
Biodiversity Sensitive Urban Design
for the striped legless lizard using population viability analysis 

The striped legless lizard (Delma impar) is endemic to
the temperate lowland grasslands of south-eastern
Australia (O’Shea 2005). It is listed as vulnerable under
Australia’s Federal Environment Protection and Biodiversity
Conservation Act 1999 due to historical and current
habitat clearance and is thought to be sensitive to urban
development as a result of its limited dispersal ability
and habitat structure requirements. We undertook a
population viability analysis for the striped legless lizard
in a theoretical urban landscape and evaluated the
capacity for biodiversity sensitive urban design (BSUD)
to contribute to an increase in the probability of
persistence of the species through three BSUD
elements: 1) reducing the impact of cat predation; 2)
facilitating dispersal between patches; and 3) improving
the capacity of existing habitat patches to support
larger populations.

Theoretical landscape

We simulated a theoretical landscape consisting of 4
small habitat patches surrounded by an urban matrix.
The size (0.5 ha, 1 ha, 1.5 ha and 3 ha) and distribution
(between 200 m and 450 m apart) were chosen to be
representative of the spatial arrangement of urban
grassland remnants in the metropolitan region of
Wyndham in the city of Melbourne, Australia. Initially,
3 patches were occupied by populations of D. impar
and 1 was unoccupied (Figure 1).

Population model parameters 

The purpose of this model was to estimate the
probability that the striped legless lizard would persist
on-site in an urban landscape. We assumed a closed
metapopulation (immigration into the area equals
emigration out). We constructed a stage-structured
population model in RAMAS GIS (Akçakaya et al.
2003). The model only included female individuals, as
the species is not thought to be monogamous (Legless
Lizard Working Group,1996).

The stage matrix was based on available information
and guidance from experts about survival and fecundity
and probabilities of transition from each stage to the
next. We assumed that 75% of mature females produce
clutches of 2 eggs in each year (fecundity = 1.5) (Smith
and Robertson, 1999). 50% of hatchlings are assumed
to be female. The stage matrix had a finite rate of
increase of 0.9. As there was no information about
standard deviations for most parameters, we made
plausible estimates, and tested their influence on model
predictions with sensitivity analysis.

All individuals of all stages contributed to density
dependence because resource consumption was
thought to be approximately even across all stages.
Contest competition was selected because of the
territorial nature of the species, implying that density
dependence operates according to the Beverton-Holt
equation (Akçakaya & Root 2002). Maximum
population growth rate (Rmax) required for modeling
density dependence under contest competition was set
at 1.5 on the basis of expertopinion regarding upper

Figure 1. Theoretical landscape illustrating the size, spatial arrangement and occupancy of the 
four habitat patches.  Green circles indicate habitat patches (occupied patches indicated by a 
legless lizard symbol), and grey hatched areas represent the urban matrix. 
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Figure 2. Relationship between the rate of
dispersal between populations and the distance
between populations.

limits of clutch size and reproductive success in the
absence of density dependence. We assumed density
dependence affects all vital rates. Carrying capacity was
assumed to be 12 individuals per hectare, which is
higher than the average densities recorded in suburban
Melbourne (6/ha), but lower than those recorded from
large remnants (up to 60/ha) (Legless Lizard Working
Group, 1996). Estimates of carrying capacity and
maximum growth rate were confirmed as reasonable by
legless lizard experts. We incorporated demographic
and environmental stochasticity in the model, including
the influence of fire (occurring with probability 0.04)
and drought (probability = 0.1). We incorporated
predation by cats as an annual ‘harvest’ function that
removed 50% of individuals in all stages. We initially set
the probability of dispersal between patches at 0, as
dispersal across non-habitat is thought to be unlikely
even across very small distances (<2m, Nick Clemann,
pers comm).

