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Chapter 1 	
Project Scope and Objectives 

1. PROJECT SCOPE AND OBJECTIVES 

Project Scope and Objectives 

This report describes the results of fauna surveys carried out in State Forests of the 
Grafton and Casino Forest Management Areas in north-east New South Wales. The 
surveys were commissioned by State Forests of New South Wales (SFNSW) to provide 
background information for preparation of Environmental Impact Statements (EIS) and 
Fauna Impact Statements (FIS) for forestry operations in the Grafton and Casino Forest 
Management Areas. Specific aims of the surveys included the following: 

description of the terrestrial vertebrate fauna (birds, mammals, reptiles and 
amphibians) of the region; 

identification of fauna species and habitats of particular conservation significance; 

identification of fauna habitats of significance, including areas of representative 
habitats in good condition, which could be considered for reservation; 

assessment of the significance of the terrestrial fauna in the survey area in a national, 
state, regional (NE-NSW) and local context; 

to consider and report on the likely impacts of the proposed forestry operations and 
associated practices on fauna., with particular reference to old-growth forest. 

discussion of possible options for ameliorating impacts of forestry operations on 
fauna. 

Surveys commenced in late 1991 and were initially scheduled for completion in mid 
1992. Survey methods and design were specified by State Forests of NSW and based on 
a modified version of standard procedures outlined in version 1.1 of the Forestry 
Commission of NSW (now SFNSW) survey protocol (York et al., 1991). Impact 
assessment was determined by literature review and statistical analysis of fauna survey 
results after the methods of York et al.(1991) and Smith et al. (1992). A number of 
significant developments in the legislation pertaining to SFNSW EIS's occurred during 
and after completion of fauna surveys, which had a major impact on the scope of work 
required. These included: the passing of the Endangered Fauna Interim Protection (EFIP) 
Act 1991 and the Timber Industry Protection Act 1992; the specification of a series of 
requirements to be taken into account in preparation of an Ff5, by the Director of the 
NSW National Parks and Wildlife Service; and changes to the NSW list of vulnerable 
and endangered species (as listed on Schedule 12 of the EFIP Act). These requirements 
were accommodated, as far as practicable, by supplementary fauna surveys and more 
rigorous data analysis. This report is not intended to satisfy the full statutory 
requirements for preparation of EIS and Ff5 for the Forest Management Areas 
encompassed within the survey region. It is intended that any additional requirements not 
covered by this report will be addressed in subsequent documents, including the EISs 
and FISs for the Grafton and Casino Management Areas. Since this report was prepared 
before details of proposed forestry activities in these areas had been finalised, some fauna 
impacts identified and mitigation options recommended here may not be relevant to 
subsequent EISs and FISs prepared for forestry operations in the Grafton and Casino 
Management Areas. Impact assessments described here are broad in scope to encompass 
a wide range of possible forest management operations. Where adverse impacts were 
considered likely, if previous management practices continued or if foreseeable new 
management practices were introduced, a range of mitigation options were proposed. The 
final choice of a preferred option, if any, from the range of options suggested is justified 
as part of the EIS process, which takes into account hydrological, soil conservation, and 
other socio-economic matters in addition to fauna impacts. 

Austeco Thy. Ltd. Fauna of the Grafcon and Casino State Forest Management Areas. 



Chapter 2 	
Description of Study Area 

2. DESCRIPTION OF THE STUDY AREA 

Location 

The Study Area is located between 28°35'S and 30 °10'S and 152 0 15'E and 153 °20'E. It 
includes the reserve network and all Stare Forests of the Grafton Management Area in the 
south and the Casino Management Area to the north. The larger part of the area is 
encompassed by the Clarence - Moreton Basin, between the sea and the eastern 
escarpment of the Northern Tablelands. The Richmond Range runs through the Casino 
Management Area, separating the Richmond River Basin from that of the Clarence River. 
West of the Clarence River, the Ewingar and Washpool State Forests occupy the eastern 
edge of the New England Tablelands. The Richmond Range follows the mute of Tertiary 
basalt flow that formed within a valley, but which is now elevated due to the erosion of 
the surrounding landscape. The climate ranges from Subtropical to Warm Temperate at 
higher elevations. Maximum rainfall occurs during the summer and autumn, the driest 
part of the year being late winter to early spring. Rainfall is greatest at higher elevations in 
the west of the area, and the coast range. 

The Natural Environment 

The Major Forest Ecosystems 

The vegetation communities and forest types in the area are discussed in detail in a 
separate report (Moore and floyd, 1994). For the purposes of fauna] analysis, we 
recognise three broad habitat types: Rainforest, Moist Hardwood forest and Dry 
Hardwood forest 

Rainforest is well represented within the Study Area. Approximately 6,000 ha of 
Rainforest occurs within the State Forests of the Grafton Management Area, and 
approximately 9.941 ha in the Casino Management Area. Rainforests are confined to the 
most fertile and moist sites, and are characterised by closed canopy, relatively open 
understorey and a ground cover of deep litter, decaying logs and in some cases, ferns. 
They provide habitat for a wide range of species that are adapted to moist, shaded 
environments. Three broad types (Subtropical, Warm Temperate and Dry Rainforest) are 
present. While Subtropical and Warm Temperate Rainforest are floristically diverse, Dry 
Rainforest, which consists mostly of Hoop Pine (Araucaria cunninghamii), typically has 
a low species diversity. 

Moist Hardwood forests (including Moist Blackbutt forest) are characterised by an 
overstorey of tall eucalypts and an understorey of mesic shrubs and ferns. In frequently 
burnt areas, the shrubby understorey may be replaced by grasses. Moist Hardwood 
forest occurs in sheltered locations on fertile soils, and is most widespread in the elevated 
topography to the west of the Study Area. The fauna includes components of both the 
Rainforest and Dry Hardwood forests. Approximately 13,500 ha (not including Moist 
Blackbutt) of Moist Hardwood forest occurs in the State Forests of the Grafton 
Management Area, and 24,391 ha in the Casino Management Area. 

Dry Hardwood forests are highly variable in form and composition, ranging from forests 
of tall well-spaced trees over a grassy understorey, to low tees with a sclerophyllous 
shrubby understorey. The poorer sediments of the Richmond and Clarence Basin are 
dominated by Dry Hardwood forests. These forests tend to be multi-aged in structure, 

Austeco Pry. Ltd. Fauna of the Orafton and Casino 5tate Forest Management Areas. 



Chapter 2 	 Description of Study Area 

and include a high proportion of fire tolerant plant species. Dry Hardwood can be 
floristically diverse and support a higher diversity of nectarivorous (nectar feeding) fauna 
than Moist Hardwood Forests. It is the most widespread of the habitat types in the area, 
covering approximately 100,000 ha within the State Forests of the Grafton Management 
Area, and 75,399 ha in the Casino Management Area. Spotted Gum (Eucalyptus 
macu/wa) is the dominant tee species throughout much of the region. 

Biogeographic Subregions 

The Study Area is broadly delimited by the Border Ranges to the north, the Northern 
Tablelands to the west, the Bellinger River to the south and the Pacific Ocean to the east. 
This area can be subdivided into the following subregions on the basis of climate, 
geology, physiography and vegetation types. 

The River Basin 

This subregion includes the low elevation areas (c 150m) of the Clarence and Richmond 
River Valleys. Although this is the largest region, it has been extensively cleared and 
supports less than 50% of the State Forest within the Study Area. The topography is flat 
to undulating. The geology consists principally of siliceous Jurassic and Cretaceous 
sediments that produce yellow podsolic soils, that are poorly structured and generally low 
in plant nutrients. The timber producing forests are primarily of a thy Spotted Gum type, 
subject to frequent fire. Glenugie peak in the south of the Study Area, which supports an 
anomalous stand of Dry Rainforest, is the eroded remnant of a Tertiary dolerite intrusion, 
that has been dedicated as a Flora Reserve. 

The Coast Range Subregion 

The Coast Range follows a major fault line that runs parallel with the coast. A wide 
variety of forest types occur on this landform including swamps, low quality eucalypt 
forest and small patches of Rainforest. Candole, Pine Brush, Woodford, Tabbimoble and 
Double Duke State Forests are on the Coast Range. The area receives greater precipitation 
than the lowlands, and with the earlier onset of summer rainfall, the climate of the Coast 
Range is more similar to that of the elevated forests west of the Clarence River Basin. 
The soils are generally better structured and more fertile than those of the Clarence and 
Richmond Basins. 

The Central Subre2ion 

The Central subregion includes Dalmorton, Grange, and Nymboida State Forests. The 
area is in a slight rain shadow. The low relief fails to draw rain from cold fronts during 
the winter months as occurs with the Coast Range and the more elevated terrain to the 
west. 

Grange State Forest is the most isolated of the State Forests in the Grafton Management 
Area. It occupies the Grange Landform, a small tableland of moderately dissected 
topography, that ranges in elevation from 250m above sea level in the east up to 600m in 
the west. The Grange landform is surrounded on three sides by the Clarence and Mann 
Rivers, the confluence of which is immediately to the north. 

The Nymboida and Raznornie State Forests occupy the Buccarumbi Range Landform, 
between the Orara and Nymboida Rivers. This landlorm rises to 790m at Mt. Gundahl in 
the north, but the topography is mainly between 200 and 400m in elevation. This 
landform is extensively dissected with undulating topography. The Nymboida and 
Ramomie State Forests are continuous with Dalmorton State Forest and Nyrnboida 
National Park. 
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Chapter 2 	 Description of Study Area 

Dalniorton State Forest occupies the catchment of Cunglebung Creek. The steep outer 
perimeter of the catchment has an elevation generally in the order of 700m, but rises to 
1020m at Mt. Munningyundo in the north-eastern corner of the landform. The lower 
parts of the drainage basin have a gentle topography, down to 300m in elevation. 

The South-Western Subregion 

The south-western subregion covers the Tablelands Plateau (800- ilOOm) and its eastern 
fall, west of the Nymboida and Clarence Rivers. Clouds Creek, Sheas Nob, Boundary 
Creek and Marara State Forests occur within this zone. The rainfall is high due to the 
elevated topography. The geology is variable, but consists mostly of Silurian sediments 
and metamorphics. The soils are mostly friable red acidic podsols that are quite stable and 
resistant to erosion. Variable topography within this region includes extensive n-acts of 
undulating terrain and fertile soil that support high quality forest. 

The Cangai Subregion 

The Cangai Landform in the north-western corner of the Grafton Study Area, supports 
Cangai State Forest. It is dominated by Cangai Ridge; a small plateau of gently 
undulating topography, at approximately 900m elevation, surrounded on all sides by 
precipitous slopes. The ridge consists of Permian Granite surrounded by Silurian 
metamorphics. The geology gives rise to friable red earths which support high quality 
forests. 

The Washpool Ewingar Subre2ion 

The Ewingar subregion includes Ewingar and Washpool State Forests on the edge of the 
New England Tablelands. The topography is gentle to steep, at elevations in the order of 
800m. The climate tends to warm temperate, in contrast to the sub-tropical climate in the 
rest of the Casino Study Area. The geology is complex as Ordovician and Silurian 
sediments have been metamorphosed by the intrusion of granites and volcanics during the 
Permian and Devonian eras. The granitic rock weathers rapidly, giving rise to deep and 
fertile soils, which erode readily. Soils derived from the metamorphic rocks are less 
fertile, but also less susceptible to erosion. The forests of this subregion bear a strong 
resemblance to those of the South West Subregion, due to the similar topography and 
climate. Like the forests of the South West subregion, these forests form part of a belt of 
forest on the eastern escarpment of the New England Fold Belt 

The North Richmond Range Subregion 

The North Richmond Range subregion includes Richmond Range, Mt. Pikapene and 
Cherry Tree State Forests. This subregion receives more rainfall than the State Forests 
further south due to its higher elevation. Large n -acts of Rainforest and Moist Hardwood 
occupy the basalt soils on the plateaus and drainage lines. Dry forests of Spotted Gum, 
Grey Gum (E. propin qua) and Grey lronbark (E. paniculata) occupy the less fertile, 
exposed slopes. 

The South Richmond Range Subre2ion 

South of Mount Pikapene, the Richmond Range curves eastwards towards the coast, 
through Mount Belmore, Mount Marsh, Banyabba and Gibberagee State Forests. The 
elevation is lower than further north and the soils are less fertile. Moist Hardwood forest 
occurs only in sheltered situations. 
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The Cultural Environment 

Before the arrival of Europeans, the coastal and estuarine regions of the Study Area are 
thought to have been one of the most densely populated areas in Australia. The mild 
climate and rich estuaries provided abundant food for local aboriginal populations. Cedar 
cutters first moved into the Clarence and Richmond Valleys in about 1835. Graziers and 
other agriculturalists began settling during the early 1840s. These settlers and their 
descendants soon cleared the arable land in the river valleys. The population of the area 
grew rapidly between 1850 and 1870 after gold was discovered in the Clarence Valley. 
Settlements flourished in areas such as Bulldog Rock and Ewingar that are now 
uninhabited. The Crown Lands Alienation Act of 1861 (the Robertson Act) further 
encouraged settlement in arable areas by allowing the "Conditional Purchase" of land. 
The conditions associated with the acquisition of land included clearing and development 
of the land. The slopes and valleys were gradually cleared of timber for pasture and 
crops, with only the steeper slopes and isolated ranges retaining the natural forest cover. 
These remaining forests were mostly dedicated as State Forest between 1914 and the 
1920s. Since 1972, major extensions have been added to the State Forests, most notably 
in the Dalmorton area. In 1982, over 25,000 ha of State Forest was revoked and 
dedicated as part of the Washpool National Part 

l'hroughout this century, the population of the area has continued to grow, and to become 
more concentrated within the major towns, particularly Grafton. At present the area has 
one of the fastest growing populations in Australia, due to tourism and its attractiveness 
as an area for retirement. 

Timber Harvestin 

There is little information about the details of the early timber industry. Initially, Red 
Cedar (Toona australis ) and Hoop Pine formed the basis of the industry in the area. 
Timber harvesting commenced in the Casino Management Area prior to 1850, and in the 
Grafton District, during the 1 860s. Six timber mills were operating in the Casino 
Management Area by 1900. Although commercial operations were largely confmed to 
forests close to Casino and Grafton, it is likely that much of the forest was harvested for 
building material by miners, agriculturalists and other early settlers. Extensive sleeper 
cutting operations occurred in the Casino area during the early 1900's. The harvesting of 
Hoop Pine reached its peak in the 1920s and 1930s. Subsequently, the availability of 
mature Hoop Pine declined to the extent that harvesting of this species had virtually 
ceased by the 1980s. The hardwood industry began in the early 1900s but expanded 
rapidly after the 1930s. In the Grafton Management Area the hardwood industry 
commenced in the coastal forests close to Grafton. By the 1920s, hardwood was 
harvested in parts of Clouds Creek and Boundary Creek State Forests. This was 
extended into Nymboida State Forest during the 1930s, Grange State Forest in the 
1940s, Cangai in the 1950s and Dalmorton and Washpool State Forests in the 1960s. 
Similarly, the hardwood industry spread from forests in the vicinity of Casino into more 
inaccessible areas. 

The history of the timber industry in this area is characterised by a trend from selective 
harvesting of the most valuable timber towards a policy of "maximum utilisation". 
Initially, large defect-free stems of durable species such as Tallowwood (Eucalyptus 
microcorys) were selectively harvested. However, this did not promote regeneration and 
the value of the timber within the forests was rapidly reduced. Consequently, silvicultural 
treatments were initiated in the more accessible forests of the Casino Management Area in 
1920, to remove defective and over-mature tees, and encourage regeneration. The 
success of these treatments has been variable, depending upon factors such as grazing, 
fire and seedling scorch. In recent decades, supervision of harvesting has been increased 
to encourage maximum utilisation and effective regeneration. In Moist Hardwood forests, 
regeneration is encouraged after harvesting by the practice of burning slash. New 
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practices were introduced in Rainforest harvesting in 1963, to ensure 50% canopy 
retention and the maintenance of Rainforest structure. Recently general purpose timber 
harvesting in Rainforest has been totally suspended. These, changes in harvesting 
practices are reflected in a disparity between forest harvested more than 30 years ago, 
dominated by over-mature and defective tees, and forest harvested more recently 
dominated by younger rapidly growing trees. 

Apiculture 

The majority of Hardwood forest types within the Study Area are considered suitable for 
apiculture, and apiarists hold Occupation Permits for most accessible areas of State 
Forests. As new areas are made accessible by roading, these are quickly occupied. In the 
Grafton Management Area, 294 sites were leased by apiarists in 1987 (FCNSW, 1987). 
The ecological impact of apiculture is not known, but it has been suggested that 
domesticated bees compete with native.nectivorous fauna and may have adverse impacts 
on the native flora (NPWS, 1989). 

Grazing 

Grazing under annual Occupation Permits and leases granted under the provisions of the 
Crown Lands and Consolidation Act, covers most of the accessible areas of forest in the 
State Forests of the Study Area. In the Grafton Management Area in 1988, there were 39 
annual Occupation Permits and 37 other leases of various tenure. The carrying capacity of 
these leases is estimated at 4,627 head of cattle, with an avenge grazing period of 9 
months per year (FCNSW, 1987). The direct effects of cattle grazing are not well 
understood; however, it is clear that the most significant effects of current grazing policy 
are due less to the cattle, than to the propensity of graziers to burn forest to promote feed 
for cattle. The tick-fence, which forms part of the strategy to exclude certain species of 
tick from central NSW, mns through the Casino Management Area. 

Previous Fauna Surveys in the Study Area 

A chronology of previous fauna surveys in the Study Area is given in Tables 2.1 and 
2.2. Although there have been many studies of fauna in the region these have tended to 
be highly localised or to focus on a limited range of special interest species. Information 
provided by these studies is useful for compiling species lists but has little value for 
habitat description and impact assessment Areas sampled are not representative of.the 
full range of habitats and tenures found in the region. Few fauna records have been 
accurately located to have sufficient latent value for analysis of habitat and land use 
associations, and many records are now more than a decade old, so may not take account 
of recent changes in fauna distribution and abundance. 
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Table 2.1. Chronology of.Previous Fauna Surveys in the 'State Forests of the Grafton 
Management Area. 

Date at Survey Location SF 
1968-72,1975-81 Clouds Creek, Candole 
1978 
	

Cangai 

1979 
	

Candole and Pinebrush 
1980 
	

Gibraltar Range 
Washpool Forests 

1981 
	

Candole 

1981 Dalmorton 
1978.91 Bellinger Valley 

north to Qid. 
1980-82 Washpool-Gibraiiar Region 
1982 Washpool(now WNP) 
1987-88 Tweed Volcano Region 
1987-90 . 	 NE NSW 
1988-90 Clouds Creek 
1989-90 Mt Marsh, Dalmorton 
1990 Cangai 
1990-91 Richmond-Tweed Region 
1991 Grafton 

Management Area 
1991 Boundary Creek 
1991 Dalmorton, Clouds 

Creek, Billilimbra 

1991 	Washpool. Billilimbra 

1991 Washpool, Bunjalung 
1991 Grafton Management Area 
Records up to 
1991 North Coast Forest 
1991 Hunter River to 

QkVNSW border 
1991 North Coast and 

Ranges 
1991 North-east NSW 
1993 North-east NSW 

Surveyed Fauna 
Mammals 
Arboreal mammals 

Arboreal mammals 
Mammals 

Arboreal marsupials 
Small mammals 
Birds 
Arboreal mammals 
Possums, Potoroids 
Macropods, Dasynrids 
Birds 
Arboreal Mammals 
Birds 
Bids 
Reptiles 
Tenesthal Vertebrates 
Teuestriaj Vertebrates 
OwLs 
Birds, Owls. Bats 
t mammals 
Birds 
Mouse 

Vertebrates 

Terrestrial Vertebrates 
Birds, mammals 

Vertebrates 
Mammals 

Reptiles 
Amphibians 
Koalas 
Teutsirial Vertebrates 

Source 
Barneti, J. L. et al.. 1976 
Maclzowski et al.. 
FCNSW Unpubi. 
Watts et at.. FCNSW Unpubl. 
Pulsford I.E., 1982 

Smith. A. P. Unpubl. 

Watts. G. Unpubl 
Clancy, G.P 
Unpubi. 
Osborne. W.S. 1982 
Watts et al.. FCNSW Unpubl. 
Debug. S. Unpubi. 
Debus. S. 1992 
Manning, A. Unpubi. 
Hines, H.B. Unpubi. 
Greenup, N. 
Fordetal.. 1991 
Icavanagh, R. 
Unpubl. 
Horton, G.W. Unpubi. 
Read, D. Unpubl. 

Gilmore, A. MS 
Associates. Unpubl. 
NPWS Atlas 
Kavanagh, R. Unpubl. 

NPWS Unpubi. 
Australian 
Museum Unpubl. 
Aumlian 
Museum Unpubt. 
Kavanagah, R. Unpubi. 
NPWS Unpubl. 
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Table 2.2. Chronology of Previous Surveys in the State Forests of the Casino 
Management Ama 

1989-90 
1990 
1990 

1990 

1990-91 
1990-91 

1991 

1991 

1991 
records up to 
1991 
1991 

1991 

1993 

Location SF 
Gibraltar Range 
Washpool Forests 
Beuinger Valley 
north to Qid. 
Washpool-GibraJtar 
Region 
Richmond Range 
Cambridge Plateau 

Nullum 
Blackbuu Plateau 
Mid-north coastal NSW 
Tweed Volcano Region 
NENSW 
North east NSW 
Richmond Range 
Focal Peak Region 

Mt Marsh, Dalmorton 
Cangai, Dalrnorton 
Billilimbra 

Bungabee. Nullum 
Mebbin, Mooball 
Whian Whian 
Billilimbra 
Richmond-Tweed 
Region 
Dalmorton, Clouds 
Creek, Billilimbra 
Boundary Creek 
Washpool 
Billilim bra 
Washpool, Bunjalung 

North Coast Forest 
Hunter River to 
QIdiNSW border 
North Coast and 
Ranges 
North-east NSW 

Surveyed Fauna 
Mammals 

Possums, Potoroids 
Mrvpods dasyurids 
Birds 

Terrestrial Venebrajes 
Terrestrial 
Vertebrates 
Birds, nocturnal 
Arboreal mammals 
Bats 
Birds 
Birds 
Birds 
Mammals 
Mammals, Reptiles 
Amphibians 
Terrestrial Vertebrates 
Terrestrial Vertebrates 
Mammals, Reptiles 
Owls, Amphibians 
Owls 

Mouse 

Vertebrates 

Terresthal Vertebrates 

Vertebrates 
Mammals 

Reptiles 
Amphibians 
Terrestrial Vertebrates 

Source 
Puisford I.F., 
1982 
Clancy, G.P 
Unpubl. 
Osborne, W.S. 
1982 
Mason. B. Unpubi. 
Smith, A. and 
Preen A. Unpubl. 
Milledge, D. 
Unpubl. 
Parnaby, H. E. 1986 
Debus, S. Unpubi. 
Debus, S. 1992 
Date, Ford and Recher 1989 
Barker, J. Unpubl. 
Smith, A. P. et aL, ic )39 

Hines, H.B. Unpubl. 
Greenup, N. Unpubl. 
Phillips, S. Unpubi. 

Debus, S. Unpubl. 

Cogger. H. G. Unpubl. 
Fordetal., 1991 

Read. D. Unpubl. 

Gilmore, A. M.& 
Associates. Unpubl. 
NPWS Atlas 

NPWS Unpubl. 
Australian 
Museum Unpubl. 
Australian 
Museum Unpubl. 
NPWS Unpubl. 

Date of Survey 
1980 

1978-91 

1980-82 

1983 
1984 

1984 

1984-85 
1987-88 
1987-90 
1988-89 
1989 
1989 
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3. METHODS 

Impact Assessment Methods 

The aim of impact assessment is to predict potential changes in the abundance and 
distribution of the native fauna resulting from timber harvesting and associated 
management activities (fife, apiary, grazing, roading). The fundamental ecological 
assumption underlying impact assessment is that logging and associated activities cause, 
to a greater or lesser extent, an initial decline in biodiversity followed by a longer period 
of recovery, which eventually leads to either restoration of the original community or to a 
different assemblage of species. The processes that drive these changes can be 
formulated as models which provide a basis for predicting impacts at specified times in 
the future. Impact assessment is a predictive, hypothesis generating process, and always 
involves an element of uncertainty. This uncertainty can be minimised by an appropriate 
choice of models, and through the testing of models by monitoring and further research. 

Models commonly used to predict logging impacts can be classified into the following 
types: 

These are based on results of long term monitoring, and the measurement of species 
abundance (and/or health and performance) before and after timber harvesting. They 
provide information on changes in biodiversity with time since logging, which can be 
used to predict if and when biodiversity recovers from logging disturbance. No long term 
fauna monitoring programs were in operation in the Study Area at the time of survey. 

These models are based on comparisons of flora and fauna abundance and diversity in 
previously logged and unlogged sites. This approach is necessary when the time and 
resources available for impact assessment are limited. The results of survey models are 
less reliable than monitoring models and, in some cases, they may need to be validated by 
monitoring programs. A limitation of this approach is that field surveys generally detect 
fewer rare species than common species. Consequently, it is often impossible to 
formulate impact models for those species that are of greatest concern with respect to 
conservation. 

a) Comparison of logged and unlogged sites. 

In this method (described in York et aL, 1991) mean fauna diversity in representative 
unlogged and logged sites are compared, using Analysis of Variance (AOV) and related 
statistical procedures. Logged sites may be characterised by different stages of recovery 
(different times since logging) or different levels of Initial logging disturbance (logging 
intensity). A stratified random sampling design is used to ensure that the biodiversity 
measured at the sites is representative of the avenge unlogged and logged states. The 
technique can not prove that there is no effect of logging as, even if no differences 
between logged and untogged sites can be demonstrated with a specific data set, such 
differences might become apparent if a larger or more stratified data set were analysed. 
However, the technique may unequivocally demonstrate that there are differences 
between logged and unlogged sites. Even where such a difference is demonstrated, a 
causal relationship between logging and biodiversity is not proved as there may be 
differences between logged and unlogged sites that are related to both togging and 
biodiversity but which are not caused by timber harvesting. In the Study Area, timber 
harvesting has proceeded from low-land forests close to the major centres, to 
progressively steeper, less accessible areas. Also highly productive forests are generally 
logged before lower quality forests. Thus, forests with a long history of timber 
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harvesting tend to be ecologically dissimilar to unlogged forests, and the biodiversity of 
logged and unlogged sites may have been different even before logging took place. Of the 
12 sites stratified as unlogged and sampled in this survey only three were of high site 
quality and all of these sites occurred in the vicinity of Washpool State Forest. The 
remaining sites were predominantly of low quality and all but two in Blackbutt Forests 
appeared to have been previously logged. This design may introduce bias to comparisons 
of unlogged and logged habitats, tending to under-estimate the effects of logging. 

Another difficulty with this impact prediction procedure results from fine scale 
environmental variation within the forests. Many factors such as spil fertility, topography 
and moisture regime which may or may not be correlated to logging, strongly influence 
biodiversity. Even at one site, weather, season and other factors may influence the results 
of fauna and flora survey. Variation due to these factors may obscure associations 
between biodiversity and other variables such as logging. While the statistical procedures 
used are designed to distinguish this "random' variation from "systematic' correlations 
with other variables, such associations become less distinct as the variation within the 
data increases. Non systematic variation in the data causes the effects of logging to be 
underestimated, particularly when the number of survey sites is small and surveys 
conducted under variable conditions. 

The survey design used in this study reduced this problem to some extent by the use of 
relatively long survey transects (500m). Such transects sample a variety of microhabitats 
including different aspects, slopes and topographic situations. 

Another source of error in this type of impact prediction model results from the history of 
timber harvesting in the area. Timber harvesting practices have changed considerably, 
due to changes in market forces and harvesting technologies. Mature and old-growth 
stands of preferred timber species have declined, although harvesting of preferred species 
continues in regrowth forests, and markets have adapted to accommodate previously 
unmerchantable species such as Brush Box and stems with higher defect levels. Timber 
stand improvement (TSI) was once practiced to improve the timber production of forests 
by the culling of over-mature and defective stems and encouragement of the regeneration 
of commercial species. Recently however, there has been a decline in funds available for 
this practice and silvicuhuraj improvement in stands now relies on integrated harvesting 
practices and better utiisation of forest timber resources. Because of the silvicultural 
changes and the diminishing extent of old-growth forest with time, impact prediction 
models based on historic records may not accurately estimate the impact of future 
activities. 

b) Post-logging succession. 

This method measures biodiversity in a range of sites logged at increasingly distant times 
in the past The results are used to model patterns of post logging succession and 
recovery using linear modelling and other statistical procedures. Models are solved to 
predict if and when fauna diversity and abundance will recover after logging. The method 
is most appropriate for investigation of intensive logging operations in moist, productive 
forest It is less suitable where logging is of variable intensity because the effects of 
variation in logging intensity may obscure successional patterns. This study sampled 
across a successional gradient in forests logged at variable (low to high) intensity. 

