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Summary and Recommendations

This document presents a review of ecological value in the Kimberley region of Western Australia
prepared by the Department of Environment and Conservation (DEC). This review was initiated at the
request of the Standing Inter-Agency Committee when considering industrial development in the
Kimberley and the current limited knowledge of environmental and cultural assets contained within the
Region. The DEC subsequently supported and guided the review to address what is known of biological
value in the Region, the gaps in our knowledge and the best way forward to fill in priority gaps and ensure
the Kimberley landscape is managed responsibly.

Issue

The Kimberley Region, in the State’s northwest, is a unique and relatively untouched area of Western
Australia. Due to its remoteness and rugged terrain, the Kimberley has remained largely undeveloped. It
has a unique and rich biodiversity and is an area high in both natural and cultural heritage across
terrestrial and marine environments. Values, or assets, in the Kimberley include its rich and relatively
untouched mangroves, unique ecosystems represented by rainforest patches, mound springs and the
many coastal islands, species richness and diversity in the wetter and more rugged terrain of the
northwest, high degree of local endemism and protection from the extent of many threatening processes,
so far, due to the remoteness of the region, the sub tropical climate and limited settlement.

Historically the Kimberley has maintained a low population and limited development. Land use practices
have included pastoralism, agriculture, pearling, aquaculture and fishing. However, the low number of
population centres and the rugged terrain has meant that much of the landscape has remained unused
and undeveloped. There are a number of aboriginal groups and settlements in the Kimberley and large
tracts of aboriginal land.

Over recent years there has been increasing interest in expansion and development in the Kimberley.
Tourism is a growing industry, particularly ecotourism and nature based activities. Aquaculture is also
expanding in the Kimberley. However, the largest area of growth that has potential for significant impact is
the increasing interest in exploration and mining, particularly for petroleum resources. There are large
gas fields in the Browse Basin (offshore of the Kimberley) and while this source of petroleum is in
Commonwealth territory, it is likely that any infrastructure to support mining of the resource will be under
State jurisdiction.

It is critical that government recognises the unique values encompassed by the Kimberley in a regional
context and that adequate measures are put into place to protect these values in the face of this growing
interest in development and expansion. The Kimberley contains tropical to sub tropical climate and land
systems that include vast woodland, rugged sandstone, large embayments and many archipelago
islands. The terrestrial environment can be viewed as a transition zone from sub tropical to tropical and
has more in common with the biodiversity of the tropical north than with the rest of WA. The marine
environment includes some of the most pristine and interesting coral reef in Australia in the oceanic
shoals regions and an unknown, but suspected, high diversity and productivity in the many nearshore and
coastal reefs. The marine species also show much in common with the broader indo-pacific region. Thus,
the Kimberley must be looked at in a broader context of its value in the Australian and global
environment. An ecologically sustainable framework needs to be developed that will facilitate the
conservation of ecological values while ensuring there are adequate opportunities for nature appreciation,
recreational and commercial activities, research and education.

Methods

This review set about understanding and identifying the many values of the Kimberley and our current
level of understanding of these by compiling a bibliography of written reports and papers on the Kimberley
and by identifying relevant data sets on its environment. Several recent reviews on various aspects of the
Kimberley were instrumental in this regard. As, a great deal of the information on the Kimberley is not
published, a number of experts on both the marine and terrestrial environment were also consulted for
additional advice and perspective. It is this shared body of knowledge that is reviewed and assessed in
the report. This review covers a very broad range of topics and issues in both the marine and terrestrial
environment and aims to provide a broad scale assessment of the Kimberley and its ecological assets.
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Providing detailed accounts and assessment of each specific asset or specific location are beyond the
scope and capacity of this document. However, where possible, references are made to where more
detailed information can be found. Table 1 contains a summary of the assessment of ecological value in
the Kimberley including both a rating on significance, where it can be assessed, and identification of the
priority information that will need to be gathered to fill critical knowledge gaps.

Recommendations

The Kimberley contains many valuable ecological assets and these need to be properly recognised and
protected. The following recommendations are the first steps towards ensuring that these values are
properly identified, described and protected over the long term.

Figure 1 presents a composite map highlighting areas noted in this review to contain high ecological
values. Development should be strongly discouraged in these areas. This would include: the
northwestern corner where the high rainfall and landscape complexity equate to very rich biodiversity;
islands for their unique values and ability to act as refuges for many species; rainforest patches and
mound springs for the unique biota which they contain; mangrove and mudflats for their high
productivity and contribution to important ecosystems; and reef systems along the continental shelf
for their scarcity and regional significance. The importance of these areas in terms of their ecological
value should be taken into consideration in the assessment of proposals for development or mining.

Areas of highest conservation value need to be protected. The EPA have made recommendations in
the past for the expansion of the reserve system in the Kimberly, as have the DEC (white book).
These proposed reserves need to be reviewed given the current level of understanding of the Region
and then need to be followed through to create a substantive reserve system that meets CAR
standards in the Kimberley.

Consideration of data management and developing a system to identify and make accessible current
and future research in the Kimberley is critical. While such a project is being undertaken for the
marine environment (NW inventory), there is no such commitment for the terrestrial component. It is
critical for future planning activity and to properly assess development applications and research
initiatives that this be undertaken in the first instance. Top priority should be given to the development
of a metadata database of terrestrial based research in a format that meets the national standards of
metadata and can be accessed and searched by those involved in regional planning, land
management, conservation and/or research. Once the meta-databases described above are
available, the DEC should ensure that this information is accessed and used when assessing
development applications.

In addition to the above, a very useful tool for both planning and assessment activities would be the
conversion of the information collated on research in the metadatabases described above into a GIS
format that would be compatible with the SIER index described later in this report. This format would
include a GIS layer of shapefiles that would spatially depict where research has taken place in the
region of interest with links to information on the project, its objectives, any documents or publications
that have resulted from the work and a contact for further information. Such a tool should be
considered a priority when collecting this type of information across a broad regional area and should
be compatible with other similar spatial datasets held by the DEC.

Assistance should be sought from proponents in compiling regional information. There is a large
amount of grey literature (e.g. unpublished, internal reports) on the Kimberley through environmental
consultants working on behalf of the various proponents. It would be useful to the EIA process to be
able to capture this information so that there is a better understanding of what has and has not been
investigated and over what range. In addition, for future proposals, proponents should be required to
provide data in a suitable and compatible digital format to the DEC.

Consideration should be given to regional scale processes when reviewing development applications
and making decisions on development and conservation priorities in the Kimberley. These include
such issues as migratory species that have both a national and international significance, including
international conventions governing the identification and management of critical habitat (e.g.
migratory birds, humpback whales, marine turtles) and processes that have the potential to impact on
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large parts of, if not all of, the region such as climate change, fire and invasion of feral pests (e.g.
cane toads, cats). These factors need to be considered and managed at a regional level and should
be recognised and taken into account by decision-makers.

Indigenous values and issues were not looked at in this review and are critical to any assessment for
future planning in the Kimberley. A thorough review of aboriginal land and social values is required,
including identifying important sites or areas and harnessing indigenous knowledge of the land and its
biodiversity.

A number of assets identified in the review are largely unexamined and require further information for
any reasonable assessment on their value and priorities for protection. Following are the priority
research topics identified, however, these are by no means the only information gaps:

o Systematic quadrat based survey of the terrestrial environment to assess species status and
distribution.

o Systematic survey of the marine environment, shelf reef system and coastal waters, to develop a
thorough understanding of reef and fish biodiversity and community interactions.

o Establishment of a long term data collection regime through Identification of sufficient reference
sites covering all ecosystem types, selected on the basis of a regional scale broadscale survey,
to collect time series data of relevant physical/chemical properties of waters and sediment, and
measures of health of key biological communities (eg. coral, mangroves, algae and
phytoplankton). These reference sites will provide an important baseline to measure trends over
time and allow environmental quality guidelines to be developed to support planning, impact
assessment and management by the public and private sectors. Ideally, these reference sites
should be given tenure to ensure they remain un-impacted in the long term to maximise the
benefit and utility of the data collection program over time.

o Expansion of research effort into unexplored areas and at different times of the year (e.g. wet
season).

o Assessment of the geomorphology of the Kimberley coast and nearshore islands and finer scale
soil and geological mapping of the terrestrial environment.

o Updated mapping and assessments of key habitat including mangrove, seagrass, rainforest and
coral reef.

o ldentification of critical habitat of the threatened marine fauna that occurs in the Kimberley, e.g.
dugong, marine turtle, humpback whale. This should include recognised breeding and feeding
areas and temporal scales for these activities. Further, assessment of the indigenous harvest of
dugong and marine turtle is critical to assess and manage population sustainability.

o Development of a better understanding of physical oceanographic processes in the coastal and
offshore environment including particle flow, connectivity and potential for impacts of climate
change.

o Better understanding of island biogeography including species distribution and divergence from
mainland populations.

o Understanding human use patterns in the Kimberley, particularly in the area of tourism and
recreational activities and relevant socioeconomic factors and impacts.

The isolation of the Kimberley and difficult terrain makes research in the Kimberley difficult both
financially and logistically. Therefore research should be carefully planned so that it is directed
towards key objectives and is not repeating or overlapping with other projects. There is a need for
collaborative and coordinated research effort. Development of the above mentioned database will
assist in coordinating research effort, however collaboration between State agencies, research
institutions and industry should be developed so that research is as effective as possible in
broadening our understanding of the region. This may involve larger projects jointly funded that
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Introduction

The Kimberley Region, in the State’s northwest, is a unique and relatively untouched area of Westemn Australia.
Due to its remoteness and rugged terrain, the Kimberley has remained largely undeveloped. It has a unique and
rich biodiversity and is an area high in both natural and cultural heritage across terrestrial and marine
environments. In addition, it is considered to be part of the tropical north of Australia and, in climate and
biodiversity, has more in common with the tropical north than with other parts of Western Australia. The
Kimberley must not be viewed in isolation as a tropical section of WA, but must be considered in the context of
broader Australian ecology and also within the context of the Indo-Pacific Region.

Western Australia is recognized at State, national and intemational arenas for its biodiversity, both richness and
uniqueness and the Kimberley region is a key component of the statewide biodiversity. However, WA also
experiences a high level of threat to biodiversity through development and use of natural resources and,
although the Kimberley has remained relatively untouched previously, it is coming under increasing pressures
from a variety of human impacts associated with development and natural resource use.

The Draft State Biodiversity Conservation strategy highlights the need to improve our understanding and
knowledge of biodiversity conservation requirements and to promote conservation through integrated and
coordinated resource management and development. Inventory and planning at a regional level are tools used
to identify key values, take stock of development and environmental trends and human needs and plan for the
future.

While there is a focus on identifying and preserving the unique values of the Kimberley, such a regional
planning exercise must also take into account the needs of a growing and developing Western Australia
and work towards ensuring development is consistent with the desired environmental outcomes. An
assessment of the environmental and ecological values in both the marine and terrestrial environments of
the Kimberley, is required now to determine what values are present, how widely they are spread and the
management needs to maintain these values into the future. This information would also assist in regional
planning which, amongst other things, would assist in identifying the most appropriate locations for
development to occur so as not to compromise those identified values. It is recognised that it is not
possible to maintain the entire Kimberley as a 'wilderness’ area. Rather, competing needs for land use,
including conservation should be taken into account in a regional planning exercise to identify the most
appropriate sites for reservation, for indigenous community uses and for development. It is important that
an all of government approach be taken here so that all perspectives and needs are recognised and
considered, including those of the general public, industry, natural resource managers, natural and
cultural heritage and indigenous communities.

This report seeks to work towards these goals by identifying known biodiversity or ecological values in the
Kimberley that should be preserved and assessing our level of knowledge on the Region such that important
information gaps that limit our ability to identify values, and to protect and manage them from anthropogenic
threats are highlighted. To meet WA's conservation and environmental protection goals in the Kimberley we
must first have a good understanding of the biodiversity and ecosystems that comprise the region and the key
factors that control their structure and function so that we may identify where they are found across the
landscape and how they can best be managed. Then a strategic approach may be taken to develop
conservation and management strategies for the Region that will both preserve the unique values of the
Kimberley and allow sensible development and other human activities where appropriate. It is critical that this
process has a foundation of strong science to inform decision making and it is equally critical that the Kimberley
be viewed as a whole within the context of its role in the tropical northwest and the broader Indo Pacific Region.

1.1 Background and purpose of review

There is a growing interest in access to industrial sites in the West Kimberley region, in particular due to
proposed development of the Browse Basin gas field by the petroleum industry. While the Browse Basin is
largely in Commonwealth waters, processing facilities to service development are likely to be onshore or on
islands under State jurisdiction. It is understood that the development of major gas projects in the Kimberley is a
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potential catalyst for other resource related projects and development, e.g. bauxite mining near the Mitchell
Plateau.

A ‘coarse screen' of ecological values for the West Kimberley Coast based on current existing knowledge was
requested so that a strategic means of decision making that was not industry-led could be developed. The main
goals of this project are to identify and summarise existing information in the Kimberley region, use this
information to assess known ecological values and identify critical information and knowledge gaps. It is
recognised that, to be most useful, this information must be easily understood and accessible by those making
decisions on future development in the Kimberley Region and to that end, maps are included as a spatial
representation of the values discussed, where possible.

1.2 Scope of project

This report focuses on the coastal and marine areas of northwestern WA, however information on the terrestrial
environment and greater Kimberley Region, as defined by the Department of Environment and Conservation's
regional boundaries, is considered to put the proposed area into a regional context. The greatest focus has
gone into areas suitable and likely for speculation by the petroleum industry. Thus the report will cover in as
much detail as possible, the coastal and near-shore marine areas of the Kimberley Region from the western
extremities of the archipelagos and in-shore islands to a similar distance inland from the coast. Islands further
offshore, but considered to be of interest to Industry were also included.

Nineteen sites of particular interest have been identified by at least one proponent within the Petroleum Industry
as possible focii of future development proposals. These sites are: Beagle Bay; Emeriau Point; Deep Water
Point; Cockatoo Island; Koolan Island; Irvine Island; Langii, Wilson Point; Battery Point; Adele Island;
Champagny Island; Bigge Island; Maret Islands; Cape Voltaire; Cassini Island; Troughton Island; Echuca
Shoals; Browse Island; Scott Reef. Information on these specific sites has been included wherever possible.

Indigenous issues are a critical element of any regional information gathering exercise and are highly relevant to
regional planning for the Kimberley. However, a thorough assessment of these issues is beyond the scope of
this assessment. It is recognised that indigenous communities hold valuable information on biodiversity and this
resource remains largely untapped. Further, it is recognised that the Kimberley Region includes a number of
important cultural heritage sites and aboriginal lands. Indigenous communities will need to be engaged to
resolve planning issues for the Kimberley at both broad and site specific scales.

Also outside the scope of this project are the jurisdiction and territorial boundary issues that are relevant to the
marine environment, e.g. the North West Shoals, Scott Reef.

2 Aims

The aim of the project is to provide a contemporary understanding of the information that is available on the
Kimberley so that the DEC may support and facilitate research to address critical information gaps and provide
accurate and relevant advice for the strategic development of the Region. The three main objectives to achieve
this aim are:

o To compile a thorough bibliography of publications, reports and studies on the Kimberley, noting key
documents with critical information on ecological value, threats and recommendations for future
conservation and management of the area.

e To present, in a spatial format, an indication of known ecological values, level of available knowledge,
information gaps and limitations on both proponents and the government in making future assessments.

e To prepare a report supporting and explaining the maps described above and including an overview of the

Region, the level of information available and making key recommendations that would facilitate sound
strategic planning and decision making by government.

10
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3 Methods

This review set about achieving the above objectives through assessing the published and unpublished
literature on the Kimberley and through identifying available spatial datasets.

3.1 Literature Review

Several reviews have been conducted in recent years that have captured avaitable information on the
Kimberley region (e.g. Wilson 2006, Handasyde 2005, Jones 2006, Stewart et al. 2005, Graham and
McKenzie 2004). This literature review was developed by first capturing the reference lists from the
reviews noted above and expanding those to include other relevant documents and studies identified
through literature searches of the DEC and other libraries and the internet. In addition, a number of
experts in the field noted for their research in the Kimberley were contacted and advice sought on key
and relevant documents as well as current research and research in progress. References were all
entered into a spreadsheet database including title, author and publication details. To aid in sorting
literature, between 1 and 3 themes were recorded against each document in the database.

3.2 Spatial Data Review

The spatial representation of this assessment has several components: identifying relevant and useful
spatial datasets available on the Kimberley and determining which datasets best demonstrate ecological
value and knowledge gaps in the Kimberley. The compilation of datasets was undertaken similar to the
literature review and relied heavily on previous projects that have assessed and reviewed spatial data for
the Kimberley (e.g. Stewart et al. 2005, Handasyde 2006, WWF 2005). In addition, a number of spatial
databases and directories available on the internet were searched to identify further datasets of interest in
the Kimberley. The main databases and directories searched included (but were not limited to) WALIS
interrogator, Australian Spatial Data Directory, Australian Wetlands Database, Australian Natural
Resources Atlas and the Environment Data Directory. These searches identified a number of datasets
and reports of varying interest. All datasets were entered into a spreadsheet providing information on
name, description of data, custodian, accessibility, whether the dataset includes digital data and its
format.

3.3 Review of Environmental Values in the Kimberley

The literature and datasets identified in the above two sections were assessed to provide a broad scale
understanding of the Kimberley, its ecological values and the information gaps that must be filled in order
to underpin sound decision-making by environmental managers. While it would not be possible to read
and digest all of the literature identified, a list of key publications was developed, in consultation with
experts. Many of the items on this list included the biological surveys that have been conducted in the
area along with several reviews of biodiversity in the marine and terrestrial environment. The full list of
key documents can be found in Attachment 1.