We ran the model for 25 years and assessed the viability
of the species by collecting the following estimates:
Population size (N) at 25 years; expected minimum
population size (EMP); probability of extinction of the
metapopulation; and metapopulation accuracy. Three
patches had initial population sizes of half the carrying
capacity, and one was assumed to be empty.

BSUD Scenarios

We simulated three alternative management scenarios
to assess the contribution that might be made by BSUD
to striped legless lizard viability: (1) creation of habitat
corridors; (2) improving the habitat quality of remnant
patches; and (3) excluding domestic cats. Scenario 1 was
modelled by allowing dispersal between patches. The
probability of dispersal was assumed to decrease
according to the relationship shown in Figure 2, such
that dispersal between patches more than 400m apart
was extremely unlikely. This curve was validated by two
external legless lizard experts. Scenario 2 was modeled
by increasing the carrying capacity of individual patches.
Scenario 3 was modeled by removing the ‘harvest’
function. We also included 3 additional scenarios that
represented different combinations of scenarios 1, 2
and 3 (Table 2). Each scenario was run for 25 years
compared to the original using the viability metrics
described above.

Sensitivity Analysis

Sensitivity of the model to parameterization was tested 
(see Table 2) using the Sensitivity Analysis module in 
RAMAS GIS.

Results

Under the base scenario, the viability of the striped
legless lizard in an urban landscape is very low (Table
2). After 25 years, the population size is effectively zero
(<1) and the probability of extinction in the landscape
is high (94%). Sensitivity analysis reveals that the
population is insensitive to parameterization of the
model – only changes in the maximum growth rate,
timeframe and demographic stochasticity have any real
effect on persistence of the species. This sensitivity is
not consequential for interpretation of results.
Maximum growth rate is fixed and unlikely to vary by
the amounts tested, and removing demographic
stochasticity is known to have a large impact when
populations are small as is the case for legless lizard
(Lande 1993). The probability of extinction is
significantly lower when the model duration is reduced
simply because the population has not had time to
decline.

Of the three BSUD actions tested, removing cat
predation had a large effect on persistence of the
striped legless lizard, increasing the probability of
persistence from 6% to 99% (Table 2). A 50%
reduction in predation also led to a substantial increases
in the probability of persistence (from 6% to 88%,
Table 2). Increasing the carrying capacity of habitat
patches through habitat improvement had a marginal
benefit as measured by the probability of persistence,
but on its own was unable to contribute a viable
metapopulation (N< 1, metapop occ < 1). When
predation by cats was removed, facilitating dispersal and
improving habitat quality led to improvements in
metapopulation occupancy and abundance.



When threat of cat predation is reduced, facilitating
dispersal and improving habitat quality leads to
improvements in metapopulation occupancy and
abundance. Hence, a further recommendations include
retaining and revegetating suitable dispersal corridors
and habitat for the striped legless lizard at appropriate
distances (ie. <400m apart)within the urban matrix.

Table 1. Sens itiv ity analys is (unshaded) and metapopula tion viabili ty ana lysis results (grey shading ) and sens it ivity analysis (unshaded) for
the s triped legle ss lizard, Delma impar, in an urban landscape. Shown are the parameters tes ted and the changes to each parameter, a s
wil l as viabili ty metric s Pop ulati on size (N), Expected Minimum Popula tion (EMP), pr obability of exti ncti on (Pr(EX)), metapop ulati on
occupancy (Metapop occ) , sensi tivity (= (EMP – EMPbase)/ EMPbase) , and probability of persistence (= 1 – Pr(EX)). Results for the BSUD
alternative scenarios are also shown. Numbers in parentheses are standard deviations or 95% confidence intervals, as indicated.

Recommendations

Reducing cat predation has the largest influence on
probability of persistence. Facilitating dispersal between
patches and improving habitat quality contribute to a
small and insignificant increase in persistence
probability in the absence of cat management. This
reduction in cat predation could be achieved through
some combination of domestic cat containment
(restricting cats to indoors) and control of feral cats by
local authorities.