This method has the same limitations and assumptions as the preceding method. It is 
based on the assumption that all sites had a similar biodiversity before logging and that all 
sites have or will undergo the same patterns of successional change after logging 
disturbance. It is also assumed thatall sites were logged at similar intensity. As discussed 
above, these assumptions may be violated by the data used in this study. 
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c) Multivariate analysis. 

This method analyses changes in biodiversity across a wide range of logging disturbance 
gradients or categories (including logging intensity and succession) and natural 
environmental gradients (eg. slope, aspect, soil fertility, vegetation structure and 
floristics) simultaneously using Principal Components Analysis (RCA), multiple 
regression and other statistical methods. Copious analyses can be performed using 
different permutations of variables and statistical techniques. Because a number of 
variables which influence biodiversity may be included in an analysis simultaneously, it 
is not assumed that all sites had the same biodiversity prior to logging. It is also possible 
to include variables such as, number of logging cycles, logging intensity and the time 
since logging, in an analysis thus avoiding the assumption that all logging operations 
have had an identical effect on the present faunal community. In practice however, the 
number of variables that can be usefully incorporated into an analysis is limited by the 
number of sites surveyed. 

The most difficult aspect of multivariate analysis is the interpretation of results and 
identification of causal associations between land use and biodiversity. Multivariate 
analyses tend to generate a large number of statistically significant associations between 
environmental variables and biodiversity. The interpretation of these associations is 
fraught with difficulties. Association does not necessarily imply causation. Problems can 
arise when environmental and cultural variables are confounded or interconelated. For 
example, a negative correlation between fire and the occurrence of a species, does not 
necessarily imply that the species has declined as a result of burning, it may simply be 
that the species occupies habitats such as rainforests or wet gullies which are not 
flammable. These problems can be overcome by a variety of methods including the 
following: 

selection of appropriate environmental and cultural variables for analysis based on 
the known or predicted ecological requirements of species; 

measurement of the variation in biodiversity explained by environmental and cultural 
variables (eg. r2  values in regression analysis); 

examination and interpretation of correlations between environmental predictor 
variables by correlation analysis, RCA, and analysis of variance; 

interpretation of statistically significant associations in the light of ecological 
knowledge. 

Auto-ecological Models 

Auto-ecological methods are used to predict the likely impact of logging on fauna by 
identifying the resource requirements of species (eg. food, shelter, water) and measuring 
or predicting the effects of logging on the availability of these resources. This technique 
is applied when insufficient data are available for statistical analysis but where good 
ecological information is available on species' habitat and resource requirements. For the 
purpose of this analysis species are often classified into 'guilds' or groups of species 
with similar resource requirements (eg. all tree hollow dependent species). 

There are four common limitations to the auto-ecological method. Firstly, knowledge 
about species essential resource requirements is limited, particularly for rare and 
endangered species, and even when resource requirements are known they may vary 
from region to region. Secondly, there is a general lack of knowledge of the form of 
association between resource abundance and fauna abundance (eg. what is the 
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relationship between tree hollow numbers and fauna abundance?). Thirdly, there is little 
quantitative data on the effects of logging on the availability of essential resources. For 
the purpose of this study, it was assumed that resource availability is reduced in 
proportion to harvesting intensity, unless data were available to demonstrate otherwise. 
Finally, there is no objective measure associated with auto-ecological predictions with 
which to assess their reliability. To minimise the risk of bias, predictions should be 
supported by one or more experts on the ecology of the species or group. 

!1Nit1J,)III[S)S1 

This method is based on prediction of timber harvesting impacts on the presumed 
resource requirements of species and/or guilds. It is invoked when no detailed 
autoecologicai studies have been conducted to determine the actual resource requirements 
of a species in logged and/or natural habitats. The method involves prediction of a 
species' likely resource requirements using indirect means such as extrapolation from 
morphological and physiological specialisations indicating adaptation to particular 
habitats, or from the known requirements of closely related species that inhabit similar 
environments. This method is most commonly applied to poorly known endangered 
species. 

The Reliability of Impact Assessment Models 

Statistical procedures provide an objective estimate of the uncertainty associated with 
predictive models. Most statistical procedures provide some measure of the goodness of 
fit of predictive models or an indication of the uncertainty associated with predictions, but 
these are accurate only if all the assumptions of the analyses are met. However, there 
have been surprisingly few previous statistically validated studies of harvesting impacts 
on biodiversity, and there have been no scientifically and statistically validated monitoring 
programs to test the predictions of models over a full logging cycle or even over the life 
of an EIS. No long term fauna impact monitoring programs are in place in the industry in 
NSW and there have been no audits of previous impact predictions. 

Until recently, most logging impact assessment was determined by literature review and 
relied heavily upon the results of a few scientific and descriptive studies often carried out 
in areas remote from the proposed development This approach assumes that species 
habitat requirements, response to logging, and logging practices exhibit little regional 
variation. At present, there is little data with which to assess the reliability of these 
assumptions. 

For the purpose of this study, impact assessment methods were ranked in decreasing 
order of perceived reliability, according to the type of model use and the region of study: 

long term monitoring and measurement of densities before and after harvesting in 
the Study Area; 

measured and statistically validated differences between logged and unlogged 
habitats in the Study Area (this study); 

measured and statistically validated differences between logged and unlogged 
habitats in other locations (previous studies); 

impacts of logging on the known habitat and ecological resource requirements of the 
species determined by autoecological study; 

impacts of logging on the likely habitat and ecological resource requirements of the 
species determined by expert ecological opinion 
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6: expert ecological opinion on the possible effects of timber harvesting on the possible 
habitat and ecological requirements of the species. 

Impact Assessment Methods - This Study 

This study used statistical methods for impact modelling wherever possible and aimed to 
statistically quantify the uncertainty associated with fauna impact models. The results of 
the models are interpreted in the light of existing ecological knowledge. Survey data were 
generally found to be adequate for predicting the impacts of logging and associated 
activities on biodiversity for the major taxonomic groups and most guilds. At the species 
level, reliable impact prediction was only possible for the more common species. Impacts 
on rare and endangered species were based primarily on expert opinion and the findings 
of a few auto-ecological studies. The general procedure adopted was as follows: 

Literature Review: 
Review of impacts in similar landscapes elsewhere in Australia, review of auto-
ecological studies of endangered species occurring in the Study Area, review of 
previous impact models developed elsewhere in Australia, consultation with relevant 
experts. 

Biological Survey: 
Quantitative, standardised measurement of fauna distribution and abundance in 
different natural and cultural (wood production) environments. 

Environmental Survey: 
Quantitative measurement of natural and cultural environmental variables. 

Impact Modelling: 
Analysis of associations between faunal distributions and abundance and natural and 
cultural environmental variables led to the formulation of predictive models. 
Succession models were developed to predict recovery times and identify species 
which prefer older forest. Cultural variables were ranked according to the magnitude 
and importance of the impact upon biodiversity and species populations. 

Jmpact Prediction: 
Predictive models were used to estimate the likely magnitude of changes in species 
biodiversity under alternative management practices in each of the major habitat 
types, to the extent possible within constraints imposed by survey design 

Impact Mitigation: 
A series of options are proposed for mitigation of adverse impacts of timber 
harvesting and associated practices likely to occur under current management 
proposals. These options are intended to minimise fauna impacts while permitting 
some level of harvesting activity. Acceptance, rejection or modification of these 
options is a matter for consideration in the EIS, taking into account non-fauna 
values. 

Monitoring and Review: 
Options for further research and monitoring to test and monitor predictions and 
improve understanding where inadequacies in current knowledge are identified. 

Biological Survey Methods 

The fauna and flora surveys in the Study Area followed a modified version of the State 
Forests fauna survey protocols (York et al., 1991). Details of fauna survey techniques 
specific to each major group are given in subsequent chapters. The method of survey 
design, measurement of environmental and logging variables, and methods of data 
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Sampling Design 

Survey sites were stratified by State Forests according to the following four major forest 
types and logging classes: 

1) Rainforest; 1) unlogged; 
2) Moist Hardwood;  logged prel96O; 

 Blackbutt Forest; 3) logged 1960-70; 
4) Dry Hardwood Forest; 4) logged 1970-80; 

5) logged 1980-90. 

Survey sites were located and installed by State Forests. The aim was to locate a 
minimum of four replicates in each combination of strata with the exception of 
Rainforest. Rainforest was relatively under sampled because no general purpose logging 
is proposed in this forest type. At the time of survey unlogged forests were considered by 
SFNSW to be synonymous with Old-growth forests, and this survey design was initially 
intended to provide a statistical basis for evaluation of forestry impacts on Old-growth 
fauna values. It was subsequently recognized that some sites classified as unlogged for 
the purpose of this study lacked large ecologically mature trees and included forests 
which had regenerated after ringbarking and early agricultural disturbance, so Old-growth 
was redefined to include only those unlogged forests which are ecologically mature and 
have been subjected to negligible disturbance (R. Williams SFNSW). Of the 12 sites 
originally stratified by SFNSW as unlogged, only five did not appear to have been 
previously logged or cleared. No survey sites were located in that portion of Dalmorton 
State Forest ultimately classified as Old-growth by SFNSW. Consequently Old-growth 
was relatively under sampled in all forest types and the original sample design proved 
inadequate for assessing impacts on Old-growth fauna using AOV procedures. Impacts 
on old-growth were therefore determined by primarily by literature review and by auto-
ecological modelling, but with some extrapolation using post-logging succession and 
logging intensity models where possible. No surveys were conducted in PMP zones 
excluded from logging for reasons of steepness and inaccessibility. Thus no objective 
basis was available for assessing the adequacy of these areas as conservation reserves 
within the Forest Estate. Many of the less commercial dry and swamp sclerophyll forests 
types may also have been relatively under sampled by this design. The location of survey 
sites in each strata is given in Appendix A. This design proved less than ideal for all three 
survey methods of impact modelling but was, to some extent, unavoidable due to scarcity 
of unlogged habitat in the Study Area and the prevalence of low to moderate intensity 
harvesting and confounding between time since logging and logging intensity. 

Site Layout 

Each site consists of a 500m transect divided into five lOOm 'units'. The start of each 
unit, and the central 'point' in each unit were flagged with tape. Photographs were taken 
at each site for reference during data analysis and interpretation. 

Environmental Survey 

Information on a range of environmental attributes was collected at each survey site to 
allow the analysis of associations between faunal disthbutions, and cultural and natural 
environmental factors. Environmental attributes were derived from maps, databases, and 
compartment and fire history records held by the State Forests offices at Grafton and 
Casino. Other variables including forest age structure, tree hollows and ground cover 
were recorded at each site. The cultural and natural environmental variables used in 
impact assessment analyses are summarised in Table 3.1. 

14 	 Austeco ?ty. Ltd. Fauna of the Grafton and Casino State Forest Management Areas. 



Chapter 3 	 Methods 

Table 3.1. List of Environmental Variables used in Analysis of Fauna Habitat 
Associations and Response to Logging and Associated Land Use, Showing Methods of 
Measurement. 

Natural Variables 

Rainfall 	Mean annual rainfall (mm) was predicted from AMGs using a climate 
surface model provided by NPWS. 

Aspect 	Measured as a continuous variable from 0-180 (from north to south) and 
as categorical variables: north, north-east, east, south, south-east, south-
west, west, north-west and flat 

SlopeA 	Measured in degrees as a continuous variable and as degree categorical 
variables: 0-2, 2-c5, 5-d0, 10-d0, 20-c45, >45. 

TopoA 	Topographic position of transect units were defined in the categories of 
Top', 'Saddle', 'Upper', 'Mid, 'Lower', 'Flat', or 'Other'. 

Geology 	Site geological information was obtained by observation and reference to 
1:250,000 geology maps. 

Habitat 	Tree community floristic classification of overstorey data into 'Moist 
Hardwood', 'Dry Hardwood' and 'Rainforest' as described in Moore and 
Floyd (1994). 

Ovrstrl-3 New gradients derived by ordination of quantitative floristic data using 
SSH ordination procedure (Moore and floyd, 1994). 

AgeA 	Estimation of the tee community age structure described by categorical 
variables: 'Juvenile', 'Mature', Senescent', 'Old-growth', 'Mixed Age', 
'Regrowth'. 

Can-CovA Projected canopy cover in the categories (%) 0, 1-5, 5-20, 20-50, 50-80, 
80-99, 100. 

Can-HtA The avenge height of trees measured in metes as a categorical variable: 
<10, 10-20, 20-30, 30-40, 40-50, 50-60, >60. 

U-type 	Floristic classification of understorey data into 'Rainforest ferns', 
'Rainforest vines', 'Moist grass', 'Moist ferns', 'Herbs', 'Lantana', 
'Swamp Sedges', 'Bracken', Dry grass', 'Heath' as described in Chapter 
3. 

UndrstryA Site understorey type was described as 'Swampy', 'Mesic', 'Xeric', 
'Grassy' or 'Other'. 

UndrStrl-3 New gradients derived by ordination of quantitative floristic data using 
SSH ordination procedure. 

ShrbsA 	Measure of shrubs as a percentage of ground cover using the categories: 0, 
1-5, 5-20, 20-50, 50-80, 80-99, 100. 

Gr-HrbsA Measure of grasses and herbs as a percentage of ground cover using 
categories: 0, 1-5, 5-20, 20-50, 50-80, 80-99, 100. 

LitterA 	Measure of litter as a percentage of ground cover using the categories: 0, 
1-5, 5-20, 20-50, 50-80, 80-99, 100. 

Bare-SA 	Measure of bare soil as a percentage of ground cover using the categories: 
0, 1-5, 5-20, 20-50, 50-80, 80-99, 100. 

R-coverA Measure of surface rock as a percentage of ground cover using categorical 
variables: 0, 1-5, 5-20, 20-50, 50-80, 80-99, 100. 

Water 	Measure of surface water as a percentage of ground cover using 
categories: 0, 1-5, 5-20, 20-50, 50-80, 80-99, 100. 

Stumps 	The number of tree stumps in a SOxlOOm snip measured as a categorical 
variable: 0, 1-c5, 5-<10, 10-c20, >20. 

Hollows 	The number of hollow-bearing trees in a SOxlOOm snip measured as a 
categorical variable: 0, 1-c5, 5-<10, 10-c20, 20-c50, >50. 

Fall-T 	The length of fallen timber in a SOxlOOm strip measured as a categorical 
variable: 0, c5, 5-d0, 20c50, 50-c100, >100. 
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Cultural Variables 

Fire-mt 	Fire intensity was estimated from State Forests records. 
Since-FF Time (in years) since last fire was determined from State Forests records 

and estimated on site (Sinc-FAF), and was assigned the following 
categories: 2-5, 5-d0, >10. 

Burn-Ht- The maximum height of fife scars in metes according to the following 
categories: 'Unburnt'; 0-cl, 1-C, 2-c5, 5-d0, >10 

Fire-frq 	The time interval (in years) between fires was determined from State 
Forests records and checked on site. 

Log-mt 	Logging intensity was estimated from State Forests records and assigned 
the categories: 'none', 'light', 'moderate' or 'heavy'. (after State Forests 
Flora Survey Protocol Proformas, York eta] 1991) 

Sinc-LFF The year of the most recent timber harvesting operation was estimated 
from site inspection (Sinc-LAF) and State Forests records, and was 
represented as the number of years since logging: 1-10, 10-50, >50. 

Cycles 

	

	The number of previous harvesting cycles were obtained from FCNSW 
records. 

Regen 	Whether or not the site was burnt after harvesting to promote regowth. 
Culled 	Removal of defective trees recorded as "culled" or "not-culled" 
Grazed 	The number of years that the site had been grazed, determined from State 

Forests records. 
Graz-int 	The intensity of grazing, estimated from abundance of scats on site and 

from State Forests records, was measured as categorical variables: 
'None', 'Low', 'High'. 

Roaded 	Time since the site was first roaded (major mad). 
Baitfreq 	The frequency of 1080 baits used in the area determined from records. 
Bait-type The type of bait used measured as categorical variables: (meat, carrot etc.) 
Bee-hive 	The distance to the nearest beehive was determined from records. 
Bee-frq 	The frequency of use of beehives by apiarists was determined from 

records. 

Data Analysis and Predictive Modelling 

The data obtained by field survey were transferred from field data sheets into computer 
databases. These data included the results of habitat searches, spotlighting, bird survey, 
trapping, pitfalls, hair tubes, scats and signs and opportunistic sightings. The data for 
each species were then combined to produce a matrix containing measures of abundance 
of each species at each site. These data were combined with a matrix containing the 
cultural and natural environmental variables at each site. In this form, the data were 
transferred to statistical packages such as STATVIEW and SYSTAT for statistical 
analysis and modelling. 

Measures of Biodiversity 

Biodiversity is a term that refers both to the number of species, and the abundance of 
species at a location. There are many different ways of calculating biodiversity, but in 
general, biodiversity indices rank highly when there are more species present. when the 
avenge density of individual species present is higher, and when individual species 
densities are evenly distributed. We avoided the use of complex biodiversity indices 
which take into account both species numbers and species abundances because these are 
difficult to interpret ecologically. Instead we evaluated impacts on the following indices: 

Species Richness: 
the total number of species in a specified taxon (eg. mammals) or guild (eg. arboreal 
mammals) detected by all methods at each site; 
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Total Abundance: 
the total number of individuals of all species in the taxon detected at each site using 
standard survey methods; 

Species Abundance: 
the number of individuals of a species detected per unit standard survey effort (eg. 
total of birds recorded per 10 unit counts); 

Species Frequency: 
the proportion of sites surveyed in a particular strata (eg. Rainforest sites) at which 
the species was found to be present during a unit of standard survey effort at each 
site. 

Caution should be exercised in the interpretation of relationships between Total 
Abundance and environmental variables where only a few species contribute 
disproportionally to the total count Caution must also be exercised when intepreting 
Species Richness and Total Abundance indices, as large changes in species composition 
may go undetected if the number of displaced species is balanced by an influx of a similar 
number of different species following disturbance. 

Statistical Analysis and Modelling 

Measures of faunal abundance for each major taxon (birds, mammals, reptiles and 
amphibians), were analysed to determine whether these varied with respect to measured 
cultural and natural environmental variables, and to determine the nature of any 
significant relationships. Statistical modelling procedures used included the following: 

I 	Analysis of Variance (AOV); 
2 	Simple and Multiple Regression; 
3 	CM-square analysis. 

Analysis of Variance 

This technique was used to compare mean species abundance and, in two or more 
categories of an environmental or cultural variable (eg. for forest type: Rainforest, Moist 
Hardwood and Dry Hardwood), to determine whether the means and their associated 
variation differs more than would be expected by chance. The probability of a difference 
in the means occurring by chance is indicated by the P value resulting from the analysis. 
In this study, a P value of less than 0.05 was assumed to indicate that mean abundances 
differed significantly between categories (eg. that bird species richness differed 
significantly between forest types). This technique can be extended to examine 
differences between nested categories (2-way AOV), for example between logging 
treatments (loggedlunlogged) within forest type. This procedure is recommended in the 
Forestry Commission's protocol version 1.0 (York et. al. 1991) and was used in this 
study to identify differences between species richness and abundance in major strata 
identified by the Commission (forest type and logging history). Results are only reported 
where significant effects were found. 

The AOV procedure has a number of limitations for impact, modelling including the 
following: 

a) It assumes that survey sites differ only with respect to the variable being tested (eg. 
logging history) and that all other environmental variables are constant between 
replicates and treatments. This assumption rarely holds, and when violated may lead 
to spurious results due to confounding between logging treatment and other 
unmeasured variables (eg. logging intensity). 
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b) It estimates the effects of past logging averaged over the time since previous logging 
events. This information cannot be used to predict future logging impacts where 
logging practices have, or are predicted to, change. This problem was overcome in 
this study by developing succession models under different logging intensities using 
regression techniques. 

Regression Analysis 

Regression analysis determines whether there is a linear relationship between species 
richness or abundance and continuous environmental variables such as logging intensity 
or time since logging. A linear relationship is one in which species richness or abundance 
increases (or decreases) in direct proportion to increases or decreases in the value of 
environmental "predictor" variables. The probability of such a linear relationship 
occurring by chance alone is indicated by a P value. In this study, linear relationships 
were assumed significant when Pc 0.05. The proportion of the variation in species 
richness or abundance that is explained by the model is indicated by an r-squared value 
associated with the model. An r-squared value of 1.0 would indicate that there is a perfect 
correlation between species richness or abundance with the predictor variable. However, 
in ecological systems, many variables influence the distribution and abundance of species 
and even within an area of uniform habitat animals are not evenly distributed, thus it is 
unusual for r-squared values to approach 1.0. Multiple linear regression are used to 
analyse the effects of two or more continuous variables on fauna species richness or 
abundance when their effects are additive. The r-squared and P values reported for 
multiple regression models provide the same information as they do for simple linear 
models. 

Regression models have a number of limitations for impact prediction including the 
following: 

they can only be applied to continuous environmental variables. 

they can only be applied when the form of the relationship between abundance 
variables and environmental variables is linear. This problem can sometimes be overcome 
when relationships are non linear by transformation of the environmental variables to a 
different scale of measurement. 

a significant linear relationship between abundance measures and environmental 
variables does not imply causality. Relationships may be caused by confounding with 
other variables. This problem was overcome in this study by examination of correlations 
between all measured variables and by classification of confounded (correlated) variables 
into independent groups (gradients) using Principal Components Analysis. All significant 
relationships were interpreted with caution unless a rational ecological explanation could 
be put forward to explain the association. 

Chi-squared Analysis 

Chi-square tests were used to determine whether a species occurred more frequently in a 
particular habitat type than would be the case if there were no systematic differences 
between the habitats. For example "Does a species occur more frequently than expected 
by chance in a logged forest relative to an unlogged forest, or a Rainforest relative to Dry 
Hardwood or Moist Hardwood?" The number of times that a species is recorded to be 
present in a particular category of forest is compared with the expected number assuming 
that there is an equal probability of the species occurring in all categories. The probability 
of a species occurring more often than expected in one or more classes is indicated by a! 
value, which is interpreted in the same manner as P values for AOV and regression. Clii-
square analyses yielded a large number of significant results, many of which are due to 
confounding between environmental categories tested. Unlike regression analysis there is 
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no simple method for identifying confounding between environmental categories using 
Chi-square. Thus, the results of such analyses should be interpreted with caution. Chi-
square analysis is a suitable technique to use when the number of records of a species is 
small relative to sample size, or when survey methods yield presence-absence rather than 
quantitative data. It was only used where the data did not allow quantitative analysis. 

Impact Prediction 

Models that relate biodiversity to land management practices in each of the major habitat 
types can be used to predict the magnitude of regional changes in biodiversity under 
alternative management practices. However, this would require information on the area of 
habitat affected by different proposals. Statistical impact models derived from survey data 
measure changes in fauna diversity in logged coupes, and not in surrounding unlogged 
forest retained for various purposes such as erosion control, wildlife corridors, reserves, 
steepness and inaccessibility. Ideally, surveys and impact models should address fauna 
changes in these areas as well as logged coupes. However, such an assessment was 
beyond the scope of this study. 

The procedure recommended for assessing regional impacts using data collected in this 
study is as follows: 

estimation of the percentage change in local biodiversity between disturbed 
(including logged, burnt and grazed) and undisturbed sites, as predicted by the 
impact models, over the time span of the proposal; 

measurement of the area to be affected by each development and the area to be 
unaffected; 

estimation of the percentage change in biodiversity over the entire region during the 
time span pf the proposal. 

This procedure assumes that the ability of species to recolonise modified habitats after 
future logging and development will be no less than their ability to recover after previous 
logging as predicted by the impact models. This assumption is likely to be satisfied in 
forest logged at low intensity. In forest logged at high intensity (>50% removal of stems 
>40cm dbh) there is a possibility that the area of refuge habitat, available to facilitate 
recolonisation by fauna after logging, will be less than that during previous logging 
operations. The risk that recovery after future logging will be less than that after previous 
logging in intensively logged forest can be reduced by the dedication of refuge areas and 
the adoption of alternative coupe harvesting such that adjacent compartments are logged 
no less than 10 years apart. It is unlikely, however, within the Study Area, that a 
compartment which has been logged at high intensity would have its' entire area logged at 
this intensity (R. Fussell, pers. comm.) therefore few areas are considered likely to 
require alternative compartment harvesting. 

Limitations of Impact Assessment Methods 

The procedures described above have the following shortcomings: 

insufficient records were obtained for the statistical analysis of most rare species. 

abnormally dry conditions prevailed prior to, and during the survey. This is likely 
to have reduced the abundance and detection of some species, especially 
amphibians. 
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some historical land uses, such as fire history, are poorly documented and difficult 
to measure with accuracy in the field. This may have introduced some variation into 
the impact models. 

point based measurements of environmental variables are not appropriate for 
analysing the habitat of species with largehome ranges, such as large forest owls, 
predatory mammals, and some bit species. Reliable analysis and assessment of 
survey records for these species will await the development of a GIS (Geographic 
Information System) capability within the Commission. GIS permit the averaging 
of environmental variables in a specified radius around sample points which can be 
adjusted to reflect species home range sizes. 

predicted impacts of forest management practices are based on the measured 
response of fauna to previous management activities. To the extent that forest 
management practices have changed with time, extrapolation of the results to 
predict the impacts of present and future practices may not be reliable. The effects 
of an increase in harvesting intensity with time can be predicted from models 
relating biodiversity to logging intensity. However, there are currently no data with 
which to assess the impact of changing patterns and scales of logging impacts. 

the extent or total area affected by logging has increased with time, so that broad 
scale effects of land use practices may be increasing. 

the sample design for formulation of impact models measured impacts at the coupe 
scale only, and did not take into account regional or cumulative impacts. 

the effects of Old-growth logging on fauna could not be reliably predicted from 
comparisons of logged and unlogged habitats because of a relative shortage of 
unlogged forest in the study region in general, and at survey sites in particular. 

These short-comings do not invalidate the main conclusions of the study, which are 
based on more than one line of evidence, interpreted in the light of ecological knowledge 
and compared with the results of similar studies. Where a high level of uncertainty 
surrounds the results of an analysis these results are either disregarded or the uncertainty 
is presented with the results. The most serious shortfalls in information for faunal 
management have been identified and used to recommend programs for further research 
and monitoring. 
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4. IMPACTS ON BIRDS 

Introduction 

Birds of the Study Area 

The boundaries of the Grafton and Casino Forest Management Areas (the Study Area) 
encompass a diverse range of forest ecosystems in nofth-east NSW. This region extends 
from the moist, high elevation escarpment forests on the eastern edge of the New 
England Tablelands through the drainage basins of the Richmond, Nymboida, Mann, 
Orara and lower Clarence Rivers to the drier, low elevation forests of the Coast Range. 
This topographic and edaphic diversity coupled with location of the region on the 
boundary of two major biogeographic regions has contributed to an exceptional fauna 
diversity and conservation significance. Torrensian (subtropical) faunal elements are 
represented at low elevations in the north-east and the mid elevation rainforests along the 
escarpment of the Great Divide while Bassian elements intrude to the south and thong the 
high elevation tablelands habitats to the west No bird species are endemic to the Study 
Area, however, this region provides habitat for a number of species with ranges restricted 
to NE-NSW and SE-QId. including the following: 

Albeit Lyrebird 
Marbled Frogmouth (southern population) 
Rufous Scrub-bird 
Pale-yellow Robin 
Southern Logrunner 
Regent Bowerbird 
Paradise Riflebird 
Fig Parrot (southern subspecies). 

As the Study Area occurs in a zone of overlap of two major biogeographic regions it 
supports many species populations at or close to their geographic limits. Species of 
special interest at their northern limits include the Olive Whistler, the ChesmutRumped 
Hylacola, and the Southern Emu-Wren. The Red Goshawk, Bush Hen, Marbled 
Frogmouth, and White-eared Monarch are species of special significance near the 
southern most parts of their range. 

Previous Surveys in the Study Area 

The avifauna of the Study Area have been well surveyed at the regional scale, but 
coverage has been patchy and survey methodologies have been largely subjective, 
focusing on compilation of species lists and detection of rare or special interest taxa. 
Communities of the tablelands forests to the west have been described by Smith et al. 
(1992). Birds of the escarpment in Washpool and Gibraltar National Parks have been 
described by Osborne (1982), birds of Coastal Byron Shire to the north-east have been 
surveyed by Milledge (1986), and the avifauna of private lands in the Orara and Bucca 
Valleys to the south of Grafton were surveyed by Smith et al. (1990). Birds of State 
Forests in the Murwillumbah region have been surveyed by the FCNSW (unpublished). 
Rare and endangered species which have been the subject of specialist surveys and 
ecological studies in the region include rainforest pigeons (Broadbent and Clark, 1976; 
Morris et al. 1981; Date and Recher, 1990; Gosper, 1992), large forest owls (Ford, 
Debus and Recher, 1991; Kavanagh unpublished), the Regent Honeyeater (Smith 1987; 
Gosper 1992), the Red Goshawk (Debus 1988; 1991; 1992), the Eastern Bristlebird 
(Holmes 1988), and the Rufous Scrub-bird (Ferrier 1985). A list of all bird species 
known and or considered likely to occur in the Study Area was compiled from published 
and unpublished reports, RAOU records and results of surveys reported here (Appendix 
Q. A total of 138 forest bird species were recorded in the Study Area during this survey, 
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and on the basis of published geographic ranges and habitat preferences, up to 55 
additional species are expected to occur infrequently in the region (Appendix Q. 