In spite of the range of literature available on the Kimberley, it is understood that much information,
particularly regarding ecological values and priorities, is held by the scientists and individuals who have
devoted their time to exploring and understanding the region. For this reason, in addition to assessing
literature, it was deemed important to engage with these experts and gain their collective wisdom on the
Region and perceived areas of importance and research priorities. To that end, a range of scientists and
land managers were invited to attend a workshop to discuss the project. Individuals who could not attend
the workshop were contacted separately to discuss their views on biodiversity in the Kimberley.
Outcomes of the workshop have assisted in establishing critical areas in the Kimberley, identifying
suitable tools to display values and identifying research gaps and future research priorities. Attachment 2
contains a list of attendees to the workshop, discussion points and outcomes.

4 Literature Review
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The bibliography on the Kimberley currently includes 992 entries. Of these, 22 have been identified as
key documents that provide reviews of the region or particular aspects of the region, including
recommendations on ecological value and reserves for conservation. A further 115 were identified as key
survey documents useful in assessing the level of survey effort of fauna and flora that has taken place
across the Kimberley in assessing the Regions flora and fauna. As noted above, Attachment 1 contains
the list of key documents. The full bibliography is contained within a Microsoft Excel spreadsheet
(Attachment 4) and held by the DEC, EMB.

The range of published information on the Kimberley was quite broad covering such topics as fauna and
flora surveys, historic exploration notes, aboriginal ethnobotany and economic planning. The Kimberley
itself covers such diverse habitats as wetland, savanna and tropical rainforest as well as a range of
marine coastal habitats.

This review focussed mainly on the literature that is accessible through publications and government
department reports. There is undoubtedly a great deal of grey literature on the Kimberley that is difficult
to assess and acquire. For example, projects undertaken by consultants for industry are typically not
published and difficult to identify. Further, such information may be of limited value as it is generally site
specific and may not meet scientific standards. Essentially, there is more information out there than
represented in the literature review, but it will be difficult to capture and to assess. Given that, it would be
a very useful exercise to acquire the unpublished reports and information held by various proponents as,
in many instances, this is the only available ecological information. It would be worthwhile pursuing an
agreement with proponents that future exploration and research reports be provided directly to the DEC.

5 Spatial Data Review

A total of 229 datasets were identified that contained information in the Kimberley across both the marine
and terrestrial environment. This includes broadscale datasets that cover a large area beyond the
Kimberley such as vegetation mapping of the north end of Australia by the Tropical Savanna CRC and
specific datasets for a single project such as fauna records from the Kimberley Rainforest Survey. There
was some duplication between the various sources of datasets that were similar but might contain slightly
different information. When duplicate datasets were removed, there were 209 datasets remaining.
Attachment 3 contains a full list of the 209 datasets along with brief description and custodian. More
detailed information on all 229 datasets is held in a Microsoft excel spreadsheet by the DEC, EPASU.

Not all datasets that were identified include spatial data and those that do are stored in a variety of
formats. It is a very large task to acquire datasets from many different sources and to compile them into a
single compatible format that may be used to display various layers of information through mapping
exercises. Because of the magnitude of the task, it was decided in this project to focus on identifying as
many datasets as possible, but to acquire or use for mapping purposes those datasets that would be
most useful to the exercise and those that could be easily obtained in an appropriate format by the DEC.
[t should be noted that, when exploring available data, particularly spatial data, it is critical to have a clear
idea in mind of the purpose to which that data will be used. This will set limits on the number and type of
datasets that may need to be acquired.

5.1 Mapping Ecological Value

The dataset review identified a number of datasets for which there is spatial information, i.e. could be
used to map features in the Kimberley. Datasets that were considered to contain information relevant to
ecological values and that could be easily accessed by the DEC (either as corporate data or through a
license agreement) were obtained and considered for mapping purposes. A full list of datasets considered
is in Attachment 3. Discussions at the workshop above highlighted which datasets would be most useful
in demonstrating ecological values (e.g. threatened species, rainforest) and growing potential for impacts
(e.g. land use).

12
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Maps were created by the IMB section of DEC in ArcGis9 using corporate data and several datasets that
were acquired from external or internal sources.

A means of demonstrating the extent of research in the Kimberley and information gaps was also
considered. A project has been initiated by the Environmental Protection Authority Service Unit of the
DEC: the Spatial Index of Environmental Reports (SIER). The SIER seeks to catalogue in a GIS format
those projects which typically go un-catalogued and unused by government agencies. It comprises a
database of such projects with a shapefile to depict the location of the project and an associated
attributes table with information on the purpose of the project, type of data collected, principle investigator
contact details and associated publications.

It was initially proposed to expand this catalogue with key survey and research projects that have been
conducted in the Kimberley. However, there were concerns over the misrepresentation of survey effort
where several smali sites might have been visited, yet a larger area depicted by a shapefile that would
cover all sites. While mapping individual survey sites, might overcome this problem, it would not address
concerns over ability to detail the specific nature and limitations of various surveys, e.g. all surveys in the
dry season only, surveys specific for fish or amphibians, etc. In addition, the large number of research
papers identified, even if limited to key survey documents, would have entailed a substantial amount of
work to enter into the SIER catalogue. It was decided that expansion of the SIER catalogue, while useful,
was not a top priority for this project.

In terms of demonstrating where research has and has not occurred, it was agreed that any spatial
representation of survey effort through mapping survey sites or the collection of specimens held by the
Museum would always be misleading. Such maps typically demonstrate that research effort has been
focussed on more easily accessible areas, e.g. along roads, and in National Parks (Handasyde 2006). In
addition, such maps also require the important caveat that just because threatened fauna/ecological
valuable features have been found at certain prominent sites does not exclude their presence from many
other sites in the Kimberley.

It was therefore agreed that demonstrating survey effort was not appropriate for this study. However, a
spatial tool such as the SIER index is still considered a very useful model and one that will be important in
assessing the type of research and level of information available about specific areas within a region.
Even though time and resources did not allow its expansion for this project, it should be considered a
priority, particularly to capture current and future research effort across the Kimberley. There are several
projects underway at the moment within the DEC and linkages should be developed between these
projects so that products are compatible. Namely, through the regional planning exercises for the
southwest marine region, a database has been compiled of relevant marine datasets and marine
research and a GIS layer compiled with representation of research projects and associated information,
including contact details. This would serve as a good model, along with the SIER index for how
information could be compiled and displayed for the Kimberley. An ongoing issue with the development of
such a database, and one that will be brought up below, is the long term custodianship and management
implications for marinating this information.

6 Review of Ecological Values in the Kimberley

A number of reviews have been conducted on the Kimberley region in recent years and there are others
currently underway. Rather than repeat the efforts of these previous projects, this report draws upon them
and, in some instances, summarises information they contain, whilst referring to them for further detail.
For example, Handasyde (2006) presents a thorough review of research and biodiversity information on
the terrestrial environment for the Kimberley with the main focus on the mainland and on issues relevant
to fire management. Wilson (2006) has prepared a thorough review of the coastal marine habitat of the
Kimberley Bioregion (IMCRA), with mention of other adjacent marine bioregions where relevant. This
information provides a very good summary of what is known of the marine environment from both
historical exploration and current research and rates ecological value, vulnerability and threats. Stewart et
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al. (2005) provides an assessment of all datasets available on the Canning Bioregion (IMCRA). This
report includes an assessment of the information in terms of knowledge gaps and adequacy of
information on marine ecosystem in preparation for marine regional planning.

In addition, the Department of Fisheries is currently reviewing the fish resources of the Kimberley and
addressing fishery management issues in the region including making recommendations for use of
marine resources. The Kimberley Land Council (KLC) is sponsoring a project on indigenous values, in
particular ecological values held by the indigenous community and developing strategies to maintain
these values. Finally, the World Wide Fund for Nature (WWF) has recently commissioned a report similar
to this one to identify ecological value in the north west coastal area of the Kimberley.

The CSIRO have also recently completed a very large exercise reviewing and compiling marine data and
resources on the marine environment of the North West Shelf (North West Shelf Joint Environmental
Management Survey (NWSJEMS)). There are a series of 18 Technical reports that cover various aspects
of the review. The study area for NWSJEMS focussed on the NWS shelf from North West Cape to Port
Hedland, However, a number of studies identified related to marine research that covered the IMCRA
NWS region which includes offshore waters of the Kimberley. Heyward et al. (2006) provides an
overview of the project including gaps in knowledge and Jernakoff et al. (2006) provide a bibliography of
all published and unpublished papers identified through the study.

6.1 Bioregions

Ecosystem based classification systems have been developed to describe marine and coastal
environments (Interim Marine and Coastal Regionalisation of Australia (IMCRA)) and terrestrial
environments (Interim Biogeographic Regionalisation of Australia (IBRA)). These classification systems
incorporate the broad scale and general differences in the relevant environments and aim to provide
ecologically meaningful regionalisation. Through this report, information is presented, where relevant
according to these boundaries. (Figure 2 depicts both IMCRA and IBRA boundaries for the Kimberley and
highlights those discussed in this report).

6.2 Regional Background

6.2.1 General Description of Area

The Kimberley region occupies the northwestern corner of Western Australia, covering approximately
424,500 square kilometres. It comprises a wide variety of landforms and vegetation which support a
diverse and rich marine and terrestrial biodiversity. The region is in a remote area of WA and has
remained largely undeveloped and uninhabited and, although subject to some landuse practices such as
pastoralism, maintains a near pristine natural environment across much of the landscape. Features
associated with the Kimberley coast include its magnificent ria coastline with narrow embayments,
drowned valleys, tidal lands, fringing mangroves, interconnecting islands and archipelagos (Bradshaw
and Weaver 1993, Zell 2003). The terrestrial environment is dominated by tropical woodland savannah
and includes such features as rugged ranges, valleys and gorges, rainforest patches, old sea beds and
Devonian coral reef.

The Kimberley supports a diverse variety of ecosystems within a tropical savanna landscape that is
dominated by open woodlands of eucalypt and acacia with hummock and tussock grassland understory.
Terrestrial ecosystems within the Kimberley include extensive coastal archipelagos, tidal plains,
mangrove, coastal dunes with vine thickets, rainforest patches, mound springs, red and black soil plains,
sandstone and limestone ranges, permanent springs and riparian zones and karst systems. The Region
supports a rich and diverse biodiversity that is in many ways more similar to the tropical top end of
Australia than to other parts of Western Australia. The Kimberley is also unique in that its fauna
assemblage is assumed to be largely intact.

The marine environment is influenced by the large tidal range (5-10m) and includes extensive mud flats,
fringing coral reef, numerous coastal and offshore islands and offshore embankments and atolls.
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in economic terms, the Kimberley is a dynamic region that has undergone a large amount of change in
land use and habitation over recent years. Historically the Kimberley has gone from a land of sole
Aboriginal occupation to include pastoralism and pearling and, more recently, resource extraction,
agriculture and tourism. As the economic base of the Kimberley grows through these new interests and
uses, employment opportunities increase, attracting an increasing number of residents to a once very
sparsely populated area.

6.2.2 Climate

The climate of the Kimberley is described as dry monsoonal or dry hot tropical. There are two distinct
seasons- a wet and a dry- with several transition periods. Generally the wet season lasts from November
to March and the dry from April to October. Annual rainfall occurs in monsoonal summer cyclonic rains.
The region ranges from semi-humid in the north to semi-arid in the south with average annual rainfall
ranging from 1500mm per annum in the northwest to 350mm per annum in the southern, semi arid areas.
Temperatures are high year round, with monthly averages between 25-35°C.

6.2.3 Geology and Geomorphology

The Kimberley has a very unique and complex geology with rocks and formations ranging from extremely
ancient to relatively recent. It covers a vast area and a range of ecosystems based on underlying
geomorphology, soils and vegetation structure. The IBRA bioregionalisation system takes into account
these underlying factors and identifies regions of similar pattern and ecosystem. This system is useful as
it identifies broad scale landscape patterns and values in each region and will be used in this report to
describe the various bioregions within the Kimberley Region.

The Kimberley Region encompasses 3 IBRA bioregions (Northern Kimberley, Central Kimberley and
Dampierland) and parts of an additional 4 bioregions (Victoria Bonaparte, Ord Victoria Plain, Tanami
Desert and Great Sandy Desert). The area of interest for this review falls within the 3 IBRA bioregions
completely contained within the Kimberley and comprises 4 of the 7 subregions within the bioregions.
Figure 2 identifies the IBRA bioregions with the area of interest highlighted. The descriptions provided by
Thackway and Creswell (1995) (repeated below) provide a good profile of the region. More detailed
descriptions can be found in May et al. (2003) and McKenzie et al. (2003).

Topography of the Kimberley is complex comprising a variety of landforms, soils and geological factors
with associated ecosystems and vegetation distribution. Generally the Kimberley includes an array of land
forms and ecosystems such as complex ria coastline, river systems, Devonian reef limestone, rainforest
patches and grassy woodland. Common vegetation cover includes woodland of varying eucalypts
depending on soil type and rainfall, and understories of tall grass species. Pindan, a distinctive
vegetation type common in the Dampierland bioregion, comprises red sandy soil, a range of wattle
species and grass layer.

Dampierland, in the south west of the Kimberley contains four landforms each with its characteristic
vegetation types. These include: quaternary sandplain overlying Jurassic and Mesozoic sandstone with
pindan vegetation; quaternary marine deposits over coastal plains with mangal, samphire and grassland
communities and low forests; quaternary alluvial plains with Permian and mesozoic sediments of the
Fitzroy Trough with tree savannas and riparian forests; Devonian reef limestone with sparte tree steppe
and hummock grasses.

The Central Kimberley bioregion covers hilly to mountainous terrain. Siliceous ranges of proterozoic
sedimentary rocks and skeletal sandy soils support hummock grass and scattered tree communities.
Proterozoic volcanic earths in the valleys support ribbon grass with scattered tree communities and open
forests occur along drainage lines.

The northern Kimberley bioregion contains shallow sandy soil on outcrops of proterozoic siliceous
sandstone which support savanna woodland over grassland had hummock grasses. Riparian forests
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occur along drainage lines. There are extensive mangal systems in estuaries and embayments and
islands and numerous small patches of monsoon rainforest.

The marine environment has been similarly assigned an ecosystem based classification scheme; the
interim Marine and Coastal Regionalization for Australia (IMCRA) (Interim Marine and Coastal
Regionalization for Australia Technical Group 1998). Five of these bioregions are within the northwest
Kimberley: Canning, King Sound, Kimberley, North West Shelf, Oceanic Shoals. The following
descriptions have been taken from Thackway and Cresswell (1998).

The dominant factor in the extensive and convoluted coastline is the extreme tidal range of 5 to 10m.
Coastal vegetation includes mangrove and saline grassland and herbland. Coastal topography also
includes extensive sheer cliffs, sandy beaches and embayments.

The Canning bioregion runs from Cape Leveque to Cape Missiessy and includes the Lacepede islands.
This region includes embayments and headlands with a wide tidal range (9m) and minimal fluvial run off.
The climate is semi arid in the north to arid in the south. Wave energy ranges from low to moderate.

The King Sound region lies between Point Osborne and Shenton Bluff and comprises an open gulf
encompassing the Fitzroy estuary and Stokes Bay. The Kimberley region extends from Cape
Londonderry to Cape Leveque and includes the Buccaneer Archipelago. This region is characterised by
rocky shores, mud flats, mangal, land locked marine and estuarine habitats. It is a remote area that has
been little-studied.

The North West Shelf lies between the 30m bathymetric contour and the shelf edge off the Pilbara and
Kimberley coast and has diverse benthic invertebrate communities and fish fauna.

The Oceanic Shoals includes submerged and emergent reefs and cays along the outer edge of the
continental shelf. Areas of interest within the scope of this report are Seringapatam, Scott Reef, Rowley
Shoals reef systems and Browse and Adele Islands

Wilson (2006) provides a good general description of the known marine geomorphology of the Kimberley
bioregion and that information is summarised below. For further detail see Wilson (2006), Brooke (1995),
(1996), (1997) or the Geological Series Bureau of Mineral Resources explanatory notes.

The Kimberley Basin is a Proterozoic sedimentary basin comprising sandstones, siltstones and some
volcanics and intrusive igneous rocks. Surrounding the Kimberley Basin are the King Leopold and Halls
Creek oregons, the intensely folded and faulted offshore Browse Basin and Bonaparte Basin.

The shoreline is mostly rocky with high relief. Reef development around the many inner islands appears
to be Holocene accretionary veneer of coralgal limestone on a proterozoic base. Offshore platform reefs
and banks are built on Cainozoic limestone blocks.

Unlike other parts of the west coast, including the Pilbara, there is no evidence of Pleistocene reef
development at or above present sea level. There is evidence that the continental shelf has subsided in
the offshore areas, Oceanic Shoals and North West Shelf Bioregions, as the reefs have grown.

6.3 Dominant land use and social values

The Kimberley is one of the most sparsely populated regions within Australia. Populations are centred in
the few towns and in aboriginal communities and much of the land is inaccessible. European settlement
has led to changes in the Kimberley. It has gone from an area with sole Aboriginal occupation to one
where the dominant land use is pastoralism and aquaculture. Current main sources of economic activity
are mining, tourism, fishing, irrigated agriculture, pearling, community services and pastoralism.

While pastoralism has been the main land use since early settlement by Europeans, this is slowly
changing and there has been significant growth in pearling, fishing, tourism, mining, irrigated agriculture,
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and conservation. Another major change in land use has been the interest in establishing and
maintaining aboriginal communities away from existing towns.