Parameter Sensitivity	
Change

N	at	
yr 25	(SD)

EMP Pr(EX)
(95%	CI)

Metapop
Occ (SD)

Sensitivity Pr(persist)
(95%	CI)

Base NA 0.17 (0.79) 0.1 0.94 (0.91,	0.96) 0.1 (0.2) - 0.06 (0.04,	0.09)

Initial	abundance +	20% 0.18 (0.75) 0.1 0.92 (0.90,	0.95) 0.1 (0.3) 0 0.08 (0.05,	0.1)

- 20% 0.16 (0.67) 0.0 0.92 (0.90,	0.95) 0.1 (0.3) -1 0.08 (0.05,	0.1)

Carrying	 capacity +	20% 0.22 (0.82) 0.1 0.91 (0.88,	0.94) 0.1 (0.3) 0 0.09 (0.06,	0.12)

- 20% 0.13 (0.64) 0.1 0.95 (0.92,	0.98) 0.1 (0.2) 0 0.05 (0.02,	0.08)

Max.	growth	 rate,	 Rmax +	20% 0.96 (2.02) 0.5 0.73 (0.70,	0.76) 0.3 (0.5) 4 0.27 (0.24,	0.30)

- 20% 0.01 (0.17) 0.0 0.99 (0.97,	1.0) 0.0 (0.1) -1 0.01 (0.0,	0.03)

Dispersal Yes 0.15 (0.65) 0.1 0.93 (0.91,	0.96) 0.1 (0.3) 0 0.07 (0.04,	0.09)
Rate	of	disp.	decline(b)1
Rate	of	disp.	decline(c)

- 20% 0.20	(0.82)
0.18	(0.74)

0.1
0.1

0.92	(0.89,	0.95)
0.92 (0.89,	0.95)

0.1	(0.5)
0.1	(0.3)

0 0.08	(0.05,	0.91)
0.08	(0.05,	0.91)

Rate	of	disp.	decline(b)
Rate	of	disp.	decline(c)

+	20% 0.24	(0.95)
0.21 (0.85)

0.1
0.1

0.91	(0.88,	0.94)
0.92	(0.90,	0.95)

0.1	(0.5)
0.1 (0.4)

0 0.09	(0.06,	0.12)
0.08	(0.05,	0.10)

Dmax (Max.	disp. dist) -20% 0.13	(0.65) 0.1 0.94	(0.92,	0.97) 0.1	(0.2) 0 0.06	(0.03,	0.08)

Dmax (Max.	disp. dist) +20% 0.21	(0.87) 0.1 0.92	(0.90,	0.95) 0.1	(0.3) 0 0.08	(0.05,	0.10)

Duration + 0.65 (3.51) 0.1 0.95 (0.92,	0.97) 0.1 (0.2) 0 0.05 (0.03,	0.08)

- 43.0 (16.5) 23.2 0.00 (0.00,	0.03) 1.9 (0.4) 231 1.00 (0.97,	1.00)

Std	Dev +	20% 0.18 (0.75) 0.1 0.92 (0.89,	0.95) 0.1 (0.3) 0 0.08 (0.05,	0.11)

- 20% 0.19 (0.79) 0.1 0.93 (0.90,	0.95) 0.1 (0.3) 0 0.07 (0.05,	0.10)

Stochasticity Logn 0.17 (0.79) 0.1 0.94 (0.91,	0.96) 0.1 (0.2) 0 0.06 (0.04,	0.09)

Norm 0.19 (0.81) 0.1 0.93 (0.90,	0.96) 0.1 (0.2) 0 0.07 (0.04,	0.10)

none 21.09 (11.3) 11.7 0.13 (0.10,	0.16) 2.3 (1.0) 116 0.87 (0.84,	0.90)
Scenario	 1	
Allow	 dispersal

NA 0.15 (0.65) 0.1 0.93 (0.91,	0.96) 0.1 (0.3) 0 0.07 (0.04,	0.09)