Survey Methods 

Survey Desi 

Forest birds were surveyed at the 77 stratified sites and the procedure for censuring the 
birds follows closely the protocol outlined in York et. al. (1991). Each survey site 
consists of a transect 500m in length containing 5 central survey "points" lOOm apart. 
During a census, birds were recorded at each point of the transect for 10 minutes. Birds 
detected within 50m of the point were counted and assigned to distance categories (0-5m, 
5-10m, 10-20m, 20-30m, 30-50m) on a data sheet Species that were detected further 
than 50m from the central point were recorded but not counted. Surveys were performed 
between dawn and 11.00 am. The temperature, weather conditions, and time of thy were 
also recorded at each census. A minimum of two counts were made on each site on two 
different days by two different observers, and the time of census was varied over the two 
days (ie. early morning or late morning). The procedure resulted in a minimum of 10 
counts which were added together to give a total count for each survey site. The fact that 
10 bird counts were recorded for each transect, reduced much of the variation in bird 
numbers due to factors such as micro-habitat, weather, time of thy and the unpredictable 
movement of birds through the forest The survey procedure was designed to produce 
quantitative data that can be used to compare the relative abunthnce of birds at different 
sites, in different environments and with different management histories. 

Three rare species, the Olive Whistler, Eastern Bristlebird and Rufous Scrub-bird, were 
censused at sites of apparently suitable habitat by call playback. The recorded call from 
each species was broadcast on a 22 watt cassette player in an attempt to illicit a response 
from nearby birds. Similarly, the calls of Masked, Sooty and Powerful Owls were 
broadcast at night in order to detect the presence of these nocturnal species. Species that 
were observed outside the measured census periods were recorded as opportunistic 
records, as were observations of ram or special interest species at any location within the 
study area. 

Data Analysis 

Statistical procedures were used to analyse associations between bird species richness, 
total abundance and species abundance, with measured environmental and cultural 
variables. The aims of the analyses were to determine the preferences of species for 
different habitats, and to test hypotheses about the effect of human activities, such as 
timber harvesting, on bird communities. Total abundance was calculated as the total 
number of birth recorded at each site within 50m of the survey points during the standard 
census periods. It should be noted that this is not a quantitative measure of the size of 
bird populations, or of their density, it is simply an index of the relative abundance of 
birds at each site. This index enabled the comparison of the abundance of birds at 
different sites, in different environments, and under different management regimes. 
Similarly, species richness is a variable that represents the relative diversity of birds at 
each site. It was calculated as the total number of species recorded at each site (excluding 
opportunistic records). In addition the species abundance and the total number of birds of 
a particular species recorded at each site, could be analysed for species recorded with 
sufficient frequency. 

Multiple and linear regression analyses were used to identify associations between bird 
abundance and continuous or quantitative variables. Analysis of variance was used to 
analyse associations with categorical environmental variables. Species frequencies and 
the presence or absence of a species at each site, were analysed with respect to categorical 
environmental variables by Chi-square and Log-likelihood Chi-square analysis. The 
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results of statistical analyses are interpreted in an ecological context and compared with 
expected findings based on literature review and expert ecological opinion. 

Scone and Limitations of Bird Surveys 

The emphasis of surveys was placed on detecting the effects of logging. Rainforests, 
swamp and riparian forests and wetlands and other habitats largely protected from direct 
logging impacts by virtue of steepness, reservation, protection in buffer strips (riparian 
habitat) or other reasons, were relatively under sampled. 

Some of the 500m transects cover considerable variation with respect to vegetation, 
topography and fire history. Where variables were measured at each point along a 
transect, the avenge value or the most frequently recorded category, was assigned to 
each transect for analysis. Only the first point on each transect was sampled during the 
vegetation survey. The site variables and vegetation descriptions obtained from this point 
were applied to the whole transect, except in the case of some wildlife habitat values (tree 
hollows, fallen logs) which were measured on all units and avenged prior to analysis. 
These factors, and others, introduce variation into the data which may, to a greater or 
lesser extent, obscure relationships between site variables and the distributions of birds. 
Where effects are strong however, statistical procedures can be used to distinguish 
systematic patterns of association from other sources of variation. 

The use of point count survey methods for comparison of bird numbers between forest 
sites and land use treatments assumes that there is no difference in detectability between 
forests of different structure. However, Smith et al. (1992) showed that detectability 
declines by up to 90% within 50m of the survey point, and that detectability declines 
most rapidly in forests with dense understoreys. The significance of these fmdings is that 
mean bird abundance (based on total counts to 50m) in structurally complex forests will 
be underestimated relative to that of more open forests. This effect cannot be readily 
compensated for when comparing forests of different structure, whether this difference 
be due to forest type, logging history or fire regime. A general rule, supported by the 
results of this study and others, is that birds are more abundant in dense vegetation than 
in open vegetation. Consequently, in most cases differences in the abundance and 
diversity of birds between recently logged (c5yr) and unlogged forests will be 
underestimated rather than over estimated. Where greater abundances of avifauna are 
recorded in dense forests, the differences may be under estimated by more than 100%. 

Bird Communities and Habitats 

High mobility, seasonal migration and nomadism make it difficult to classify forest birds 
into distinct community groups. Previous studies have found that differences in species 
composition are most pronounced along forest type, moisture, productivity and 
successional gradients. Marked differences are generally apparent between rainforest and 
eucalypt forests due to the presence of unique fleshy fruit resources, and a dqep layer of 
forest litter in rainforest. With the exception of frugivores and graminivores, many other 
rainforest birds also occur in moist eucalypt forests, especially those which forage in the 
moist litter and/or shrub layer. In north-east NSW, moist eucalypt forests often support a 
rainforest understorey in the absence of fire, and consequently avifauna diversity is 
exceptionally high, incorporating elements of both rainforest and scierophyll forest 
avifaunas. Shields et al. (1985) found that in the mid north coast of NSW, rainforest and 
wet sclerophyll (Moist Hardwood) forest avifaunas had greater affinity with one another 
than with dry forest avifauna The distinctions between the avifauna of each habitat type 
were not pronounced; primarily this reflected an increased occurrence of "open forest" 
(woodland) avifauna in drier forests. Similarly, in the Washpool Region Osborne (1982) 
found the greatest community distinction to occur between moist forest (Rainforest and 
Moist Hardwood) and Dry Hardwood sites. Differences between wet and dry sclerophyll 
forests are most likely to result from variation in understorey type, particularly the 
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replacement of mesic shrubs with xeric shrubs, heath and/or grassland. Understorey type 
is not always predictably associated with landform, climate and geology but is suong1v 
influenced by cultural disturbance including grañng, fire and logging. 

Species Richness 

Species Richness was calculated as the total number of species recorded within 50m of 
•the survey points at each site. This variable is not a quantitative measure of the number of 
species, but is merely an index that enables the diversity of birds to be compared between 
different sites, environments and management regimes. Analysis of variance was used to 
compare the species richness of different types of habitat, both overstorey and 
understorey. The results are shown in Table 4.1 and Table 4.2. An assumption of the 
analysis is that the variance in species richness is the same for each habitat type or 
understorey type. This assumption was tested using Bartlett's test of homogeneity of 
variance and was not refuted. 

table 4.1. The Mean Total Abundance and Species Richness for Each Habitat Type. 
The Significance of the Difference Between the Means is Calculated by Analysis Of 
Variance. 

Habitat Type Total Species 
Abundance Richness 

Rainforest 129.57 24.85 
Moist Hardwood 93.77 22.36 
Dry Hardwood 65.30 15.37 
Probability 0.003 0.000 

Table 4.2. The Mean Total Abundance and Species Richness for Each of the Ground Cover 
Types. The Significance of the Difference Between the Means is Calculated by Analysis of 
Variance. 

Total Species 
Understorey Abundance 0  Richness 
Rainforest Ferns 133.90 25.80 
MoistGrass 117.00 17.00 
MoistFerns 112.75 24.13 
Rainforest Vines 109.75 26.25 
Herbs 109.00 27.50 
Lantana 91.50 19.00 
Swamp Sedges 73.50 14.50 
Bracken 63.50 17.44 
Dry Grass 57.37 15.81 
Heath 55.67 11.33 
Probability 0.000 0.000 

*classes  not homogenous according to Bartlett's test of homogeneity. 

Species Richness is greatest in R.ainforest and Moist Hardwood Forest with dense, mesic 
understoreys of herbs, rainforest vines and ferns. Species richness was analysed with 
respect to a range of measured environmental variables. Significant associations were 
found with Overstorey Type (r 2=0.347, Pc0.003), Understorey Type (r 2=0.384, 
Pc0.0001), Percentage Shrub Cover (r 2  = 0.28; Probability <0.03), Fire frequency 
(r2=0.309, P=0.000), Years since fire (04.407, P=0.000) and Fire Intensity (r 2=0.158, 
P=0.000). 
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2-way AOVwas used to determine whether effects of logging on species richness could 
be demonstrated within the major habitat types. Because the seven rainforest sites had all 
been logged, it was necessary to eliminate these from the analysis. The results, shown in 
Table 4.3, do not demonstrate an effect of logging on species richness that is independent 
of habitat type. The third row in the Analysis of Variance table (L0GCED*HABITAT) 
indicates a significant association between species richness and an interaction between 
logging history and habitat. This indicates that species richness is corelated to logging 
history, but only by virtue of the conelation between logging and habitat; only three of 
the 30 Moist Hardwood sites were unlogged compared to 5 of the 25 Dry Hardwood 
sites. 

Table 4.3. Analysis of Variance of Bird Species Richness with Respect to Logging 
History and Habitat Type. 

DEPENDANT VARIABLE: Species Richness 
N:70. 
SQUARED MULTIPLE R: .366 

ANALYSISOF VARIANCE 

	

SOURCE 	SUM-OF-SQUARES 	DF MEAN-SQUARE 	F-RATIO 	P 

	

LOGGED 	 5.486 	1 	5.486 	0.210 	0.648 

	

HABITAT 	 724.880 	1 	724.880 	27.797 	0.000 
LOGGEDtHABITAT 	132.083 	1 	132.083 	5.065 	0.028 

	

ERROR 	 1721.093 	66 	26.077 

We are unable to conclude that logging alters the species richness of the forests, though it 
is not proved that there is no such effect because of limitations in sample design (see 
Chapter 2), however, if there is an effect it is likely to be of low magnitude. Further, 
these results do not preclude the possibility that logging substantially alters the species 
composition of the forest without changing the species richness, this question is 
addressed below. Table 4.4 gives the mean species richness for all combinations of 
habitat and logging history. Logged Dry Hardwood forest is shown to have a higher 
mean species richness than Unlogged Dry Hardwood, this may reflect the generally 
lower fertility of Unlogged Dry Hardwood forests compared to those that have been 
logged. 

Table 4.4. Mean Species Richness for Each Combination of Habitat Type and Logging 
History. 

Logging History Dry Hardwood Moist Hardwood 	Rainforest Mean 
Logged 16.56 21.89 	24.86 19.98 
Unlogged 13.40 26.67 	- 15.61 

Bird Abundance 

Table 4.1 shows the results of the AOV procedures used to analyse patterns of total 
abundances (the total number of birds of all species recorded within 50m of the survey 
points in each survey site) with respect to habitat. Table 4.2 gives the results of the same 
analysis applied to understorey type. The assumption that the variance is the same for all 
groups was tested using Bartlett's statistic (SYSTAT, 1989) and was found to be violated 
with respect to Understorey type. The probability estimate for this analysis may be 
inaccurate, but a cursory examination of the data shows that it is unlikely that there are no 
significant differences between the Understorey Types. Habitat Type and Understorey 
Type are both strongly associated with the abundance of birds, and the pattern is similar 
to that of species richness. Birds are most abundant in Moist Forest with a Rainforest 
understorey, and least abundant in Dry Hardwood forests with a heath understorey. 
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Because the detectability of birds is much lower in moist forests with a well developed 
understorey, the actual magnitude of the differences in Total Abundance between moist, 
open forests and dry, closed forests will be underestimated. 

Analysis of Guilds 

Bird species were assigned to one or more of the following guilds on the basis of known 
feeding and nesting behaviour 

 Foliage foragers 
 Canopy foragers 
 Shrub foragers 
 Ground foragers 
 Nectar feeders 
 Hollow nesters 

The classification system used to assign species to these guilds is shown in Appendix C. 

Analysis of variance was used to investigate associations between site variables and the 
species richness and total abundance of each of these guilds. In many cases, univariate 
analysis of variance indicated significant responses that could be attributed to 
confounding between variables such as, Habitat Type and Understorey Type. To 
overcome this difficulty, multivariate analyses of variance were employed to test for 
effects that are independent of vegetation structure. 

Foliage Foragers 

Thirty species were included in this guild, which includes those that forage in the foliage 
of either the forest canopy or the shrub layer. The species richness of foliage foragers 
was analysed with respect to the variables listed in Table 4.5. 

Table 4.5. The Fourteen Variables 
Guild of Foliage Foraging Species. 

Habitat type 
Understorey type 
%Canopycover 
Canopy height 
%Shrubcover 
% Grass/Herb cover 
%Littercover 
Grazing intensity 
YeEs since logged 
Logging intensity 
Logging cycles 
(Distance to) Gully 
Fire frequency 
Fire intensity 

used to Analyse Patterns of Association with the 

Significant effects, independent of Habitat and Understorey type were found for Fire 
Frequency (r 2=0.756, N0.000; Table 4.6 and 4.7), Years Since Last Fire (r 2=0.774, 
P=0.033), and Logging Cycles (r 2=0.844, N0.028; Tables 4.8 and 4.9). Similar 
results were found for total abundance of foliage foraging birds. There is a clear negative 
relationship between the species richness of foliage foraging birds and fire frequency. 
This effect is most likely due to suppression of the shrubby understorey and midstorey 
by frequent fife and, possibly, also to increased direct and indirect mortality after fife. 
Canopy height is an indicator of site productivity, a factor generally associated with 
avifaunal abundance and diversity. Interpretation of the association with the number of 
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logging cycles is less clear. The accessible, lower altitude forests of the Clarence and 
Richmond Basins have been logged more frequently than the steeper forests of the slopes 
and ranges. This result may simply reflect differences in the avifaunal assemblages of 
these contrasting environments. 

Table 4.6. Analysis of Variance of Species Richness of Foliage Foraging Birds with 
Respect to Habitat Type, tinderstorey Type and Firt Frequency. 

ANALYSIS OF VARIANCE 

DEPENDANT VARIABLE: 	Foliage foragers - Species Richness 
N: 77 
MULTIPLE R-SQUJjRED: 0.756 
SOURCE 	SUM-OF-SQUARES 	DF MEAN-SQUARE F-RATIO P 

HABITAT 	64.214 	2 	32.107 	8.260 	0.001 
UNDERSTOREY 	44.756 	2 	22.378 	5.757 	0.005 
FIRE 	71.515 	1 	71.515 	18.398 	0.000 

Table 4.7. Mean Species Richness of Foliage Foraging Birds of Each Combination of 
Habitat Type, Understorey Type and Fire Frequency Categoiy. 

Fire 
Frequency 

Dxy Hardwood Moist Hardwood R.ainforest 
Grassy Xeric Mesic Grassy I 	Xeric  I Mesic I Mesic 

2-5years 11.35 6.00 18.50 24.33 15.00 26.00 41.00 
5-10 years 22.00 9.00 27.00 

- 20.83 39.33 36.00 
>10 years - - - - 

- 52.80 58.40 

Table 4.8. Analysis of Variance of Species Richness of Foliage Foraging Birds with 
Respect to Habitat Type. 

ANALYSIS OF VARIANCE 
DEPENDANT VARIABLE: 
N:77 
MULTIPLE R-SQUARED 

Foliage foragers - Species Richness 

0.712 

HABITAT 148.927 2 	74.464 16.287 	0.000 
UNDERSTOREY 109.058 2 	54:529 1.927 	0.000 

LOGGING CYCLES 22.881 1 	22.881 5.005 	0.028 
ERROR 324.616 71 	4.572 

Table 4.9. Mean Species Richness of Foliage Foraging Birds for Each Combination of 
Habitat Type, Understorey Type and the Number of Logging Cycles. 

I Dry Hardwood 	Mnist 14ardwnnA 	I Rinfnrpct 1 
Logging Grassy Xeric Mesic Grassy Xeric Mesic Mesic Mean 
Cycles _____ _______ _______ 

6.25 9.00 6.00 7.00 10.00 9.00 - 7.00 
1 7.40 7.25 - 3.00 9.60 7.22 6.00 7.70 
2 8.40 8.67 11.00 6.00- 12.00 10.50 7.67 8.79 
3 - 13.00 - - 12.00 8.80 - 10.67 
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Canopy Foraging Species 

Eighteen species were included in this guild. Species richness and total abundance of 
canopy foraging species were analysed with respect to the variables listed in Table 4.5. 

Canopy foraging species show the same patterns of association as species richness and 
total abundance for .the whole avifauna. Only the variables associated with fire regime 
(Fire frequency, Time since fire and Fire intensity) can be demonstrated to influence the 
abundance and diversity of this guild independently of the variables Habitat and 
Understorey type. Significant effects for Fire Frequency (r 2=0.678, P=0.000) are shown 
in Table 4.10 and 4.11 which clearly indicates a negative relationship between the species 
richness of canopy foraging birds and fire frequency. None of the variables associated 
with logging were found to be significant. 

Table 4.10. Analysis of Variance of Species Richness of Canopy Foraging Birds with 
Respect to Habitat Type, Understorey Type and Fire Frequency. 

ANALYSIS OF VARIANCE 
DEPENDANT VARIABLE: Canopy foragers - Species Richness 
N: 77. 
MULTIPLE R-SQUARED: 0.678 

SOURCE SUM-OF-SqUARES DF MEAN-SQUARE 	F-RATIO 	P 

HABITAT 	15.532 	 2 	7.766 	 3.889 	0.025 
UNDRSTRY 	21.428 	 2 10.714 	 5.365 	0.007 

F'IREFREQUENCY 	33.491 	 1 	33.491 	16.772 	0.000 
ERROR 	141.782 	71 	1.997 

Table 4.11. Mean Species Richness of Canopy Foraging Birds for each combination of 
Habitat Type, Understorey Type and Fire Frequency Category. 

Fire 
Dry Hardwood Moist Hardwood Rainforest 

Grassy Xeric Grassy Mesic Xeric Mesic Mean 
Frequency 
2-5 years 2.10 1.50 1.50 4.40 2.75 - 2.49 

5 	10 years 4.50 2.00 
1  

5.50 5.75 3.00 5.00 4.54 
> 10 years - - 7.30 - 6.40 7.00 

Shrub Foraging Species 

This guild, which includes 12 species, shows the same patterns of association as the 
canopy foraging guild, and the total avifauna with strong correlations to Habitat, 
Understorey type and fire regime. Negative associations with species richness of this 
guild and fife frequency are evident in Tables 4.12 and 4.13. No other variables were 
found to be significantly correlated independently of Habitat and Understorey type. 
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Table 4.12. Analysis of Variance of Species Richness of Shrub Foraging Birds with 
Respect to Habitat Type, Understorey Type and Fire Frequency. 

DEFENDANT VARIABLE: 	Shrub foragers - Species Richness 
N: 77. 
MULTIPLE R-SQUARED: 0.641 

SOURCE SUM-OF-SQUARES 	DF MEAN-SQUARE 	F-RATIO 	 P 

UNDRSTRY 4.274 2 2.137 1.820 0.049 
HABITAT 23.187 1 23.187 19.753 0.000 
FIRE FREQUENCY 
ERROR 

7.063 
84.514 

1 
72 

7.063 
1.174 

6.017 0.017 

Table 4.13. Mean Species Richness of Shrub Foraging Birds of Each Combination of 
Habitat Type, Understorey Type and Fire Frequency Category. 

Fire 
Dry Hardwood Moist Hardwood Rainfqrest 

Grassy Xeric Grassy Mesic Xeric Mesic Mean 
Frequency 
2-5 years 1.48 1.00 2.50 3.80 2.00 - 2.15 

5 - 10 years 2.00 3.00 3.50 4.25 3.00 4.00 3.29 
>10 years - - 

- 4.30 - 6.00 5.15 

Gmund Feeding Snecies 

Twenty seven species were classified as ground feeders. Associations were investigated 
between the diversity and abundance of ground feeding species and each of the site 
variables listed above. Significant associations, independent of both habitat and 
understorey type, were foun'd for Litter cover (r 2  = 0.610, P=0.004; Table 4.14), 
Grass/herb cover (r2  = 0.763, P=0.050; Table 4.15) and Fire frequency (r 2  = 0.785, 
P=0.002; Table 4.16 and 4.17). The results indicate a preference for infrequently burnt 
forest with deep litter and a negative corelation to Grass-Herb cover. Grazing intensity 
was found to be negatively associated with ground feeding birds when either Habitat or 
Understorey type were included in the analysis, but was not significant when both 
variables were included (r 2=0.563, P=0.062). It is likely that with a larger data set, 
grazing intensity would be significant, if only because most ground feeding birds forage 
in deep forest litter, while herbivores prefer a grassy understorey. 

Table 4.14. Analysis of Variance of Species Richness of Ground Feeding Birds with 
Respect to Habitat Type, Understorey Type and Percentage Cover of Forest Litter. 

ANALYSIS OF VARIANCE 
DEPENDANT VARIABLE: Ground Feeding Birds - Species Richness 
N:77 
MULTIPLE R-SQUARED 	0.610 

	

HABITAT 	 15.267 	2 	7.633 	8.076 	0.0.01 
UNDERSTOREY 	 9.370 	2 	4.685 	4.956 	0.010 

	

LIVTERA 	 8.369 	1 	8.39 	8.854 	0.004 

	

ERROR 	 67.112 	71 	0.945 
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Table 4.15. Analysis of Variance of Species Richness of Ground Feeding Birds with 
Respect to Habitat Type, Understorey Type and Percentage Cover of Grasses and Herbs. 

ANALYSIS OF VARIANCE 

DEPENOANT VARIABLE: Ground Feeding Birds - Species Richness 
SQUARED MULTIPLE R: 0.582 
N 77 

	

SOURCE 	SUM-OF-SQUARES 	DF MEAN-SQUARE 	F-RATIO 	P 

	

HABITAT 	 15.726 	2 	 7.863 	7.776 	0.001 

	

UNDRSTRY 	 11.389 	2 	 5.694 	5.631 	0.005 

	

GRHRBSA 	 3.684 	1 	 3.684 	3.643 	0.050 

	

ERROR 	 71.797 	71 	 1.011 

Table 4.16. Analysis of Variance of Species Richness of Ground Feeding Birds with 
Respect to Habitat Type, Understorey Type and Percentage Cover of Grasses and Herbs. 

ANALYSIS OF VARIANCE 

DEPENDANT VARIABLE: Ground Feeding Birds - Species Richness 
N: 	77 
SQUARED MULTIPLE R: 0.617 

HABITAT 11.036 2 	 5.518 5.945 	0.004 
UNDERSTOREY 5.562 2 	 2.781 2.996 	0.051 
FIRE_FREQUENCY 9.581 1 	 9.581 10.323 	0.002 

ERROR 65.900 71 	 0.928 

Table 4.17. Mean Species Richness of Ground Feeding Birds of Each Combination of 
Habitat Type, Understorey Type and FIre Frequency Category. 

Fire 
Dry Hardwood I 	Moist Hardwood Rainforest _ 

Grassy Xeric Grassy Mesic Xeric Mesic 
__ 

Mea
__

n 
Frequency ________ _______ __ 
2-5 years 0.13 0.00 0.00 1.40 0.25 - 0.35 
5-10 years 1.00 0.00 0.50 1.50 0.67 4.00 1.27 
> 10 years - - - 2.60 - 180 3.20 

Nectar Feeding Species 

Twenty two nectivarivorous species were recorded during the survey, with an average of 
4.4 species and 30.1 individuals recorded at each survey site. The species richness and 
total abundance of nectar feeding birds were calculated for each site, and used to 
investigate the effect of site variables. Analysis of variance was used to test associations 
between the diversity and abundance of nectiferous birds and the following variables: 

 Habitat Type 
 Understorey type 
 Bee frequency 
 (Distance to) Beehive 
 Fire frequency 
 Years since fire 
 Logging cycles 
 Logging intensity 
 Grazing Intensity 
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The only significant association found was for Logging cycles, a lower mean diversity of 
nectiferous species in unlogged forest is suggested (r 2=0.055, P=0.040). This result 
may reflect confounding between more frequent logging in dry coastal and basin forests 
and the occurrence of more floristically diverse forests suitable for nectarivores. 

Hollow Derendant Species 

Fourteen species were classified as hollow dependant. Analysis of variance was used to 
test for associations between the species richness and total abundance of hollow 
dependant species and the following variables: 

 Habitattype 
 Understorey type 
 Years since logged 
 Logging intensity 
 Logging cycles 
 TSI treatment 
 Regeneration Treatment 
 Age structure 
 (Distance to) Gully 

 Fire frequency 
 Fire intensity 

Only the variables related to fire regime were significantly correlated to the diversity and 
abundance of hollow dependant species. These associations merely reflect the effect of 
fire in reducing the foraging substrate of hollow using forest birds. No significant 
association was found between the total abundance or species richness of hollow 
dependant birth, with the number of hollows recorded on each transect. This result does 
not prove that hollows are not a limiting factor on populations of these birds. Many 
hollow dependant species including Owls, Parrots, Rosellas and Cockatoos travel long 
distances, and the number of hollows measured at each site may have little relevance to 
the availability of hollows over a larger area. 

Species Habitat Preferences 

Associations between individual bird species and habitat were examined to identify which 
species contribute most to diversity differences between forest types. The preferred 
habitats of species found to be significantly associated with overstorey type are listed in 
Table 4.18 

Dry Hardwood Forest Birds 

Only five bird species were found to be significantly more abundant in Dry Hardwood 
Forests than Moist Hardwood or Rainforest. All species which significantly preferred 
Dry Hardwood forest also occurred in Moist Hardwood Forests, but not in Rainforest. A 
further 15 bird species were found to occur only in Dry Hardwood Forest,but the 
number of recordings (<5 records) did not permit these to be included in any statistical 
analysis of habitat associations. Of these, only the Brown Songlark is known to have a 
specific preference for open spaces and grasslands. Nine species (Australian Magpie, 
Brown Treecreeper, Eastern Rosella, Horsfields Bronze Cuckoo, Peaceful Dove, 
Rainbow Bee-Eater, Spotted Quail-Thrush, White-Throated Gerygone, Yellow-Tufted 
Honeyeater) are reported to prefer open woodland/forest with the Spotted Quail Thrush 
preferring stony ridges within this habitat type. A few other species were recorded only 
in Dry Forest including the White-Throated Needletail, the nomadic Little Bronze 
Cuckoo, the Satin flycatcher (which prefers thick forest gullies), and the New Holland 
Honeyeater which prefers open forest, woodlands and heathy understoreys. 
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Table 4.18 Preferred Habitats of Bird Species Significantly Associated (Chi-Square 
Pc0.05) with Major Vegetation Formations. 

Dry Hardwood Moist Hardwood 	 Rainforest CK!ADA BIRD 	 BLACK FACED MONARCH 	BLACK IACED MONARCH 
LEADEN FLYCATCHER 
LITFLE LORIKEET 
NOISY FRIARBIRD 
RED-BACKED FAIRY WREN 

BROWN CUCKOO DOVE 
BROWN GERYGONE 
BROWN THORNBILL 
CRIMSON ROSELLk 
EASTERN SPINEBILL 
EASTERN WHIPSAW 
EASTERN YELLOW ROBIN 
GOLDEN WHISTLER 
GREY FANTAIL 
LEWINS HONEYEATER 
RUFOUS FANTAIL 
SATIN BOWERBIRD 
STRIATED ThORNBIIL 
WHrrE-BROW SCRUB-WREN 
YELLOW-ThROATED SCRUB-WREN 

BROWN GERYGONE 
CRIMSON ROSELLA 
GOLDEN WHISTLER 
GREEN CATBIRD 
KING PARROT 
LARGE-BILLED SCRUB-WREN 
LEWIN'S HONETEATER 
RUFOUS FANTAIL 
YELLOW-THROATED SCRUB-WREN 

Moist Hardwood Forest Birds 

More species were found to be significantly associated with Moist Hardwood than either 
Rainforest or Dry Hardwood forest. A number of these Species (Yellow-Throated Scrub-
Wren, Rufous Fantail, Lewin's Honeyeater, Blackfaced Monarch, Brown Gerygone, 
Crimson Rosella and the Golden Whistler) equally preferred Rainforest and Moist 
Hardwood (Table 4.18). Species that were not recorded with sufficient frequency to be 
statistically analysed, but which were observed only in Moist Hardwood include the 
Brown Goshawk; Collared Sparrow Hawk; Figbird; Forest Kingfisher, Painted Button-
Quail; Pied Butcherbfrd; Pale Yellow Robin; Rose-Crowned Fruit Dove; Southern 
Booboolq Tawny Frogmouth; Wompoo Fruit Dove Wedge-Tail Eagle; and Yellow-Tailed 
Black Cockatoo. 