While the Kimberley is considered by many a ‘pristine’ environment, this is not entirely the case. There
are a variety of land uses present in the Kimberley and their intensity has increased, particularly in recent
years. Whereas once the Kimberley was used primarily for agriculture and grazing, which brings its own
set of impacts, current uses include substantial growth in tourism, aguaculture and extractive mining.
Figures 3, 4 and 4a demonstrate the current land uses and sites where certain activities occur in the
Kimberley. While this map demonstrates the variety of land use that occurs and where certain activities
might take place, the intensity of land use has not been quantified and is not, therefore displayed. For
example, there are large tracts of land identified for the purpose of pastoralism, but there is no information
on the stocking rate of this land or the specific areas that may be impacted by cattle. Impacts are likely to
be variable across the terrain with the highest level of impact near waterways where animals may
congregate or on the fringes of grassland and woodland area where grazing impacts combined with fire
regimes may lead to changes in local ecology and population biology.

6.3.1 Pastoralism

As noted above (and displayed in Figure 4), large tracts of land in the Kimberley are under pastoral lease,
typically for cattle stations. However, not all pastoral leases are used as such and intensity of use varies.
For example, less than 1% of pasture in the North Kimberley and 11% in the West Kimberley is
considered to be of high grazing value (Davies 1985).

6.3.2 Fishing and  Aquaculture- commercial  and recreational

Fishing is both a commercial and recreational activity in the Kimberley region. There are a number of
fisheries that operate in the area including prawn trawling, gillnet and barramundi, northern demersal
scalefish, mackerel and shark. Management of these fisheries includes permitting and closures to ensure
impacts are acceptable and activity is targeted in areas of high species abundance.

Recreational fishing is growing in the region with a seasonal peak in the winter due to increased tourism
at that time. Recreational fishing occurs in creek systems, mangroves, rivers, ocean beaches, offshore
islands, coral reef systems and the continental shelf waters and targets a variety of species.

Pearling has been a major industry in the Kimberley, particularly near Broome and the Dampier
Peninsula. This industry has had a strong and lasting social effect in this area. The decline in wild pear!
harvest has been replaced by an increase in pearl oyster farms.

Aquaculture is a growing industry in the north west for both pearl oyster and beche-de mer although
production of pearls is the main industry. Wild oysters seeded for pearl production at 80 mile beach and
around the Lacepede islands and major hatcheries operate at Broome and King Sound. There are pearl
farms along the Kimberley coast, with key areas including the Buccaneer Archipelago, Roebuck Bay and
the Montebello Islands. There is recent development in the aquaculture industry for growing trochus,
barramundi and black tiger prawns.

6.3.2 Tourism

There has been a recent growth in the tourism industry in the Kimberley based mainly on the increasing
interest in ecotourism. The Kimberley is recognized as a ‘last frontier’, containing a wide array of pristine
wilderness, natural attractions and complex landscapes. A variety of visitor experiences are provided in
the Kimberiey from backpacking to four wheel driving to escorted tours in both the terrestrial and marine
environments. Attractions that have been identified as the most important to visitors to the northwest
include marine life, beaches, rugged scenery, gorges, wildflowers and forests (Tourism Western Australia
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2005). Tourism Western Australia further reports that tourism in the northwest contributed $196 million to
the economy in 2001/02.

Marine tourism includes non consumptive forms such as sightseeing along the coast and diving on coral
reef and near-shore islands as well as consumptive forms such as game and sport fishing from charter
boats or in the estuarine areas of the many rivers {Collins 2007). This form of tourism provides access to
sites that would otherwise be inaccessible to tourists (Zell 2003).

Although marine tourism in the Kimberley has not been quantified, anecdotal reports suggested that it
was expected to generate $100 million in 2005 (Collins 2007). The growth of marine tourism and its
continued good management in the Kimberley will make it an economically dominant industry in the
region. However, the rapid and unplanned nature of the growth of this industry means that its
sustainability is not assured as impacts increase on potentially sensitive areas. Figure 4a depicts the
main marine tourism sites across the Kimberley.

The tourism growth trend is not spread evenly across the region, but is focussed on certain areas. Key
spots include both marine and terrestrial sites, each with their own vulnerabilities. Tourism camp sites
may cause physical damage including vegetation clearing, entrenched access tracks leading to erosion.
There are a unigue suite of management issues that come with the management of tourism areas. The
fragile and pristine environment of the Kimberley could be vulnerable to increased visitation and thus
requires considered management for this industry to be sustainable and conservation objectives met.

6.3.3 Mining/Exploration

Mining and exploration are growing industries in the Kimberley. Over 230 mining tenement applications
have been referred to the DEC for advice since 1992 as they include mining on DEC estate or proposed
estate in the Kimberley region or have significant biodiversity values or Environmentally Sensitive Areas
(ESAs). There is the expectation that mining leases in the Kimberley will increase in the coming years.
In 2006 there were active mines or proposals to mine bauxite (Mitchell Plateau), iron ore (Cockatoo and
Koolan Islands), natural gas fields (offshore marine), oil fields (Leopold Downs), lead, zinc, diamond,
nickel and platinoids (east Kimberley) (DOIR Map of Major Resources 2006). In addition there are port
handling facilities at Broome, Derby and Wyndham and power station in the east Kimberley.

Exploration and mining of petroleum resources is imminent at the Browse Gas Field and this will have
likely impacts in State waters and on State land where processing facilities are likely to be developed. A
proposal for a Liquified Natural Gas (LNG) processing facility on the Maret Islands in the Bonaparte
Archipelago has been referred to the EPA for environmental impact assessment. The LNG plant as
currently contemplated would require construction of significant marine infrastructure including Material
Offloading Facilities, LNG export wharves and natural gas feed lines. In addition to the LNG production
facilities, the terrestrial infrastructure would include an air strip, accommodation and administration
facilities and a causeway linking North and South Maret Islands. There are active iron ore mining
operations at Cockatoo and Koolan Islands in the Buccaneer Archipelago. These mining operations
require marine infrastructure including seawalls and export wharves to load iron-ore on to ships for
transport overseas. Another iron-ore mine has been proposed for nearby Irvine Island.

6.3.4 Community

The Australian Bureau of Statistics estimated the population of the Kimberley to be 33,705 in 2002 with
the majority of people living in urban areas. Of the population in the Kimberley approximately 47% are
indigenous people living, often in remote communities, throughout the Kimberley. The indigenous
community has a strong connection to the land, particularly in coastal and marine areas and is developing
programs to better articulate and understand ecological value. For example the Saltwater Country
Project, coordinated by the Kimberly Land Council and Department of Indigenous Affairs, aims to
document indigenous natural and cultural values and assets in the northwest coastal and marine
environment. There are large tracks of land throughout the Kimberly that are Aboriginal land, particularly
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along the coast. Aboriginal heritage sites are noted in figure 5. For the most part, these areas have
received little attention in terms of exploration and research since early European settlement.

6.4 Threatening processes

While on a broad scale, the Kimberley is considered to have significant wilderness areas that are
relatively untouched and unchanged, impacts from a number of anthropogenic processes are occurring.
In part the full impact of these processes has not been identified because of the limited survey and
research that has been conducted in the Kimberley. And in part, impacts are still limited relative to the
vast area covered by the Kimberley and limited areas in which human occupation and use has occurred.
As human development expands in the Kimberley and land use practices continue, the results of these
practices will become greater and more evident. Thus there is a need to recognise these processes and
ensure there are management and planning practices in place so that the values of the Kimberley are not
threatened.

The two most significant threats for the mainland Kimberley are undoubtedly changes to the fire
management regime and grazing by introduced ungulates such as cattle. These threats operate at the
landscape level and have a number of flow-on effects that impact flora, fauna and ecosystems. Since
European settlement the fire regime has changed to one of broadscale, hot, late, dry-season burns,
notably in the savannas, that occur frequently. These repeated fires have an impact on the vegetation,
changing the grass dynamic, hydrology and erosion processes which in turn affect fauna. Grazing by
cattle can lead to degredation where palatable grass species are replaced by unpalatable ones. Soil
degradation occurs where vegetation cover is removed resulting in the physical impact of hooves on soil
(Davies 1985). Overall impacts result in a simplification of the ecosystem to grassland dominated by
annuals and a general reduction in productivity and thus carrying capacity for small mammals (Graham
and McKenzie 2003).

Combined impacts of overgrazing and fire can lead to changes in vegetation cover which has a
consequent impact on the species that depend on it. Woodland mammal fauna have experienced the
highest level of impact and, although the Kimberley is still viewed as having a largely intact mammal
fauna, it is likely that species’ distribution has contracted in many areas and is becoming limited to the
wetter parts of the Kimberley. This decline is likely due to the changes in landscape and habitat brought
on by a combination of grazing pressure and fire.

Introduction of other feral pests are also threats in the terrestrial environment, namely cane toads and
cats. While foxes are not known to occur in the Kimberley, feral cats are present and have an impact on
small mammalian fauna. The introduction of cane toads is perceived as a large threat and there are
various management strategies to identify and contain this threat when it occurs.

Weeds pose a threat to the vegetation communities of the Kimberley. Keighery (1999) demonstrated that
the Kimberley was relatively weed free compared to the rest of WA and related this to its relatively
undisturbed state, leading to the introduction of fewer weeds.

Nothing is known about the introduction of exotic marine organisms to the marine environment as no
introduced marine pest surveys have been undertaken in the region and the ability to undertake such
surveys is hampered to a great extent by the lack of knowledge of natural biodiversity. However, as with
other marine areas, there are potential threats to marine ecosystem integrity and dependent industries
such as commercial fishing and aquaculture from introductions through discharge of ballast water
containing marine pests or from pests associated with bio-fouling of ship’s hulls.

There are increasing pressures from human activities such as tourism, fishing, aquaculture, mining,
industrial development and shipping. These activities are generally site specific but may lead to
broadscale cumulative impacts over time or destructive impacts on a local level. The Kimberley is facing
growth in human development and in human interest such that these activities are increasing each year
without a context for their impacts on the environment, particularly at the regional level.
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6.5 History of Exploration

A number of expeditions and surveys have been undertaken in the Kimberley since the late 1800's which
provide an array of information on land form, soils, and biodiversity. Even so, the Kimberley is generally
considered to be largely unexplored territory and its biodiversity to be poorly understood in many
respects. This is due to the remote and rugged nature of the Kimberley making many areas virtually
inaccessible given logistic and financial constraints. Thus survey effort and research has been sporadic
over time and focussed on areas that are at least accessible, namely national parks and areas serviced

by roads.

Historical expeditions include botanical collections first carried out in 1819-1821 by Allan Cunningham,
followed by collections in 1889-91 by JWO Tepper and 1901 by RM Houe, in 1905-06 by WV Fitzgerald,
1916 by H Basedow and 1921 by CA Gardner. Increased transportation and access to the Kimberley has
aliowed for more recent collections.

6.6 Assessment of available information on the Kimberley

There is no specific definition that encompasses ecological values and they can be defined and
represented in a number of ways. However, for the purposes of this review it is important to establish
some criteria so that these factors may be assessed and presented spatially to begin to understand
regionally significant areas of the Kimberley and further to identify areas where conservation is critical and
others where development is acceptable.

Certain features are widely recognised as containing high ecological value and these are often identified
initially in regions to begin to develop an understanding of the corresponding value of areas and
vulnerability to impacts. These features are also termed ecological values and defined as the intrinsic
physical chemical, geological, and biological characteristics of an area (DEC 2005). The term ‘ecological’
also highlights that although values may be described individually (e.g. seagrass, mangrove), it is the
interaction between plants, animals and their environment and the complex relationships that needs to be
recognised and understood to ensure they will all be managed sustainably. Ecological values include
species and communities that have a special conservation status (eg. threatened species and
communities), endemic species, key structural components of the ecosystem (e.g. mangrove, coral,
rainforest), exploited species (e.g. fish, turtles) and key physical-chemical components of the ecosystem
(e.g. water quality, geomorphology).

Social values are equally important when considering the management of an area for long term
sustainability. These values include cultural, aesthetic, economic and social attributes. While the social
aspects must also be taken into account in assessing a region and developing a regional plan, this report
focuses on ecological values, e.g. those that play a key role in ecological processes, and encompass the
natural range and richness of flora and fauna.

Below the ecological values have been divided into marine and terrestrial. For each value a general
background is provided which reviews the current state of knowledge and provides general information.
The significance of the value refers to key aspects that are important and need to be recognised and
protected where possible. Finally, gaps in knowledge and priorities for research and/or action are
included.

6.7 Marine

The Kimberley has a ria coast with narrow embayments, drowned valleys, rocky shores, numerous
headlands and many offshore islands. The nearshore waters are very turbid with a tidal range of up to
15m in a low energy system. The mid to outer shelf waters are generally clear.

The marine component of the Kimberley presents at least 2 very different environments with separate
values. The nearshore and coastal waters, comprising the Canning, King Sound and Kimberley IMCRA
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bioregions, are characterised by turbid waters, low energy and an extreme tidal flux.  Conversely,
offshore areas in the NWS and OS bioregions comprise an oceanic system with clear waters, some
embankments, atoils and offshore islands. It has been noted that biodiversity is rich in the nearshore
environment and in the offshore waters beyond 100m depth. However, the area between, in the 30-80m
depth zone tends to be nutrient poor and support little biodiversity.

Information on the marine environment in the Kimberley is limited and generally site specific to several
key locations that have been subject to a number of investigations. For example, AIMS has engaged in
ongoing research mainly on northwest shoals, Scott Reef, Ashmore Reef and Rowley Shoals. AIMS holds
datasets from a number of studies on fish and shark species, benthic habitat and invertebrates conducted
at these sites along with research on biological and oceanographic processes. These studies have been
in part commissioned by Woodside Pty Ltd who have an interest in developing petroleum resources in the
Browse Basin.

6.7.1 Environmental quality

Background

Under the State Water Quality Management Strategy, WA will identify Environmental Values and Quality
Objectives for Kimberley marine waters through a review and community consultation process
(Department of Environment and Conservation 2006). A separate program would need to be developed
and resourced to develop environmental quality criteria (ie for water, sediment and biota) to allow an
assessment of environmental quality against the objectives across the Kimberley and to identify where
problems may be emerging and management is required to return and/or ensure appropriate levels of
environmental quality in the future.

Significance

Although the Environmental Values (EVs) have yet to be determined through a community consultation
process, it would be reasonable to expect that the default values would be the five identified for the
Pilbara region and the spatial application would follow the approach and principles established through
the Pilbara Coastal Waters Consultation Process (DEC, 2006). In essence, it could be anticipated that the
five EVs would apply everywhere and the level of ecological protection (LEP) would generally be
designated as Maximum or High, except for areas within harbours or marinas where a Moderate LEP
would apply or the mixing zones of any wastewater outfalls where a Moderate or Low LEP may be
appropriate. The social use values of recreation and fishing and aquaculture would apply everywhere
except perhaps in the immediate vicinity of approved wastewater discharges that contained faecal
coliforms.

Gaps and Priorities

The consultative process to determine values, objectives and where they apply spatially has been
successfully completed for the Pilbara coast (DEC 2006) and the outcomes have been endorsed by the
Environmental Protection Authority (EPA). The outcomes provide a basis for proponents to plan their
developments and a context within which to prepare and present environmental impact assessment
documentation. A proponent should seek to design the project to meet the objectives, but where that is
not possible the proponent should describe the degree of non-conformance and represent that spatially.
The EPA and Government can then compare the predicted environmental quality as presented in the
environmental impact statement against the ‘plan’ to assist in making judgements on environmental
acceptability. The process and the principles used to prepare the draft plan for the Pilbara coastal waters
would serve as a good model for a similar process to be undertaken in the Kimberley.

6.7.2 Water and Sediment

Background

There is limited information available on environmental quality (with respect to contaminants) in the
Kimberley marine environment. Water quality has been sampled at a number of sites in coastal and
offshore waters by AIMS between 1992 and 2003, however these data have not been published and
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there is no metadata available to identify parameters tested. There were no sediment quality data or biota
quality data located during this review. Data on benthic substrates in the Kimberley are very limited and
general in nature, except for several site specific areas, e.g. Scott Reef. It is known that surficial marine
sediments are mainly of terrestrial origin (terrigenous) in the coastal and nearshore areas. Moving
offshore, there is a change in sediment characteristics, commensurate with a transgression to the
offshore North West Shelf and oceanic Shoals bioregions which are characterised by deeper waters and
sediment of marine origin including biogenic carbonates.

In addition to providing faunal data, Berry and Marsh (1986) provide a good overview of the origin of the
offshore shoals and atolls including Scott Reef. The shelf atolls (e.g. Rowley Shoals, Scott Reef, Ashmore
Reef) are unusual in the sense that they have not grown on submerged volcanos but have grown
vertically from an essentially flat continental shelf, albeit in spurts related to changing sea-levels over
many millions of years. South Scott Reef rises to the surface from water depths of about 400 m on the
east to 700 m on the west and has been drilled to over 4700 m below sea level for hydrocarbon
exploration. Core analysis shows volcanic basalts at 4279 m overlain with some 2000 m of shelf sediment
indicating that the environment was deltaic in the early Jurassic (~200M years BP). Reef derived
calcarenite was encountered from the surface down to a depth of 1995 m indicating that the
approximately 2km thick atoll structure is essentially bio-genically derived and commenced growing on
the deltaic shelf sediments in the mid-Miocene (~15M years BP).

Significance
Too little information to be identified.

Gaps and Priorities
Too little information to be identified.

