
of the coastal topography from land to the intertidal zone 
and into the permanently submerged area (useful return 
signals were recorded up to about 7.5 m water depth) 

A similar overlay of data from the Murray mouth (Figure 20) 
clearly shows the submerged scars of recent dredging and 
also illustrates loss-of-signal situations caused by foam, spray, 
etc., which would require multiple overpasses and mosaicking/
stacking in order to recover sufficient data in disturbed areas.

Managing and adapting to secondary 
salinity and altered hydrology in 
a Ramsar listed lake suite – Lake 
Warden wetland system case study
Lizamore, J.¹, Pinder, A.² and Vogwill, R.³

¹ Environmental Impact Assessment, Department 
of Parks & Wildlife, Kalgoorlie, W.A.

² Science Division, Department of Parks & Wildlife, Perth, W.A.

³ School of Earth & Environment, University 
of Western Australia, Perth, W.A.

john.lizamore@dpaw.wa.gov.au 

Presenter: John Lizamore

Sections of the Lake Warden Wetland System were listed as a 
wetland of international importance under the Ramsar treaty on 
7 January 1990. The system, which consists of 8 major lakes and 
more than 90 satellite lakes, are fed by a catchment of around 
212 000 ha. Of this catchment, more than 80% has been cleared 
for agriculture and less than 15% remnant vegetation remains. 
In November 1996, the Lake Warden catchment was included 
under the State Salinity Action Plan as a Recovery Catchment to 
manage the threat of secondary salinity. Management authorities 
need to test and set hydrological management objectives, within 
the uncertainty of climate change, covering salinity and other 
water quality parameters, not just lake levels, to ensure this and 
similar sites can remain valuable bird habitats into the future.

Over a period of a decade, several research initiatives identified 
and confirmed altered hydrology, including secondary salinity, as 
the biggest threat to the ecological character of the Lake Warden 
Wetland System. As a result, several engineering and management 
interventions were assessed, recommended and implemented. 
These include revegetation of priority areas identified .within 
the catchment, drainage works to reduce excessive high water 
levels and the removal of various anthropogenic hydrological 
flow constraints within the catchment. This led to the successful 
achievement of management objectives with regard to target 
water levels within the system and some recovery of vegetation and 
waterbird composition and abundance, especially at Lake Warden. 
As the system started to recover, a review of the historic monitoring 
data in 2012 revealed a number of potential issues, which included 
the potential inaccuracy of the previous data (specifically the water 
balance model); the possibility of incorrect surrogates used as 
environmental indicators (e.g. lake depth); and the possibility of a 
more rapid decline of the system health than what was previously 
envisaged as a result of secondary salinity (mainly experienced 
in one of the major lakes of the system, Lake Warden). 

In 2013 it was confirmed that further recovery of waterbird 
assemblage was being limited by the increased salinity due to 
additional salt loading which affected shorebird food resources 
(aquatic invertebrates). As a result, further research and monitoring 
was conducted, aimed at informing future management 
interventions. This included evaporation monitoring of various saline 
lakes; improving the understanding of the groundwater and surface 
water interaction within the system; research into why pink lakes 
are pink; and how pink lakes could possibly be recovered if altered 
(e.g. Pink Lake, which has not been pink for more than a decade). 

In August 2014, the Recovery Program entered a care and 
maintenance phase and all research ceased. However, continued 
financial support from South Coast Natural Resource Management 
and University of Western Australia ensured the Pink Lakes Project 
ran to fruition in May 2015. Currently, the results of the research 
is in process of being written up, but conclusions include the 
confirmation that Pink Lake’s iconic pink colour can be recovered 

Figure 19. Overlay of a digital elevation model generated 
from the lidar data measured at Sellicks Beach and aerial 
photography.

Figure 20. Overlay of a digital elevation model generated 
from the lidar data measured at the Murray mouth and aerial 
photography.
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if the salinity level in the lake were to be restored; Lake Warden’s 
shorebird assemblage recovery can be ensured through more 
active management of the surface water level and/or salinity levels; 
and Electrical Conductivity as a surrogate measurement for salinity 
levels within hyper saline systems are inaccurate and measurement 
procedures must be adapted to reflect and/or correct this aspect

Botany 2016 — Past, present and future 

Restoring South Australia’s native 
vegetation 
Lowe, A.J., Breed, M.F., Gellie, N. and Mills, J.
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With less than 10% of native vegetation remaining in some 
areas, habitat restoration is a key conservation activity in South 
Australia. However several issues remain problematic with these 
activities. First, rather than restoring a pre-clearance “Garden of 
Eden”, how do we establish habitat that is going to be resilient 
to the future challenges of climate change. Second how do we 
avoid establishing restoration plantings that are “genetic ghettos”, 
when we only have a fragmented landscape from which to 
source seed. And third how do we rapidly and effectively monitor 
restoration success and the functional return of ecosystems, 
beyond the simple counting of stems per hectare? This talk will 
address and present some options for each of these issues. 

A landscape approach to invasive 
species management
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Biological invasions are not only a major threat to biodiversity, 
they also have major impacts on local economies and agricultural 
production systems. Once established, the connection of local 
populations into metapopulation networks facilitates dispersal 
at landscape-scales, generating spatial dynamics that can impact 
the outcome of pest management actions. Much planning goes 
into landscape-scale invasive species management. However, 
effective management requires knowledge on the interplay 

between metapopulation network topology and management 
actions. We help fill this knowledge gap using simulation models to 
explore the effectiveness of two common management strategies, 
applied across different management extents and according to 
different rules for selecting target localities in metapopulations 
with different network topologies. These management actions 
are: (i) general population reduction, and (ii) reduction of an 
obligate resource. The reduction of an obligate resource was 
generally more efficient than general population reduction for 
reducing populations at landscape-scale. However, the way in 
which local populations are selected for management is important 
when the topology of the metapopulation is heterogeneous in 
terms of the distribution of connections among local populations. 
We tested these general findings using real-world scenarios of 
European rabbits (Oryctolagus cuniculus) infesting agricultural 
landscapes in Western Australia. These tests confirmed that when 
metapopulation structure is highly homogeneous, for example 
in large metapopulations with high proximity and connectivity 
of neighbouring populations, different spatial management 
strategies yield similar outcomes. Therefore directly considering 
spatial attributes in pest management actions will be most 
important for metapopulation networks with heterogeneously 
distributed links. Our modelling framework provides a simple 
approach for identifying the best possible management 
strategy for invasive species based on the metapopulation 
structure and the amount of control capacity at hand. This 
information can be used by managers trying to devise efficient 
landscape oriented management strategies for invasive species 
and can also generate insights for conservation purposes. 

Investigating the offshore migratory 
movement of southern right whales: 
addressing critical conservation and 
management needs 
Mackay, A.I.¹, Bailluel, F.¹, Childerhouse, S.², Donnelly, 
D.², Harcourt, R.³, Parra, G.J.4 and Goldsworthy, S.D.¹
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The southern right whale (Eubalaena australis) (SRW) has a 
southern hemisphere circumpolar distribution between latitude 
16°S and 65°S. Between May and October, a portion of the 
Australasian population aggregates at calving grounds in coastal 
Australian waters before migrating to offshore feeding grounds. 
However, the timing and route taken to these feeding grounds 
is unknown. Nine individual adult SRW were satellite tagged at 
the Head of Bight (HOB), South Australia, in September 2014. 
There was high variability in tag performance, but sufficient data 
were received to describe the migratory movements of three 
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