Rainforest Birds 

Osborne (1982) found that the high elevation rainforests in the Washpool and Gibraltar 
Range areas are an important habitat for fruit-eating birds and a number of uncommon 
and rare species including the Grey Goshawk, Pacific Baza, Paradise Riflebird, Noisy 
Pitta, and Rufous Scrub Bird. In south-east NSW, Shields et. al. (1985) found the 
Spectacled flycatcher and Pale Yellow Robin to occur only in rainforest, and further 
south Smith (1985) identified the Large-Billed Scrub Wren to be the most rainforest 
dependent species, all other species also occurred in eucalypt forests. In this study, the 
King Parrot, Large-Billed Scrub-Wren and the Green Catbird were found to be 
significantly more abundant in Rainforest than Moist or Dry Hardwood Forests. Seven 
other species; including the Australian Ground Thrush, which prefers damp gullies, and 
the Grey Goshawk also occurred only in the rainforest, but were detected too 
infrequently for statistical analysis. 
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Impact Assessment and Mitigation 

The Relative Impact of Cultural Disturbance 

General patterns of association between cultural developments, including 1gging, 
burning, grazing, roading, apiculture, 1080 baiting and other measured cultural variables 
were determined by identifying thenumber qf bird species significantly affected by each 
measured cultural variable. The results are sunimajisecj in Table 4.19. 

Table 4.19. The Number of Bird Species Significantly Associated with Measured 
Cultural Variables, Ranked in Order of Importance. 

Si g Di tic ant 

Undnstmty 34 
Fire Intensity 33 
Habitat type 33 
Understoiey class 31 
Sincefire (FCNSW) 30 
Canopy height 26 
Flit frequency 26 
% Litter Cover 25 
Burn height 24 
Soiltype 24 
Geology 23 
%Canopycover 19 
Regeneration veaunent 19 
Grazing Intensity 18 
%Grass/Herbcover 18 
Bee frequezcy 15 
Soiltype 14 
YearsGiazed 11 
HarvestCycles 11 
Logging Intensity 11 
Years Since Logging 	. 10 
Distance to Old-growth 9 
TSI Titanent 7 
Distance to Beehive 7 
Hollows 7 
Aspect 6 
%Baresoil 5 
Topographic Position 4 
No. of Stumps 4 
Fallen Timber 3 
Slope 3 

Bird species showed the greatest association with fire regime and associated variables 
including understorey type, and least association with logging variables. Grazing and 
beekeeping are intermediate with respect to the number of significant associations. 
Logging intensity and other logging disturbance measures affected less than one third of 
the number of species affected by fire and habitat type. An important feature of these 
results is the large number of species significantly correlated with fife frequency. The 
effects of fire regime upon bird communities appears to be considerable; comparable in 
magnitude to that of natural variables such as forest type. 

These results are indicative of general trends only and should be interpreted with some 
caution because they take no account of confounding effects between variables, and in 
many cases are derived from small sample sizes. By chance alone 5% of species could be 
expected to exhibit a significant association with any one measured variable. For this 
reason variables significantly correlated with 5 or fewer species are not considered to be 
of any importance. 
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Lqgging and Succession 

The species composition of avifauna communities is considered to change in a predictable 
sequence following severe habitat disturbance by fire or intense logging. These changes 
can be attributed to changes in the floristic composition and structure of vegetation, and 
are influenced by the size and proximity of undisturbed refuge areas. Previous studies 
(Loyn, 1985; Kavanagh et aL, 1985) have found reductions in bird diversity and an 
influx of open forest or (open ground feeding) species immediately after logging with 
recovery approaching that of original mature forest within approximately 10 years. In 
some cases, a reduction in total abundance and species richness has persisted in advanced 
regrowth due to the absence, or a reduction in abundance, of a few species which prefer 
old-growth forest for feeding or nesting. The species that are most likely to be adversely 
affected by intensive logging (>75% canopy removal) in the long term are those which 
nest in tree hollows and forage on separating bark substrates. 

The magnitude of changes after logging and the recovery time varies considerably 
between different forest types, harvesting intensities (the amount of canopy retained), and 
the incidence of fife and or grazing in regenerating forest. Smith et al. (1992) found no 
significant effect on canopy avifauna due to low intensity (.c 50% canopy removal) 
logging in Dry Hardwood forests in the Glen Innes Region; however, grazing and 
burning after harvesting appeared to have a considerable impact on ground and 
understorey dependent birds. This effect is likely to be most adverse where logging is 
followed by frequent burning or grazing (Smith et al., 1992). In more productive, moist 
forest types, logging may be more intense and can remove significant portion of both the 
overstorey and the understorey. While the understorey may recover relatively rapidly, 
species which require a mature, uneven-aged or old-growth structure will be 
disadvantaged in the long term. 

In dry sclerophyll forests the shrub layer is reduced for a few years after logging, but 
may subsequently becomes denser than in undisturbed forest (Moore and Floyd, 1994). 
These changes can be expected to influence the species composition of the avifauna. 
Loyn (1985) observed that bird populations are low in the first few years after intensive 
logging, but include some open forest species which are absent in later years. 
Understorey birds are most abundant 5-30 years after intensive logging. Some species 
appear to be confined to mature forest including the Red-browed Treecreeper (tree hollow 
nesters), Mistletoe Bird, Satin Flycatcher, Varied Sitella, White-naped Honeyeater, and 
Spotted Pardalote (canopy insect feeders). In wet sclerophyll forest (Mountain Ash) in 
Victoria a similar pattern was observed, with open country birds (Richard's Pipit, 
Australian Kestrel, Blue-Winged Parrot) appearing during the first three years after 
intensive logging and burning, but regeneration is rapid and stands are soon repopulated 
by understorey and shrub species that are common in old-growth stands. Only the Sooty 
Owl was found to occur primarily in old-growth forest in Victoria (Loyn, 1985). 

Kavanagh et al. (1985) compared bird abundance and diversity in alternate logged and 
unlogged coupes at Eden. They found fewer bird species and individuals in logged than 
unlogged forest. This effect is greatest immediately after logging. Species confined to 
logged forest are mostly open country and non-forest birds (Welcome Swallow, 
Chestnut-tailed Heath Wren, Willie Wagtail, Jacky Winter). Species found only on 
unlogged coupes after four years include the Collared Sparrow Hawk, Forest Bronze-
wing Pigeon, Wonga Pigeon, King Parrot, Musk Lorikeet, Brush Cuckoo, Restless 
flycatcher, Leaden Flycatcher, Red-browed Treecreeper, and Striated Pardalote. 

In this study, logging variables were not significantly associated with species richness 
and total abundance. At the species level, too few records were obtained for analysis of 
habitat preferences using Analysisof Variance, but a number of habitat associations were 
suggested by Chi-square analysis. Eleven species were significantly associated with time 
since logging (these are shown in Table 4.20). The difference between the observed and 
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expected frequency of sightings indicates the extent to which these species are associated 
with each of the categories. Where a species has positive value with respect to a specific 
category of logging history, it indicates that more birds of that species were observed in 
that category than would be expected if the distribution was purely random. This implies 
that the species have a positive association with that category. Only two species, the 
Large-Biiled Scrub-Wren and the White-Cheeked Honeyeater where found to be 
positively associated with forests logged more than 50 years previously (including 
unlogged forest). The Koel, the Scaly-Breasted Lorikeet and the Yellow Throated 
Scrubwren are positively associated with forests logged less than 10 years previously, 
and the others are positively associated with forests that have been logged less than 50 
years previously. These results should be interpreted with caution because they take no 
account of the different intensity and effects of logging in moist and dry forest types. The 
successional changes that occur after timber harvesting cause changes in the structure of 
the forest., and hence in the detectability of birds, which can lead to spurious habitat 
associations. Most findings can be explained by greater understory cover after logging. 

Table 420. Chi-squared Results for Species Significantly Associated with Time Since 
Logging. 

Observed-Expected  Total 
Fiequency Species P 1-10yr 10-50yr >50 

L&R(,E-BILLEJ) SCRUB-WIth!. 0.00 1 .6 5 11 WHrrE CHEEKED HONEYEATER 0.04 -1 -2 3 6 SCALY-BREASTED LORIKEET 0.02 3 -2 -1 14 
GREY BUrCHERBIRD 0.00 2 -1 -1 5 YELLOW-THROAT SCRUB-WREN 0.03 3 -1 -2 II KOEL 0.02 3 1 -4 56 PARADISE RIFLEBIRD 0.05 2 2 .4 28 RED-BROW FIRZrAU. 0.04 2 3 4 26 BROWN THORNBILL 0.03 1 3 .4 22 
EASTERN SPINEBILL 0.01 2 3 -5 25 BLACK FACED MONARCH 0.02 	10 15 -5 	148 

Total!! 146 120 

Bird species occurring in the Study Area which have been identified elsewhere as old-
growth dependent, or which reach peak abundance in old-growth, on more than one 
occasion include the Sooty Owl (Loyn, 1985; Milledge et al., 1991), and the Red-browed 
Treecreeper in previous studies (Loyn, 1985; Kavanagh et al., 1985). 

Grazing and Burning 

Low intensity fifes and grazing were confounded in the Study Area. Both are likely to 
have similar affects upon the vegetation, causing a decrease in understorey growth and an 
increase in grass cover. Thirty-four species within the Study Area are significantly 
associated with understorey vegetation, a further 33 are significantly associated with fire 
intensity, and 30 with time since fire. 

The effects of fire vary with fife intensity, particularly the number of vegetation layers 
affected, the frequency, season and extent of the fife and previous fire history. The 
immediate impacts of fife may be minimal, birds have been found to move easily away 
from fifes of low and moderate intensity, but may be killed by suffocation or heat in fires 
of high intensity (Christensen et al., 1985) or may die of food shortage after fire. Studies 
in Victoria showed that 18 of 27 banded birds continued to use the same area after a 
controlled burn (Cowley 1974, in Christensen et aL, 1985). Recher et al. (1985) found 
that fire one year after intensive logging at Eden reduced bird diversity and abundance to 
a significantly lower level than in logged unburnt forest. The combined effect of fire and 
logging was greater than either effect alone. 
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In the longer term, frequent (2-5yr) fire may favour the replacement of shrub and 
regrowth eucalypt communities with grassland communities. In the Study Area, graziers 
burn to promote green feed for livestock and SFNSW bums for hazard reduction. 
Frequent low intensity fifes reduce shrub cover and increase grass, while high intensity 
fires can result in prolific shrub regeneration (Moore and floyd, 1994). The presence of a 
shrub understorey has a strong influence on the avifauna assemblages through the 
provision of food resources, foraging substrate and nesting and roosting sites. Thirty 
three bird species occurring or likely to occur in the Study Area are dependent on shrub 
vegetation for nesting, and a further 118 species nest in both shrubs and trees. 

Regression analysis was used to investigate relationships between the total abundance 
and all continuous environmental variables in the Study Area. The results are summarised 
in Table 4.21. None of the measured variables accounted for more than 25% of the 
variation in bird abundance. However, the results show clearly that a complex of 
variables associated with fire regime and understorey structure is strongly correlated with 
bird abundance. The percentage cover of grass, herbs, liner and bare soil are strongly 
correlated to fire regime. To a large extent, fire regime is also related to the 
moisture/productivity gradients within these forests, due to the fact that Moist Hardwood 
Forests and Rainforest are far less flammable than Dry Hardwood Forests. However, 
two way analyses of variance demonstrated that part of the effect of fire regime is 
independent of overstorey or ñnderstorey type. Grazing is also significantly associated 
with species diversity. 

Table 4.21. Regression Analysis of Associations between the Number of Birds 
Recorded at each Site, and the Ordinal Site Variables. 

Variable Constant Slope R2  P 
Years Since Fire 65.21 0.582 0.46 0.00 
Over Storey 1 82.23 -29.99 0.39 0.00 
Fire Frequency 45.49 23.38 0.37 0.00 
%Gmundcovc 146.25 -15.45 0.30 0.01 
% Liner cover 3.90 16.34 0.28 0.01 
Grazing Intensity 101.28 -20.66 0.28 0.02 
% Base Soil 128.71 -21.69 0.24 0.04 

Analyses were also performed to determine the affect of fire interval on the composition 
of the bird community, associations between individual bird species, Years Since Fire, 
and bird species significantly correlated to Grazing Intensity (Table 4.22). 

Twenty-two species were found to occur significantly more frequently in forests 
experiencing infrequent fires (fife frequency more than ten years) or unburnt forests. 
These species are dominated by those commonly associated with Moist Hardwood 
forests and Rainforest (which are negatively confounded with fife frequency), including 
the Black Faced Monarch, Brown Gerygone, Rufous Fantail, Eastern Whipbird, Satin 
Bowerbird, Logrunner, Fruit Pigeons, and Paradise Riflebird. Other species, such as the 
Golden Whistler, Rufous Fantail, Grey Fantail, White-browed Scrub Wren, Eastern 
Spinebill, Brown Thornbill, and Green Catbird require a well developed shrub 
understorey for feeding or nesting. The four species found to be positively associated 
with frequent fire are predominantly found in dry forests with open understorey including 
the Black-faced Cuckoo Shrike, Laughing Kookaburra, Noisy Miner, and Grey 
Butcherbird. Similar results were obtained when associations between each species and 
the variable representing years since the most recent fire were analysed. 
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Table 4.22. The Effect of Fire Frequency, on the Species Composition of the Bird 
Community. (Onl y  Species which show a Significant Result are listed). 

Observed 
2-5yr 

- Ex',xcted 
5-10yr >lOyr 

Total 
Frequency Species P 

BlackFacedMonaith 0.00 -12 3 8 25 
BmwnGerygone 0.00 -11 2 8 24 
Golden Whistler 0.00 -11 2 8 27 
Rufous Fantail 0.00 -11 2 8 30 
Lewins Honeyeaxer 0.00 -10 1 9 29 
Yellow-Thrcted Scrub-Wren 0.00 -9 0 8 13 
White-Browed Scrub-Wren 0.00 -8 3 5 40 
EastemWhipbird 0.00 -8 2 5 24 
Large-Billed Saub-Wren 0.00 -8 2 5 13 
Grey Fantail 000 -8 3 4 47 
Satin Bowerbird 0.00 -7 2 6 18 
Brown CuckooDove 0.00 -7 I 6 12 
Crimson Rosella 0.00 -7 1 5 15 
Eastern Spinebill 0.00 -7 2 4 21 
KingParrot 0.00 -6 0 5 25 
Logrunner 0.00 -5 0 4 10 
Paradise 0.00 -5 1 4 11 
TopknotPigeon 000 -4 0 5 7 
Silvereye 0.02 -4 1 4 13 
Spectacled Monaith 0.00 -4 3 1 6 
GitenCathird 0.02 4 0 4 12 
Pale Yellow Robin. 0.02 -3 1 2 5 
Leaden flycatcher 0.03 3 2 4 24 
Laughing Kookabuna 0.04 4 4 0 25 
Noisy Friar bird 0.00 6 0 .6 42 
Black-Faced Cucicoo-Shrike 0.00 7 -3 .4 22 

Patterns of association between birds and grazing are similar to those between birds and 
fire (Table 4.23). Of the eighteen species found to be significantly associated with 
grazing intensity, only two species, the Noisy Friar bird and the Rufous Whistler, are 
more abundant in areas subject to high grazing intensities. Both are associated with dry, 
open forest and woodland. The other species are all associated with less intensely grazed 
sites. Because grazing is associated with open forests and grassy understorey types in. 
which detectability is high, these effects are likely to be underestimated. However, the 
effects of grazing are strongly confounded with habitat type, due to the fact that Moist 
Hardwood and Rainforest are rarely grazed by cattle. 

The combination of frequent fire and grazing in the Study Area is thought to reduce the 
shrub understorey, reduce the density of eucalypt. regeneration and promote the 
development of a simple grass dominated cover. Fire may also have a direct impact on 
mortality and fecundity (loss of nest sites). This situation is associated with reduced bird 
diversity and abundance, and substantial changes in the species composition of the 
avifauna. Populations of many shrub and understorey dependanz species are expected to 
be reduced as a result of grassland development, and confined to moist gullies protected 
from fire. Gullies within the Study Area commonly support a mesic understorey which is 
resistant to fire. These gullies potentially provide important refuge for avifauna 
populations after fire and logging. These habitats are often protected by filter strips up to 
40m wide, but populations in these narrow refuges may be subject to intense population 
pressure as a result of refugees from adjacent habitat during fire and logging operations. 
Expanded sneam side and other reserves may be necessary to protect moist refugia from 
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intensive logging. The size and location of such refugia will depend upon the scale and 
spatial pattern of harvesting operations and is a matter for determination in subsequent 
studies. 

Table 4.23. The Eighteen Species Significantly Correlated to Grazing Intensity. 

lNone 
Obsved-Expected 

Low High 
Total 
Freguency Species IP 

Large-Billed Scrub-Wren 0.000 6 -3 -3 14 
Yellow-Throat Scrub-Wren 0.000 6 -3 -3 14 
Crimson Rosella 0.003 5 -3 -2 16 
Lewrns Honeycater 0.018 5 -3 -2 30 
White-Brow Scrub-Wren 0.028 5 4 -2 41 
Brown Cuckoo Dove 0.002 5 4 -2 13 
King Panot 0.017 5 -5 -1 27 
Rufous Fantail 0.025 5 -5 0 21 
Brown Thombiii 0.006 5 -1 -4 56 
GoldenWhistler 0.011 5 -1 -4 28 
Paradise Riflebird 0.002 5 -3 -2 11 
Brown Gerygone 0.007 5 -1 -4 25 
Satin Bowerbfrd 0.015 5 -3 -2 18 
BixkFaced Monarch 0.022 5 -1 -3 26 
Topknot Pigeon 0.028 3 -3 0 7 
Shining Bronze Cuckoo 0.029 3 -2 -1 5 
Rufous Whistler 0.030 -1 4 4 23 
NoisyFriaxbird 0.007 -6 3 3 42 

Options for maintaining and enhancing the diversity of shrub and understorey dependent 
avifauna include: 

4.1 Protection of recently logged forests from fire for a minimum period of 12 years. 

4.2 Actively managing fuel levels to ensure that a mosaic offire regimes occurs, with 
particular emphasis on reducing fire frequency to less than one in 15 years in gullies and 
unburnt sheltered SE aspects. 

4.3 Strict regulation and enforcement of grazier burning and withdrawal of occupation 
permits if unauthorised burning persists. 

Although formulation of fire management plans is a complex process, we consider that 
up to 60% of the State Forest Estate in the Study Area could be left to burn naturally 
without endangering human life or public assets. The remaining 40% could be managed 
for socio-economic reasons including protection from wildfire. 

Resources 

Tree Hollows 

Sixteen species occurring, or likely to occur in the Study Area, depend upon large tree 
hollows, and a further 11 species depend upon small hollows, for shelter, nesting or 
protection (Appendix C.). A mean of 16.3 hollow dependant birds were recorded at each 
site. Many other species use tree hollows in addition to other sites for nesting and 
roosting. Hollow dependent species include the Owls, Cockatoos, Parrots, Rosellas and 
Treecreepers. Some details of the specific wee hollow requirements of each species are 
given by Beruldsen (1980). Parrots tend to prefer deep tree hollows; Owls and 
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Cockatoos need large hollows; and insectivores prefer open, shallow holes (Ambrose. 
1982). The availability of tree hollows in natural forests is primarily determined by tree 
size and age, although tree species, site quality, tree spacing, and fire history also are 
important determinants. 

The impact of timber harvesting on hollow dependent species, will depend upon the 
minimum tree hollow requirements (type, spacing and density) of individual species. 
These are poorly known, but are likely to be a function of average density and home 
range size. Smith (1985) observed that retained habitat trees in 10-15 year regenerating 
logged forests at Eden were extensively used by birds. The mean density of retained trees 
was 5 per ha on ridges and 12 per ha on gullies compared with an original density of 61 
per ha on ridges and 40 per ha in gullies in mature forest Thirty-five percent of bird 
species in the regenerating forest fed in retained trees and a few species nested in them. 
Smith (1985) concluded that there would have been fewer species in regrowth forests if 
no live tees were retained. 

The number of tees with hollows on survey sites within the Study Area varied from zero 
to more than 20 per hectare. At least one sixth of the birds recorded within the Study Area 
require tree hollows for shelter or nesting for at least part of the year. Tree hollow density 
has been found to be significantly negatively associated with natural and cultural variables 
within the Study Area (eg. time since grazing PC 0.005, number of logging cycles PC 
0.025. culling Pc 0.04, and grazing intensity Pc 0.025). Even if adequate hollow 
recruitment commences now, up to two further cycles can be expected before present 
young trees will develop large hollows. Tree hollows are a vital resource for many birds 
in providing shelter from climatic extremes and protection during nesting and 
reproduction. At the time of survey, harvesting plans specifed the retention of a minimum 
of 3 large mature trees per hectare, preferably in clumps of up to 5 trees. 

In this study 7 species were found to be significantly (Chi-Square Pc 0.05) positively 
associated with tree hollow numbers. Of these 7 species, only the Red-browed 
Treecreeper and the King Parrot are hollow dependent. The other four associations, with 
the Logrunner, Topknot Pigeon, Eastern Yellow Robin and Green Catbird are likely to 
reflect chance associations or confounding between hollow density and other habitat 
variables. 

Options for conserving populations of hollow dependant species include: 

4.4. The maintenance of a minimum of 3 well spaced habitat trees for each hectare of 
forest in low site quality forest, and 6 well spaced habitat trees per hectare in high site 
quality forest. 
45. The selection and retention of trees suitable for rapid hollow development to hasten 
the recruitment of hollow bearing trees where hollow bearing trees are below the above 
levels. 

Nectar 

Introduced Honeybees transported to sites in State Forests harvest nectar which may 
otherwise be availableto nectar feeding birds. The effect of nectar harvesting by bees on 
native fauna has not been quantitatively determined and likely effects are difficult to 
predict using ecological models because nectar production varies considerably within and 
between years. Competition for food, if any is most likely to occur in winter or when 
natural food resources are in short supply. Honeybees may also compete for tree hollows 
where these are scarce. In this study fourteen species were significantly (Chi-square, Pc 
0.05) negatively associated with the frequency of use of the nearest commercial beehive 
site by apiarists. All but three of these associations were with rainforest species 
suggesting that this result most likely reflects negative confounding between apiary and 
occurrence of rainforest. Since this study was not designed or c4rried out at an 
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appropriate time of year to identify apiary impacts of fauna no firm conclusions can be 
drawn from the results. While apiary remains a potential threat to native fauna a 
precautionary approach to mitigation of potential impacts is recommended, involving the 
zoning some areas free of apiary activity through: 

4.6 The dedication of areas, with a high diversity of flowering species, within State 
Forests or adjacent National Parks as control areas in which apiary is to be cccl uded for 
the pwposes of monitoring andfuture evaluation of apicuitural impacts. 

Species of Conservation Significance 

Twenty-three species of birds listed as rare, vulnerable, or threatened on Schedule 12 are 
likely to occur in the Study Area (Appendix G). A further two species that may possibly 
occur in the Study Area include the Paradise Parrot and the Eastern Bristlebird (NPWS 
1993). However, the former species is now presumed to be extinct (Garnett 1992) and 
the closest extant population of the Eastern Bristlebird is at Mt Bunell, Nightcap National 
Park (Holmes 1982). The majority of the rare and endangered species likely to occur in 
the Study Area were not recorded during this survey, however 19 species have been 
previously recorded within the area (Appendix G). 

A dearth of ecological information concerning a number of endangered species places 
localised, poorly known populations potentially at risk of local or regional extinction after 
minor disturbances (such as logging of a single coupe). Options for mitigation of this risk 
include: 

4.7 Protection of all known populations of poorly known endangered species with 
restricted distributions (less than 10 records in the Study Area) from logging disturbance 
by buffer zones of up to 200m until more is known about their management requirements 
and sensitivity to logging (see Table 9.1) 

BJ&&tnnXlThmatened Schedule 12 

This species inhabits margins of rivers, swamps, tidal creeks and mangroves where it 
feeds on fish and invertebrates. The Black Bittern has been previously reported in the 
Study Area (Gosper, 1986; Holmes, 1987a), although not recorded during this survey. 
Since its habitat is not directly threatened by forestry no mitigation measures are 
proposed. 

Square-tailed Kite (Vulnerable and Rare Schedule 12 

Predominantly a bird of forests and woodlands, which preys ujion small birds and 
nestlings in the forest canopy as well as rabbits and reptiles. It is widely distributed 
throughout Australia, but breeds only in coastal and sub coastal regions (Debus and 
Czechura, 1989). This species was not detected during this survey but has previously 
been reported in Clouds Creek, Born Bom, Braemar and Ewingar State Forests. Current 
knowledge of the habitat requirements of this species suggest that it is not likely to be 
affected by timber harvesting in the long term, although little is known about its 
requirements and the reasons for its rarity. Direct nest disturbance during logging is likely 
to significantly adversely affect local breeding birds. An option to ameliorate possible 
nest disturbance is staff training in the species identification combined with pre-logging 
surveys to identify any nest sites prior to logging, and protection of any nest sites by a 
200m radius disturbance free zone. 

Red Goshawk (Threatened Schedule 12. 

This species is rare occurring in forests and woodlands in northeastern and northern 
Australia. It occurs near the southern extent of its range in the Study Area, and was not 
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recorded during this survey. The Red Goshawk's preferred habitat is tropical open 
woodland, edges of rainforest and dense riverine vegetation, and it breeds within tail 
woodland and open forests within 1km of a watercourse or wetland. This species 
probably occurs at low densities and its home range is thought to be in the range of 50-
220 sqkm (Debus and Czechura, 1988). Debus (1988) concluded after an intensive 
survey of the Red Goshawk in the Tweed Volcano Region, that the species has declined 
from a probably scarce breeding resident in riverine vegetation to virtual extinction as a 
breeding species in New South Wales; although there is an unconfirmed breeding record 
for Bundjalung National Park. Although there is a paucity of recent sightings, sightings 
of the Red Goshawk has been previously reported in Born Born State Forest, Washpool 
and Yuragir National Parks (Debus, 1991). 

Mitigation Options: No mitigation measures proposed 

Black-Breasted Button Ouail (Threatened Schedule 12'). 

The Black-Breasted Button Quail is patchily distributed in coastal and sub-coastai areas in 
eastern Queensland and northern NSW. This species' favoured habitat is the edge of Dry 
Rainforest, in small grassy clearings, or in tangled vines with thick overhead cover, 
supplied in some instances by introduced Lantana. The Button Quail is readily detectable 
by its characteristic feeding scratches in the litter, but has only been recorded at 50 sites 
and its total population is estimated at <1000 individuals (Brouwer and Garnett, 1990). 
None of the characteristic litter scratchings made by this species were detected 
opportunisticly or during field surveys. 

Mitigation Options: 4.7 

Bush Hen (Vulnerable and Rare Schedule 12) 

The Bush Hen is found in eastern Australia up to Asia and New Guinea; a riparian 
species, inhabiting dense vegetation adjacent to fresh water. It is thought to retreat to 
wetland refuges in dry conditions. It may be threatened by clearing, grazing and or 
burning of the shrub understorey, and by introduced predators, but little is known about 
its sensitivity to disturbance. It reaches the southern limit of its distribution in the Study 
Area (Morris et al. 1981) and has been reported in the Study area by Gosper (1986) and 
Holmes (1987a). 

Mitigation Options: 4.1, 4.2,4.3 

Bush Thick-knee (Threatened Schedule 12) 

This species is rare or uncommon in the Study Area and was not detected during surveys 
although it has been previously recorded in Doubleduke State Forest and Washpool 
National Park. It is predominantly a woodland, grassland and wetland bird and so should 
not be directly affected by forestry, but may be indirectly affected by any activities which 
increase the risk of fox predation. 

Mitigation Options: 4.3, and fox baiting and control in coastal and subcoastal State 
Forests. 

Superb Fruit-Dove (Vulnerable and Rare Schedule 12 

This species is a common inhabitant of rainforests and rnangroves in north-eastern 
Australia, is an uncommon nomad or non-breeding migrant south to the Hunter River, 
and rare further south, with the occasional birds appearing in Tasmania. Although the 
species forages and lives in the rainforest, it will also feed in adjacent mangroves and 
eucalypt forests. Current harvesting proposals pose no significant long term threat to the 
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species, with the possible exception of old-growth Moist Hardwood logging in areas 
with a well developed rainforest understorey. 

Mitigation Options: protection of remaining areas of Old-growth Moist Hardwood with a 
well developed rainforest understorey. 

Rose-crowned Fruit Dove (Vulnerable and Rare Schedule 12). 