6.7.3 Mangrove

Background

There are accounts on mangroves dating back to early explorations (e.g. Gardner 1923, Sauer 1965).
More recent accounts have been published by Semeniuk (1980, 1982, 1985), Messel et al. (1977),
Hanley (1995), Saenger (1996), Thom et al. (1975) and Johnstone (1990). Mangrove zonation and
structure are described by Semeniuk et al. (1978), Wells (1981), Hutchings (1995), Hanley (1995),
Johnstone (1990) and Saenger (1996), Wells and Slack Smith (1981). The distribution of mangroves
around the coast of WA have been assessed by Pedretti and Paling (2001) and by the DEC. Further
information on mangroves can be found in Bridgewater and Cresswell (1999) and Johnstone 1990).

There are 18 species of mangrove tree found in Australia and all are represented in the Kimberley.
Species diversity declines in more southern latitudes and species and assemblages differ between the
Kimberley and the Pilbara and Gascoyne Regions (Pedretti and Paling 2000). Ten of the 18 species only
occur in the Kimberley. Well developed and complexly structured mangals are present around the
mainland coast of the Kimberley and are particularly well developed in estuaries, larger bays and inlets.
Mangais are less well developed in coastal bays and on nearshore islands and are uncommon on outer
islands.

Mangroves are generally high in ecological and commercial value as they provide important habitat and
nursery areas for a number of fish and invertebrate species. They represent a highly productive
environment and provide nutrients to a wide range of species, including migratory birds. Mangroves
support a rich and unique ecosystem, characterised by a distinctive suite of invertebrate fauna, much of
which has been observed at various sites (Hanley 1995). They also play an important role in protecting
the shoreline from erosion. Threats to mangrove communities include cyclones and other natural events,
land filling, dredging, deforestation and pollution.

Significance
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The mangroves of the Kimberley are considered to be some of the most rich, diverse and untouched
mangals around the world as they represent an area that has not been open to deforestation or subject to
fragmentation and losses associated with coastal infrastructure developments. Mangroves represent a
valuable and nutrient rich ecosystem that supports a wide range of biodiversity.

Gaps and Priorities

There is some information available on mangal ecosystems in the Kimberley, however it is in no way
complete. While there are no perceived immediate threats to the mangroves, particularly to the large
areas in the gulfs and estuaries, smaller stands such as on the outer islands may be more vulnerable. A
better understanding of these productive ecosystems is warranted and should begin by first developing
fine scale mapping of mangrove habitat across the Kimberley.

While mapping of the mangroves has been undertaken in the past and the DEC holds a spatial dataset
identifying mangrove areas, there is a need to update this dataset and to test its accuracy. Fine scale
and accurate mapping of mangroves would provide a reliable record of mangrove areas so that changes
and trends may be detected and assessed. This would form a basis from which to assist the ongoing
management and conservation of the highly productive mangrove ecosystems in the Kimberley. Unlike
subtidal habitats, the intertidal mangrove lend themselves to using aerial and possibly satellite imagery
with targeted field work to verify accuracy

6.7.4 Intertidal Flats

Background

Tidal mudflats are a characteristic of the Kimberley, particularly the bays and inlets of the coastal
environment. Geomorphology studies of mudflats in Cambridge gulf have been undertaken (Wright et al.
1972, 1973, 1975, Thom 1975, Wolanski et al. 2001). Semeniuk (1980), (1981), (1985) describe
sediments of the tidal flats of King Sound. Roebuck Bay in the Canning Region has received a great deal
of attention and there is ongoing collaborative research on the invertebrate fauna and relationship with
migratory seabirds in this area (de Goeij et al. 2003, Piersma et al. 2006).

While Roebuck Bay studies have identified a high biomass and high biodiversity, this research has not
been repeated at other similar sites and it is not known whether this level of biodiversity and productivity
is unique to Roebuck Bay or more widespread in tidal flats across the Kimberley.

Although mudflat ecosystems have been extensively studied in Roebuck Bay and other sites in King
Sound, and Cambridge—Bonaparte bioregions, there have been no broader regional studies. The majority
of research effort in marine communities has focussed on mangroves.

Significance

Intertidal mudflats and the communities they support provide a critical habitat and resources to migratory
birds. Sites such as 80 Mile Beach and Roebuck Bay are considered of international significance given
the numbers and diversity of migratory birds that feed in these areas seasonally.

Gaps and Priorities

Research on the communities and productivity supported by intertidal flats is limited to several specific
locations, e.g. Roebuck Bay and Eighty Mile Beach. This may lead to biases in information and
biodiversity assessment. Further, research on the oceanographic and biological processes that support
these systems is also limited. Priority research areas for intertidal environments include investigating key
intertidal regions in the Kimberley Bioregion to assess invertebrate community structure and interactions
and to support this information with related research on oceanographic processes relating to
sedimentation and water flow.

6.7.5 Sandy Beaches
Background
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Short steep beaches can be found between rocky headlands on the many coastal islands of the
Kimberley. These beaches comprise coarse terrigenous material, sometimes including pebble beaches in
areas where there are basalt or dolerite outcrops. While beaches typically have a recognisable
community of invertebrate species (amphipods and other crustaceans) there have been no studies on
beaches within the Kimberley to identify such a suite of organisms. There are some species records from
surveys and expeditions, however, there is insufficient evidence of the full taxonomic suite of species and
their ecosystems. There are no published reports on rocky shores or sand flats.

Significance

Sand beaches are known nesting sites for turtles and excavation sites have been noted at likely beaches.
However, there is no inventory of turtle nesting sites for the Kimberley and only anecdotal information
exists. Many of the beaches have features that would be unsuitable for nesting, e.g. no fordune or
inundation at high tide. Too little is known of beach ecological communities to identify other values.

Gaps and Priorities
Priorities include identifying beaches suitable for turtle nesting, mapping sites where nesting occurs and
conducting a complete inventory of sand beach ecological communities.

6.7.6 Seagrass

Background

Very limited information is available on seagrass in the Kimberley. Seagrass meadows do not appear to
be as well developed in the Kimberley as in regions to the south. However, twelve species of seagrass
have been identified in the Kimberley Region, with three of these found only in the Kimberley. Generally
seagrass species composition is similar to other areas of the Indo Pacific (Walker 1992, 1995).

Seagrass indicative sites have been mapped on the Oil Spill Response Atlas (OSRA) likely based on
satellite imagery. General information on seagrass can be found in Kirkman (1997) and Walker and
Prince (1987). There is a CAMRIS database of seagrass distribution around Australia held by the
Department of Environment and Heritage.

Significance

Seagrass has an important role in coastal ecology; through nutrient cycling, providing food and shelter for
fish and other species including dugong and some marine turtles. However, too little is known of
seagrass communities in the Kimberley and the biodiversity which they support. Prolific seagrass
meadows are known to occur in the Buccaneer Archipelago. Much of the nearshore environment is too
extreme for seagrass with high turbidity, tidal flow and freshwater runoff. There is very limited information
on deep water seagrass.

Gaps and Priorities

No research has been undertaken on seagrass in the Kimberley, though it is noted as important habitat
for dugong, marine turtles and a number of fish species. Priorities would include finescale mapping of
seagrass habitat, assessing its role and importance in ecological communities particularly as habitat for
dugong, marine turtles and various fish species. Seagrass is also vulnerable to many forms of
development such as pollution, dredging and sedimentation. It is therefore important to clearly identify
seagrass meadow areas and have a developed understanding of the complex trophic interactions that
may be affected by anthropogenic activity, particularly in areas where development may be considered.

6.7.7 Macroalgae

Background

There have been limited collections of macroalgae, mainly undertaken during museum surveys. Walker
(1995), (1996), (1997) provide preliminary lists, however taxonomic lists have not been concluded.
Preliminary evidence suggests that diversity and abundance of algae is low, possibly due to the extreme
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tidal range and turbid environment. Highest diversity and greatest abundance were found in the
Buccaneer Archipelago intertidal flats (Wilson 20086).

Significance
Information is too limited to identify values.

Gaps and Priorities
Information is too limited to identify priorities or gaps.

6.7.8 Rocky Shores

Background

A high proportion of the Kimberley shoreline is rocky and comprised of Proterozoic metamorphic and
igneous rock. A suite of invertebrate species is usually typical of intertidal rock surfaces and most of
these species have been recorded in species lists from various survey expeditions (e.g. Wells 1981,
1992, Wells and Bryce 1995, Bryce 1997, Jones 1997). However, there have been no specific studies on
rocky shore communities and there is no information on ecological distribution patterns and community
structure.

Significance
Information is too limited to identify values

Gaps and Priorities
While rocky shoreline communities may be a relatively low priority, there is a need to identify the complete
suite of organisms and describe distribution patterns and community structure.

6.7.9 Coral Reef

Background

Reefs in the Kimberley fall into two distinct groups- the fringing reefs around coastal islands and the
mainland shore and large platform reefs and banks from the OS bioregion. These two categories, as
assessed by Wilson (2006), are quite different in composition, diversity and habitat and, as such will be
dealt with separately in this section.

The continental shelf off north western Australia is one of the widest in the world and along its edge rise a
number of submerged banks, shoals and emergent reefs. The platform reefs are large bioherms and
appear to have depth to at least Holocene accretion. The platforms are barren in the middle with coral
communities on the margins. There are 13 atolls in the Oceanic Shoals bioregion covering roughly
1500square kilometres (including the Scott Reef system, Rowley Shoals and Ashmore reef system).
These reef systems make up a miniscule part of the bioregion and are critical ecologically as stepping
stones for larval transport and interconnectivity within the Indo Pacific (C. Simpson pers comm).

Jones (2006) provides a brief assessment of marine research undertaken at a number of sites, including
that at the various offshore reefs. Scott Reef is the best studied and coral reef assemblages are well
zoned. Long term projects have been undertaken by AIMS and supported by industry at Scott Reef (e.g
Morgan 2006, Berry 1986, Hutchins et al.1995, Jones 1973, Kay 1995, Smith et al.2003, 2004). In
addition there has been some research undertaken at Montgomery Reef (Walker 1997, Telford 1997),
Rowley Shoals ( Berry 1982, 1986, CALM 2004, Environment Australia 2000, Hutchins et al.1995, Jones
et al.1973, McLoughlin et al.1988) and Ashmore Reef (Berry 1993, 1999, Milton 1999, Rees et al.2003,
Smith et al.2005).

Species lists have been recorded for the Rowley Shoals, Scott Reef system and Ashmore reef system

(e.g. Berry 1986, Berry 1993) and these typically note the high diversity on the reefs, similarity between
reefs and differences to mainland and nearshore reef systems. In particular, Berry (1986) noted that
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many species, while new to lists for Australia, were part of assemblages common to the Indo-Pacific
putting the Kimberley region into the broader global context of its role in the Indo-Pacific ecosystem.

Research has noted that the reef atolls are in relatively good condition with a high diversity of fish, coral
and invertebrate fauna. While Scott Reef system and Ashmore reef system have been exposed to
traditional fishing practices, the Rowley Shoals are not and provide a refuge for species of trochus,
holothuria and giant clam that have been over-fished in other areas (Gilmour et al. 2007). Benthic
habitats and communities have been found to be broadly similar between the various reef systems,
though research on Scott Reef has been limited to reef slope (Gilmour et al.2007).

The greatest threats to these emergent reef and atoll communities are large scale disturbances such as
thermal induced coral bleaching (from climate change) and cyclonic activity. Other threats common to
coral reef systems are disease and outbreaks of coral predator populations. The reef systems are far from
the mainland and therefore isolated from many other anthropogenic disturbances (e.g. sedimentation,
nutrient flow, etc).

There have been several coral bleaching events at Scott Reef and cyclones at several of the reefs over
the last decade and recovery and resilience patterns have been studied (e.g. Smith et al.2003, 2004,
Gilmour 2007). The reefs’ ability to recover is largely a factor of self seeding and depends on
interconnectivity between coral communities within reefs and among reefs within a system. Fish
populations are more likely to rely on dispersal and recruitment between reef systems.

Research at Scott Reef has confirmed that there is a high level of biodiversity at the reef and that it is in
exceptional condition. A coral bleaching event was noted in 1998 and subsequent recovery of the reef
was examined over the following 6 years. Research has included habitat mapping, species identification
and zoning, monitoring of physical processes and examining reef connectivity across the broader indo
pacific region. These measures have indicated that Scott Reef is an important reef in the oceanic shoals
system, it has a high degree of biodiversity, is resilient to disturbance and has an important role to play in
connectivity in the indo pacific including species recruitment and larval dispersal.

There are well developed fringing reefs around most of the islands and along the mainiand coast,
however, little research has been conducted in this habitat. These corals represent a very rich and
diverse group that is only beginning to be understood. Blakeway (1997) represents the only published
account on coral reefs. Broad scale mapping of coral reef habitat have been prepared, however due to
turbid waters and logistics. Further, there has been little investigation into the species of corals making up
these communities. The limited evidence suggests these coral communities may be the richest and most
diverse in the Region.

Significance

The offshore reefs, atolls and islands occupy a unique and critical ecological role providing the
connectivity between the Kimberley and the Indo Pacific. The atolls and reefs coved a very small area of
the bioregion and all are considered to be important for their ecological role in larval recruitment and
connectivity between reef systems. It is by noting the value and role of these systems in the broader
marine environment that we begin to recognise that the Kimberley and WA are not an isolated marine
environment, rather they contain elements of a much broader marine ecosystem that may rely on unique
features within the Kimberley. There are only 3 emergent reef systems in the North west and the Rowley
shoals is the most pristine of the three. However they are all important to the longer term persistence of
coral reef atolls in the OS. In particular, longer term dispersal is critical for assisting in the recovery ,
maintaining species diversity and preventing fixed genetic differences (Gilmour et al.2007). Further the
reefs represent long distant stepping stones between reef systems farther south and the Indo pacific.
Given their rarity, all reef systems of the north west are considered of great regional significance (Gilmour
et al.2007) and, as such any human activity that could result in significant disturbance should be
discouraged. Rather, all reef systems should be considered for inclusion in the marine reserve system.

Preliminary evidence from surveys of the fringing reef in nearshore and coastal waters notes a very high
diversity in species, however little is known of coral communities, or ecology. This inshore coral system
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may be an ecologically very important feature of the Kimberley and it may represent a unique coral
system worldwide with high diversity in a low energy and turbid environment.

Gaps and Priorities

Although there has been some research undertaken on the offshore reef systems, there are a number of
significant gaps in our knowledge. Habitat mapping and biodiversity surveys of all areas are critical to
define baseline population parameters that can be monitored to detect impacts over time, to examine the
level of connectivity between reef systems and to detect threats such as coral bleaching, disease and
coral predators. Some survey work has been undertaken at each of the reef systems, but to different
degrees, and there is still much that remains unknown. For example, replicated surveys of different
habitats are required to determine similarity in community within reef systems as well as between reef
systems. Habitat mapping and monitoring should cover the range of habitats present, not focus on one
particular area. For example, at Scott Reef while there are monitoring programs for the reef slope habitat,
there is limited information about community structure of other areas such as lagoon, back reef, reef flat
and channel (Gilmour et al.2007). Further research is required at Scott Reef and other reefs to
understand oceanographic processes, the role of surface currents in larval dispersal and recruitment
between coral reef systems in the Indo pacific. Information on the biodiversity of fish communities at the
reef systems is minimal. It would be useful to have contemporary baseline of fish biodiversity from shallow
and deep water surveys to assess the uniqueness of the fish communities at each reef system and future
changes (Gilmour et al. 2007).

Information on species distribution and movement patterns or connectivity between reef systems is
important for those species that are commercially harvested (e.g. trochus, holothuria, sharks). There is a
need for sufficient information on spatial patterns in movement or life history characteristics so that
management strategies can be implemented that will ensure their sustainability.

While the Museum has collected a number of samples of invertebrate species, including corals from the
Kimberley region through various surveys this information remains uncatalogued to some degree and
unavailable through a digital database system. A top priority to begin to understand the range of
biodiversity present should be to provide funding to the museum to properly collate their current
information on fish, molluscs, corals and other invertebrates from the Kimberley Region.

In the nearshore environment, mapping of all corals has yet to be undertaken due in part to the difficulty
presented by the turbid environment, making the use of aerial photography limited. An initial assessment
of the inshore reefs should be undertaken such as a preliminary mapping project of all fringing reef by a
geomorphologist.

Due to the potential importance of this reef system, additional fieldwork to survey inshore coral reefs in a
systematic way should be initiated following the above priorities.

6.7.10 Benthic

Background
There is limited information available on the benthic environment of the Kimberley. Broad scale

bathymetry is available for most of the region through navigation charts and AMSA.

Significance
There is too little information to identify values.

Gaps and Priorities

There is no finescale bathymetric mapping that is easily accessible. While there have been some site
specific studies that would have provided this information, e.g. aquaculture sites and sites proposed for
industrial development, this information is not readily available and would be very patchy and site specific.
Generally, benthic habitat mapping has not been conducted for the Kimberley region. It would be
possible to use naval marine charts, aerial photography or satellite imagery as a base point to identify
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habitat such as mud flat, mangal and coral reef. However, the large tidal range and turbid waters of the
Kimberley make photographic analysis difficult and its use in benthic habitat mapping, including for coral
will be limited in coastal and nearshore waters.

6.7.11 Oceanography and Physical processes

Stewart et al.2005 detail data sources for oceanographic data held for the Canning bioregion. This
includes CSIRO databases on regional seas, coastal stations and oceanographic regionalisation,
CAMRIS wave and oceanographic datasets, and NOAA surface temperature imagery.

Information on tidal processes has been assessed by Holloway (2001) and Cresswell and Badcock
(2000).

Several studies have been conducted in north west shelf area by AIMS on wave and current dynamics
and on relationships between reef communities.

Gaps and Priorities
There is a need for a more developed understanding of ocean processes including water circulation and

connectivity between various reef systems.