Scenario	 2
Increase	K

NA 0.28 (0.98) 0.2 0.89 (0.86,	0.92) 0.1 (0.4) 1 0.11 (0.08,	0.14)

Scenario	 3.1
Remove	cat	predation

NA 42.43 (16.17) 21.9 0.01 (0.0,	0.03) 1.8 (0.5) 218 0.99 (0.97,	1.00)

Scenario	 3.2
Halve	cat	predation

NA 12.99 (8.89) 6.9 0.12 (0.09,	0.14) 1.3 (0.7) 68 0.88 (0.86,	0.91)

Scenario	 4.1
No	predation,	 allow	
dispersal

NA 55.76 (20.08) 26 0.00 (0.0,	0.03) 3.8 (0.5) 259 1.00 (0.97,	1.00)

Scenario	 4.2
Halve	predation,	 allow	
dispersal

NA 16.79 (11.59) 8.7 0.11 (0.08,0.14) 2.5 (1.3) 86 0.89 (0.86,	0.92)

Scenario	 5.1
No	predation,	 increase	K

NA 92.41 (26.23) 36.5 0.00 (0.0,	0.03) 2.0 (0.4) 364 1.00 (0.97,	1.00)

Scenario	 5.2
Halve	predation,	 increase	K

NA 25.94 (13.11) 14.8 0.03 (0.00,	0.06) 1.7 (0.5) 147 0.97 (0.94,	1.00)

Scenario	 6.1
No	predation,	 increase	K,	
allow	 dispersal

NA 122.47 (30.63) 37.3 0.00 (0.0,	0.03) 4.0 (0.2) 372 1.00 (0.97,	1.00)

Scenario	 6.2
Halve	predation,	 increase	K,	
allow	 dispersal

NA 34.48 (17.52) 18.4 0.03 (0.00,	0.06) 3.4 (1.0) 183 0.97 (0.94,	1.00)

1 Parameters b and c influence the rate of dec line in the dispersa l-distance curve (F igure 2) according to the following equation: R ij =
a.exp(-Dij)c/b, where Rij is the dispersal rate between popula tions i and j and Dij is the distance between populat ions i and j. R ij is 0 when
Dij > maximum dispersal distance, Dmax.



References

Akçakaya, H.R., Mladenoff, D.L., & He, H.S. (2003)
RAMAS Landscape: integrating metapopulation
viability with LANDIS forest dynamics model. User
manual for version 1.0. Applied Biomathematics.
Setauket, New York

Akçakaya, H. R., and Root, W. (2002). RAMAS GIS:
linking spatial data with population viability analysis
(version 4.0). Applied Biomathematics, Setauket, New
York.

Lande R (1993) Risks of population extinction
from demographic and environmental stochasticity and
random catastrophes.AmericanNaturalist, 142:911-927

Legless Lizard Working Group (1996) Population and
habitat viability assessment for the striped legless lizard
(Delma impar). Canberra.

O’Shea, M. B. (2005) Methods for assessment and
techniques for management of striped legless lizard,
Delma impar, populations in south-eastern Australia.
PhD Thesis, Victoria University.

Smith, W. J. S. and Robertson, P. (1999) National
Recovery Plan for the Striped Legless Lizard (Delma
impar) 1999-2003. NSW National Parks and Wildlife
Service & Wildlife Profiles Pty Ltd. Online resource
<http://www.environment.gov.au/resource/national-
recovery-plan-striped-legless-lizard-delma-impar-1999-
2003#section24>.Accessed 18th May 2015.

Biodiversity Sensitive UrbanDesign Resources

This methodological information sheet is designed to
complement resources for Biodiversity Sensitive Urban
Design, produced by the Interdisciplinary Conservation
Science Research Group atRMIT University.

More information about Biodiversity Sensitive Urban
Design can be found at:

www.icsrg.info/biodiversity-sensitive-urban-design
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