The eastern race of the Rose-crowned Fruit Dove ranges from Newcastle, NSW 
northwards to the highlands of Cape York, Qld. This pigeon lives in rainforest where it 
feeds entirely on fruits from vines, shrubs, large trees and paims. The Rose-crowned 
Fruit Dove is thought to be not only localiy nomadic, following ripening fruits, but also 
migratory with numbers in north-eastern NSW increasing suddenly during spring and 
early summer to fall again in April and May. This species was detected at only one site in 
Richmond Range State Forest during the surveys. It has previously been recorded at a 
range of sites in the Study Area (Appendix Q. 

Mitigation Options: protection of remaining areas of Old-growth Moist Hardwood with a 
well developed rainforest understorey. 

Wompoo Fruit Dove (Vulnerable and Rare Schedule 12) 

The Wompoo Fruit Dove is found in lowland and adjacent highland rainforest from the 
Hunter River in NSW (Moths et al. 1981) to Cape York peninsula, where it inhabits 
dense forest. This species diet includes a wide variety of fruits, and although previously 
thought to be sedentary this species will move to the higher rainforest sites during spring 
and summer. Extensive clearing of rainforests for agriculture in the past have greatly 
reduced the available habitat for this species in the Study Area. Current harvesting 
proposals pose no significant threat to the species, with the possible exception of old-
growth Moist Hardwood logging in areas with a well developed primary rainforest 
understorey. During this study, 7 individuals were recorded from 4 sites; two sites in 
each of Clouds Creek and Richmond Range State Forests. 

Mitigation Options: protection of remaining areas of Old-growth Moist Hardwood with a 
well developed rainforest understorey. 

Glossy Black Cockatoos (Vulnerable and Rare Schedule 12) 

Glossy Black Cockatoos require forest stands containing species of Casuarina, (Blakers 
et. al., 1984) and large tree hollows for nesting. They may be disadvantaged by land 
management practices that reduce the Casuarina understorey and to a lesser extent hollow 
abundance. Casuarina and other understorey species are likely to be reduced immediately 
after timber harvesting, particularly where head disposal burns have been used to 
promote eucalypt regeneration. Casuarina regenerates successfully after logging (G. King 
pers. comm.) so that this habitat component should be restored once regeneration is old 
enough to produce abundant seed, approximately 10 years. Grazing and/or frequent fife 
may reduce or eliminate Casuarina regeneration and, and is may have a long term impact 
on the species in the Study Area if areas subject to frequent control burning are increased. 
Glossy Black Cockatoos were recorded at seven sites within the Study Area (Appendix 
G), with the species occurring in both Dry Hardwood and Moist Hardwood forests with 
Casuarina understorey. Forty-eight Glossy Black Cockatoos were recorded from transect 
and opportunistic data within the following State Forests: Cangai, Clouds Creek, 
Dalmorton, Double Duke, Ewingar, Glenugie, Mt Belrnore, Rarnornie, and Sheas Nob. 

Adoption of Mitigation Options 4.1,4.2, and 4.3 would enhance the conservation of this 
species in the Study Area. 
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Double-eyed Fig Parrot (threatened Schedule 12 

The largest of the 3 isolated racially distinct populations of the Double-eyed Fig Parrot 
occurs on the central east coast between Gympie in Queensland and the Richmond Range 
in NSW (Blakers et al., 1984; Holmes, 1987b). The Double-eyed Fig Parrot is likely to 
occur in the Study Area, and has been previously recorded in Richmond Range State 
Forest at Cambridge Plateau (Holmes, 1987b); although it was not recorded during this 
survey. The species' preferred habitat is rainforests at lower altitudes with abundant fruits 
in the canopy, and tree hollows or hollow branches for nesting. The population found 
within the Study Area is rare and possibly on the verge of extinction, probably as a result 
of destruction of its habitat (Blakers et a, 1984).Since pure stands of rainforest will not 
be logged under the proposal no significant mitigation prescriptions are considered 
necessary. Since some habitat loss may occur if primary rainforest is felled as an 
understorey component of Moist Hardwood, any populations encountered in Moist 
Hardwood should be protected by 200m buffers. 

Mitigation Options: 4.7 

Paradise Parrot (Presumed Extinct) 

This species was formerly recorded in woodlands in the Study Area near Casino 
(London, 1973) and is now presumed extinct (Gatnett, 1992) due to the effects of 
increased grazing and burning on grass seed resources (Blakers et al. 1984). 

Regent Honeyeater (Threatened Schedule 12) 

The Regent Honeyeater has a wide range in forests and woodlands of south-east 
Austrtha where it is uncommon and declining, particularly in South Australia and south-
east Queensland. This species has been reported in Boundary Creek and Clouds Creek 
State Forests (Smith, 1987) and Royal Camp State Forest (Gosper, 1992). Its preferred 
habitat is dry, open eucalypt forest and woodland, where it feeds predominantly on nectar 
and insects. Floriferous eucalypts are considered to be of particular importance to this 
species (Franklin et al., 1988). 

Mitigation Options: 4.6 

Current SFNSW policy for protecting possible Regent Honeyeater habitat is as follows: 
encouragement of the identification and reporting of sightings by staff. 
protection of nest sites with a 100 metre disturbance free zone. 
retention of a minimum of 10 Mugga Ironbark per hectare, or all Mugga Ironbark if 
density is less than this (except in exceptional circumstances) in areas where the 
species occurs. 
retention of additional floriferous Yellow and White Box at the discretion of the 
District Forester. 

This procedure needs to be adapted to protect the food trees important to the Regent 
Honeyeater in the Study Area, which include Spotted Gum and Grey lronbark (Gosper, 
1992) and other regular winter flowering species such as Swamp Mahogany (E. 
robusta). In the interim this policy could be strengthened by conducting pm-logging site 
inspections targeting this species prior to logging in areas of potential habitat 

Swift Parrot (Vulnerable and Rare Schedule 12) 

Sparsely distributed from Tasmania to south-east Queensland this migratory and nomadic 
species inhabits nectar rich dry forests and woodlands. It has been previously recorded 
from the Clarence Valley (Hindwood and Sharland, 1964), and is likely to pass through 
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the Study Area in forests with high densities of floriferous species (NPWS, 1993), thus 
may be adversely affected by any practices which reduce nectar availability. 

Mitigation Options: 4.6 

Turquoise Parrot (Vulnerable and Rare Schedule 12) 

The Turquoise Parrot has a patchy distribution across south-eastern mainland Australia, 
becoming less common east of the divide (Blakers et aL, 1984). This species lives on the 
edges of woodland, ridges and creeks in farmland (Blakers et aL, 1984), where it feeds 
on grass seeds harvested on the ground. The Turquoise Parrot was not recorded within 
the Study Area but a population exists adjacent to the Study Area in the Upper Richmond 
Valley (Morris, 1980). This species nests in hollow eucalypts or stumps, and its food 
supply may be adversely affected by gazing and burning in low quality dry forests. 

Mitigation Options: 4.1, 4.2,43, 4.4, 4.5. 

Powerful Owl (Vulnerable and Rare Schedule 12) 

The Powerful Owl is found between south-western Victoria and eastern Queensland. It is 
widely dispersed within its range with most of the population living east of the Great 
Dividing Range. This species, with a home range of between 600-1000 ha, inhabits both 
wet and dry eucalypt forests preying upon medium-sized arboreal mammals (Common 
Ringtail and Sugar Glider) and more opportunistically birds and flying foxes. These owls 
nest in relatively large tree hollows and appear to remain within one large home range all 
their lives (Garnett, 1992). The Powerful Owl may be threatened by intensive logging 
practices that could reduce the available nesting sites and prey densities. The Powerful 
Owl was relatively uncommon in the Management Area, being recorded within two sites 
in Richmond Range, and one site in each of Dalmorton, Grange and Clouds Creek State 
Forests during this survey (Appendix G). 

Mitigation Options for this species include: 4.4, 4.5, 4.7, and options 4.1,4.2, and 4.3 
for protection of hollow trees from fire. 

Masked Owl (Vulnerable and Rare Schedule 12 

The southern subspecies of the Masked Owl has a sparse but extensive distribution. It 
occurs in low densities in forest and woodland in a broad coastal sthp around southern 
and eastern Australia, and wooded watercourses (Garnett, 1992). The Masked Owl is 
generally considered to inhabit the margins of forests and nest in tree hollows often 
within tall forest (Schodde and Mason, 1980). This species commonly preys upon small 
terrestrial mammals and occassionally arboreal mammals and birds. The Masked Owl 
may be threatened by pesticides where territories are adjacent to agricultural land (G. 
Czechura), and by a reduction in the availability of nesting sites as a result of clearance of 
forests for logging or agricultural purposes. During this study, Masked Owls were 
relatively uncommon in the Management Area, being recorded at two sites in each of 
Richmond Range and Cangai State Forests, and one site in each of Ewingar and Mount 
Belmore State Forests. 

Mitigation Options for this species include: 4.4, 4.5, 4.7 and options 4.1,4.2, and 4.3 
for protection of hollow trees from lire. 

Marbled Frogmouth (Vulnerable and Rare Schedule 12) - 

This species is distributed along the eastern Australian coast. It has two widely separated 
populations, with the southern population extending from south-east Queensland to 
Wilson's Peak near Lismore in north-east NSW (Holmes, 1987a). The Marbled 
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Frogmouth roosts in dense vegetation and prefers ninforest, often along flowing creeks. 
This species was not detected during this survey; however it has previously been 
recorded in the Study Area in Richmond Range and Cherry Tree State Forests (Smith et 
al., 1989). Current harvesting proposals pose no significant long term threat to the 
species, with the possible exception of old-growth Moist Hardwood logging in areas 
with a well developed rainforest understorey. Options for mitigation include protection of 
remaining areas of old-growth Moist Hardwood with a well developed rainforest 
understorey. 

ootv Owl (Vulnerable and Rare Schedule 12 

The Sooty Owl roosts in large tree hollows and hunts for terrestriai and arboreal 
mammals in Rainforest and Moist Hardwood Forests. This species is known from a 
restricted number of localities scattered throughout south-east Australia. Recent surveys 
using call playback census techniques, have shown it to be more widespread in north-east 
NSW than was previously supposed (Kavanagh unpublished). During this study, 11 
Sooty Owls were recorded in the Rainforest and Moist Hardwood forests of Richmond 
Range, Cangai, Clouds Creek, Dalmorton, and Mt Belmore State Forests (Appendix G). 
Reliable analysis of the habitat associations of the Sooty Owl is awaiting access to and/or 
establishment of a regional GIS environmental database. Access to CS databases is 
essential to model the habitat requirements of this species because of its large home range 
size, and the need to avenge environmental variables within a defined radius of survey 
points, a procedure which is impractical to complete manually. 

Previous studies have shown Sooty Owls to prefer moist old-growth forest habitats 
(Loyn, 1985). The ecological reasons for old-growth dependence by this species are 
unclear, since its prey occurs in open, regrowth and mature forests. On the basis of 
limited existing information, this species should be expected to decline in the short and 
long term in logged Moist Hardwood Forests and High Site Quality Dry Hardwood 
forests with a mesic understorey. In a state and national context this species is rare and 
restricted. 

Mitigation Options for this species include: 

Protect or minimise logging disturbance (by > 50% canopy retention) in known home 
ranges (200-800 ha., Schodde and Mason, 1980) until further information is available. 
Protection of known nest sites by a disturbance free zone of 200m radius is 
recommended combined with modified harvesting to ensure permanent retention of 
approximately 50% of the mature canopy and understorey in all high quality old-growth 
forests. Detection of nest sites and territories would be facilitated by pre-logging surveys. 

Rufous Scrub Bird (Vulnerable and Rare Schedule 12) 

This species is a small ground dweffing bird confined to upland forest of north-east NSW 
and south-east Queensland. Its habitat requirements include extremely dense cover 2-
50cm above ground, moderate cover 50 -100cm above ground, a moist microclimate at 
ground level and abundant leaf litter (Ferrier, 1985). Associations between environmental 
variables and the frequency of occurrence of Rufous Scrub Birds have been modelled by 
Ferrier (unpublished) and the predicted range of the species has been mapped using GIS. 
We did not detect this species, however the main occurrence of potential habitat for this 
species is in Washpool National Park and it has been recorded in the Bindery Wilderness 
Nomination Area by Clancy (1985-7) and Holmes (1980). The species formerly occured 
in Ewingar State Forest (Ramsay, 1919) and areas of potential habitat occur in Billilimbra 
and Washpool Statte Forests (NPWS, 1993):At a state and national scale the Rufous 
Scrub Bird is rare and restricted. Lowland populations have become extinct and the 
species is restricted to 5 isolated upland pop ulations (Ferrier, 1984). Given the rarity of 
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this species, it is recommended that forest management aim to maintain or enhance 
existing populations within State Forests. 

Ferrier (1985) found that selective logging increased habitat suitability in ninforest but 
reduced suitability in eucalypt forest. Approximately one third of sites surveyed by 
Fetter were in eucalypt forest, the rest in rainforest. Preferred habitat in eucalypt forest 
was associated with an intermediate semi stage of post fire succession. Logging impact is 
a product of long term habitat changes and short term effects on existing territories. 
Management should aim to protect existing territories and maintain adequate future 
habitat. An option to achieve this aim is that (pre-logging) surveys be conducted between 
August and October in the year prior to any logging within the predicted range of the 
Rufous Scrub Bird, with the aim of detecting and mapping the home range of any 
existing residents. Logging, and natural regeneration (no top disposal burn) should be 
confined to areas more than 300m from the estimated centre of any mapped territories. 
Known tethtories may need to be buffered from wild fire by prescribed burning unless 
existing habitat and topography provides natural protection. This approach should 
increase habitat availability for Scrub Birds in the long term. SFNSW policy currently 
excludes timber harvesting from all known Rufous Scrub Bini territories. 

Eastern Bristlebird (Vulnerable and Rare Schedule 12 

This species is distributed from eastern Victoria to the Conondale Ranges in Queensland. 
In north-east NSW this species occurs in open forest or woodland with a tussocky 
ground cover in close proximity to rainforest. In the southern portion of its range it 
occurs mainly in tussocky grassland bordering heath. Possible threats to the species 
include clearing and frequent burning or grazing. No individuals were recorded during 
this study. The closest known extant population is at Mt. Burreil in Nightcap National 
Park but apparently suitable areas of habitat occur in Washpool National Park and 
Washpool and Billilimbra State Forests (NPWS, 1993). More extensive targeted surveys 
would be desirable to identify any possible additional populations of this species. 

Mitigation Options: 4.1, 4.2, 4.3, and 4.7 

Albert's Lvrebird (Vulnerable and Rare Schedule 12 

This species is confined to a relatively small area (250km x 1001cm) of rainforest around 
old volcanic craters in north-east NSW and south-east Queensland (Blalcers et al., 1984). 
Its preferred habitat includes Subtropical Rainforest, or mixed eucalypt forest, with a 
mesic understorey often in gullies and lower slopes. Albert's Lyrebird has also been 
found to inhabit eucalypt forests with Allocasuarina torulosa and Xanthorrhoea spp. 
understorey with only small amounts of rainforest in the wetter gullies (Brouwer and 
Garnett, 1990). It has also been recorded in ninforest logged a number of years 
previously, such as at Toonumbar in the Ijrbenville District and Whian Whian State 
Forest in the Murwillumbah District. There were no recordings of this species in the 
Study Area during this survey, but it has previously been recorded in Richmond Range 
State Forest near Mt Brown (N?WS, 1993). No long term impacts on this species are 
considered likely given its habitat requirements. 

White-eared Monarch (Vulnerable and Rare Schedule 12 

This species can be found from Cape York Peninsula to Iluka in north-east NSW where it 
inhabits eucalypt forests (including regrowth), at the edge of rainforest, along creeks, 
round clearings, and occasionally mangroves (Blakers et al., 1984). Its primary habitat in 
NSW is lowland subtropical and littoral rainforest (NPWS, 1993). Its distribution in the 
Study Area is primarily coastal including the Iluka Nature Reserve and the Blackwall 
Range (Holmes, I 987a). The White-eared Monarch is found near the southern limit of its 
range in the Study Area. Although not recorded during this survey, the White-eared 
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Monarch has been reported at Richmond Range State Forest previously (Mason 
unpublished). Current harvesting proposals pose no significant threat to the species, with 
the possible exception of old-growth Moist Hardwood logging in coastal and subcoastal 
areas with a well developed rainforest understorey. Options for mitigation include 
protection of remaining areas of old-growth Moist Hardwood with a well developed 
rainforest understorey. 

Olive Whistler (Vulnerable and Rare Schedule 12) 

One of the 2 raèes of this species (macphersoniana) occurs within the Study Area north of 
the Hunter River, NSW to Mistake Mountain and McPherson Ranges in Queensland 
(Blakers et al., 1984). Within this range, the species usually inhabits upland (above 
500m) forest undergrowth in temperate rainforests of Antarctic Beech (Nothofagus 
moorei) feeding mainly on the ground foraging for insects. However, Osborne (1991) 
recorded the species in Warm Temperate Rainforest in Washpool National Park. This 
species was not recorded during this survey. There is no evidence that logging impacts 
are likely to affect this species in the long term unless known populations are 
inadevertently destroyed by logging or fire. 

Mitigation Option 4.7 

Yellow-eyed Cuckoo Shrike (Vulnerable and Rare Schedule 12) 

The Yellowed-eyed Cuckoo Shrike can be found from Cape York Peninsula to Port 
Macquarie in NSW (Clancy, 1989), mainly in the canopy of rainforests and their 
margins, and occasionally in neighbouring eucalypt forests. This species prefers mature 
forests, feeding on fruit and insects. Although not recorded during this survey, the 
Yellow-eyed Cuckoo Shrike has been recorded at Richmond Range and Cherry Tree 
State Forests. Current harvesting proposals pose no significant threat to the species, with 
the possible exception of old-growth Moist Hardwood logging in areas with a well 
developed rainforest understorey. Options for mitigation include protection of remaining 
areas of old-growth Moist Hardwood with a well developedrainforest understorey. 
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5. IMPACTS ON BATS 

Introduction 

Insectivorous bats comprise more than one third of the mammal species of north-east 
New South Wales and one quarter of the mammal fauna of Australia; yet comparatively 
little is known about their distribution, abundance, habitat requirements and sensitivity to 
logging and other cultural disturbances. With the exception of recent studies (Richards, 
1992; Smith et al., 1992) bats have been largely ignored in previous impact studies. 
Knowledge of bat ecology and behaviour has been inadequate for making even the most 
fundamental impact predictions. The principal reason for this has been a lack of suitable, 
standardised and cost-effective methodology for comparing bat abundance in different 
natural and cultural environments. Until recently, bats were surveyed primarily by 
placing mist nets and harp traps on "flyways", natural openings such as roads or creeks 
which bats use when travelling to and from feeding sites or corning to drink. Capture 
rates using trapping techniques are notoriously variable, to the extent that capture has 
been described as being largely a matter of chance (Parnaby, 1986). This variation can be 
attributed to the effects of temperature and weather conditions; trap height above ground 
(high flying species are relatively under sampled); proximity to water, proximity to 
communal roost sites; and perhaps most importantly, to the structure of the vegetation 
surrounding the trap sites. Capture rates are highest at narrow points along flyways 
where vegetation funnels the flying bats into the traps, and lowest.at randomly located 
open waces. 

The recent development and use of sonar detectors to record calls made by foraging bats, 
has nude it possible to make more objective comparisons of bat abundance and activity in 
a wide range of habitats that would otherwise be difficult to survey by trapping (Fenton, 
1982; Chrome and Richards, 1988). Sonar detectors record the echolocation pulses 
emitted by foraging bats. Different species of bats can be distinguished by differences in 
call frequency, amplitude, duration, and changes in frequency over time (Simmons et. 
aL, 1979). The number of calls per unit time can be used as an index of bat density. 

The aim of this study was to predict the likely impact of timber harvesting on 
insectivorous bats in the Study Area, and to suggest options for amelioration of any 
logging impacts and ensuring the sustainable management of forests for both wood and 
wildlife values. The procedure involved: 

a literature review to predict likely logging impacts based on the results of 
previous surveys and ecological studies of insectivorous bats throughout Australia; 

field surveys using standardised methods to compare bat diversity in logged and 
unlogged forests in each of the major logged habitat types in the region (Rainforest, 
Moist Hardwood forest, Dry Hardwood forest); 

multivariate statistical modelling to identify species' habitat and land use 
associations; interpretation of these patterns in terms of species known ecology to 
predict likely logging impacts. 

Review of species known ecology and habitat requirements suggests strong parallels 
between insectivorous bats and insectivorous birds. Species overlap considerably in diet 
and broad vegetation preferences (Hall, 1981), but specialise in foraging in specific 
layers or substrates within the forest (McKenzie and Rolfe, 1986; O'Neil and Taylor, 
1986; Chrome and Richards, 1988). There is generally a correlation between flight 
speed, manoeuvrability, bodysize, wing loading (mass divided by wing area), aspect 
ratio (wing length squared over wing area) and foraging substrate preference in bats 
(Norberg and Raynor, 1987). Species with large wing areas and small mass have greater 
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manoeuvrability and slower flight speed, and are found more commonly in structurally 
denser forests or forest layers. Species with long narrow wings and high aspect ratios are 
fast flying, preferring open spaces above forests, the spaces below the tree crowns or on 
forest edges and roads. Large fast flying species also tend to have louder calls for long-
range prey detection (Fenton and Thomas, 1980). The few field studies of habitat use by 
Australian. bats (Dwyer, 1965; McKenzie and Rolfe, 1986) confirm these general 
patterns. By releasing trapped bats with radio-transmitters or lights it is possible to track 
some individuals to roost sites and observe patterns of foraging and substrate use. In 
Tasmania, the slowest flying species, Nyctophilus geoffroyi, was observed to feed in the 
understorey close to the vegetation, while Eptesicus vulternus and E. regulus forage above the understorey vegetation. E. darlingioni and Chalinolobus mono have greater 
flight velocities and forage in mid storey gaps, while F. timoriensis and C. gouldii prefer 
open areas beneath the forest canopy (O'Neil and Taylor, 1986). 

Previous surveys in the Study Area have been of limited geographic extent and have not 
used stratified designs to provide for the detailed analysis of habitat preferences. Parnaby 
(1986) surveyed bats in rainforest habitats in National Parks east of the Divide from 
Barrington Tops in the south to the Border Ranges in the north. These surveys focused 
on the use of traps and mist nets at sites such as cave entrances, water holes, and fly 
ways through dense vegetation to maximise capture rates (Parnaby, 1986). Data 
generated by these surveys is unsuitable for making comparisons between survey sites to 
identify species habitat requirements and response to disturbance. However, this method 
has been extensively used for compiling species lists for different regions and for major 
habitat types within regions (Parnaby, 1986). With the exception of surveys by Richards 
(1992) in Wingham State Forest to the south, there has been no previous survey of 
equivalent scope in State Forests, or in habitats other than rainforest within the Study 
Area or surrounding region. Existing information on species vegetation preferences, 
roost sites and foraging substrates are summarised in Appendix F (after Hall, 1981; 
Parnaby, 1984, 1986; Richards, 1991; Sirahan, 1984). 

On the basis of this limited information the following general predictions were made: 

. diversity will be determined largely by vegetation structure, with the richest 
assemblages occurring in high productivity sites with complex multi-layered 
vegetation; 

thinning, frequent fire, grazing and other processes which suppress or destroy the 
shrub understorey cover or reduce the forests' structuraj complexity may cause an 
increase in the diversity of high fast flying species and a decrease in the diversity of 
low closed forest species; 

intensive timber harvesting of old-growth and/or timber stand improvement (cuffing 
of habitat trees) may reduce the relative abundance of hollow dwelling bats by 
reducing the density of trees with hollows; (TSI has been practiced in the past but 
is not part of the current proposal). 

These hypotheses were evaluated, as far as practicable, by multivariate analysis of 
asociations between bat diversity and abundance, measured by both sonar detection and 
harp trapping techniques, and measured natural and cultural environmental variables at 
surveys sites (see Chapter 3). 

Survey Methods 

Survey Design 

Trapping was conducted at 36 sites (Table 5.1) using Ausbat harp traps set on streams 
and roads adjacent to or within 300m of transects wherever possible. Where vegetation 
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was not suitable for trapping on or adjacent to transects, traps were placed at the nearest 
suitable location. For the purpose of habitat analysis and impact assessment only data 
from traps on or within 300m of transects (25 sites) were statistically analysed. The 
arrangement of vegetation and other siructurai features around the trap is thought to 
influence capture rates at least as strongly as attributes of the immediate area, such as 
habitat type and land use history. Thus trap site effects may introduce considerable 
variation and obscure habitat and impact associations, particularly where the number of 
captures (bat abundance) is used as the dependent variable. To minimize this effect we 
used measures of species presence/absence per site, rather than just quantitative 
measures of numbers caught, as the dependent variable in statistical analyses. Caution 
should be exercised when interpreting habitat associations determined by analyses of 
trapping data where bat abundance is used as the dependent variable. Specimens 
captured in traps were identified using Pamaby (1992a). Voucher specimens of species 
which are difficult to identify were preserved and sent to the Australian Museum for 
identification. 

Sonar surveys were conducted on 35 of the 77 fauna survey transects established in the 
Study Area. Each survey site consists of five points 100 metres apart, at which sonar 
signals were recorded for five minutes. For further details of the layout and stratification 
of the survey sites see Chapter 3. An additional 10 minute recording period was 
conducted at 33 sites while walking approximately 500m along the access mad nearest 
each transect. This gave a total of 35 minutes sampling at each site. Richards (1992) 
reports that a 30 minute sonar recording session is adequate to record bat diversity at a 
site. Eight additional surveys consisting of 4 replicates of previous surveys and 4 new 
sites in recently logged compartments were also carried out. 

Measures of Bat Species Richness and Abundance 

The total numbS of bat species (bat species richness) and the total number of bats (bat 
abundance) detected at each survey site were calculated separately for sonar surveys and 
harp trapping. Sonar surveys are thought to bias in favour of loud fast flying species 
(Richards, 1992) while trapping is thought to bias in favour of some quiet slow flying 
(Dense Forest) species (Richards, 1992). Analyses of the data did not entirely support 
these assumptions. Trapping appeared to bias in favour of small bats, while sonar 
appeared to detect a wide range of both small and large bats, but with a slight bias in 
favour of large fast flying bats. Since small and large bats may respond to logging in 
opposite ways, an analysis of bat species richness using both methods combined was 
considered inappropriate, and results of trapping and sonars were analysed separately. 
The sonar survey data was used to calculate bat abundance as the average number of bat 
passes per 5 minutes. Species diversity was calculated as the total number of different 
species detected per 25 minutes. The Harp Trap data were used to calculate bat abundance 
as the number of bats caught per trap per night. Species richness was calculated as the 
number of different species captured per trap per night. Similarly, the relative abundance 
of each species was derived from the number of individuals detected per 5 minutes, or the 
number captured per trap per night 
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Table 5.1 Location of Bat Sonar and Harp Trapping Survey Sites 

Harp Trap Location Sonar Transect Location 
State Forest Trap Transect State Forest Transect 

Location 
Washpool NP arek Richmond Range 11 
Ewingar rral 29 Richmond Range 12a 
Double Duke rd. swamp Richmond Range 12b 
Double Duke swamp Richmond Range 13 
Grange nnl 50 Richmond Range 16 
Giange at 50 Richmond Range 17 
Cangai m/camp 32 Richmond Range 18 
Cangai Mares Run Rd. 34 Richmond Range 19 
Dalinorton rozl,MJIWD 35 MtBelniore 20 
Dalmorton pond Mt Belmore 21 
Clouds Creek Muck Creek. Rd. Mt Belmore 22b 
Clouds Creek Muck Creek Rd Mt Marsh 23 
Clouds Creek 46a Ewingar 27 
Clouds Creek 42 Ewingar 28 
Clouds Cit Kellys Creek Rd Ewingar 30 
Clouds Creek Kellys Creek Rd Washpool 31c 
Candole Kangi flat Rd 56 Washpool 31d 
Candole 57 Cangai 32 
Candole 58 Cangai 33 
Candole 60 Cangai 34 
Glenugie Pheasant Creek Dalmorton 35 
Grange 52a Dalmorton 36 
Clouds Creek Bridge Highway Dalmorton 37 
Clouds Cit 42 Sheas Nob 42 
Clouds Creek 43 Shèas Nob 43 
Clouds Cit 47 Sheas Nob 47 
Ewingar 27 Grange 51 
Ewingar Ewingar Cit 27 Fortis Creek 53 
Richmond Range Cambridge Pt 18 Fortis Creek 54 
Richmond Range Mt Tryrey Rd 17 Fonis Creek, 55a 

Peacock Creek 11 Candole 56 
1km from Tll Candole 57 

12a Candole 58 
Mt. Belmore Myrtle Creek 21 Candole 60 
ML Belmdre Myrtle Creek 20 Candole 61 
Double Duke exPortis Creek 

exMtBelmore 
exDalmorton 
exDalmonon 

Data Analysis: Impact Assessment on Habitat Preferences 

Habitat preferences and land use impacts were assessed by the analysis of associations 
between bat species richness, bat abundance, individual species abundances, and 
individual species frequencies of occurrence (per site) and measured environmental 
variables. Associations between quantitative (continuous) variables were analysed by 
multiple and linear regression. Associations between quantitative dependent variables 
and qualitative (categorical) environmental variables were measured by analysis of 
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variance. Associations between the frequency of occurrence of individual species 
(presence-absence at each site) and environmental variables were determined by Chi-
square analysis after first converting continuous environmental variables into categories. 
The data from sonar, harp tapping, and spotlighting surveys were analysed separately. 