6.7.12 Fauna

The Kimberley marine and coastal environment provides habitat for a variety of important fauna species
including migratory birds, seabirds, marine turtles, humpback whales, dugong and benthic intertidal
communities. Overall there is a reasonable, though incomplete, taxonomic knowledge of the large and
conspicuous marine flora and fauna groups. However representation of other more cryptic or rare groups
remain undocumented (Wilson 2006). The majority of this information comes from both early and more
recent expeditions and is typically restricted to specimen collections and taxonomic lists, with little detail
on known marine ecology and community interactions. Exceptions to this include information on
mangrove communities and description of some fringing coral reefs and offshore reefs.

The WA museum holds a database of all fauna specimens from WA including birds, mammals, reptiles,
fish, crustaceans, molluscs and other invertebrates. However, this database lists specimen holdings only
and does not include information on distribution. Further, specimens have been collected that have not
yet been identified and catalogued, making it incomplete. The Australian Biological Resources Study has
a published Zoological Catalogue of Australia with taxonomic and distribution information. A publicly
available version is available on-line through the DEH, however this catalogue is not yet complete.

6.7.12.1 Invertebrates

There is no spatial dataset of information on invertebrates for the Kimberley, though research has been
conducted at a limited number of sites. AIMS has conducted surveys of holothuria and Trochus in the
Ashmore and Cartier reefs (Smith et al.2002, Rees et al.2003, Smith et al.2001) and on genetics of pearl!
oysters in north west WA (Benzie et al.2003). Datasets of survey sites are held by AIMS. Surveys
coordinated by UWA and the WA Museum have included collections of invertebrates at a variety of
locations along the Kimberley coast and islands (e.g. Wells et al. 1989, Morgan 1992, Wells et al.1995,
Walker 1997, Walker et al.1997). A number of studies have also been undertaken on benthic invertebrate
fauna, mainly in the Roebuck Bay and Eighty Mile beach area due to their importance in the community
ecology of these areas (e.g. Piersma and Watkins 1997, Pepping et al.1999, Piersma et al.1999, 2002,
deGoeij et al.2003, Wade 2004). The DEC has conducted research and hold a dataset on aquatic
invertebrates, water birds and water chemistry of WA wetlands.

Significance
There is too little information to identify values.
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Gaps and priorities

Priorities should include improving our understanding of dominant taxa and their distribution and
completing species lists for the Kimberley. This may be initiated by supporting the WAM to identify and
catalogue the specimens that it already holds for the Kimberiey that have yet to be examined.

6.7.12.2 Mammals

A number of marine mammal species are known to occur in the Kimberley region including dugong,
humpback whales, the snubfin dolphin as well as several other species of delphinid. These species are
important because of their iconic status and public appeal and also for their conservation value. Dugong
and humpback whales are specially protected species in WA due to their threatened status. The snubfin
dolphin has recently been recognised as a new species in Australia (Beasley et al.2005).

Generally, information on the status and critical habitat requirements of these species is very limited in
the Kimberley. While these species are all identified as important to the region and given conservation
consideration in the assessment of marine resources for reserve status and development, we know little
about population abundance, distribution and habitat requirements. Certain areas may be expected to be
important for these species, e.g. sea grass beds as suitable foraging sites for dugong, however there has
been little research effort to support this (e.g. Prince 1986, Marsh et al.2001).

Humpback whales migrate annually to northern tropical waters for calving and breeding activity. Jenner
et al. (2001) report that Camden Sound in the Kimberley is an important calving ground for this species.
They also note the seasonally high concentrations of whales during migratioin near the Lacepede Islands
and offshore of King Sound. However the migration route is not well understood, nor have all critical
habitat areas for resting and calving been identified. The Centre for Whale Research {(WA) has conducted
further research effort in the NW area, however this data is not publicly available.

The dugong is considered vulnerable under international conventions and is afforded special protection
under the Wildlife Conservation Act in WA. Dugong are primary grazers feeding on seagrass.
Populations have been subject to traditional harvest in the Kimberley and were originally managed under
the Department of Fisheries. While some limited research has been undertaken to assess populations
and critical habitat, this work has been limited due to lack of funding and access (Prince 1986). There are
seagrass communities known to be used by dugong, however there is insufficient information to detect
trends in seagrass distribution and habitat loss or degradation. A better understanding is required of
dugong population, demographics, habitat requirements and annual take. Prince has recommended an
expansion of the dugong research program active in the northwest cape area. NAILSMA have initiated
research into the dugong population and sustainable harvest, however this project is in early stages.

There are populations of snubfin dolphin, recently identified as taxonomically unique to Australia, and
found in coastal waters of the north (Beasley et al.2005). This species has received limited attention to
date, however a research program is currently underway by Deakin Univeristy to examine its distribution,
abundance and general ecology and interaction within the Kimberley coastal environment (D. Thiele pers.
Comm.).

Significance

All species noted above are considered to be threatened fauna and afforded legislative protection.
Critical habitat for these species including foraging, resting and breeding areas have, to some degree,
been identified.

Gaps and Priorities

Priorities include identifying population distribution and abundance and habitat use; understanding the
traditional take of dugong and assessing the sustainability of this harvest. Some information may be
available through the Centre for Whale Research on the distribution and critical habitat of humpback
whales and other species as they have conducted a number of surveys both independently and under
contract to industry on marine fauna in the Kimberley (C. Jenner Pers. Comm.).
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6.7.12.3 Reptiles

Background

There are 6 species of marine turtle that occur in the Kimberley and all are listed as threatened species in
WA and nationally. While there are broader research programs on turtle stock assessment, distribution
and habitat use in WA, there has been limited focus and effort on populations and sites in the Kimberley.
A database of turtle nesting sites exists for WA and is managed by the DEC, however, to date there is
little information on sites in the Kimberley and there is no quantification of nesting populations at any site,
nor have all potential nesting sites been documented. There is a current study on the nesting activities of
flatback turtles at Cape Dommett that has identified seasonal nesting patterns (Koch CDU).

Turtle harvest is a traditional activity for the indigenous people of the Kimberley and continues to occur.
However, this harvest has not been quantified and has an unknown impact on turtle populations (Limpus
2002, Prince 1994).

Significance
The region is particularly important for those species with significant nesting sites in the region such as
the green and flatback and possibly the olive ridley turtles.

Gaps and Priorities

Gaps in knowledge on these species in the Kimberley are significant. Information is required on
population or stock assessment, distribution and habitat requirements. Quantification of dugong and turtle
harvest by traditional hunters is also required to ensure such harvest is sustainable. Limpus (2001) also
outlines further key gaps in information on turtles in Western Australia which would require effort in the
Kimberley region. Research programs are initiating to begin to understand these issues. For example,
NAILSMA and saltwater country project both include effort to assess local populations of dugong and
nesting turtles and quantification of harvest.

6.7.12.4 Fish

Background

Datasets on fish distribution around Australia have been documented by CSIRO and by WA and National
Fisheries for commercial and species of interest. Most research on marine fish in the Kimberley region
has been undertaken by the Department of Fisheries (DoF) and is strongly biased towards commercially
fished species. DoF research has included investigating population parameters and catch rates of the
key species for commercial and recreational fishing in both inshore and offshore areas of the Kimberley
(Newman et al.2003, Newman et al.2001).

WAM has also gathered data on marine fish species (Hutchins 1999, 2003, Morgan 1992, Newman and
Dunk 2002, 2003, Ovenden et al.2002) and a number of studies by AIMS of reef communities at offshore
reefs have targeted fish species (e.g. Smith et al.2004).

Significance

There is a high biodiversity of fish species in the Kimberley and Pilbara region with latitudinal having a
strong influence on species composition, i.e. there is a distinct difference in species composition between
northern latitudes of the Kimberley and the more southerly Pilbara region {Travers et al.2006).

Gaps and Priorities

Newman et al. (2003) make a number of recommendations for priority research that will inform fisheries
management such as estimating biological parameters of key species, evaluating and assessing
recreational and aboriginal netting activities and determining the genetic stock, structure of key species in
nearshore waters.

6.7.12.5 Shorebirds and Seabirds
Background
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There is a reasonable amount of published literature on sea and shorebirds in the Kimberley, particularly
from the Canning Bioregion as there are several sites of national and international significance for
migratory and shore birds (e.g. Roebuck Bay and Eighty Mile Beach). Long term research programs
have been active through the Broome Bird Observatory, Birds Australia and the Wader group (e.g. Storr
1980, Johnstone 1990, Woinarski 19 92, Watkins 1993, Tulp and DeGoeij 1994, Collins 1995, Barrett et
al. 2003, Hickey et al. 2003). A survey of seabird breeding islands has been conducted by Burbidge and
McKenzie (1978)

Significance

The Kimberley is an important site for seabirds and migratory shorebirds and a large variety and number
of these species are present in the Kimberley on a seasonal basis. There are a number of recognised
sites where migratory birds congregate, feed and breed in the Kimberley. This habitat is of national and
international importance under such bilateral agreements as JAMBA (Agreement between the
government of Australia and the Government of Japan for the protection of Migratory Birds in Danger of
Extinction) and CAMBA (Agreement between the government of Australia and the Government of
Republic of China for the protection of Migratory Birds in Danger of Extinction). These agreements list the
bird species which migrate between Australia and other Asian countries and require both parties to
protect the birds and protect and conserve their habitats. The northwest of Australia is a first stopping
point for many of these bird species on their migratory route from southeast asia. The islands of the
Kimberley and intertidal coastal environment and wetlands contain a number of important areas, not all of
which have been identified, where these species congregate, feed and rest.

Gaps and priorities

As there is some data on known breeding sites and resting areas, research priorities should focus on
monitoring these sites to detected changes over time in response to ecological or human factors.
Migratory routes of species covered by JAMBA and CAMBA should be clearly identified, including critical
habitat for those species that stop off in NW Australia to rest, feed or breed.

6.8 Terrestrial

Most of the research conducted in the Kimberley on both fauna and flora has come about through survey
projects run by the DEC (formerly CALM) and WAM. These projects have covered fairly large areas, but
have been predominately located in reserve estate and areas of biodiversity interest (e.g. Mitchell Plateau
(Western Australian Museum 1981), Drysdale River (Kabay and Burbidge 1977, Edgar Ranges
(Mckenzie 1981, Dampier Peninsula (McKenzie 1983 and Prince Regent River (Miles and Burbidge
1975). In addition, extensive surveys have been conducted on rainforests (McKenzie et al.1991) and
islands (Burbidge and McKenzie 1978) in the Kimberley. These surveys have added greatly to our
knowledge of species distribution in the Kimberley, both fauna and flora and have documented a rich and
distinctive biota with more similarities to northern tropical bioregions than other parts Western Australia.

A number of species are considered endemic to the region, including 230 plant species (Wheeler 1992).
No summary of the endemic fauna has yet been constructed, however there is believed to be high short
range endemism in some invertebrates (e.g. land snails) and at least 16 fish, 10 frog, 31 reptile, 2 bird
and 6 mammal species are considered endemic to the Region (WWF AA0706). A number of these
species are associated with the rugged sandstone and high rainfall areas of the north Kimbertey.

6.8.1 Vegetation

Background
The Kimberley includes such vegetation associations as grassland, grassland with associated woodland,
hummock grasslands, mosaic communities, shrublands, woodlands, mangroves, rainforest.

Vegetation mapping is available across the entire region at the 1:250,000 scale (Beard 1979). More
recent vegetation mapping has been conducted by the Tropical Savana CRC, however this mapping is
not at a finer scale. The Department of Agriculture has completed some land unit mapping in discrete
areas. In addition, Behn (2001) has used remote sensing to map forest cover in the Kimberley as part of
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a national exercise (NORFOR). Satellite images from the dry season only were used and, while
broadscale mapping of mangrove, rainforest and vine thicket was considered adequate, satellite images
could not be used to reliably discriminate between types or height classes of woodland trees.

Significance
184 vegetation associations are present in the Kimberley and only 51 of these are represented in the
reserve system.

Gaps and priorities

A key priority for the Kimberley is the adequate representation of vegetation communities in the reserve
system. A number of recommendations for proposed reserve have been made and are cited elsewhere in
this review. These proposed reserves should be enacted and appropriate management plans developed
for each.

The broad scale mapping by Beard may be suitable for making assessments on a broad scale basis, but
it does not provide a fine scale representation of existing vegetation. This means that while a large area
may be depicted as woodland, if smaller areas are examined in more detail, finer gradations and a
mosaic of ecological communities are identified. While broad scale information is useful, it has its
limitations and finer scale assessment is needed to assess ecological value and true representativeness.

6.8.2 Rainforest Patches

Background

There are more than 1500 rainforest patches scattered across the Kimberley with a distinct structure and
floristic composition that support fauna not found in surrounding savanna. Most patches are in the
remote northwest, high rainfall areas. Patch size varies, with an average size of 2.5 ha. Between 1987
and 1989 a broad scale ecological survey was undertaken of the Kimberley rainforest. Data was collected
on compositional patterns of biota, disturbance and physical characteristics of the environment. The
results of this survey provide information on soil and landform, invertebrate and vertebrate fauna, floristics
and vegetation structure and spatial distribution of rainforest patches (McKenzie et al.1991).

Significance

The many small rainforest patches identified and assessed by McKenzie et al. (1991) also present unique
and important value. These patches provide haven for species during the dry season, allowing species to
persist in areas where they otherwise might not. Further, they support their own unique communities and
contain a high level of short range endemism in the invertebrate fauna. Fire and introduced cattle both
have inter related impacts on rainforest patches.

Generally, rainforest patches are not well represented in the reserve system and are vulnerable to
disturbance because of the small size of many patches.

Gaps and priorities

As noted, rainforest patches are not well represented in the reserve system and the top priority should be
to enact reserve proposals put forward by the EPA 1981, Burbidge et al.1991 and McKenzie and Belbin
1991) to ensure that this important element of the Kimberley ecosystem is preserved.

6.8.3 Islands

Background

There are over 1000 islands in the Kimberley that vary in size and topography. Only 343 of these are
larger than 20ha (Burbidge 2004). The numerous islands in the Kimberley play an important role in the
conservation of native Australian mammals (Burbidge 1991). The islands have remained, for the most
part free of feral pests. Larger islands in particular will be important in this regard as they may be more
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likely to provide adequate habitat to sustain viable populations and communities. Thus any development
of islands should be carefully considered to ensure that islands of similar size and habitat are preserved.
A number of islands have a high conservation value as they support breeding sites for seabirds and
marine turtles and may provide refuges for species whose populations have declined on the adjacent
mainland.

Koolan Island has a long history of mining and exploration and, as such, also has the most thorough
inventory of wildlife of islands in the Kimberley. A study in 1995 assessed the recovery of the island since
the previous closure of the mine 29 years previously (Keighery et al. 1995, McKenzie et al.1995). This
survey found 282 plant taxa in five major vegetation units, with 12 new weeds identified. Fauna surveys
have identified 59 invertebrate species (including 8 land snails), 1 amphibian, 35 reptiles, 116 birds and
18 mammals. Eight species have been introduced including 4 invertebrates and 4 mammals. The
vegetation structure and underlying geology was similar to that found on the mainland in nearby sites as
were fauna collections. Only one native plant species was known to be restricted to Koolan Island,
otherwise the vegetation was considered to be sub humid rainforest species which occur widely across
the Kimberley. Several species of endemic land snail and one reptile were found on the island.

Significance

The islands in general are considered a high value for the Kimberley as they contain a variety of
ecosystems, high species diversity and provide an area where these species can persist without the
impacts and disturbance caused by human activities on the mainland (Burbidge and McKenzie 1978).
The laterite islands represent a very small proportion of islands and should, at the very least, be further
assessed to identify ecological values unique to these islands. The richness of fauna on Koolan is
deemed to be a good indication that rugged sandstone islands support complex fauna. Islands also
represent important refugia for fauna that may be pushed to the extreme limits of their range on the
mainland. This factor may become important over time as distribution of species on the mainland
contracts and as impacts from feral animals causes species decline. However, it is important to first
identify the genetic variation that exists between island and mainland populations and ecosystems that
have developed rather than viewing islands as a safe haven for displaced mainland species. Islands are
important for biodiversity, genetic diversity, refuge, short range endemism, relief from pressure of tourism
ferals. Islands represent a unique environment and are important to indigenous communities.

[slands play an important role in the conservation of native Australian fauna (Burbidge 1991). Australian
mammal fauna generally has declined since European settlement, with the introduction of feral animals
as a key factor. Islands provide a pristine ecosystem where exotics have not been introduced and native
populations have been maintained. Conservation measures such as reservation and careful management
can preserve these populations as well as provide refugia for species threatened on the mainland. In
addition, the separation of island fauna from mainland means that there are likely to be genetic
differences between mainland and island species, giving island species a high conservation value.

Gaps and Priorities

Little is known of most of the islands. Another island survey is planned to take place over the next 3
years that will visit 123 islands, some that have been visited on previous surveys. Future needs should
include further island surveys to expand our understanding of island biodiversity and comparison with
comparable mainland sites. There is a need for better understanding of island biologic and dynamics
including comparison with mainland species communities and genetics and the impacts of tourism.

Conservation through reservation and proper management is also critical to the long term sustainability of
island populations. Islands in the Kimberley need to be well represented in the reserve system and
management measures such as limiting development and ensuring quarantine measures are in place are
important to ensure that island biota remains relatively untouched and free from feral invasions. Burbidge
and McKenzie (1978) make a number of recomendaitons for the inclusion of specific islands into the
reserve system and also note that, at the very least, all islands offshore of the Kimberley that are not
reserved for some other purpsoe should be declared Class B Reserves.
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6.8.4 Flora

In 1998 the Kimberley was considered to contain 2,025 native species of vascular plan. These species
comprise 167 families and are dominated by grasses, pea flowers, sedges, eucalypts and paperbarks
and wattles. Many species are poorly known and collected and therefore it is difficult to determine the
level of endemism present in the Kimberley Flora. The Region’s plants bear stronger similarities with
vegetation systems across the top end of Australia than they do with other vegetation communities within
WA.

