area of native vegetation within a circle of 2000 m radius.
The solid line is the fitted relationship estimated using a general non-
parametric spline smoother, which was not statistically significant (see
Hastie and Tibshirani, 1990).
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Fig. 3. The probability of occurrence of the red wattlebird and the nat-
ural logarithm of the amount of native vegetation within a surround-
ing landscape area of 2000 m. The solid line is the fitted relationship
estimated using a general non-parametric spline smoother, which was
not statistically significant (see Hastie and Tibshirani, 1990).

variability in patch size within a landscape area, mini-
mum distance to native vegetation of all cells within a
landscape area (a measure of isolation), and native vege-
tation cover data for the 1000 m circle around each rem-
nant. Again there was no evidence for threshold
relationships in any of these analyses (data not shown).
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Fig. 4. Lizard species richness and the amount of native vegetation in
the surrounding landscape: (a) shows a conventional generalised linear
model, where the solid line is the fitted relationship and dotted lines
indicate 95% confidence intervals around the mean. A non-parametric
smoothing spline is also shown; (b) shows the predicted species rich-
ness from a broken-stick model.

3.2. Reptiles

Lizard species richness significantly increased with
the proportion of native vegetation within 1000 m (Fig.
4). However, as with birds, there was no evidence that a
threshold relationship described this relationship any
better than a smooth, continuous or other type of rela-
tionship. Forcing a threshold relationship onto the data
resulted in two change points in the data, rather than
one. Neither change point was ecologically meaningful.

4. Discussion
We found no strong empirical evidence of threshold

responses to native vegetation cover in our analyses. Evi-
dence from earlier work on birds at Tumut (Lindenma-

yer et al., 2002a,b), indicated that each bird species
responded differently to landscape conditions. For
example, while some were area-sensitive, several other
species were more likely to occur in more (rather than
less) human-modified parts of the landscape (Lindenma-
yer et al., 2002b). Species-specific responses to landscape
conditions at Tumut were not unique to birds. For
example, although Coventry’s skink (Niveoscincus coven-
tryi) was more abundant in relatively unmodified parts
of the landscape, the garden skink (Lampropholis guiche-
noti) was more abundant in these areas (Fischer et al., in
press). Such differences between species could be related
to the fact that what constitutes suitable habitat is a spe-
cies-specific concept (Block and Brennan, 1993) and they
mean it is unlikely many species in an assemblage will
respond in the same way to the same landscape variable
(e.g., exhibit a sudden change point at 30% of native veg-
etation cover). Rather, some might be lost at higher lev-
els and some at lower levels of native vegetation cover
(see also Radford et al., 2005). Hence, it is likely that, in
some circumstances marked thresholds will not be seen
for an aggregate measure like species richness (see also
Monkkonen and Ruenanen, 1999).

The lack of threshold responses in this study, is con-
sistent with some other empirical studies such as the
recent empirical work on invertebrates by Parker and
Mac Nally (2002). It is possible that threshold responses
for measures such as species richness may not exist in
some ecosystems. For example, a major investigation
underway on an array of forest-dependent species in
western Canada has shown the vast majority of species
richness relationships and species-specific response rela-
tionships were smooth or curvilinear and few, if any, dis-
played characteristics of threshold functions (Bunnell
et al., 2003). On this basis, we believe it is unlikely there
will be generic rules for critical change points or thresh-
old levels of vegetation or habitat cover (e.g., 10%, or
30%, or 70%) that can be applied broadly across differ-
ent landscapes and different biotic groups (see also
Parker and Mac Nally, 2002; but cf. Drinnam, this vol-
ume). Rather, in cases where thresholds can be estab-
lished empirically they will depend on the landscape in
question (a forest—forest or forest—agriculture system),
the assemblages or particular species of interest, and the
ecological processes in question (the extent of tree health
or the extent of landscape-wide clearing).

A final issue associated with the application of the
threshold concept is that of scale. The case of Fig. 5
(reproduced from Fahrig, 2003) is a useful example.
Here, the “threshold” response is a curve which shows
no abrupt critical change point (compared with the
“broken stick” model depicted in Fig. 1). The perception
that the curve in Fig. 5 is a threshold one can easily be
removed by changing the scales on the graph’s axes. For
example, a straight line relationship at a scale appropri-
ate for statistical analysis (e.g., logit linear scale for
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Fig. 5. Comparison of rates of species loss proportional to the remain-
ing amount of habitat and the threshold hypothesis (redrawn from
Fahrig, 2003).

binary data) may suggest a threshold type response on
the natural or backtransformed scale. It is therefore
important to consider the measurement scale of both the
response and predictor variables because the true under-
lying functional form of the relationship will depend on
the scale of both. Hence, it is important to be aware that
the concept of thresholds is not scale invariant.

The findings of our study do not rule out the possibil-
ity of the existence of threshold relationships. Clearly
our results are dependent on our choice of response vari-
able as well as our choice of predictor variable. Never-
theless, it is our belief that irrespective of the choice of
measures, it will often be difficult to estimate threshold
responses due to high inherent variability. Indeed, con-
siderable inherent variability was a key characteristic of
our data. Such variability is common to the many eco-
logical studies and resulting data, and it may obscure the
detection of threshold relationships (where they exist).
Indeed, this becomes clear if confidence intervals are
included in graphical representations of trends -
although many authors simply plot mean values without
also showing relevant measures of uncertainty.

Most importantly, high variability will reduce the pre-
dictive ability of threshold relationships and hence their
usefulness for on-ground management (even when such
relationships are statistically significant). Thus, even if it
is possible to estimate functional (threshold) forms and
although they might be useful from an explanatory per-
spective, in most instances they are likely to be of limited
value in a predictive sense. This calls into question the
practical significance of the threshold concept.
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