Results 

omparison of Survey Methods 

In this study 15 species out of a total of 22 were detected by sonar, 13 species were 
detected by tapping, and I species was detected by spotlighting. Species detected by the 
different methods and assigned to different guilds for the purpose of data analysis are 
listed in Table 5.2. Seven insectivorous species were detected by both methods. 

Species of the Snidy Area 

North-eastern New South Wales supports a high diversity of bat species, second only to 
the Cooktown-Atherton-Chillagoe region of North Queensland (Parnaby, 1984). A total 
of 21 species of insectivorous bats were detected in the Study Area during this survey. 
Five other species have been recorded in north-east NSW during previous surveys 
(Parnaby, 1984, 1986; Osborne, 1982; Baverstock and Chamber, 1992; Unpublished 
survey by the NSW National Parks and Wildlife Service (S. Gilinore unpublished)) (see 
Appendix F). Four of these, the Hoary Bat, the Large Pied Bat, the North Queensland 
Long-eared Bat and the Lesser Long-eared Bat, occur near the margins of their 
distributions within the Study Area and our failure to detect them may reflect either local 
absence or low frequency of occurrence in this area. Baverstock and Chambers (1992) 
reported the North Queensland Long-eared Bat to be locally common in the 
Murwillumbah region. Only one species with a distribution encompassing the region, the 
Little Northern Mastiff Bat, was not conclusively identified. The taxonomy of Mastiff 
bats is confused (Parnaby, 1992b) and they are difficult to identify at the specific level 
using sonar recordings, so it is possible that this species was detected but not identified. 

Five species of fruit bat (Megachiroptera) have been reported in north-eastern NSW 
(Parnaby, 1986). Only a single species, the Grey-headed Flying Fox, was detected 
during this survey. This species was commonly observed during spotlight surveys on 
tnnsects in sub coastal regions when Angophora was flowering. Two species, the Black 
Flying Fox and the Tube-nosed Bat reach their southern limit in the region and are only 
expected to occur infrequently if at all in the Study Area. The Queensland Blossom Bat 
has a mainly coastal distribution in areas of heath adjacent to rainforests and sclerophyll 
forest south to Taree, NSW. It was not detected by spotlighting or tapping during this 
survey, primarily because its preferred habitat is not included in the timber production 
forests that formed the focus of this study. It is however, likely to be moderately 
abundant in coastal heaths and woodlands, and subcoastal forests with a heathy 
understorey in proximity to rainforest. 
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Table 5.2. Bats Detected in the Grafton Casino Region During this Survey 
Showing: Numbers and Frequency of Sites at which Microchiroptera were Detected 
Elecironically (sonar) and by Harp Trapping (trap); and Frequency of Occunence of 
Fruit Bats Detected by Spotlighting at Survey Sites. 

Common Name 	 Regional Abundance 
Trap Trap % Sonar Sonar % Total 
Spot Spot 

flemvid 
Black flying Fox 
Grey-headed Fruit Bat 3 4 
Little Red FruiL Bat 
Tube Nosed Bat 
Queensland Blossom Bat 
Rhinplpyhidac 
EastemMorseshoeBat 4 3 15 26 19 
Ernballonuridae 
Yellow-bellied Sheathtail Bat 
Molossidac 

2 5 2 

White-snired Mastiff Bat 13 18 13 
Eastern Little Mastiff Bat 5 5 
Little Mastiff Bat 5 10 5 
Little Northern Mastiff Bat 
Beccari's Mastiff Ba! 4 8 4 
Vespertilionidae  
GouldsLong-,ed Bat 13 19 3 8 16 
Lessa Long-eared Bat 
North Queensland Long-eared bat 
Common Bent-wing Bat 16 6 4 10. 20 
Utile Bent-wing Bat 5 8 5 
Gould's Waffled Bat 29 41 29 
ChocolateWattjedBat 4 11 . 4 
Large Pied Bat 
Hoary Bat 
Large-footed Myotis 2 3 2 
GreaterBrcQd-nosed Bat 5 6 5 
Eastan Broad-nosed Bat 5 13 5 
Golden-tippedBat 2 6 1 3 3 
GreaterPipistrelle Il 18 Il 
Little Cave Eptesicus 11 14 1 3 12 
Little Forest Eptesicus 3 3 3 
King River Eptesicus 17 	. 17 22 33 39 
Large Forest Eptesicus 
Troughion's Eptesicus 	 1 	3 

Most bat species occun-ing within the region are widely distributed. None are endemic to 
the Study Area, but some species have restricted distributions centred on north-east NSW 
(Eptesiçus puinUus and Mornoprerus no,folkensis). For many other species the area is 
near the southern or northern extent of their range. 
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Biodiversity of Bats Detected by Trapping 

The statistically measured associations between the abundance and species richness of 
bats captured in Harp Traps are summarised in Tables 5.3 and 5.4. For continuous 
variables linear regression analysis was used to measure the strength of associations, 
while for categorical variables, analysis of variance was used. 

Table 5.3 Significant Associations between Bat Species Richness Determined at Harp 
Trap Sites and Continuous Environmental Variables. 

Environmental Variable 	Species richness Total Abundance (Activity) 
I 	P 	 rP 

Fire Intensity (burn hi.) 	-0.60 0.002 	- 	- 
Fire Frequency 	 0.70 	0.0001 	0.53 	0.007 
Time Since Fire 	 0.60 	0.002 	0.46 	0.02 
Over storey Community 1 	-0.58 0.002 	- 	- 
Shrub Cover 	 . 	- 	 -0.42 0.006 
Aspect 	 0.41 	0.04 	- 	- 

Table 5.4 Significant Associations between Species Richness, Total Abundance and 
Categorical Environmental Variables Showing Statistical Significance (P values) and 
Mean Values for each Category. 

Environmental 	Species 	Total 
Vaijable 	 Richness 	Abundance 
Forest Type 	P= 	0.03 

Rainforest 4.0 
Moist Hardwood 1.38 
Dry Hardwood 0.78 

Fire Intensity 	P= 	0.02 
none 	2.63 
light 	0.57 
modemre 	1.33 
heavy 	0.00 

Bum Height 	P= 	0.02 
none 	3.2 
l-2m 	1.2 
3-3m 	1.11 
6-lOm 	0.00 

Fire FrequeAcy P= 	0.0005 	0.02 
high 	0.25 	0.58 
modne 	2.0 	 4.8 
low/absent 	2.86 	5.7 

TSl 	 P= 	0.035 	0.05 
culled 	0.00 	0.00 
not culled 	1.74 	3.70 

The species richness and abundance of insectivorous bats detected by harp trapping was 
found to be significantly associated with forest type, fire history and culling. Both the 
variety and abundance of bats is highest in Rainforest and Moist Hardwood forest and 
lowest in frequently burnt Dry Hardwood forest. This result is consistent with our initial 
hypothesis that bat diversity will be greatest in productive, structurally complex forest. 
Bats were absent from recently and severely burnt forests, and most abundant in areas 
protected from fire or areas only lightly and infrequently burnt. This pattern can be 
explained by two related phenomena, the low flammability of Rainforest and the 
elimination of understorey structure though frequent fire and grazing in Hardwood 
forests. A 2-way AOV was used to demonstrate that fire frequency has a significant effect 
on species richness (P= 0.015) within Hardwood forest types alone. Mean species 
richness was greatest (2.4) in Hardwood forests with no evidence of fire or evidence of 
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very infrequent fire and lowest (0.25) in Hardwood forests subject to frequent (1-3 year) 
fifes. 

Bats detected by trapping were not significantly associated with logging intensity or time 
since logging but, were significantly negatively associated with culling. Most sites had 
some years to regenerate, and it is likely that dense regrowth developing after logging 
provided adequate cover for species which require dense to moderate cover. No bats 
were captured at survey sites in forests in which over mature and defective trees had been 
removed by culling. This does not necessarily mean that bats will always be absent from 
all culled areas. The sample size in this study was small, and an increase in sampling 
effort may reveal occurrences of trapped bat species in culled forests, although at much 
lower densities than untreated forests. This result is most likely to be due to a 
combination of the following: reduced availability of tree hollows; more intensive 
silvicultural management (more frequent control burning and thinning) in culled forests; 
and the predominant restriction of culling to Dry Hardwood (Blackbutt) forest types 
(FCNSW, 1987) which have an intrinsically lower variety and abundance of trapped 
bats. No significant association between the number of tree hollows and the variety or 
abundance of bats was found, but examination of trends on scatter plots indicated that 
bats were not captured where hollows occurred at densities of less than two hollow 
bearing trees per hectare. The present study surveyed too few sites over the range of 0-2 
habitat trees per hectare to establish relationships between bat abundance and wee hollow 
abundance with certainty. Further surveys of bat diversity with a more focused design 
will be necessary to establish the relationship between tree hollow numbers and bat 
diversity. Our data indicates however, that the minimum requirement is likely to avenge 
more than 2 trees per hectare in the regions surveyed. This is less than minimum habitat 
tree requirements previously established for arboreal marsupials (Smith and 
Lindenrnayer, 1988, Smith et al., 1992), a result which could be expected if bats occupy 
smaller hollows than arboreal mammals, travel greater distances from roost sites, and do 
not occur at densities of more than approximately 2 colonies/ha. 

Biodiversity of Bats Detected By Sonar 

Associations between the species richness, and abundance of bats detected by sonar and 
continuous and categorical environmental variables are summarised in Tables 5.5, and 
5.6. 

Table 5.5 Significant Associations between Bat Species Richness and Bat 
Abundance, with Continuous Environmental Variables for all Survey Sites (n=35). 

Environmental Variable 

Season 
Fire Intensity (burn hi) 
Fire Frequency 
Grazing (duration of) 
Roading (year of) 
Over storey Community 2 
Shrub Cover 
Aspect 

Species Richness 	Total Abundance (Activity) 

0.49 0.001 0.67 0.0001 
0.38 . 0.02 0.41 0.01 

-0.33 0.04 -0.46 0.004 
0.33 0.04 0.47 0.003 
0.32 0.05 - - 

0.33 0.04 0.55 0.0004 
- 

- .0.42 0.006 
- 

- 0.41 0.01 

Species richness and abundance of bats detected by sonar were significantly conelated 
with season, understorey vegetation type, fire history, grazing history, roading history, 
and aspect There were no significant associations apparent between logging intensity or 
frequency and bat species richness. Bat species richness was highest early in the season 
(February), and in dry forests with an open grassy or dry shrubby understorey and a 
history of frequent, moderate to high intensity fires. Season explained the greatest 
variation in the variety and abundance of bats detected by sonar. 
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Table 5.6 Significant Associations between Species Richness and Bat Abundance, and 
Categorical Variables showing Mean Values for each Category. 

Environmental Species Total 
Variable Richness Abundance 
Season P= 0.001 0.0001 

summer 3.33 1.87 
autumn 1.15 0.31 

Understoiey Type P= 0.030 0.05 
mesic 0.94 0.33 
xeric 2.00 1.04 
gassy 2.80 1.10 

Shrub Cover 0.001 
1-5% 1.47 
6-20% 0.13 
21-50% 0.32 
51-100% 0.30 

Fire Intensity P= 0.04 0.04 
none 1.0 	. 0.2 
light 2.09 1.34 
modente 2.92 0.74 
heavy 1.0 0.87 

Burn Height P 0.03 
none 1.0 - 

1-2m 	. 0.5 - 

3.5m 2.09 - 

6-10in 2.92 

Fire Frequency 
- 0.02 

1 high - 1.09 
2 medium - 0.42 
310w - 0.06 

Due to chance confounding between season (month) and some environmental variables 
(fire frequency and disturbance and other variables) there was a possibility that 
associations with fife grazing and other variables were spurious due to confounding with 
season. To overcome this problem, associations were re-analysed for sites surveyed in 
the autumn months (April -May) only. Results are presented in Table 5.7. Fire 
frequenby, fire intensity, grazing and shrub cover remained significant predictors of bat 
species richness and abundance within seasons. Roading and aspect were eliminated as 
predictors of bat biodiversity in autumn. 

Table 5.7 Significant Associations Between Bat Species Richness and Bat 
Abundance and Continuous Environmental Variables for Sites Surveyed During 
Autumn (n= 26). 

En*omnental Variable 	Species richness 	Abundance 

Fire Intensity (burn hL) 	0.38 	0.02 0.38 0.027 
Fire Frequency 	 -0.32 	0.06 -0.42 0.013 
Grazing (duration of) 	0.32 	0.06 0.41 0.017 
Over storey Community 2 	- 	 - 0.50 0.002 
Shrub Cover 	 - 	 - -0.38 0.027 
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The variety and abundance of bats detected by sonar was most strongly correlated with a 
gradient of increasing fire frequency, reduced shrub cover and a long history of grazing. 
This result is consistent with predictions that sonar surveys bias in favour of large fast 
flying bat species which are expected to prefer more open habitat, but could also reflect 
increased detectability of calling bats in open habitat 

Neither bat species richness nor abundance was significantly correlated with logging 
intensity, time since logging or any other measure of logging disturbance. This does not 
prove that logging has no effect on bat abundance or species diversity (see Chapter 3). 
However, it indicates that any such effects must be small compared to the effects of fire, 
forest type, and other related variables. 

No significant relationship was found between the abundance and diversity of species 
detected by sonar and the density of hollow bearing trees, indeed bats were recorded on 
sites on which there were no recorded hollows. This result does not imply that hollows 
are not required by these bats. Many bat species are fast fliers, capable of travelling long 
distances from roost sites to forage where there are few or no hollows. Regionally, the 
availability of hollows may influence populations of these species. More complex spatial 
analyses which take into account bat home ranges size and movement patterns will be 
necessary to establish the hollow requirements of these species. 

Individual Snecies Habitat Preferences and Sensitivity to Logging 

Associations between the frequency of occurrence of individual bat species and all 
measured environmental variables were analysed using Chi-square contingency analysis. 
The results are summarised in Table 5.8. 

Associations between the frequency of occurrence of individual species and the measured 
environmental variables are generally consistent with known habitat requirements. The 
Chocolate Wattled bat was found to be significantly more abundant in Rainforest and 
Moist Hardwood forest and occurred only in unburnt and ungrazed forest In Tasmania 
this species has been observed to forage in mid storey gaps (O'Neil and Taylor, 1986). 
Gould's Long-eared Bat was significantly more abundant in Rainforest and Moist 
Hardwood forest, and unburnt or infrequently burnt forest The Little Cave Eptesicus 
was significantly more abundant in forest with a dense canopy cover (>50%), tall 
canopies (>20m), and occurred in only areas in which there was no evidence of fire. The 
King River Eptesicus was significantly associated with tall forest with a high shrub 
cover, infrequent fire, abundant hollows and high logging intensity. The Eastern 
Horseshoe Bat was significantly more abundant in forests of low (sparse) canopy cover. 
The White Striped Mastiff bat was significantly more abundant in forest of moderate fire 
frequency, and forests logged only once. Gould's Wattled Bat was found to be 
significantly more abundant in frequently burnt forest. The Greater Pipistrelle was 
significantly associated with frequently burnt forests with grassy or xeric understorey. 
However, this result was confounded with season and may be spurious. The Large 
Forest Eptesicus was significantly more abundant in forest logged on two or more 
occasions, but this result was also confounded with season. 
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Table 5.8 Summary of Significant Associations between Measured Environmental and 
Cultural Variables and the Frequency of Occurrence of Insectivorous Bat Species. P 
values indicate the strength of the relationships. 

Ii r,DJ,:€,IbC,.tL4. 

forest type P=0.0027 
shnib cover P=0.08 
fire frequency P= 0.003 
grazing intensity P= 0.0007 

Gould's Long-eared Bat 
forest type P= 0.02 
fire frequency P= 0.05 

Little Cave Eptesicus 
canopy cover P= 0.0006 
canopy height P =0.01 
fire frequency P= 0.02 

King River Eptesicus 
canopy height P= 0.05 
fire frequency P= 0.03 
logging intensity P= 0.05 
hollow numbers P= 0.03 

Sonar Soecies 
Eastern Hozseshoe Bat 

canopy cov& P= 0.05 
White-sthped Mastiff Bat 

flit frequency P= 0.0001 
logging cycles P= 0.02 

Gould's Wattled Bat 
fire frequency P= 0.02 

Greater Pipistreue 
season P= 0.01 
understorey type P= 0.02 
fire frequency P= 0.05 

Large Forest Epcesicus 
season P= 0.01 
logging cycles P= 0.006 

Impact Assessment and Mitigation 

Tree Hollows 

Eighteen species of bat, 69% of those likely to occur in the region, are reported to use 
tree hollows for shelter, hibernation, predator avoidance or reproduction (Appendix F). 
Seven species may most under clumps of bark in addition to using natural cavities such 
as hollows. Little information is available on the size, type and density of hee hollows 
required by bats. Tideman and Ravel (1987) describe the roosting characteristics of 8 
south-east bat species at 77 most sites. All mosts were close to water, the mean distance 
being less than 300m. Bats can occupy small hollows when roosting singly but may 
require large hollows for communal nesting. More than 200 individual bats may roost in 
a single large hollow tree. Barker (in Parnaby, 1984) reported that bats prefer to roost in 
large trees in uncut forest rather than in regrowth forest with stems under 40cm dbh, and 
that regrowth forest with few or no hollows had a lower bat diversity. Lunney et al. 
(1988) tracked 18 N. gouldU to 38 roosts in the Eden region. Only unlogged gullies 
pmvided tees suitable for nesting and all roost sites were in trees greater than 80cm dbh. 
Roost sites were changed almost daily indicating a requirement for more than one hollow 
for each individual or colony. Taylor and Savva (1988) report that trees greater than 120 
cm dbh are preferred as roosts. 
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Logging causes a reduction in the number of mature stems (greater than 80cm) and the 
density of hollows. The effect of hollow reduction upon populations of bats will depend 
upon many factors including distances travelled from roosts to longing areas, size of 
colonies, population densities, the suitability of regrowth forests for longing and the 
number of hollows required by a each individual. Colonies vary in size from one to 
hundreds and the circumstances regulating colony size are poorly understood. Distances 
'travelled from communal roosts to foraging habitats are also poorly known. In the Eden 
district, N. gouldii has been found to confme its activity to within 1 km of the roost, and 
in the Bega region radio-tracking studies have show that N. gouldii travels 1 to 2 km 
(Parnaby, 1984). In Tasmania, common forest bats were found to move up to 4.8 km 
from trap sites to roosts (Taylor and Savva, 1988). Little existing information on the 
spatial distribution and densities of roosting sites is available as a guide to setting 
minimum prescriptions for tree hollow retention in logged forest. Smith et at (1992) 
recommended the retention of 4 hollow bearing trees per ha for the conservation of bats 
in low site quality forests, as a conservative guide, on the grounds that Ambrose (1982) 
found that percentage hollow use by bats was approximately equivalent to use by 
possums and gliders in eucalypt forests in Victoria. However, compared to possums and 
gliders, bats utilise smaller trees, with smaller cavities and may tolerate greater clustering 
of roosting sites. Results of this study suggest that separate prescriptions may be 
necessary for fast flying bats with large home ranges and smaller sedentary bats. Small 
bats, including N. gouldii, are likely to be more sedentary and in this study were absent 
from sample sites with less than 2 habitat trees per ha. By contrast, fast flying species 
were present in suitable foraging habitats with infrequent habitat trees. Habitat 
requirements for this group may be satisfied by clustered old-growth patches, particularly 
in gullies and along watercourses, up to a 1km or more distant from logged forest 

The number of trees with hollows (habitat trees) retained under current management 
practice exceeds 2 trees per hectare on average. Current management prescriptions call for 
retention of an average frequency of one or two trees per hectare depending on size. 
These should be preferably in clumps of up to five trees scattered throughout the 
harvesting area (FCNSW, 1987). While it may be desirable to retain habitat trees in 
clusters in order to protect them from exposure and wind throw, previous research has 
suggested that clusters of trees should only be counted as providing a single habitat tree 
for wildlife conservation purposes, because territoriality and competition ensure that 
hollow dependent fauna are .often regularly spaced throughout the environment. The 
current prescription can be seen as effectively only guaranteeing the maintenance of the 
equivalent of one habitat tree per 5 hectaits in some compartments . This requirement is 
less than the minimum requirement of two trees per hectare suggested by current 
knowledge, and consequently the prescription is likely to be inadequate for ensuring the 
mitigation of logging impacts on hollow dependent bats. 

Suggested options for mitigation of logging impacts on bats are: 

5.1 Retention of a minimum of 2 evenly or randomly spaced habitat trees per ha of 
loggedforest; 

5.2 Protection of all old-growth stems in filter strips from harvesting; (Gully habitat trees 
being the most criti cal for bats), 

5.3 Active recruitment of habitat trees into forests with less than 2 evenly or randomly 
spaced habitat trees per ha, due to a history of previous culling or intensive logging. 

Note: options 5.1 and 5.3 only apply in forests where the more rigorous prescriptions 
for aroboreal rnamnzal habitat tree protection do not apply (see chapter 6). 

Ausreco Thy. Ltd. Fauna of the Grafwn and Casino 5tase Forest Management Areas. 	 59 



Chapter 5 	 Impacts on Bats 

Caves 

Six insectivorous bat species, listed below, may depend largely upon caves, rock 
crevices, mines or large buildings for roosting or reproduction. Caves sites are not 
considered to be threatened by timber harvesting or associated activities within the Study 
Area, but protection of any known colonies from recreational disturbance is desirable. 

Rhinolophus megaphylus 
Myotis adversus 
Miniopterus shreibersii 
Miniopterus australis 
Eptesicus troughtoni 

Water 

Many bat species regularly drink at water holes in pools or slow moving sneams. Access 
to water is particularly important for species that hibernate in cool, high elevation forests 
because body water turnover in hibernating bats is higher than energy turnover, and 
many bats must arouse periodically to drink. Ideally, water sources must be close to 
hibernation sites so that stored fat is not wasted during flights to and from water. This 
can be achieved by protection of potential roost sites in large hollow stemmed trees 
adjacent to large permanent poois. Permanent pools also provide habitat for the 
endangered Large-footed Myotis which forages over water. 

Options for mitigation of potential logging impacts on water resources include: 

5.4 Mapping permanent ponds (>Sm in length) and protected potential or actual habitat 
trees adjacent to these pools in lOOm wide protection strips of unlogged forest. 

Nectar 

Nectar and pollen obtained from flowering trees and shrubs in hardwood forests is a 
potentially important food resource for fruit bats and their allies (Pteropus alecto, P. 
poliocephalus, P. scapulatus, Syconycteris australis, Nyctirnene robinson:). There is little 
information about the impact of logging and associated activities on nectar and pollen 
supply. Nectar and pollen production is likely to be reduced by the removal of mature 
Irees during logging operations, and may also be affected by silvicultural practices which 
alter the floristic composition of the forest. Adverse impacts are most likely to occur 
where there is a reduction in abundance of trees and shrubs which flower during winter, 
when nectar is often in short supply, and where there is a reduction in abundance of trees 
and shrubs which flower frequently (yearly or every 2 years). It is likely that early 
regrowth regenerating after logging or fire disturbance will carry fewer flowers than old-
growth forests. The results of a study in coastal forests by D. Quin (unpublished data) 
suggest that flowering is more prolific in stems greater than 30cm dbh in some eucalypt 
species. Relationships between size and flowering in Banksia at the same location 
indicate no relationship with age, however larger shrubs (>10cm dbh) flowered for 
longer (6 months) than smaller stems (3 months, D. Quin unpublished data), an 
important difference in forests with seasonal shortages in nectar supply. 

Based on apiary knowledge (Stace, 1992) key areas for nectarivorous bats are likely to 
include coastal forests with abundant Melaleuca and Banksia, and inland forests with a 
high proportion of mature Grey Ironbask and other floriferous species. 

Bees may compete for food with nectar feeding bats but their effects are uncertain. 

Further research is necessary to establish the relationship between tree and shrub age and 
nectar production in State Forests. Present data is inadequate to make reliable predictions 
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about the magnitude of logging and apiary impacts on bats or other nectarivorous 
mammals, however there are reasonable theoretical grounds for predicting that some level 
of adverse impact is likely. Options for mitigation of possible impacts include: 

55 The maintenance offloristic diversity, and parti cu/any the abundance of good (winter 
flowering, frequent flowering and copious flowering) nectar and pollen producing 
species, within logged coupes by appropriate silvi culture; 

5.6 Protection of large (>10cm) winter flowering Banksia spp in the shrub understorey 
from logging andflre damage as far as practicable during harvesting operations; 

5.7 The dedication of certain areas within State Forests or adjacent National Parks, with a 
high diversity offlowering species, as control areas in which apiary is to be excluded for 
the purpose of monitoring and future evaluation of apicultural impacts; 

5.8 Monitoring and further research on the effects of logging and tree age on nectar and 
pollen production in representative forest types. 

Old-growth and Post-logging Succession 

Little is known about the responses of bat populations to succession after logging and 
fire. Likely impacts can be predicted from species structural requirements and the effects 
of fire and logging on forest structure. In general, open space foragers are expected to 
increase and dense forest species to decrease following intensive, post logging grazing 
and fire. Low intensity logging followed by good understorey regeneration should not 
adversely affect canopy species. Richards (1991) reported a significantly lower diversity 
of bat species in Rainforests and Moist Hardwood forests above SOOm altitude after 
logging, but found no effect of logging in Dry Forest types. No significant association 
between bats and time since logging could be demonstrated for any habitat type. In this 
study it was found that there was no significant effect of logging or time since logging on 
species diversity in insectivorous bat communities. However, the survey included few 
sites that had recently been logged, so that short term effects (<5 years) would not have 
been apparent. Two species exhibited significant positive associations with logging. The 
Large Forest Eptesicus was more abundant in sites logged 2 or 3 times previously, and 
the King River Eptesicus was more abundant in severely logged than unlogged sites. No 
species were significantly negatively associated with logging, however few species were 
captured in sufficient numbers for analysis of logging effects. 

Grazing and Burning 

Frequent grazing and burning may reduce or eliminate habitat availability for bats which 
forage in dense shrubby understorey. These are likely to be the smaller slower flying 
species of bats which are detected by trapping. In this study species detected by trapping 
decreased with increasing fire frequency and intensity while species detected by sonar 
increased with increasing fire frequency. Both the species richness and the total 
abundance of trapped bars was found to be significantly lower in frequently burnt (every 
2-5 years) sites. At the species level 4 species, (Chalinolobus mono, Eptesicus regulus, 
Nyctophilus gouldii, and Eptesicus pumilus), occurred significantly more frequently in 
sites which were unburnt or infrequently burnt, and 2 of these species occurred 
significantly more frequently in areas of high shrub cover associated with the absence of 
fire. 

The following models generated in this study (Figures 5.1a,b) can be used to predict the 
likely magnitude of changes in bat abundanctassociated with maintenance of frequent 
fire by control burning and/or grazier activity: 
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Bat Communities Detected by Sonar 
Species richness (species per 25 minutes) = 3.09 -0.827( fire frequency classt) 
Bat Abundance (passes per 5 minutes) = 1.423 -0.46 1(fire frequency classt) 
tCla.ss 1= every 1-3 years, class 2= every 4-9 years, class 3 = every 10 or more years. 

Bat Communities Detected by Trapping 
Species richness (species per 25 minutes) = 1.329 -1.007 (fire frequency classt) 
Bat Abundance (passes per 5 minutes) = 2.661 -1.81 (fire frequency classt) 
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Since frequent fire is naturally excluded from rainforest no mitigation measures are 
necessary for this type. However, overall bat diversity in hardwood forests, particularly 
in Dry Hardwood, is likely to increase with a reduction in the relative area affected by 
frequent fire. Options for enhancement of bat diversity in the Study Area include: 

5.9 Exclusion of control burning and grazier burning as far as possible from gullies and 
protected aspects with the potential to develop good understorey cover. Burning should 
aim to achieve a mosaic of forests with different burning histories and levels of 
understorey development. 

Abundance and Conservation Status 

No species considered likely to occur in the region are listed as rare or threatened at the 
nationai level (Burbidge and Jenkins, 1984). Fourteen species are listed as Vulnerable 
and Rare in NSW under Schedule 12. At a regional level the conservation significance of 
bats in State Forests of the Study Area is considered to be primarily a function of their 
abundance (rarity), and sensitivity to logging and associated disturbance. 