Collections of flora in the Kimberley began in 1819 and have continued, boosted by improvements to
transportation and access to the Region in the 1960s. The best full records of flora in the Kimberley are
contained in “Flora of the Kimberley Region and Broome and Beyond.

Flora of the Kimberley defines 4 phytogeographic districts, 3 of which are covered in the scope of this
study: Gardner, Fitzgerald, and Dampier botanical districts. The Gardner botanical district is dominated
by savannah woodland but also includes woodland, riverine woodland, small patches of vine thicket,
hummock grassland and mangrove communities. Tree and grass species vary with soil and landform.
The Fitzgerald botanical district is dominated by tree savannah with trees lower and more scattered than
in the Gardner district. Dominant tree species are eucalypts with more diversity in the south. Shale soils
support tree and grass steppe.

The Dampier botanical district vegetation is mainly pindan and pindan woodland which is dominated by
acacia species. This district also includes low tree savannah, riverine woodland fringing major rivers,
grass savannah on clay plains, steppe hummock grass in the ranges and mangrove and samphire
communities in sheltered inlets.

Significance

As of 1997 there were 4 species of Declared Rare Flora in the Kimberley and a further 99 species listed
as priority flora. 37 of these species are considered under threat as there are very few known populations.
The remaining species are not considered to be under immediate threat. There are also 11 threatened
ecological communities (TEC), with an additional 46 communities at risk.

The Kimberley is also characterized by the numerous small rainforest patches with their distinctive floristic
composition and fauna assemblages which are quite different to surrounding savannah. These patches
are not dependent on the annual rainfall, but are often supported by another water source and may be
deciduous during the dry months. The greatest number of such patches are found in the wetter north
west coast area of the Kimberley.

Gaps and Priorities

There is a need for more detailed and longer term studies on the structure and distribution of flora
communities. Many of the surveys and collections have occurred during the dry season, meaning that
much of the wet season flora may have been missed. There is also a need for a more developed
understanding of the ecological processes affecting flora in the Kimberley and changes that may be either
man induced or a result of natural or global change. Dedicated research effort is needed into the
relationship between fauna and floral dispersal and pollination mechanisms and impacts of changed
community structure through variation in fire regime, and its consequent impacts on both flora and fauna.

6.8.5 Fauna

Surveys of fauna in the Kimberley have identified 72 species of native mammal, 295 bird species (many
of these short or long term visitors), 178 species of reptile 39 species of amphibian and 12 species of
frog. In the Australian Mammal Audit (McKenzie and Burbidge ) the Kimberley shows a rich mammal
fauna with high endemism in some areas and low attrition rates. Of note, there have been no mammal
extinctions in the Kimberley, though the status and distribution of a number of CWR mammals is of
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concern (Burbidge and McKenzie 1989). Further, the Kimberley has the highest diversity of frog species
in WA,

Fauna assemblages found in the Kimberley are often not found in areas further south in WA. This is in
part due to the difference in fauna assemblages of different climates and changes in assemblage coincide
with rainfall (Woinarski 1992). Species in more arid climates tend to be broader ranging and wetter areas
have a higher biodiversity. It is believed that European settlement and the introduction of feral animals as
well as other habitat disturbance have led to a large decline in the abundance of native fauna species
(Kitchener 1978, McKenzie 1981). This issue has not received adequate attention to identify the
relationships between fauna and vegetation communities and the affects of grazing. While it is often
noted that mammal fauna in the Kimberley has remained intact and that this is likely due to the limited
disturbance experienced by fauna in relatively undeveloped areas, this may be misleading as the much of
the Kimberley remains unexplored and there has been little work in the way of systematic survey across
the Kimberley. In fact, it is suggested that the distribution of many mammal species is shrinking, pushing
species into wetter and more rugged areas. In fact, Burbidge (unpub) noted that all records of ground
dwelling mammals in the north Kimberley have been recorded within 20km of the coast, i.e. in a
narrowing fringe likely associated with high rainfall and rugged terrain.

Significance
126 species are listed as endangered fauna in the Kimberley and 4 as rare. Species diversity is highest in
coastal, high rainfall areas and sandstone ranges (Woinarski 1992).

Gaps and Priorities

While there have been a number of fauna surveys by the DEC and WAM over the years, many of these
have focused on conservation reserves and most have been limited in time and scope. For example,
Handasyde (2006) used a map of the location sites for specimens from the Kimberley held by WAM to
represent survey effort as both WAM and DEC scientists lodge specimens with the WAM. From the
distribution pattern of specimens, it can be noted that most specimens were collected in conservation
reserves or along roads, e.g. the places people were most likely to be. Figure 6, shows a similar trend in
the distribution of threatened fauna and ecological communities. There are large tracks of land with
minimal sample collection and likely minimal or nonexistent survey effort. There is a need for extensive
and systematic surveys to assess species, population levels, distribution, conservation status and habitat
requirements across the entirety of the Kimberley. Without this information the long term status, real
distribution and potential decline of many species remains unknown.

In addition to general species surveys, further work on short range endemics such as land snails and
other invertebrates is needed in the Kimberiey. The presence of short range endemics is often used as an
indication of biodiversity and priority areas. A high degree of short range endemism has been noted in
land snails, particularly in the rain forest patches of the Kimberley and islands. Further work should be
undertaken to develop an understanding of the importance of these species and whether they may be
useful as indicators of habitat change.

Similar to comments noted above, expansion of the reserve system is required to provide adequate and
representation of fauna in the Kimberley. Transitional areas between species assemblages and arid,
inland areas of the northwest are poorly reserved.

6.8.6 Wetlands and Estuaries

Background

Information is available on ground water and drainage basins through several national sources. The
OzEstuaries Database is an online database holding data on all Australian estuaries. Information is
presented via searchable map interface, based on estuary condition assessment. The site provides
access to information on each estuary from the National Land and Water Resources audit 2001 and the
Australian Estuarine Database (Digby) Survey 1998.
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There are 80 sites listed for the study region. The condition of most sites is pristine, with 4 considered to
be largely unmodified and one (Drysdale river) modified. Condition modifiers include land uses such as
mining, urban and grazing and catchment hydrology, dam. There is no data on water quality or
sediment for any site in the northwest Kimberley.

The Wetlands Database Project 2005, hosted by the DEC provides an online information tool on all
wetlands in WA, Reports can be generated by specific wetland and include information on the site,
tenure, hydrology, geomorphology, flora and fauna.

The Australian Wetlands Database contains information on wetlands of international (Ramsar) and
national importance. The database contains information on physical and ecological features, threatened
flora and fauna, migratory fauna, social and culturai values, threats and management activities. The
WWF have recently undertaken an NHT funded project on establishing priorities for wetland conservation
and management in the Kimberley Region (Vernes 2007). This project sought to develop a database of
current information on wetlands across the Kimberley to identify threats, uses, and cultural and biological
values. This information is intended to be used to establish priorities for wetland management in the
Kimberley catchments. Threats to wetlands include grazing pressure from cattle and feral stock,
groundwater extraction for agricuitural and mining purposes, changed river flows, unsustainable tourism
activities, and impacts on vegetation from changed fire regimes (Vernes 2007)

Significance

Wetlands are an important resource for waterbirds and provide refugia during the dry season for many
species. Many wetlands are recognised for their significance at a global level and are listed under the
Ramsar Convention. These wetlands are recognised as nationally significant and are provided additional
protection under the EPBC Act. There are four Ramsar wetlands in the Kimberley. Only one of these sites
is within a nature reserve. However, nature reserves and marine parks recommended in Burbidge 1991
and Wilson 1994 would cover all, or significant portions, of the remaining 3 sites. A further 21 sites are
considered nationally important wetlands.

In addition to their ecological significance, wetlands hold high social value including fishing, bird watching,
tourism and indigenous heritage.

Gaps and Priorities

Priorities for wetland conservation have been assessed by the WWF (Vernes 2006). This report suggests
monitoring water quality is a good indicator of wetland health and recommends that there is a need to
continue to monitor wetlands in the Kimberley as, while most wetlands were in good condition, there was
indication of some degradation, in particular in areas subject to disturbance by cattle. Further, Vernes
(2007) notes that a much information on wetlands, in particular ecological, is held by local people and
programs to uncover this information as well as involve aboriginal communities in wetland management
and monitoring should be encouraged.

6.9 Data management

Data and information management is an on-going issue for State government departments, including
those who collect the data and those who use it to inform decision—-making processes. Government
departments often rely on the best available information to make important decisions on planning,
development, conservation and management. Yet, often this information can be difficult to identify and to
access. For example, research conducted by Universities, particularly students, may go unpublished
except in theses and research conducted by environmental consultants on behalf of industry is often
contained only in internal reports that are not provided to government. Thus, there is a great deal of
research that my have taken place, be it physical, ecological or social, that remains unrecorded,
unrecognised and difficult to access.
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inherently complex range of habitats and ecosystems where there are significant gaps in our knowledge
due to this complexity and to the remoteness of the area. A systematic program of research similar to
that described for the State in the Biodiversity Conservation Strategy (DEC 2004) is required to fine tune
our knowledge and understanding of ecosystems, their role and importance and that of the species they
comprise.

Existing national parks, conservation parks and nature reserves in the Kimberley, cover 2.3 million
hectares. There is one marine park (Rowley Shoals) that covers 87,632 hectares. The current reserve
system does not reflect the variety and richness of biodiversity in the Kimberley, a number of ecosystems
are not covered in the system. In the recent CAR analysis only 51 out of 184 vegetation classes . and
6.5% of the land is included in the current reserve system. The amount in reserve varies by IBRA region,
with Northern Kimberley receiving the most cover (14.6% and Dampierland the least (1%). Central
Kimberley (4.4.%), Ord Victoria (5.9%) and Victoria Bonaparte (5.8%) all have relatively low amounts of
coverage.

While various review exercises have made recommendations to expand the reserve system so that it
provides a representative sample of the many values in the Kimberley, these recommendations have yet
to be actioned (EPA 1981, Burbidge et al.1991). This is in part due to competing land use and concerns
raised by the mining industry, pastoral industry and native title. Identification of land worth conserving is
dynamic and changing according to the Draft Regional Plan for the Kimberley. The Plan notes that
previous recommendations for reserve have been limited to unencumbered land and did not include
pastoral land or land with mining interest. There is currently a process underway reviewing the reserve
system in the Kimberley with a view to update current recommendations and action them. Until this
process is complete and the features of the Kimberley are preserved through an adequate and
representative reserve system, it is critical that identified features be recognised in the context of their
importance in the Kimberley landscape and not in isolation and that proponents be discouraged from
selecting sites where these values have been identified.

6.11 Ecological values

Figure 6 contains a map of locations where threatened fauna and threatened ecological communities
have been identified, including known habitat for dugong and marine turtles.

Unique habitat features, particularly those limited spatially to small significant areas or those vulnerable to
disturbance are also used to demonstrate ecological values. A number of landscape features, and
ecological communities they support, have been identified as containing special values in the Biodiversity
Audit 2002. These include:

e stranded remnants of Devonian barrier reef system

¢ Rainforest patches

¢ Mound springs and swamp rainforest

o Camballin Floodplain

e Grasslands associated with black soils of Roebuck plains

e Extensive coastal mudflats which support numerous migratory birds at Roebuck Bay and
Eighty Mile Beach

e Sunken coastline with extensive coastal archipelagos

e Numerous islands forming a microcosm of the Region and an opportunity to protect intact
ecosystems

e Tropical laterite flora with palm dominated landscape unique in WA

e Cape Bougainville rainforest on laterite and volcanic is the largest single rainforest patch in
the Kimberley
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e Alargely intact flora and fauna in the north west margin of the Mitchell subregion
o Exposed folding of the rock strata of the King Leopold Ranges

e Many island and mainland beaches for their potential as turtle nesting sites

o Cave systems — e.g. Lawford Ranges

s Rivers passing through the Devonian reef creating spectacular gorges, eg. Windjana and
Geikie gorge

e Claypans
e High species and ecosystem diversity in sandstone communities and laterite rainforests,
* Reef systems along the continental shelf edge (Rowley Shoals, Scott Reef, Ashmore)

Figure 6 includes such habitats for which spatial information is available, e.g. mangrove, rainforest,
seagrass, coral reef. Datasets used to make this map are limited, provide information at a broad scale
only and are likely incomplete. While more detailed information has been gathered on some specific
sites, this is not always available in a digital format, or made available to the DEC. Thus, this map
provides information on a minimum representation of these habitats and biodiversity values.

While any planning exercise for the Kimberley would need to take account of recognised important
features and ensure that their conservation is assured through appropriate management or other planning
mechanisms, in the interim, this report stands to, at the very least, highlight these features so that current
planning and development activities take them into account in the broader context of the Kimberley
region. However, it should also be recognised, that future planning activities should work towards
improving this information in terms of its accuracy and completeness for a comprehensive picture of the
Kimberley.

Depicting threatened fauna and recognised valuable features of the Kimberley is useful in identifying
critical areas, however, it has its limitations. For example, it has been noted that threatened species are
not necessarily good measures of ecological value in the Kimberley due to the lack of information on the
Kimberley and the likelihood that species lists are far from complete. Further, areas that contain a rich
and diverse fauna and flora should also be recognised as ecologically important.

While there are limitations to information on species richness in the Kimberley due to lack of systematic
survey effort, several landscape and climate features can be used as surrogates to identify spatially
where biodiversity richness is expected, i.e. rainfall and geology. The highest rainfall areas and
landscape that is complex with rugged terrain are both considered to contain higher levels of biodiversity
richness and abundance. Figure 7 demonstrates these features and it can be seen that the northwest
section of the Kimberley comprises both the wettest and the most rugged terrain. This part of the
Kimberley is recognised within the scientific community as one of exceptional species richness,
abundance and significance. While populations have notable declined in some parts of the Kimberley,
the northwest corner has not experienced such declines, in fact it has been noted that the range of some
species has retracted to within this area, likely due to the combined impacts of grazing pressure and
changed fire regimes. Thus the northwest corner of the Kimberley is likely a biologically very important
area as a biodiversity hotspot and as a refuge for species whose distribution is declining elsewhere. In
the absence of better information on species and habitat distribution and status, this entire area should be
given careful consideration regarding development activities.

6.12 Information Gaps/Limitations to decision-making

While there is a reasonable amount of published and unpublished data and information on the Kimberley,
data is patchy with varying levels of resolution. Most information is at either a broad spatial scale with
little resolution or is at a specific local site. For example, there is extensive research and documentation
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of ecological communities in Roebuck Bay due to ongoing research programs whereas many other areas
remain unstudied. Further, the majority of research at this site has focussed on sediment communities.

Additionally, there is information on specific sites in the Kimberley that is not readily accessible for various
reasons. For example, research conducted by consultants for industry is not in the public domain and is
often difficult to identify, acquire and assess in terms of quality and scientific rigour. Further, such site
specific research often does not contain a landscape or regional context, limiting the value of the
information. Historic data and private research are also often not stored in forms that can be easily
accessed and searched. For example, the WAM holds all voucher specimens for marine and terrestrial
fauna, yet many have yet to be identified and catalogued in the digital database. Accounts of historical
expeditions and research that predates the use of GIS technology also has limitations in its availability for
use in current GIS formats. This is a limitation in data usefulness and will be addressed later under
priority gaps.

Knowledge gaps have been noted throughout this report. This section will summarise the gaps, in
particular noting broad areas or themes where information is limited, and also discuss the limitations
these place on regional and local decision-making.

6.12.1 Terrestrial

As demonstrated in Figure 6 and throughout the literature, research and survey effort in the Kimberley
has been limited in scope and scale. Survey effort has generally focused on DEC estate and more
accessible areas, e.g. Mitchell Plateau, Drysdale. Ccoastal surveys have been limited to the accessible
and productive Roebuck Bay, Scott Reef and some islands. The central Kimberley remains largely
unexamined as do the vast tracks of aboriginal land along the northwest coast. Further, Figure 6 and
figures in Handasyde (2006) also demonstrate that a number of specimens (and thus species
information) have been collected along roads, providing another bias in the information.

There are also limitations to the information from areas that have been studied reasonably well. For
example, surveys have typically been limited to the dry season which may result in fauna and flora not
identified that are more prevalent during the wet season. Further, survey effort has not been conducted
in a systematic design across the Kimberley. Nor has there been repeated survey effort to detect
changes over time and to provide information on the status of key species. Even for areas that have been
surveyed, coverage of taxa is selective, not comprehensive.

Overall, there are gaps in species inventory, distribution and status across the Kimberley Systematic
quadrat based surveys are required to fill in this information gap and provide data on assessable levels of
biodiversity. Key research areas are those vulnerable to exploration and/or development along the coast,
the Central Kimberley as it is largely unexplored and aboriginal land.

In addition, there is limited understanding of ecological processes, and how these are affected by
disturbance and by human impacts. Research is required on ecological communities and the processes
that support them. This is critical in biodiversity hotspots such as rainforest patches and in the river
systems. Improved understanding of the biodiversity, current trends and the ecological processes that
support them will provide for better decision making in the regional planning process.