The relative abundance of bats in the study area is summarised in Table 5.2 and 
discussed by species in the following section. For the purpose of this study we classified 
species as rare if they were detected at fewer than three 3% of survey sites. Since there 
has been no other systematic survey of the Study Area, this is the best available 
information on the distribution and abundance of bats. Five insectivorous bats and 4 
fruit bats considered likely to occur in the region were not detected during the study. 
Only one of these species, the Little Northern Mastiff Bat is considered rare, the other 
species either occur at the margins of their ranges in the study area and may only be 
present as vagrants (Hoary Bat, Large Pied Bat, North Queensland Long-eared Bat, 
Lesser Long-eared Bat), or their habitats were not well sampled (Fruit bats and their 
allies). The following species are classified as regionally rare: 

Yellow-bellied Sheath-tailed Bat 
Large-footed Myotis 
Little Forest Eptesicus 
Troughton's Eptesicus 
Greater bnS-nc&d Bat 
Beccari's Mastiff Bat 
Eastern Litde Mastiff Bat 

These species are sufficiently uncommon and regionally rare (and since details of habitat 
requirements and ecology are few, procedures should necessarily err on the 
conservative) that options for mitigation of possible logging impacts should include: 

5.10 Protection of known roost sites from harvesting disturbance by unlogged buffers of 
lOOm radius; 

5.11 Reservation of good examples of high diversity bat communities including these 
species in regional unlogged reserves and National Parks. 

At present no roost site locations are known for these species in the Study Area. 
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Endangered Species Recovery and Management 

Nycrimene robinson! (Queensland Tube-nosed Bat) 

Distribution: Central north-eastern Ausnlia from the north-eastern corner of NSW to Cape Yort 
Abundance: Not recorded in this study. Rare in NSW. some Australian museum specimens from 
the L.ismore region. Recorded from the Alstonville region by Milledge (1987) which appears to 
represent the southern known range limit. 
Habitat: Found in timbered habitats ranging from rainforest to open forest woodland and coastal 
heaths. Feeds on rainforest fruits and nectar of native trees and shrubs. May favour patches of 
rainforest for shelter. 
Habital Components: Favours the nectar of Banksias found in open woodlands and coastal heaths. 
Threats: Reduction in abundance of flowering Banksias. 
1mact Mitigation: 5•5,  5.6. 5.7, 5.8,5.9, 5.10. 

Pseropus alecro (Black Eying-fox) 

Distribution: Coastal northern Australia from north-east NSW to central coastal WA. Its range 
may be increasing southwards. 
Abundance: Not recorded in this study, recorded in the Murwillumbah region (Baverstock and 
Chambers 1992) locally concentrated in north-east NSW with known roost sites near Lismore 
(McWilliam 1986). 
Habitat: Dry sciemphyll forest, swamp forest and eucalypt woodland. Often camps in mangroves, 
on mangrove islands in estuaries, and in paperbark swamps and rainforest patches. Has also been 
recorded roosfing in a shallow cave. 
flj: Feeds largely on the blossoms of Eucaiypts. Paperbarks and Turpentines. and on native 
fruits. 
Threats: Reduction in abundance of floriferous trees and shrubs (see Stace 1992 for a guide to 
nectar and pollen value of different species). 
Impact Mitigation: 5.5, 5.6, 5.7. 5.8. 5.10. 

Syconycieris australis (Queensland Blossom Bat) 

Distribution: Coastal north-eastern Australia to Taree in NSW. 
Abundance: Not detected in this study, locally common in coastal patches, detected at one site in 
Murwillumbah. and reported from Iluka Nature Reserve (NPWS 1993). 
Habitat: Found in swamp forests, mature shrub heaths, rainforests, and nearby wet sclerophyll 
forests, where it feeds exclusively on nectar and pollen. Reported to roost in rainforest andlor 
moist hardwood forest gullies by day and forage for nectar and pollen in swamp forest and heath by 
night (Baverstack and Chambers 1992, A. Smith unpublished). 
Habitat Components: Food plants include paperbarks, bottle brushes, banksias and bananas. 
Assumed to most in tree hollows or under large hanging leaves. 
Dj= Feeds on nectar and pollen in the canopy and understorey 
Threats: Reduction in abundance of floriferous shrubs and trees. 
Imoact Mitigation: 5.5. 5.6, 5.7. 5.8, 5.11 

Chodinolobus thiryeh (Large Pied Bat) 

Distribution: Central inland NSW and Qld. in scattered localities along the western slopes, from 
Copeton north to the Queensland border. 
Abundance: Not detected in this survey, reported at 2 sites in Murwilumbah (Baverstock and 
Chambers 1992). The closest known record is from a rainforest-sclerophyll forest ecotone north of 
Lismore (Parnaby 1986). 
Habitat: Occurs in moderately well-wooded or forested habitats, where it forages below the forest 
canopy. Thought to inhabit Dry Sclerophyll forest, but caught in Wet Sclerophyll forest adjacent 
to Rainforest by Parnaby (1984) and rainforest and Moist Hardwood forest by Baverstock and 
Chambers (1992). Reported to favour moist forests by Richards (1991). 
Habitat Components: Roosts in caves, mine tunnels, and the abandoned mud nests of Fairy 
Martins. 
Diet: Forages above the canopy 
Threats: Not known 
Imnact Mitigation Options: 5.10, 5.11 
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Chalinolobus nigrogrisezzs (Hoary bat) 

Distribution: Northern Australia from the north-eastern corner of NSW to Kimberleys in WA. 
Abundance: Not recorded in this study, but reported at Ramornie State Forest and Bundjalung 
National Park by Milledge et al. (1992). 
Habitat: Occurs in a wide range of habitats, from wet sclerophyll forest to open woodland. 
Habitat ComDonents: Poorly known. Roosts in wee hollows and rock crevices. 
fljj: A variety of insects and other invertebrates, many of which are gleaned from the ground. 
sirfaces of tees, and mcks, 
Threats: Not known 
Impact Mitigation Options: 5.1. 5.2.5.3, 5.10,5.11 

Eptelicus troughtoni (Troughton's Eptesicus) 

Distribution: North-eastern Australia from Cape York to north-eastern NSW east of the Divide. 
Abundance: Known from few recoids in NSW, rare in Study Area (flapped at Clouds Creek State 
Forest but no voucher specimen taken). 
Habitat Considered to occur in wet and thy sclerophyll forest and woodland. 
Habitat Comnonents: May depend on caves. 
Threats: Not known 
Impact Mitigation Options: 5.10, 5.11. 

Falsissellus tasmaniensis (Great Pipistrelle) 

Distribution: South-eastern and south-western Australia to QIdJNSW border region, along and east 
of the Divide. 
Abundance: Locally common, recorded at 8% of survey sites (42,43.53.57.58,60,51 and 
Dalmorton State Forest). 
Habitat Found in tall wet sclerophyll forests. 
Habitat Components: Roosts in tee hollows, also found in caves and may occupy abandoned 
buildings. Moist forest dependant. 
jj: Moths, beetles and ants. 

Threats: Reduction in wee hollows 
Imnact Mitigation: 5.1, 5.11 

Kerivoula pap uensis (Golden-tipped Bat) 

Distribution: Eastern coastal and sub-coastal Australia. Has been found in coastal NSW from 
Bega. near the Victorian border, to the Queensland border. Likely to be limited to warmer low 
altitude coastal forests within its marginal distribution, given its New Guinea-centred distribution, 
but occurs above 1000m on the eastern escarpment near Tenterfield (NPWS 1993). 
Abundance: Detected at 3 sites in Grafton Casino(27,43,52a) and 3 sites (19%) in Murwillumbah 
(Baverstock and Chambers 1992). also detected in Ewingar, Richmond Range, Boundary Creek. 
and Billilimbra State Forests by N?WS (1993). 
Habitat: Ranges from temperate coastal Eucalypt forests to tropical rainforest. Prefers thick 
vegetation near water. Thought to have a diet specialising in orb-weaving spiders. 
Habitat Components: Roosts in thick vegetation in rainforest, particularly under palm fronds. 
Thai: Gleans insects from trees in upper canopy 
Threats: Loss of understorey caused by frequent burning and grazing. 
Imnaci Mitigation: 5.9,  5.11 

Mini opterus australis (Little Bent-wing Bat) 

Distribution: Coastal and sub coastal north-eastern from Kempsey region in NSW to Cape York. 
Abundance: Only 5 nursery sites are currently known in Australia. Scarce in Study Area in this 
survey (sites 50. 17), recorded in Tabbiniobile and Mt Marsh State Forests by NPWS (1993). 
Habitat Occurs in most forest and woodland habitats. Forages beneath the canopy. 
Habitat Components: Roosts in caves and tunnels. 

Q&c Insects taken on wing beneath the canopy 
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Threats: Disturbance of over wintering and nursery roosts poses a major threat, as populations can 
be concentrated in a few small sites and hence will be extremely vulnerable. Disturbance of roosts 
greatly increases mortality. The tendency for colonies to be dominated by a particular sex and/or 
age class means that disturbances may also disrupt population structure. 
Imvact Mitigation: 5.10, 5.11 

Miniopterus .shreibersii (Common Bent-wing Bat) 

Distribution: Coastal and sub coastal eastern and northern Australia from south-east SA to 
Kimberleys in WA. 
Abundance: Regionally common, recorded at 35% of survey sites in the Wingham Forest Study 
Area by Richards (1992), recorded at 13% of sites in this study (1732.37.50.54) and 1 site (6%) 
in Murwillumbaji (Baverstock and ChanTheri 1992). 
Habitat: Forages above the wee canopy in wet sclerophyll forest . rainforest and dry sclerophyil 
forest, favouring valley areas. 
Habitat Comr,onent,s: Roosts in caves, old mines, stormwater channels, and buildings. Nursery 
caves essential for reproduction. 
Threats: Disturbance of nursery and most sites. 
Imoact Mitigation: 5.10, 5.11. 

Myotis adversus (Large-footed Mouse-eared Bat) 

Distribution: Coastal and sub-coastal eastern and northern Australia from SE-SA where it is rare, 
to the Kimberleys in WA. Occurs east of the Divide in NSW. 
Abundance: Rare in Study Area, recorded at one site only (Washpool National Park over water). 
Recorded at 16% of survey sites in Wingham Study Area by Richards (1992) and I site in 
Murwillumbah (Baverstock and Chambers 1992). Reported in Billilimbra and Ramornie SFs by 
NPWS (1993). 
Habitat: MoistRiparian forest habitat above 500m. Largely restricted by the availability of water 
bodies such as rainforest streams, lakes and reservoirs, where animals often feed on aquatic insects 
by raking the water surface with their hind claws. Considered rare in southern Australia, but 
common in the coastal tropics where suitable roost sites are apparently not restricted to caves 
required in south. Also recorded in sevenl logged sites in the Wingham Study Area. (Richards, 
D.C., 1991). 
Habitat Comoonents: Roosts in caves, mines, tunnels, under bridges and in buildings near water. 
Animals gather in tightly clustered colonies of 10-15 animals during the breeding season. During 
the non-bree&g season males roost alone. This species becomes torpid during winter, and winter 
roosts are separate from maternity sites. Also found roosting in dense foliage in the north of its 
range. The species also requires open. free waxer bodies for feeding. 
fljj: Forages for aquatic insects, over water bodies, in low flight. Also forages in the air for 
flying insects. 
Threats: Disturbance of feeding sites (pools). 
JinDact Mitigation: Protect roost sites, retain unlogged forest buffers adjacent to major creeks and 
rivers, 5.2, 5.4, 5.10, 5.11. 

Scozeanax ruepellil (Greater Broad-nosed Bat) 

Distribution: Sub-coastal (tablelands and east of Divide) eastern Australia from southern Cape 
york to the NSW/Vic. border. 
Abundance: Rare in Study Area (Muck Creek and Kellys Creek roads in Clouds Creek State 
Forest), recorded to be uncommon by Parnaby (1984). reported from Richmond Range. 
Doubleduke and Ramomie State Forests by NPWS (1993). - 
Habitat: Moist forest including forest grassland ecotone, and riparian forest. Reported to be wet 

lemphyll and rainforest dependant by Pamaby (1984). 
Habitat Comoonents: Usually roosts in tree hollows, also found in the roofs of buildings. May be 
dependant on riparian habitat. 
Qj: Hunts above canopy (Richards 1922) along tree-lined watercourses, also thought to prey on 
small vertebrates. 
Threats: Clearing and disturbance of riparian forest, loss of most sites. 
Imnact Mitiealion: recommendations 5.1,5.2,5.3. 5.9,5.10, 5.11 
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Saccolaimas (Tap hozous)flavi vent ris (Yellow-bellied Sheathtail-bat) 

Distribution: Found in NSW from the east coast through to the central western region. Extends 
further west in the north of the State. 
Abundance: Rare in Study Area (detected at sites 28. 53 in Ewingar and Fortis Creek State Forests 
respectively). Patchily distributed. 
Habitat: Found in wet and dry sclerophyll forests below about 500m elevation, where it forages 
above the canopy. Also found in mallee and open country, where animals feed closer to the 
ground. 
Habitat Components: Roosts in tree hollows. 
fl&i Feeds on insects while flying rapidly above the canopy 
Threats: Reduction in tree hollows 
Impact Mitigation: 5.1, 5.2 

Morinopterus beccarii (Beccari's Mastiff-bat) 

Distribution: Northern Australia from the coastal north-eastern corner of NSW to the WA. QId. 

Abundance: Regionally rare, recorded by sonar on 2 occasions (sites 42. 61) but calls may have 
been confused with other Mormopterus sp, requires confirmation. 
Habitat: Forages in habitats ranging from closed forests to woodland, but appears to prefer 
structurally open forest due to poor manoeuvrability. 
Habitat Components: Roosts in hollow tees and under the roofs of houses. 
Thj: Leathoppers. chafers, weevils and other beetles '(requires open spaces for foraging due to its 
lack of manoeuvrability). 
Threats: None biown 
Impact Mitigation: 5.1. 5.2. 5.3, 5.11 

Mormoprerus norfolcensis (Eastern Little Mastiff-bat) 

Distribution: Coastal eastern Australia, from approximately Sydney to Fraser island. 
Abundance: Patchy, uncommon, restricted and poorly known. Reported to be common in the 
Washpool National Park by Tideman (1982). Roosting colonies may contain up to 50 animals. 
Rare (detected by sonar at sites 61 LOb but no voucher specimens obtained) in Study Area. 
Habitat: 'Lives in sclerophyll forest and woodland, where it hunts insects above the canopy or in 
clearings at the forest edge. 
Habitat Components: Roosis in tree hollows and under loose bark. Has also been found in the 
roofs of buildings. 
flj: Hunts insects above the canopy or in forest clearings for leafhoppers, chafers, weevils and 
other beetles. 
Threats: None known 
Impact Mitigation: 5.1. 51. 5.3, 5.11 

Nyctophyllous bifax (North Queensland Long-eared Bat) Vulnerable and Rare (Schedule 12) 

Distribution: Northern Australia from northern Western Australia, Northern Territory and north 
Queensland to about Rockhampton. Coastal from Rockhampton southwards to north-eastern New 
South Wales, just south of Queensland border (Strahan 1991; Parnaby 1992a). 
Abundance: Not recorded dwing this survey, although previously recorded in illuka Nature Reserve 
in the Grafton-Casino region. Reported by Parnaby (1992a) to be common, but localised. 
Habitat: Found in a variety of habitats ranging from Rainforest to Dry Sclerophyll Woodland; 
often found along watertourses (Stiahan 1991). 
Habitat Components: Roosts in tree hollows and in roofs of buildings. 
flieti Invertebrates from the air and from foliage (Strahan 1991). 
Threats: Reduction in wee hollows. 
Imoact Mitigation: 5.1, 5.2, 5.3. 5.9. 5.10: 5.11. 
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6. IMPACTS ON NON-FLYING MAMMALS 

Introduction 

The State Forests of the Grafton, Casino region include some of the most diverse and 
significant mammal habitats in NSW. Calaby (1966) reported that the Clarence Valley 
supported a greater range of mammal species than any other region of comparable size in 
Australia. This region also has considerable conservation significance as a refuge for 
many mammal species whose ranges have declined elsewhere in Australia (including the 
Long-nosed Potoroo, Rufous Bettong, Parma Wallaby, Black Striped Wallaby, and 
Brush-tailed Phascogale). Range decline precedes extinction and there have been more 
mammaiian extinctions in Australia than in any other continent of equivalent size. These 
extinctions have affected mainly medium sized mammals in the body weight range of 35 
grams to 5500 g, refen -ed to as Critical Weight Range or CWR mammals. The reason for 
these extinctions has not been conclusively established, but Fox predation is considered 
the main cause. Current evidence indicates that survival of CWR mammals is higher in 
productive environments with: a dense shrub or ground cover to provide protection from 
predators; low densities of Foxes and Rabbits, and presence of Tiger Quails and or 
Dingos as the dominant natural predators. 

Previous mammal surveys in the Study Area have been patchy in geographic coverage 
(Chapter 2), and scope has largely been limited to collation of distribution records and 
description of species broad habitats. The Moist and Dry Hardwood State Forests of the 
escarpment and New England Tablelands to the west of the study area have been 
comprehensively surveyed and described by Smith et al. (1992) with emphasis on 
assessment of logging impacts. The mammal communities of the Washpool and Gibraltar 
National Parks have been described by Osborne (1982) and Pulsfàrd (1982). Mammal 
communities of the Rainforests and Moist Hardwood forests in National Parks of the 
Border Ranges to the north and north-west have been surveyed by Smith et al. 
(1989a,b). Survey of State Forests and private property within the region has been 
limited. Mifledge (1986) surveyed the fauna of Coastal Byron Shire and Smith et al. 
(1990) surveyed the fauna of private land in the Orara and Bucca Valleys to the south of 
Grafton. In addition to these general surveys there have been a number of more focused 
surveys targeting specific localities or species (Koala, Potoroo and Rufous Bettong) 
throughout the region (see Chapter 2). The least surveyed habitats are the coastal and 
sub-coastal Hardwood forests and associated heaths and swamp forests. A limited survey 
of Candole State Forest (Smith, 1982) revealed a high arboreal diversity in an area 
adjacent to Yuragir National Park. 

A list of all mammal species known or considered likely to occur in the Study Area is 
given in Appendix F. No species of mammal are endemic to the Study Area, but the 
region covers a significant portion of the range of two geographically restricted species, 
the Parma Wallaby and the Hastings River Mouse. Candole State Forest appears to be a 
stronghold for the Squirrel Glider in NSW. Candole and other coastal State Forests to the 
north, and foothill forests to the west including Dalmorton State Forest, appear to be 
major population centres for the Yellow-bellied Glider in NSW. Other species occur at 
their geographic limits, in the region and may represent genetically isolated populations. 
Such species include the Dusky Antechinus, Eastern Pygmy-possum, Black Striped 
Wallaby, and New Holland Mouse. 

Scope and Methods of Survey 

Survey Design 

Mammals were surveyed at 77 sites (Appendix A$ by a variety of complementary 
standardised techniques including: spotlighting; scat collection; hair sampling; small 
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mammal trapping; wet pitfall trapping; and predator scat analysis. Details of stratification. 
sampling, statistical analysis and interpretation methods are given in Chapter 2. 

Spotlighting 

Large arboreal mammals were surveyed at night by spotlighting along walked and vehicle 
driven transects. The procedures followed are described in York et. al. (1991). Each of 
the five lOOm units in the survey transects was searched for a minimum of nine minutes. 
For each animal detected, the right angle distance from the transect, the species of tree 
occupied, and other information, including forest structure and visibility, were recorded. 
Temperature, weather conditions, and time of day were also recorded ateach census. The 
results of spotlighting surveys are strongly biased by vegetation structure, due to the 
greater visibility in open forests compared to denser forests (Smith et al., 1992). For this 
reason, vegetation structure was included as a variable in all multi-variate habitat 
analyses. Habitat preferences and effects of logging were determined by comparing total 
numbers of animals seen to a distance of 20m either side of the transect, after York et. al. 
(1991). 

Trapping 

Small mammals were surveyed using aluminium Elliott live traps and wet pitfall traps 
(see Chapter 7 for description of wet pitfall techniques). Five small traps, baited with a 
mixture of peanut butter and rolled oats, were set 20m apart along the first unit of each 
transect for two nights. One large Effiot trap baited with rolled-oats and peanut butter and 
one large wire mesh cage trap baited with meat were set at each end of the transects for 
two nights. 

Hair Sampling 

Hair tubes, alternately baited with sardines and chicken for carnivores, and rolled oats 
and peanut butter for omnivores, were set on the ground for a minimum of two weeks, 
one in each unit of each transect. Hair samples were analysed by B. Triggs. Although 
few mammals could be identified to the specific level using this technique, the procedure 
provided valuable information on the distribution of Spotted-tailed Quoll. 

Scats and Signs 

Scats and signs of mammals were recorded during a half man hour search of each 
transect unit. The procedure proved useful for detecting the presence of macropods and 
large possums and gliders. 

Opportunistic Sightings 

Macropods or other mammals that were observed during other censes (ie. bird survey) 
were recorded as opportunistic data, but were not included in quantitative analyses. 

Predator Scats 

Roads close to transects were searched for a period of 10 minutes for predator scats. The 
source and content of the scats were analysed by B. Triggs. 

Pitfall Traps 

A number of small mammal species were detected in wet pitfall traps set for reptiles. 
These records were treated as opportunistic data. 
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Data Analysis 

Associations between the relative abundances of mammals and continuous environmental 
and cultural variables were investigated using regression analysis. Associations with 
categorical environmental variables were identified by Analysis of Variance. 
Relationships between species presence-absence data and environmental and cultural 
variables where analysed by Chi-square and Log-likelihood Chi-square analysis. The 
results of statistical analyses were interpreted in an ecological context and compared with 
expected findings based on literature review and expert ecological opinion. For further 
details see Chapter 3. 

Mammal species richness was calculated as the number of mammal species, in the 
relevant taxon, detected at each site by all methods (seats and signs, spotlighting, 
trapping, hair sampling, and opportunistic encounters). 

Data Interpretation 

Impact assessment was based on a. combination of: 

literature review of logging impacts measured in similar situations elsewhere in 
Australia; 

statistical modelling of associations between measured mammal diversity and 
abundance, and previous logging and land use in the study area; 

ecological interpretation of predictive models to forecast likely impacts under 
alternative management regimes. 

Impact predictibn by these methods involves an element of uncertainty which can only be 
eliminated by long term monitoring. Monitoring procedures are recommended where 
there is a high level of uncertainty. 

Mammal Diversity and Communities 

Field surveys, literature review and searches of museum records and data bases revealed 
that a total of 41 species of native mammal and 10 species of introduced mammals have 
been recorded in the Study Area (Appendix F). In order to gain a more detailed insight 
into associations between cultural and natural environmental variables, and mammal 
diversity and abundance, mammals were classified into three guilds: 

1. Arboreal Mammals 
Folivores (Brushtail and Ringtail Possums, Greater Glider and Koala) 
Nectarivore[insectivores (Petaurid Gliders, Feathertail Glider and 

Bunaniyids) 
2. Grazers and Browsers 

Kangaroos and Wallabies 
Domestic stock 

3. Terrestrial Carnivore/Omnivores 
Insectivores (Potoroids, Bandicoots, Dasyurids, Echidna) 
Carnivores (Dasyurids, Dingo, Fox, Cat) 
Omnivores (Rodents) 

Mammals in these guilds are expected to exhibit broadly similar responses to timber 
harvesting, land use and natural habitat gradients. 
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Arboreal Mammals Possums and Gliders 

Species of the Study Area 

A total of 10 species of arboreal mammals have been reported in the Study Area 
(Osborne, 1982; Pulsford, 1982; Smith, 1982; Smith et al., 1989a,b; A. Smith 
unpublished). This group includes five species of arboreal folivores, including the Koala. 
Greater Glider, Common Ringtail Possum, and Brushtail Possums, and five 
nectarivorefmsectivores including three Petaurid Gliders, the Feathertail Glider and the 
Eastern Pygmy Possum (Table 6.1). 

The relative frequency occurrence of arboreal mammals in the Study Area is summarised 
in Table 6.1 

Table 6.1 Frequency of Occurrence (on survey sites) of Arboreal Mammals Detected in 
the Study Area. 

Species 	. Number of Frequency of 
Sites Occupied Sites (%) Occunied 

Koala 3 4 
Greater Glider 40 51 
Ringtail Possum 17 22 
Common Brushtail Possum 16 21 
Mountain Brushlail Possum 29 37 
Yellow-bellied Glider 12 15 
Squirrel Glider 0 0 
Sugar Glider 17 22 
Feathertail Glider 2 3 
Eastern PyRmy-possum 0 0 

Four species occurred at less than 5% of survey sites. These species (the Koala, Squirrel 
Glider, Feathertail Glider, and Eastern Pygmy-possum) are rare in the State Forests of 
the Study Area. The Feathertaii Glider is difficult to detect because of its small size. Most 
records result from chance encounters. It is not clear at present whether the apparent 
rarity of this species is real or an artefact of its cryptic behaviour. Only 2 individuals were 
detected in this study, but on the basis of known ecological requirements this species is 
likely to occur throughout the eucalypt forests of the Study Area. The Squirrel Glider was 
not detected in this study, but has been detected in Candole State Forest on at least 4 
separate occasions indicating that this area is likely to be a regional stronghold for the 
species. The Eastern Pygmy Possum has been recorded in a Fox scat in Richmond Range 
State Forest (A. Smith unpublished) but is otherwise unknown in the Study Area. 

Diversity and Habitat Reiuirements 

Arboreal mammal species richness and abundance was greatest in Moist Hardwood 
forest, but differences between habitat types were not statistically significant. The avenge 
number of arboreal mammals detected per transect was 1.7 in Moist Hardwood, 1.4 in 
Dry Hardwood, and 1.0 in Rainforest. These counts equate roughly to numbers per 
hectare (in Hardwood forest types) of the larger possums and gliders, which are readily 
detected by spotlight. The total transect area searched was 2 ha (500m by 40m) and 
approximately half of all animals present are likely to be missed during spotlight searches 
due to the effects of forest cover on visibility. Visibility is so low in Rainforest that true 
densities cannot be readily estimated from transect counts. 

Greater Glider abundance was found to decline significantly with decreasing hollow 
numbers (r = 0.42, Pc 0.04). All arboreal mammals in the Study Area. except Koaias, 
den in tree hollows. Shortage of nest sites may limit arboreal mammals where the density 
of hollow bearing trees is less than 2 to 8 trees per hectare (Smith and Lindenmayer, 

72 	 Austeco Pry. Ltd. Fauna of the Grafton and Casino State Fomst Management Areas. 



Chapter 6 	 Impacis on Non-Flying Mammals 

1988; Smith et aL, 1992). Koalas, which sleep exposed on flee limbs, may require large 
trees with sufficient branch development for resting. The mean number of arboreal 
mammals per transect was also significantly lower in culled forest (Mann Whitney U test 
Pc 0.05 mean for culled forest = 0.67 per transect, mean for non-culled = 1.66 per 
transect). This result can be explained by a reduction in habitat tree (tree hollow) 
availability in culled forest but may also reflect differences in habitat quality. 

Foraging structure can also limit folivore diversity and abundance. Different species are 
adapted to moving and feeding in different layers in the forest and may be absent from 
areas which lack appropriate foraging substrate. Gliders favour habitats with relatively 
open structure, larger species preferring mature forests. In this study, both large gliders. 
the Greater Glider and the Yellow-bellied Glider, were found to be significantly more 
abundant in taller (>30m) forests (r=0.32, PC 0.02, Chi-square, Pc 0-02). 

The guild of arboreal mammals can be further subdivided on the basis of dietary 
preference, into folivores and nectarivore/insectivores. The folivores are widespread and 
abundant but exhibit local variation in distribution and abundance in response to factors 
such as tree species composition, foliage protein and fibre levels, leaf toughness, toxins, 
forest structure and the availability of shelter sites. Arboreal folivores are expected to be 
most abundant in areas of high productivity, high soil fertility and moderate climate, 
where there is adequate shelter and suitable foraging substrate. In this study arboreal 
folivore species richness was greatest in Moist Hardwood forests and was found to 
increase significantly with forest canopy cover, an index of site quality (r=0.4, P.c 
0.002). 

Arboreal nectarivorefinsectivores feed on a wide variety of plant and insect exudates 
including the nectar of flowering eucalypts and shrubs, particularly Banksia, the gums of 
certain Acacias and the sap of specific tees which are incised to induce sap flow. They 
also feed extensively on insects particularly under the shed bark of eucalypts. The 
distribution and abundance of nectarivore/insectivores is considered to be related to the 
abundance of nectar and pollen producing plants (particularly those producing in winter), 
the abundance of bark shedding eucalypts which harbour insect prey, and occurrence of 
key sap and gum exudate producing trees (Sap Feed Trees) and shrubs (gum producing 
Acacias). The most important areas for arboreal nectarivore-insectivores in the Study 
Area are considered to be Candole State Forest and the mature (unlogged) Grey Gum-
Grey Ironbark-Spotted Gum forests of Dalmorton State Forest. The Candole region 
supports an exceptionally high eucalypt diversity (Smith, 1982), which helps to ensure a 
year round nectar supply. It also grades into heath and swamp forests with reliable winter 
flowering Banksia and Ti wee (Melaleuca quinquinervia). This area, and similar forests to 
the north, are known for their significance to the Yellow-bellied Glider (FCNSW, 1987). 
Unlogged forests in Dalmorton State Forest were also found to support abundant Yellow-
bellied Gliders during this study. This can be attributed to the predominance of preferred 
sap feed trees especially Grey Gum, and mature examples of good nectar and pollen 
producing Dry Hardwood species. 