Spatial information on the Kimberley, particularly that identifying and mapping habitat and physical
characteristics is limited and at a broad scale. This type of information is very useful in identifying key
areas based on environmental features and processes. Maps for regional vegetation, soil and
environmental geology do not exist at a better than 1:250,000 scale. Finer scale mapping is required to
assist in planning exercises and to be used as surrogates for other limited information on biodiversity
(McKenzie et al. 2003).
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Limited information is available on threats and threatening processes in the Kimberley. While it is
recognised that grazing pressure and fire regime represent key pressures to wildlife, a full understanding
of these processes and the intensity of their impact across the Kimberley is lacking. There is a need to
determine appropriate fire regimes and to develop our understanding of the distribution and abundance of
large introduced herbivores and their impacts on biodiversity. Overall, there is a need for clearer
understanding of the interaction between fire, weeds, and grazing and the combined impacts on
biodiversity.

6.12.2 Marine

There are a number of significant gaps in our knowledge of the marine environment in the northwest that
are relevant and necessary to regional planning, biodiversity conservation and environmental protection
and management. The following list identifies the overall issues of concern, while numerous specific
issues have been highlighted in the appropriate sections above:

e There are practically no data available for water, sediment and biota quality for any part of the marine
environment of the west Kimberley. These data would be required to establish appropriate water
quality and sediment quality criteria to support environmental impact assessment and management.

e The across-shore turbidity gradient which is obvious from aerial and remote sensed imagery has
clear implications for benthic community structure, particularly autotrophic organisms, but has not
been characterised. Good quality information on suspended solid and turbidity regimes and the flow-
on implications for light and sedimentation at the seabed, and the factors that control these variables,
is needed to understand the key determinants of ecosystem structure and function. These factors will
vary spatially and are likely to display significant seasonality, particularly in the coastal waters
influenced by riverine discharges.

e lIdentification of sufficient reference sites covering all ecosystem types, selected on the basis of a
regional scale broadscale survey, should occur as soon as possible. A long term data collection
regime should then be established, focussing on these reference sites, to collect time series data of
relevant physical/chemical properties of waters and sediment, and measures of health of key
biological communities (eg. coral, mangroves, algae and phytoplankton). These reference sites will
provide an important baseline to measure trends over time and allow environmental quality guidelines
to be developed to support planning, impact assessment and management by the public and private
sectors. Ideally, these reference sites should be given tenure to ensure they remain un-impacted in
the long term to maximise the benefit and utility of the data collection program over time.

¢ The extreme tidal range in the Kimberley has implications for the accuracy of coastal mapping. More
fine scale and potentially accurate mapping of the coastline would be valuable;

* There are gaps in habitat spatial information, including marine substrate. Even the best studied
habitat types (mangrove, estuary and wetlands) are patchy and incomplete across the region.
Information is very poor on coral reef, macroalgal, deep water systems, and seagrass assemblages,
e.g. subtidal habitats generally. The use of satellite imagery could be a cost effective means of
updating and improving broad-scale environmental mapping in some circumstances.

e There is limited information on biological communities. With the exception of fish assemblages (e.g.
Newman et al.2003) little effort has been made to survey fauna across the region. Spatial datasets of
fauna distribution tend to reflect the site specific survey effort that has been the norm.

e There is minimal information on species of conservation significance such as dugongs and turtles.
These species are of particular concern as they are harvested by indigenous communities and, along
with a lack of data on distribution and critical habitat, there is limited information on harvest rates that
could be used to determine the long term sustainability of populations.

e There is very limited information on marine flora.

o Bathymetry data are available, but not in the required detail for conservation planning and modelling
of oceanographic processes. Finer scale bathymetry would be useful for a range of management and
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planning exercises, including understanding and modelling biophysical and oceanographic processes
important to the biodiversity and health of the system.

Our understanding and assessment of fringing coral reef in the coastal and nearshore environment is
a serious limitation. Very little work has been done in this area and these reefs remain largely
unmapped and unexplored. Limited data suggests they represent a vastly different coral community
to the offshore coral communities and are likely a rich coral reef province beyond that recognised.

The research on islands has been limited and needs to be broadened to take into account the variety
in island geology and consequent ecosystems. For example, there are very few laterite islands in the
Kimberley. These islands should be assessed for impacts post wet season when water runoff may
increase impacts. In addition, comparable areas on the mainland should be examined in comparison
with island ecology.

Due to the significant growth in tourism and visitation to the Kimberley it is important to gain a better
understanding early on about tourism activities, hotspots and the types of pressures being placed on
local environments. This applies to both terrestrial and marine environments.

6.13 Research priorities

Based on the gaps noted above research priorities in the Kimberley can be readily identified. Discussion
with experts has identified the following as top priorities in both identifying and managing ecological value
in the Kimberley:

Thorough inventory of all research and information in both the marine and terrestrial format in a format
that may be queried and added to over time, e.g. an accessible and searchable metadata database.
While such a project is underway for the marine environment, a similar project is required for the
terrestrial information:

Systematic quadrat based survey of fauna across the landscape and assessment of the status of
fauna populations and changes noted over time.

Better understanding of inshore coastal habitats including mapping of benthic communities,
seagrass, coral reef and mangroves

Assessment of the inshore reef communities

Soil and geological mapping of the terrestrial environment at a finer scale than 1:250,000 is required
for appropriate vegetation and ecosystem mapping to have value.

Better understanding of the distribution and habitat requirements of large fauna species that may
depend on specific habitat in the Kimberley for a part of the their life history, e.g. migratory birds,
marine mammals, marine turtles

Development of a better understanding of the physical oceanographic processes in the near shore
environment

Mapping geomorphology in the marine environment to improve our understanding of the island
system in the Kimberley as well as the differences between nearshore and offshore environments

Better understanding of island biogeography including species distribution and comparison with the
mainland

Clear understanding of human use patterns in the Kimberiey particularly in the area of tourism and
recreational activities and relevant socioeconomic factors

Systematic survey across all habitat types in the shelf reef systems to develop a thorough picture of
reef and fish biodiversity and communities.
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Further research to examine connectivity between the outer reef systems.

7 Recommendations

It should be noted that the Kimberley is a very rich and valuable landscape with much to offer and also
much to lose if development outpaces regional planning and careful decision-making for the conservation
of valuable biodiversity, ecosystems and landforms. As a very minimum the following should be
considered to ensure that the Kimberley maintains its unique wilderness characteristics and can continue
to sustain the wide array of values that it contains:

Figure 1 presents a composite map highlighting areas noted in this review to contain high ecological
values. Development should be strongly discouraged in these areas. This would include: the
northwestern corner where the high rainfall and landscape complexity equate to very rich biodiversity;
islands for their unique values and ability to act as refuges for many species; rainforest patches and
mound springs for the unique biota which they contain; mangrove and mudflats for their high
productivity and contribution to important ecosystems; and reef systems along the continental shelf
for their scarcity and regional significance. The importance of these areas in terms of their ecological
value should be taken into consideration in the assessment of proposals for development or mining.

Areas of highest conservation value need to be protected. The EPA have made recommendations in
the past for the expansion of the reserve system in the Kimberly, as have the DEC (white book).
These proposed reserves need to be reviewed given the current level of understanding of the Region
and then need to be followed through to create a substantive reserve system that meets CAR
standards in the Kimberley.

Consideration of data management and developing a system to identify and make accessible current
and future research in the Kimberley is critical. While such a project is being undertaken for the
marine environment (NW inventory), there is no such commitment for the terrestrial component. It is
critical for future planning activity and to properly assess development applications and research
initiatives that this be undertaken in the first instance. Top priority should be given to the development
of a metadata database of terrestrial based research in a format that meets the national standards of
metadata and can be accessed and searched by those involved in regional planning, land
management, conservation and/or research. Once the meta-databases described above are
available, the DEC should ensure that this information is accessed and used when assessing
development applications.

In addition to the above, a very useful tool for both planning and assessment activities would be the
conversion of the information collated on research in the metadatabases described above into a GIS
format that would be compatible with the SIER index described later in this report. This format would
include a GIS layer of shapefiles that would spatially depict where research has taken place in the
region of interest with links to information on the project, its objectives, any documents or publications
that have resulted from the work and a contact for further information. Such a tool should be
considered a priority when collecting this type of information across a broad regional area and should
be compatible with other similar spatial datasets held by the DEC.

Assistance should be sought from proponents in compiling regional information. There is a large
amount of grey literature (e.g. unpublished, internal reports) on the Kimberley through environmental
consultants working on behalf of the various proponents. It would be useful to the EIA process to be
able to capture this information so that there is a better understanding of what has and has not been
investigated and over what range. In addition, for future proposals, proponents should be required to
provide data in a suitable and compatible digital format to the DEC.

Consideration should be given to regional scale processes when reviewing development applications
and making decisions on development and conservation priorities in the Kimberley. These include
such issues as migratory species that have both a national and international significance, including
international conventions governing the identification and management of critical habitat (e.g.
migratory birds, humpback whales, marine turtles) and processes that have the potential to impact on
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large parts of, if not all of, the region such as climate change, fire and invasion of feral pests (e.g.
cane toads, cats). These factors need to be considered and managed at a regional level and should
be recognised and taken into account by decision-makers.

Indigenous values and issues were not looked at in this review and are critical to any assessment for
future planning in the Kimberley. A thorough review of aboriginal land and social values is required,
including identifying important sites or areas and harnessing indigenous knowledge of the land and its
biodiversity.

A number of assets identified in the review are largely unexamined and require further information for
any reasonable assessment on their value and priorities for protection. Following are the priority
research topics identified, however, these are by no means the only information gaps:

o Systematic quadrat based survey of the terrestrial environment to assess species status and
distribution.

o Systematic survey of the marine environment, shelf reef system and coastal waters, to develop a
thorough understanding of reef and fish biodiversity and community interactions.

o Establishment of a long term data collection regime through Identification of sufficient reference
sites covering all ecosystem types, selected on the basis of a regional scale broadscale survey,
to collect time series data of relevant physical/chemical properties of waters and sediment, and
measures of health of key biological communities (eg. coral, mangroves, algae and
phytoplankton). These reference sites will provide an important baseline to measure trends over
time and allow environmental quality guidelines to be developed to support planning, impact
assessment and management by the public and private sectors. Ideally, these reference sites
should be given tenure to ensure they remain un-impacted in the long term to maximise the
benefit and utility of the data collection program over time.

o Expansion of research effort into unexplored areas and at different times of the year (e.g. wet
season).

o Assessment of the geomorphology of the Kimberley coast and nearshore islands and finer scale
soil and geological mapping of the terrestrial environment.

o Updated mapping and assessments of key habitat including mangrove, seagrass, rainforest and
coral reef.

o ldentification of critical habitat of the threatened marine fauna that occurs in the Kimberley, e.g.
dugong, marine turtle, humpback whale. This should include recognised breeding and feeding
areas and temporal scales for these activities. Further, assessment of the indigenous harvest of
dugong and marine turtle is critical to assess and manage population sustainability.

o Development of a better understanding o physical oceanographic processes in the coastal and
offshore environment including particle flow, connectivity and potential for impacts of climate
change.

o Better understanding of island biogeography including species distribution and divergence from
mainland populations.

o Understanding human use patterns in the Kimberley, particularly in the area of tourism and
recreational activities and relevant socioeconomic factors and impacts.

The isolation of the Kimberley and difficult terrain makes research in the Kimberley difficult both
financially and logistically. Therefore research should be carefully planned so that it is directed
towards key objectives and is not repeating or overlapping with other projects. There is a need for
collaborative and coordinated research effort. Development of the above mentioned database will
assist in coordinating research effort, however collaboration between State agencies, research
institutions and industry should be developed so that research is as effective as possible in
broadening our understanding of the region. This may involve larger projects jointly funded that
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examine physical and ecological parameters on a larger scale. Priority tasks that will move progress
this issue would include

o Development of a Kimberley Research Plan that prioritises research projects, potential partners
and estimates costs.

o Kimberley symposium providing a forum for the presentation of recent and current research, a
joint assessment of the knowledge gaps and the development of linkages and collaboration
between researchers, departments and industry in addressing these gaps

o Development of a guidance statement by the DEC which will assist industry to direct research so
that it may meet DEC information needs for assessing impacts at a more regional level.
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Table 1: Summary of ecological values, their relative significance and the critical information gaps identified in this review

Attribute

| Significance | Information Gaps

| Marine B
Environmental quality

Water and Sediment

| Yet to be determined

A consultative process to determine Environmental Values (EVs), objectives i

and where they apply spatially is required, similar to that recently completed
for the Pilbara

Too little information to be identified

Baseline data is required to begin establishing appropriate water and
sediment quality criteria. Ongoing data will then be required to measure
trends over time.

Sandy Beaches

Moderate- as site for turtle nesting

Mangrove High There is a need for accurate and finescale mapping of mangrove habitat
across the Kimberley.
A Dbetter understanding of these mangrove system productivity and
ecological processes is required.
Baseline and ongoing information is required in key reference sites to
measure trends over time in community health

Intertidal Flats High Information is limited to several known productive sites (e.g. 80 mile beach,

roebuck Bay) and needs to be expanded to include other productive and
areas across the Kimberley.

Information on oceanographic processes relating to sedimentation and water
flow is required.

Baseline and ongoing information is required in key reference sites to
measure trends over time in community health

There is very limited information on turtle nesting sites across the Kimberiey
and no information on sandy beach communities.

Seagrass

Too little known

There is a need for finescale mapping and assessment of the importance of
seagrass in ecological communities, e.g. foraging sites for dugong and
turtles, habitat and nursery areas for fish and invertebrate species

Baseline and ongoing information is required in key reference sites to
measure trends over time in community health

Macroalgae

Information is too limited to identify

There is a need for identification of this habitat in the marine environment
through habitat mapping.

Baseline and ongoing information is required in key reference sites to
measure trends over time in community health

Rocky Shores

Information is too limited to identify

Identification of the complete suite of organisms and describe their
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ATTACHMENT 2

KIMBERLEY REVIEW WORKSHOP
Thursday, 1 March, 10:00 am

Attendees: Apologies:

Norm Caporn - DEC Andrew Burbidge — DEC
Peter Walkington - DEC Gary Whisson — DEC

Kevin Kenneally - DEC Stephen Van LLeeuwen - DEC
Tony Start - DEC David Morgan — Murdoch

Greg Keighery- DEC

Lesley Gibson - DEC

Cam Sim - DEC

Steve Newman - DoF

Diana Walker - UWA

Luke Smith - AIMS

Barry Wilson — Murex Consulting
Kelly Waples - DEC

Purpose

The workshop was organized to harness the collective knowledge of the Kimberley held
by the many scientists and experts who have explored the region. Discussions at the
workshop were guided to address the following issues:

¢ |dentifying areas of high value and detailing why

e Considering the best means to depict high value areas in a spatial format,
e.g. setting criteria or priorities to define biodiversity value

¢ Identifying areas/topics where there is insufficient information to make any
value judgments

e Determining whether mapping survey effort provides a realistic portrayal of
current level of knowledge

o Ciritically reviewing where and what research is required to fill gaps

Outcomes

Discussions at the workshop remained predominantly at a high level, considering broad
values of the Kimberley and what is needed to identify and support the critical values this
region represents. There was uniform concern that development pressure is outpacing
science and our understanding of the biodiversity of the region, and its importance both
on a regional and global scale.

Experts were loathe to pinpoint specific areas of value, rather preferred highlighting
biodiversity hotspots at the regional level and noting the real need for an overall careful
and critical assessment of the Region before development pressures increase further.
Key gaps and initial steps to begin to fill these gaps, both at a broad and specific level
were noted.
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Kimberley Biodiversity Review 2007

Maps in support of the Kimberley Review 2007- Figures 1- 8

Please note that all maps within this document form a part of the Kimberley
Biodiversity Review 2007 and should be read with that report, not on their own. Each
map is intended as a generalised interpretation of environmental issues and is not a
full representation of all data from the Kimberley. DEC is not to be held responsible
for the accuracy of data or for omissions. A general description of the contents of
each map is provided below.

Figure 1 Composite map highlighting ecological values as identified in the Kimberley
Biodiversity Review 2007: this map represents some of the values identified in the
review to highlight areas of the Kimberley that are ecologically significant and
potentially vulnerable. Datasets included are those relevant to rainfall, protected and
priority species and important habitat such as mangrove and rainforest.

Figure 2 IMCRA and IBRA regions: depicts these bioregionalisation definitions for
the Kimberley terrestrial and marine environments.

Map 3 Mining and Petroleum tenements: presents these tenements as a
demonstration of land use and future impacts in the Kimberley (mining) —fine
except add in disclaimer and state waters boundary

Map 4 Land tenure: presents land ownership and uses throughout the Kimberley.

Figure 4A Main marine tourism sites in the Kimberley. Kimberley Marine Tourism
Sites map supplied in 2007 by John H Collins an Honorary Research Fellow at the
University of Western Australia School of Earth and Geographical Sciences based on
field and desktop research. The sites displayed are those visited by wilderness
tourism operators in the Kimberley and do not represent infrastructure. Some of the
tourism sites are confidential and are shown as a generalised interpretation. This
data is not a full representation of all tourism sites within the Kimberley and the
Department of Environment is not to be held responsible for the accuracy of data or
for omissions.

Map 5 Aboriginal heritage and traditional owners: represents additional land use
issues

Map 6 Representation of known ecologically important habitats and biodiversity in
the Kimberley as identified through the Kimberley Biodiversity Review 2007: including
coral, mangrove and identified habitat for protected species such as humpback
whales and known sites for threatened fauna, flora and ecological communities.

Map 7 Rainfall and geology of the Kimberley: High biodiversity is associated with
high rainfall and rugged, complex terrain such as sandstone. This map identifies the
northwest area of the Kimberley where rainfall is highest and the environment is most
complex.

Map 8 Vegetation classes of the Kimberley based on surveys conducted through the
Tropical Savanna CRC

151






T ooy
NP A =
P
UDIIBAIEIUOD PUT NBWUOKALT == -
10 weupadug ‘(eisusg Jojerg
EEURNON Uty e
1o uojREH] By) s2pun peonpald .
e YW ALTYOON
UONIEAIISUO) PUR JUDILOIJAUT {4
Jowswuedaq L
¥6VQO Wnjeq *{§ AUoZ you
40j8210)y 9SIQATURI ] [ESIRAIUN UOHIRfoIY
SonawoRy
002 09t ozt 13 or ¢

QAIISIY AnjeN

#ed (euoyeN

ALY SNOIUR|RISIN

PioYIsBI] Jowo4
Ployaaid 1 xg

jled uoliealasuo)

anesay (Y)(i1)g

ansasay (B)(L)s
NOLLYAY3ISNOD
ebjep
sonaiBueyy sl
NOLLYLIOIA
Bunes oy [F
1eyiqey Buobng

lelqey uojiess / g3 @

ays Bunssu apung

v

8U0Z 0lwouodg
aaishox3 Uenesjsny
U0z snonbyuog
B35 [8UONLD]
SI91eM [e}SBOD
AYYONNOS
INLLINVYIK NVIIVHLSOY
00vi - LS2L
0S2L - 1oLt
001t - 1S6
056 - 108
008- 165 ——

0SS - Loy

00% - 052

(reafnuw) TIvaANIVY

i9s169y sayg [eulBuoqy I
IVID0S

JaAljoley —

peos liepuooag

fouy peol ediouny
pajoaloly 1saJajul Jo ajg v
pauajealy) ¢ umol m
AD07003 GANALYIHHL STUNLYIS AHIVHOOJOL

M3IIAIY ALISYIAIQOIS AT TYIGNI
3HL NI G3141LN3AI SY S3NTVA TVII901093
ONILHOITHOIH dVIN 31ISOdWNOD | dVIW
MIIAIY ATTHIGNIN

A

2002 IsnBny Z ua pasnpasd ‘santen” waBa1020-| dewi-naiaes Kapequiry ol qor
WOIALG 1] 0 Ao a L q o

P AR Ok Wiy TR )
PIpuIa 3| |

e

)

oM

EZE




LT12E,

“LO0T e o peenpast i eV D DR I8 S0

wopmELIo 19) 10 Mep,

GOIEAISUOD PUY [URWUGALT S e
10 Wwawpedaq imeuag Joowiq O
RIRLENAN LRI L
0 UOHDR Oy} Jepun paanpory / yomay
: ey
=, 1 e
WAIITUD) PUR JUTWUCSIALT M ] =
10 Juawedsq S5 J Lt T s
e Fotne -
- P
N, - -
AV ALITYS

ANYNOUDIQ ¥ivd

spedeuog euojoin
iweuej
uie|d eUORIA pIO
Kapaquiy WwayponN
uasaq Apueg jealo)
puepaidweq
Aapaquupy |eguan
NOI93Y vl
voibalvyowl |
ossinoalolem Jofey —— .

peoJ Aiepuodag
peol fediouuy -

usol ]

SNOID3IY vual ANV VIOWI :Z dVYIN
MIIATY ATTIIGNIA

&

s TRk e e pepryr bl
A s 2t - okt
$6YQO ‘wmeg ‘{5 euoZ you
¥| — — — JojEuapy eIOASUES | [RLIRAUN (UOGIBl0Id
e sasjeuopy
_
“ (174 o0z oSt 001 05 0
| N
| v
_“. ;
| N
._ oo W
i _ ]
[ _ B N
__ N | - el
[ /—F | —— o ) / i Anyb
| .\.3\ { \% A
| ( e
| ] nz \(// t\\ |
_ T { > .\I(/}(Urﬂ,,.r. ;
[ e = dw.“\f\ NN %fbf
l;.\\nnll‘l.t-_

] S
-~ ] A o N
w VA x%ﬂu aﬂ\‘w.tt 7 Tl L onssous souzua |
¥ ) _ ) 2
_ N O s /xhﬂt!\tps(
_ { \\n..m\\rk N Lf \\,)\ __h.\q A e ~~
V7~ jr/d\b__& \ (T o / N
[ & S S B o
e ..H_ SN 4 .hu\_...m. " /-//;.IM\ \...
™ 'f / 7 ) ~7 ..J/f ;LH =
I Y AP \u I — M !
T | 2 (P g i ) -
I/ &4 O ] S o \ M~
L /4 T S 7 A b

B

-

Suivuen

T
Wi

+T




Auowry Bunosdsaid mosds [ 70w
oser uoueey [T

9UAD[T UooNpald

Huisg uoneiojdry

SINIWINIL WNTTOULId

ouaz o 3 sAlNPX3 v
00z snondusy

wes jouciusL

LUsieM [ise0D

ANVANMOSY MLV NYTIVHLSNY
Jesusolewy

peos liwpuodeg . _

puos jedpipy

umop ]

SIN3WaN3L

WNIT0YL3d ANV ONINIW £ dVIW

MIIATY AT ENDI




et
- .
— = Lo
s
-
Iy
URRAIBBUOD pU JSUNIGNAUZ T et T
10 pmupedng ‘jessusg 1osmyq _.|
) [
10 UOfeXQ BiF 1apun PEaTBOlY . 7
UOIRAIISUD?) PUR JUDWUOIAUT .._ﬂ” e
Jo wawisedaq .‘.,Pm.?. a”
R S ALY

PBYQO WG °LG dUaZ YO

L8

"RIOIIO ) 1 QD Jo
£

"£00Z Ane 52 peanpard "ttt ySeprakid " Liisgs0iau qor

"
PAPUSLS w y “wodas tay

-y e

2z

-0z}

LI un ‘uotdelald
soneuwopy
08z 00z o051 oot 05 0
/:\
LYo
onssoy unynaenby I
umaiy aswa) [miojsed |
S4SEPED  guoz o 3 anisnpxg
AI980Y anisN Quoz snonbyuon
Weg jsuogey 895 jBUOjla)
QAINTY SNoBUEKRISIK TIRM [j3800
Pioyssea7 Jouuoy AYVANNOS INLLIEYN NVITYMELSNY
Pioyed 1a 3 puai Lepunses -
Mg uogrniesuoy puoi jedpusy
sate80y (U)(ils
amasey B)(1)s T T Jeay Jolayy
aus3 NIvo Wop g

JUNNIL ANV ¥ dYIN
M3IAY AFTHTENIN

i

B




[ 74}

[14] L€l W 4

wle (e

1002 @ suliiod H uyor

sJajawoliy 00y o~ 002
P
+ + " + + S+ - + o +
J <
- 4 °
\\u ; )
//l AL 4
e/ b
e B y -
N
/x. R o
- + + + ! Y+ . +
k|
poo P
- 2 %
£ i P
o L J
A . - )
Y *. @ i 1 LA )
o .9 % N
®
oy & g
4 ,
+ + + + + gy ¢, T * + +
o ®
fw“/\ sM | ‘
L pﬁr ¢
TR { ~ 1 c
o
" o »
o o
+ Y B + + | o = + + +
EY =
- & N
e o8
ﬂ P ‘. “SUCISSIWO Joj Jo ejep jo Loeinooe sy oy ajqisuodsas pay
. ® N o Cigg Ooo 99 0] JoU 5 JUBWUALAUT JO JUBIKEDSQ BY) PUB ASPOGUIY O4p Ui SOYS
& o = ~ wsunoj |je jo uogeluasasdal |in) & JoU S| ejep sily L “uojejaidialul pesiesouat
® m_ o® ® © SE UMOUS 2JB PUE |BRUSPYLIOD 318 SBJIS WSUNO] By} JO BW0S "anjonys
- o® ooM ® -BJjul Jussaudal jou op pue Aspaquily ay) Ui siojesado WSUNO) SSaLLBP|M AG
+ " o, L ¥ @ § ﬁ ® + PaUsia asoy) ase padeidsip says au| “youeasal dopjssp pue uo paseq
* ¢ Theeq o9 . $0091S (a1 eIB009) pue Upe3 JO (0GOS eensNY LIdISOM JSRISIOAN
o o Ui ie mojjo4 yoseasoy AeioUoH ue sujjjoD H uyop Aq 200Z Ul pajjddns dew

24

Sa)g wsuno} auue Aspaquiyi Aapaquuly ay) Ui SBIIS WSLNO} SULEW LRy

‘AajJaquuiy ay} uj sals WSO} supew ulel - p dew

s L

E ED

i

I} 2
vl 13 49




R, B
—" 1 R
i
s
USHEAISSUTD PUR JUBLIUAYAT L s =
10 NiowBdeq '[EIGUED JTRHg ! foss
WWENR ULy -
10 UCH64T @41 J0RUN PRI . ——Pouraiis
Bt .
UO[1RAIDSUDT PUR USLUOI|ALT iy {grom o
10 wawyedaq 15,8 A
e AU AUTYIOT
¥EVaD WNEQ ‘1 3UIZ YO
10j90IOYY URIBARURL | [RSIBAIN UOHIBI0IY
sasewopy
05z 002 osk oo o8 0
i)

V

1381831 9y) uj pepnpul jou
Sy |euiBuogy wos aq Aeul 194 pue jesejep 2j3dwas
8U) 9q jou Asw gy | 98By SIS [euiboqy sy
Ul 218 dew SI43 UC WMoY SaYS [euBliogy 3yl

{3TYANIL sdnai9 Jewno [euoppel] _ U
i9siBey says jeubpoqy
(134nq wxg) seacubuey Eﬁ

pual AiBpuodsg
peosjediotiid

13AU Jolepy

umal ™

S3AIMVYANNOY YINMO TVYNOLLIAVHL
ANV 3OVLINIH TVYNIDIMOAY 'S dVIN
M3IAIY AT AT

A

200Z Anf 92 o peonpoud ! iPU-gdeW-Mainas—Aapaguiny JaJ gor

WOIALIO 10} 10 TP Ja \ugﬂalliziiiftgi B Al ) R
PUB A23gui y) Wy BiSP B
PRI © ) podes g

L =

.

1GEYON

o, T —~
T ./.., IVANIY VURVINYIRVTN 7 e
\ ATV — - R = . \ A4

FRVILYINIVG ! : 4
h\ IVONVIN __
" LY | {
] i | y
AT . f s
| | . - ? Zl/; | WV YEV .
S . f \ o
f e it \ N\ / -
o i . 7 .. i
| ! N o~
N : s v VNENI / -J,Jfrr....\...
_ s ONISSOUD AONZLI J =
1 L
- |

o=l
7~ 3moous

B e 11 MR

\«. vty

|

P o G T 3 ?
s ) AT ! § NOrRVIVIIRD
VasRANY ;35/\ SO N
L o ...J e /n.t:z.ﬂw._ r &
o o5 Ty N o Y Y
SN U(MVHONAMT) Vi im - ]
) o V! ¥ i A -.-.‘\
o N b 9
i s &L%mv
Y am . “.25.,_: AM.

S Z s Y

Mﬁ: ST o
HLONEIAY H_ vl 4 [ EENLNVY
I_.\..u ;

s
e




] 4 ~
£00Z 1snbny g uo paonpoid Ay PoIg-gf 4

2 WEP JO AR08 B 10} 2q0) ou Y e T

- " €100 U S ST [ MR £ 4 a1

PADUSL ¥ Il HOGD) A} I PSS 30 PHIOUS DUV /002 /A21A9Y AVLINDOG R ikGwrms g o | € mai] re oy

Sary o L2 1)
f L i —-

431 gor

dWW ALW20Y g

3
&

UCHEAIFIUGD PUR JUSLLOYAUT
10 wowyndeq ‘|wsues 1RRAQ
IR U
10 UOHIANQ o4 Jepun paanpasy

rEYQDO Wnjeq ‘|G BU0Z YOW
10JBOJap SIBABURI] USIBAIUL] (UORI(CI

ssuewo

00z o8t

oz og or [ ] =3
| K. W . &

/ :
%\, __ 4 £ Pl 4 3 S B B \
| A7 TS ANIINO STIVH T = \_ 5 ONISSOND AOHZLH ®

UOLIRAIBSUDT PUR JUDWILCIALZ - ’ P ) &
Jo wawnedaq I __1 I} P S e i

o

T
L

‘!ﬂ

Roud
pelosiald b
pausjeslyl . [

NOLLVOIISSV10 VNNV _ T

eblew .

s|el0)
ieyqey Buobng
Jejigey Uoljess / [eag

ous Buysau spny

NOLLYL3O3A |

aMiloley 7

peas Auepuoses
peal jediound

umol =

$3ANLY3d JIHdVYEOOdOL

Qs Bugsau pugess O]
SivLlavYH YNAYd

£00Z M3IIATY ALISHIAIQOIES AITHIFNIM
JHL HONO™HL dIIJILNIAI SV ASTHIGNIM
JHL NI ALISY3AIQ0Id ANV S1vliavH
LNV1HOdI ATTVII90T093 NMONM
40 NOILVINISIHdIY V9 dVIN
MIIATY AT TIFGNIN

i

uoijeJBii pue Buinfed ajBYAL ! sancubueyy (o | / [ .

i

L8

£2h




..TJI.“\U. .Hn_
i — Y T
s, %
Y
i ' \
UD{IFAIBSUDD PUE |USHULOYAUT — ..I.!h. . e 1 ;
i El:!—_u:'u.f.—hﬂﬁ.ﬁ!hﬁunsn - N p
10 UK By J8pun paanpalg _ | Powriiac
P
UOQIIRAIDSUDD u:nwmm__mw._h«c_._m.mwm ..@Mh..aw\..-. fﬂ/..”\!..;....
wm SR AW
¥EYQD WNEQ "L5 BUaZ YON
JOJEQIBY EEIRASURS| |BSisALN TUOHdalag
LR
052 00z 05k [ 0g a
"
Vi
oueld snosuby e
SAISIUI Ja10 Snoauby 00¥L - 1S2)
SAISIUIUI Jljew snoaubi-ejaw ! 0sel - Lok ——
SAISTUjUI 2iS[94 snosubi-ejew 00LL- 156 ——
QAISIUUI JYRWEIYN SNoauB) B 056- 108 ——
JIUBOjOA 2yew snosubi 008- 15§ ——
SAISNIIU DjelW snoaub) 0S5 - Lov
paxjw ¢ Q0¥ - 052
sgundugiEnesul ) (teakiwiw) TIVANIVY
sjeuoqies Klejuawipes A
oyseidits AejuswWIpaseeW peol mu%ouom
J|UBDJOA JUs|9) SNoSUB) PEQ! [EGRULd
anseIs lejuawipas JoAu Jolepy —
IdAIADO0OY umol m
ATHIFNIM
3FHL 40 A907039 ANV 1VANIVY : L dVIN
M3IATH ASTY3 NI

B

Ll

-th

Ll

Pu Avluacury) auy ™ dea. J
RURLBIU ) U D00 YO bt B ] BN T [0 s iy | g 1] 10 L

“SuGTTAG 10] 10 Wep o Adam

£00Z 1snBny Z uo paonpaid ‘ABojoab puejjejure.-, dew-maines Aspaquiny gou qop

B4}
s

o

21

Lo}

R




_——
S =
e L [ [
Twmeras . |
=
J.drllm
/ &
s
e e
wocad
e oo
UOIRAISSUO) PUF JUSWIUCIIAUT | fFim R Py
40 JUsWRdS] e .w-. -
Theant VA ALTYOOT
PEYQO (Wnjeq *|§ sUaZ YOI
ey L N ‘uolosiald

saqeuiogy

oSl ozk 08 09 O 0
]

‘Jeseqg uo ‘dds 0D pus
S R sy

pusp RROM

‘spumssmib yoossn)

00F - b5T} e
8 e 3 -
Pus SUOOH FUE Soxe] Lpuaiate 0s2h- Lok ———
"dds miquiion) pus ‘dds smdAmang 004l - 166 ——
&g pejeuuiop nseuo0-usdo
0S6 - 108 —
Spusjpoom pue sisaIoj-usdg 009 - 155
Sspusipoom-uedo - N
PUR PURIPOAM UCOSUCHY DSS|" L0V
"SPURPOM-UdD MO O} 00r - 052
SPURPOOM SAPEAE PaXIL UCOSUOW
Gesdunn) TviNvY
SPUBIPOGM MQ| LOTSUDHY
2OS HVYSNYY
SPUEPOOM Uado Mo| Uoosuoy I
wyANge spusyam juepoduy |- T
sujed juoyisedep uo “dds -Sn.l—un E
AQ paEUNLOp SPUBIPOGM MO SONVLLIM
‘spusissmal
—_— con S
p patoj pue MATOH D
SPUBIPACM PrRUNY-GNS Wsjse son Jclepy
“QUOZ [RIOHY G4 §O SRIHUNURLIOD R F—
SOPUNLILLCT 15840)-PasolD PRoJ jedpuig
“dds epwy umo, m

YNNVAVS TVIIdOdl SIWNLYIA HHIVHOOLOL

OO VNNVAVS TVIIdOdl 3HL HONOWHL
G310NANOD SAIAUNS NO A3SVE ASTIITN
3H1 40 SASSVIO NOILVLIOIA 8 VN
M3IIATY AT THIEADI

2002 18nbny g uo paonposd lloM pue 8d veu"Aspaquiny 431 qor
“RIGTING 5] 0 QP JO AN Y 10§ Q0] v 2 pue 10 MRULTIRD By
pun Aot pretiaing e

PIOURLE % ) $OURI |G Ym PR & PIICYS puv LJ0Z #A3n3Y Amianpaq AR1oquiy wy) 10 wvd 8 suuoj dew Dy

ZTh

4

il

Tl