With the exception of the Yellow-bellied Glider, the nect.arivore-insecitvores were too 
infrequently detected for statistical analysis of habitat preferences and sensitivity to 
logging. Ecological considerations suggest that this group are most likely to benefit from 
the same management practices which benefit apiary. These are: 

management practices that allow a multi-species wee population to occur 

the maintenance of the major honey and pollen production species within the forests as 
sufficiently mature trees to allow maximum honey and pollen production (after Stace, 
1992). 
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Species Habitats and Response to Logging 

Greater Glider 

Greater Gliders are widespread and common in tall open and open eucalypt forests, but 
are most abundant in high site quality old-growth eucalypt forests (Kavanagh, 1984) 
where they feed upon young eucalyptus leaves and flowers. This species is by far the 
most abundant arboreal folivore in the Study Area occurring at 51% of survey sites. 
Because they show seasonal variation in their preference for tree species, Greater Gliders 
favour forest with a diversity of Eticalypt species (Kavanagh, 1984). The relative 
abundance of Greater Gliders on survey transects was significantly greater at higher 
elevations (r= 035, Pc 0.002); in forest with more abundant tree hollows (r= 0.42, Pc 
0-04); forests that are infrequently burnt (r=0.29 Pc0.002) and forests with a tall canopy 
(r= 0.28, Pc 0.02). These findings are consistent with expectations and can be explained 
by the occurrence of moist, high productivity forests at mid to higher elevations within 
the Study Area. 

Common Ringtail Possum 

Common Ringtail Possums are reported to be most abundant in Rainforest (Osborne, 
1982) and Moist Hardwood with a rainforest understorey (Dunning and Smith, 1986) in 
north-east NSW, but are also found in most types of Eucalypt forest. In this study, the 
frequency of occurrence of Common Ringtail Possums was found to be significantly 
correlated to canopy height (Chi-square PC 0.04) forest type (Chi-square P< 0.04), and 
shrub cover (Chi-square P< 0.001). They are most abundant in tall Rainforests and Moist 
Hardwood Forests with greater than 50% shrub cover. 

Mountain Brushtaii Possum 

Mountain Brushtail Possums are reported to be most common in Rainforest (Osborne, 
1982) and Old-growth Moist Hardwood forest in north-east NSW (Dunning and Smith, 
1986). In this study, they were found to be most common in Eucalypt forest with 
rainforest understorey (Chi-square PC 0.002). 

Common Brushtail Possum 

Common Brushtail Possums occur at moderate to low densities in a wide range of 
habitats including farmland, but are generally most abundant in dry forest and woodland 
types where they may feed on herbs and eucalypt leaves. This species was not detected in 
the Washpool and Gibraltar Range National Parks by Osborne (1982) or Pulsford 
(1982). We found it to be less common than the Mountain Brushtail Possum, occurring 
mostly in Dry Hardwood forests and Moist Hardwood forests with a grass understorey 
(Chi-square Pc 0.009). 

Sugar Glider 

Sugar Gliders are widespread and moderately abundant in Eucalypt forests and 
woodlands, favouring areas with Acacia understorey (Smith. 1982). Osborne (1982) 
found the greatest number of Sugar Gliders among regrowth Eucalypt and Acacia with 
some mature Eucalypts still present. In this study, Sugar Gliders were detected mainly by 
call but despite a relatively high frequency of occurrence no specific habitat associations 
were apparent. 

Squirrel Glider 

Squirrel Gliders are closely related to the Sugar Glider and have similar ecological 
requirements (Strahan, 1983). Due to their larger size, they require more reliable and 
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productive environments, particularly those with an abundant and reliable winter nectar 
supply. There are few records of the Squirrel Glider in the Study Area (Appendix F). but 
4 separate surveys have reported Squirrel Gliders in Candole State Forest suggesting that 
this area is a regional stronghold for the species. Available information suggests that this 
species will occur in greatest abundance in floriferous sub-coastal and coastal forests with 
a high diversity of good nectar and pollen producing Eucalypts and Ban/ala integrifolia 
in the understorey. The largest known population in the general region occurs in coastal 
Blackbuttj heath forest at Limeburners Nature Reserve north Port Macquarie (A. Smith 
unpublished data). 

Feathertail Glider 

Feathertail Gliders are widely distributed in eucalypt forests and woodlands where they 
feed on Eucalypt nectar and pollen. The species is infrequently encountered and difficult 
to census. Most records result from chance encounters. It is not clear at present whether 
the apparent rarity of this species is real or an artefact of cryptic behaviour. Only 2 
individuals were detected in this study, however on the basis of its known ecological 
requirements this species is likely to occur throughout the eucalypt forests of the Study 
Area. 

Yellow-bellied Glider 

Yellow-bellied Gliders are widespread at low densities in north-east NSW reaching their 
western known range limit along the boundary of the Study Area. They occur in a wide 
range of Eucalypt forests but most frequently in Dry Sclerophyll forest (Mackowski, 
1986). They have large home ranges (10-100 ha) in which microhabitat preference may 
vary seasonally according to patterns of flowering, bark shedding and the availability of 
other food resources (Kavanagh, 1984). This species was detected mainly by call and 
feeding scars at 12 widely scattered sites. In Dalmorton State Forest abundant feed scars 
were observed in Grey Gums throughout unlogged mature forest and the species was 
detected at all sites surveyed. 

Kangaroos and Wallabies 

SDecies of the Study Area 

Eleven species of Macropods, including the Rufous Bettong, are recorded in the Study 
Area (Calaby, 1966). The relative abundance of species detected in this study is show in 
Table 6.2 

Table 61 Frequency of Occurrence of Macropods at Survey Sites in the Study Area 

SDeciec Sites Freguency (%) 
- 	 37 Eastern Grey Kangaroo 29 

Red-necked Wallaby 41 53 
Common Wallaroo 0 0 
Swamp Wallaby 37 47 
Whiptail Wallaby 1 
Brush-tailed Rock Wallaby 0 0 
Black-strips Wallaby 0 C) 
Parma Wallaby 1 
Red-necked Pademelon 16 21 
Red-legged Pademelon 0 0 
Rufous Betton2 1 1 

Seven species were detected at less than 5% of sites and are considered regionally rare or 
localised. The Whiptail Wallaby was detected opportunistically on steep grassy slopes at 

Austeco Pty. Ltd. Fauna of the Gtafton and Casino State Forest Management Areas. 	 75 



Chapter 6 	 Impacts on Nan-flying Mammals 

3 locations. It reaches the southern limit of its range in northern NSW but is relatively 
common in south-east Queensland. The Brush-tailed Rock Wallaby is widely distributed 
on rock faces with northerly aspects along the Upper Clarence (Calaby, 1966). These 
habitats were not sampled during this survey. The Black-striped Wallaby has been 
reported at a number of locations in the Study Area (Calaby, 1966) but is regionally 
scarce. It occurs at its southern range limit in the region and is more abundant in 
Queensland. The Red-legged Pademelon is predominantly a rainforest species and its 
apparent rarity may reflect limited sampling of this habitat type. The Common Waflaroo is 
regionally scarce in the coastal portion of its range (Calaby, 1966) where it is largely 
confined to steep rocky slopes, a habitat which was not surveyed during this study. It is 
abundant elsewhere in Australia. The Parma Wallaby was only reported at one site in 
Washpool National Park. It is patchily distributed along the escarpment to the west of the 
Study Area (Smith et al., 1992) 

Diversity and Habitat Reuuirements 

In general macropods select habitats which provide a combination of dense cover for 
shelter and refuge, and open areas for feeding. This combination of resources commonly 
occurs on forest edges, or in vegetation mosaics created by fire, grazing or logging. The 
larger grazing species (Grey Kangaroo, Red-necked Wallaby, Common Wallaroo, 
Whiptail Wallaby) tend to occupy drier more open habitats; the smaller species, moister 
more densely vegetated habitats (Pople, 1989). 

Three species, the Red-necked Wallaby, Swamp Wallaby and Grey Kangaroo are 
common within the Study Area. All 3 benefit from the expansion of grassy understorey 
in the forests as a result of grazing and frequent burning. The Red-necked Wallaby was 
found to be significantly associated with Dry Hardwood forest with a grass cover of 
greater than 50% (Chi-square Pc 0.05). The Eastern Grey Kangaroo was significantly 
associated with forest with a grassy understorey (Chi-square Pc 0.04). The Swamp 
Wallaby was significantly associated with areas with bracken and grass cover (Chi-
square PC 0.04). 

Smaller macropods are more restricted within the Study Area, apparently preferring the 
interface between moist forest and grasslands. The interface between regularly burnt open 
forest and moist closed forest is particularly favoured by the Black-striped Wallaby, 
Parma Wallaby, Red-necked Pademelon and Long-nosed Potoroo (Johnson, 1980; 
Southwell, 1987), Red-necked Pademelons rarely move more than lOOm from moist 
forest and may reach pest proportions where agriculture or forestry has created a mosaic 
of forest and open grassland (Johnson, 1984, in Strahan 1984). The Panna Wallaby has 
been found to prefer Moist Hardwood and Rainforest with dense understorey and patches 
of open grass (Read and Fox, 1991; Smith et at. 1992). 

In this study the Red-necked Pademelon was found to be significantly associated with 
unburnt forest (Chi-square PC 0.007), rainforest understorey (Chi-square Pc 0.05) and 
grass cover of 5-20% (Chi-square Pc 0.04). The Rufous Bettong was detected at one site 
in Mount Marsh State Forest, and a number of opportunistic sightings were made in 
Grange State Forest, Glenugie State Forest and in agricultural landscapes on the border 
of Washpool/Ewingar State Forests. The species is locally common in grassland with 
scattered trees at Baryulgil where one road kill and 3 sightings were recorded. The 
absence of any records of this species from hair sample tubes suggests that it is regionally 
scarce in State Forests particularly in the east of the Study Area, a disthbution pattern 
consistent with the findings of Schlager (1981). This species prefers open forest habitat 
where it feeds upon roots and tubers as well as herbs, grass and fungi. At Wallaby Creek 
in north-east NSW, the Rufous Bettong is reported to occur in a mosaic of grassland and 
open forest, where it is negatively associated with canopy density, and positively 
associated with ground vegetation diversity and cattle density (Southwell, 1987). Rufous 
Benong have been reported to feed on improved pasture (Calaby, 1966). 
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Dasyurids, Bandicoots, Rodents, Echidna, and the Potoroo 

Species of the Study Area. 

The terrestrial carnivorefinsectivore/onmivores include a diverse range of species from 5 
different orders. The relative abundance of each species detected during this survey is 
shown in Table 6.3. 

Table 6.3. Frequency of Occurrence of Carnivorous, Insectivorous and Omnivorous 
Mammals in the Study Area. 

Sites Frequercy 
(no) (%) 

Carnivores: 
Spotted-tailed QuaIl 3 4 
Cat 	 . 7 9 
Dingo 7 9 
Scansorial instivores: 
Bnishtailed Phascogale 0 0 
Brown Antechinus 9 12 
Yellow-footed Antechinus 1 1 
Ground Insectivores 
Dusky Antechinus 0 0 
Common Dunnart 2 3 
Common Planigale 0 0 
Soil insectivores: 
Long-nosed Potoroà 1 1 
Echidna 43 56 
Northern Brown Bandicoot 2 3 
Long-nosed Bandicoot 5 6 
Aauatic Insectivore 
WaterRat 0 0 
Terrestrial Omnivores: Rodents 
BushRat 6 8 
Swamp Rat 0 0 
Pale Field Rat 0 0 
Fawn-footed Melontys 3 4 
Giassland Melontys 0 0 
Hastings River Mouse 0 0 
Eastern Chestnut Mouse I I 
New Holland Mouse 0 0 

The apparent rarity of some species (Swamp Rat, Water Rat, Grassland Melomys, Pale 
Field Rat, New Holland Mouse, Common Planigale, Common Dunnart) is attributed to a 
preference for habitats that were not surveyed during this study. The long-nosed 
Potoroo, Spotted-tailed Quoll, Brush-tailed Phascogale, Yellow-footed Antechinus, 
Dusky Antechinus, Chestnut Mouse, New Holland Mouse and Hastings River Mouse, 
are considered rare or localised in the Study Area on the basis of these results and those 
of previous surveys in the region. 

Species richness in this guild increases along a gradient of decreasing moisture in the 
shrub understorey (r=0.3, PC 0.005) and increasing fallen timber (large log) cover 
(r=0.28, Pc 0.02). With the exception of 3 common species with well known habitat 
requirements (the Echidna, Brown Antechinus and Bush Rat) insufficient records were 
obtained to analyse the effects of habitat and land use on individual species. 
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Impact Assessment and Mitigation 

Logging and Succession 

Few studies have compared mammal communities before and after logging and none 
have monitored post logging impacts over a full logging cycle. Consequently our 
understanding of logging impacts on mammal communities is based largely on post 
disturbance comparisons of mammal diversity between logged and unlogged forests. The 
results of such studies have shown that fauna communities undergo a successional 
change with time since logging, which varies in magnitude and recovery time with the 
intensity of timber harvesting and .the proximity of unlogged refuge areas. 

An understanding of patterns of successional changes under both intensive and selection 
logging is necessary to predict impacts, because logging intensity generally varies 
considerably within forestry districts in time and space, according to market demand for 
small diameter wood, site quality, and previous management history. Current objectives 
of harvesting in the Study Area involves maximum economic utilisation and does not 
include woodchipping of residual roundwood. Thus logging intensity will be high in 
high quality stands of mature or greater age forests with uniform age structure, such as 
old-growth Moist Hardwood and intensively treated regrowth Blackbutt, and low in 
uneven aged stands with a significant proportion of young stems, such as untreated low 
quality Dry Hardwood. 

High intensity logging results in a decline in arboreal mammal richness and abundance 
followed by a gradual recovery as habitat returns to a stage suitable for recolonisation. 
The age at which forest becomes suitable for re-colonisation varies between habitats and 
regions. A number of species have been shown to re-invade logged or burnt habitat in the 
early stages of succession. Mountain Brushtail Possums recovered 6 years after low 
intensity logging in Moist Hardwood Forest (M. Howarth and A. Smith unpublished 
data). Common Ringtail Possums have been reported to reach peak abundance in Moist 
Hardwood forest 10-25 years after logging in north-east NSW (Dunning and Smith, 
1986) but may prefer old-growth elsewhere (Davey and Norton, 1990). Sugar Gliders 
are reported to reach maximum abundance in Moist Hardwood forests at mid-
successional stages in the Eden region (Davey and Norton, 1990). Species which have 
been shown to reach peak abundance in forests greater than 100 years of age include the 
Yellow-bellied Glider, Eastern Pygmy-possum, Greater Glider, Sugar Glider, Squirrel 
Glider and Common Ringtail (Smith et aL, 1985; Dunning and Smith, 1986; Davey and 
Norton, 1990; Milledge et al, 1991). Milledge et al. (1991) found that, in the Victorian 
Central Highlands where intensive logging is practiced, Greater Gliders and Yellow-
bellied Gliders are most abundant in forest greater than 165 years of age. M. Howarth 
and A. Smith (unpublished data) compared Moist Hardwood forests in the Mt Boss 
region that had been experimentally logged at a range of intensities. They found that 
Yellow-bellied Gliders occurred only in unlogged old-growth forest. By contrast, Greater 
Gliders declined approximately in proportion to the amount of canopy removed. The seral 
preferences of Feathertail Gliders and Eastern Pygmy-possums have not been studied, 
but are expected to be strongly influenced by changes in the abundance of flowering 
eucalypts and understorey shrubs after fire and logging. 

Survey design in this study precluded a reliable assessment of the effects of logging 
intensity and time since logging on arboreal mammals. The majority of survey sites 
(87%) were uneven-aged in structure following past selection or moderate to low 
intensity logging. Only 4 of the sites classified as unlogged old-growth were dominated 
by a predominance of large old stems (>lm dbh), and only 6 sites had a predominantly 
juvenile age structure resulting from intense logging within the past 10 years. No 
significant effects of forest type, logging intensity, age structure, or time since logging on 
species richness and abundance of arboreal mammals were apparent within the Study 
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Area. This result is considered to reflect the prevalence of moderate to low intensity 
harvesting throughout the region. This does not mean that logging intensity has no effect. 
since most of the study region has been logged previously and few unlogged sites were 
available for comparison. 

At the species level, the Mountain Brushtail Possums were recorded most frequently in 
intensively logged Moist Hardwood forests (Chi-square Pc 0.03) and Greater Gliders 
were found to be significantly associated with forest logged at moderate intensity (Chi-
square Pc 0.02). Yellow-bellied Gliders occurred in logged forests (Candole State 
Forest) but were most abundant in unlogged forest, and were absent from forests logged 
during the preceding 5 years. No other arboreal mammals were found to exhibit 
significant associations with either logging intensity or duration in this study. 

Survey results should be interpreted with caution because the analysis of spotlighting data 
is problematic due to variation in detectability (visibility) of animals in forests of different 
stnicture. Comparisons cannot be readily made between dense forests such as Rainforest, 
Moist Hardwood and vigorous young regrowth and open forests such as grazed Dry 
Hardwood and recently logged forest. Increased visibility in recently logged forest may 
compensate for decreased fauna populations. Smith et al. (1992) found that total counts 
of greater gliders were higher in logged than unlogged forests in the Glen Innes region 
until detectability differences were taken into account, when the reverse fl-end became 
apparent. At present it seems most likely that the abundance of arboreal folivores will 
decline in approximate proportion to logging intensity (as indicated by the % stand basal 
area removal), and that Yellow-bellied Gliders will decline in greater proportion than 
expected from canopy removal. 

Since most of the Study Area has already been logged, the most severe future impacts are 
likely to result from the logging of remaining patches of high quality Old-growth forest 
(Moist Hardwood and high quality Dry Hardwood) and the re-logging of high quality 
Moist Hardwood sites which were only lightly logged in the past, such as those in 
Cangai State Forest. The species most likely to be adversely affected during the next 10 
years are the Yellow-beffied Glider and the Greater Glider. The former by logging of 
mature unlogged and Old-growth high site quality (>30m) Spotted Gum, and Grey 
Ironbark forest in Dalmorton and Mt Marsh SFs and the latter by logging of remaining 
patches of high quality Moist Hardwood in Dalmorton SF, and Old-growth Moist 
Hardwood in Washpool and Billilimbra SFs. 

Options for mitigation of impacts on arboreal mammals which reach peak abundance in 
un.logged high quality old-growth forest include. 

6.1 Reservation of all remaining areas of unlogged Moist Hardwood and high quality Dry 
Hard wood from logging. 

62 Reduced logging intensity of high quality Dry Hardwood forests to retain 50% of the 
stems >40cm d.bh in order to maintain a permanent uneven aged structure. 

63 Marking and retention of all feed trees of the Yellow-bellied Gliders (this represents 
continuation of current practice) 

6.4 Reservation of Moist Hardwood forests in Cangai State Forest from future logging to 
permit restoration of old-growth structure. 
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Tree Hollows 

All species of arboreal mammals, with the exception of the Koala, den in tree hollows. In 
some regions of Australia the Common Ringtail Possum is known to construct free nests 
in dense vegetation, however this habit has not been observed in the Study Area where 
Common Ringtail Possums are considered most likely to rely upon tree hollows for 
shelter and nesting. Hollows provide animals with shelter from climatic extremes and 
protection from predators during nesting, reproduction and hibernation. There have been 
few studies on hollow selection by arboreal mammals, but size, depth, orientation, 
aspect, insulation, cover and many other features may be important. Most animals choose 
hollows with entrances approximating their body size. Large deep hollows are preferred 
by the larger species of possums and gliders (see Ambrose, 1982). The availability of 
tree hollows in natural forests is determined by many factors including tree species, site 
quality, wee spacing, and fire history. The size and age distributions of the trees are 
apparently the most important factors. Most eucalypts do not develop hollows until more 
than 100 years of age (Ambrose. 1982). Large hollows do not develop in Blackbuu 
(Eucalyptus pilularis) until approximately 200 years of age (Mackowski, 1984). 

Naturally occurring old-growth and mixed aged forests generally contain abundant 
hollows. The extent to which the number of trees with hollows can be reduced without 
having a significant impact on arboreal mammal populations has been determined in the 
moist tall open forests in Victoria (Smith and Lindenmayer, 1988). The number of 
arboreal mammals (determined by stag watching) was found to be directly proportional to 
the nuthber of habitat trees up to a density of 4-6 hollows per ha. Because most arboreal 
mammals are territorial, and habitat trees are not usually shared, maximum population 
densities occur where habitat trees are evenly spaced throughout the forest. These 
estimates can be used to predict the wee hollow requirements in other regions provided 
that some allowance is made for differences in habitat quality and arboreal mammal 
density. Smith et al. (1992) found no significant relationship between tree hollow densit' 
and the abundance of arboreal marsupials in the Glen lnnes Region where logging 
intensity was generally low and habitat tree availability averaged 8 trees/ha. By contrast, 
in this study Greater Glider abundance was found to decline significantly with decreasing 
tree hollows. This result is consistent with the longer history of intensive forest 
management in the Study Area. 

The density of trees with hollows (habitat trees) remaining after timber harvesting can be 
expected to vary with harvesting intensity, Timber Stand Improvement (TSJ), 
silvicultural treatment <utiuisation standards) and fife history. The number of hollow 
bearing trees recorded per survey site varied from 0 to more than 5 per hectare. Analysis 
of associations between tree hollow density and natural and cultural variables revealed 
significant negative associations with time since grazing commenced at the site 
(Grazed)(Pc 0.0005), the number of logging cycles (Pc 0.025), grazing intensity 
(P=0.02), TSI (P=0.04) and vegetation community gradient Overstorey 3 (P=0.02, a 
decreasing moisture and increasing fire frequency gradient). Current management policy 
does not include the culling of defective trees for both economic and habitat reasons, but 
neither does it include adequate wee hollow recruitment in previously culled forests. 
Cessation of culling may not be sufficient to reverse current trends in habitat tree 
reduction in the immediate future because the length of time required for the fonnation of 
tree hollows can exceed several logging rotations (Mackowslci, 1984). Further studies of 
stand structure and dynamics are necessary to clarify the future availability of tee 
hollows in the Study Area. 

Current harvesting plans in the Study Area specify the retention of a minimum of 3 large 
mature trees per hectare, preferably in clumps of up to 5 trees. This is well below the 
maximum requirements of hollow dependent arboreal mammals. Retention rates need to 
be increased to a minimum of 3 clusters or 3 individual trees per hectare for low quality 
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forest and 6 clusters or 6 individual tees per hectare in high site quality forests, because 
arboreal mammals are territorial and a cluster of habitat irees may only be used by a single 
animal. In this study Greater Gliders were absent from surveyed sites with less than six 
tree hollows per hectare. 

Options for mitigation of logging impacts on hollows include: 

63 Retention of a minimum of 3 well spaced habitat trees per ha in low site quality 
forest, and 6 well spaced habitat trees per ha in high site quality forest. Where necessary, 
Habitat trees should be within a clump of other trees to protect against exposure and wind 
damage. 

6.6 Habitat tree recruitment in forests with densities of living habitat tree below the above 
minimums. Recruitment trees should be selected on the basis of suitability for rapid 
hollow development, and retained to restore habitat tree density to minimum levels as 
soon as possible. 

6.7 Further research and evaluation of logging impacts on habitat tree dynamics, 
including a quantitative assessment of current forest structure. 

Fallen Timber 

Large logs provide important refuge areas and feeding sites for small terresthal mammals 
(Smith et. at, 1990; Dickman, 1991). Large logs harbour moisture and provide refuge 
during drought and fire. Large logs are a feature of unlogged., old-growth forests where 
they provide continuity of ground cover through successive generations of fire 
disturbance (Scots, 1991). Little attention has been paid to the maintenance of large logs 
in logged forest ecosystems and no quantitative data is available on log density or 
dynamics. Logging operations of the type practiced in the Study Area appear to generate a 
temporary increase in log abundance, particularly after the initial logging cycle. It is 
presently unclear whether this head log and log residue material performs the same 
ecological functions as naturally formed logs resulting from the decay and collapse of 
large old forest trees. Logs generated by harvesting operations may not provide the large 
cavities for animals that shelter in large hollow logs. At present no adequate quantitative 
data is available for modelling the long term impacts of logging on the large log resouxce. 
In this study, species richness of terrestrial carnivore-insectivore-onmivores was 
significantly correlated with the amount of Fallen Timber at surveys sites (r=0.25, Pc 
0.03). Fallen timber abundance is correlated with the abundance of large dead tees with 
hollows thus, maintenance of the large fallen timber resource will require and depend on 
effective tree hollow management. 

Options for protection of the large log resource from logging impacts include: 

6.8 The protection of largefallen logs (>40cm diameter and Sm length) from destruction 
in regeneration burns as far as practicable; 

6.9 Reduction in the proportion of logged forest subject to prescribed and grazier burning 
to reduce the risk of log removal by burning; 

6.10 Maintenance of a minimum stocking of large diameter habitat trees to maintain a 
supply of natural fallen logs; 

6.11 Conduct further research into the dynamics of large log production and decay in 
representative logged forest types. 

Ausceco Pry. Ltd. Fauna of the Grafton and Casino scale Forest Management Areas. 	-- 	 81 



Chapter 6 	 Impacts on Non-Flying Mammals 

Grazing and Burnin 

Grazing and frequent (1-5 year) low intensity burning tend to occur together and are both 
associated with decreasing understorey diversity and increasing grass cover. Graziers in 
the Study Area burn regularly to promote palatable nutritious feed for live-stock. This 
burning is usually carried out under SFNSW permits and is considered useful as broad 
area fuel reduction management. The SFNSW bums more frequently for hazard 
reduction in small key areas. Grazing and frequent burning encourage the development of 
some grass species, at the expense of shrubs and herbs. Increased grazing and fire 
frequency is expected to have a negative impact on shrub dependent species and positive 
impact on grazing species. There are 2 main groups of shrub dependent species, the 
CWR marsupials which need shrub cover to reduce predation, and arboreal and 
scansorial (ground and tree frequenting) mammals which feed in the shrub layer or moist 
litter layer beneath mesic shrubs. A third group, the large grazing rnacropods, need only 
scattered or reduced cover from predators, are expected to benefit from increased burning 
and grazing and a reduction in shrub cover, although loss of nitrogen in the forest (ie 
through loss of nitrogen fixing shrubs Acacia and Allocasuarina) has also been found to 
limit the disthbution of wallabies (Turner and Lambert, 1988). 

Vertebrate fauna, particularly small mammals, are most abundant in forest with a complex 
understorey (Catling, 1991). Frequent fire may fragment and simplify such habitat, 
restricting it to streams and moist guffies, and causing populations of some species to 
become more isolated and vulnerable. Cading (1991) classified small to medium sized 
mammals as disadvantaged or advantaged by the simplified forest structure resulting from 
fire. Hastings Mouse, Eastern Chestnut mouse, Brush-tailed Phascogale and the White-
footed Dunnart were considered to benefit from forest simplification while Spotted-tailed 
Quolls, Southern Brown Bandicoots, Squirrel Gliders, Potoroos, Parma Wallaby, and 
the Black Striped Wallaby were considered to be disadvantaged. Newsome et al. (1983) 
report that at Nadgee, predation of Long nosed Potoroos by Dingos was highest 2 years 
after a severe fire. Similarly in Western Australia, it was observed that of 24 Brush-tailed 
Bettongs that survived a fire, 11 were subsequently taken by predators. The increased 
vulnerability of small mammals to predation as a result of fire, has great significance for 
the conservation of endangered CWR species, as predation by foxes and other carnivores 
has been implicated in their decline and extinction. 

Like domestic stock, the larger grazing macropods, including Grey Kangaroos and Red-
necked Wallabies, preferentially graze on grasslands after fire. At Wallaby Creek, Grey 
Kangaroos moved to recently burnt areas within days of the fire, cattle moved in 2-3 
months later, and Red-necked Wallabies after several months (Southwell, 1987). In this 
study significant increases in the frequency of occurrence of Swamp Wallabies (Chi-
square PC 0.04). and Grey Kangaroos (Chi-square PC 0.04) were associated with 
increased fire frequency. Red-necked Wallabies occurred significantly more frequently in 
forests with a long history of grazing (Chi-square PC 0.04) and moderate to high levels 
of cattle grazing (Chi-square PC 0.05). 

The smaller CWR macropods, Parma Wallaby and Red-necked Pademelon, which 
require moist, dense ground cover, were found to be restricted in distribution to tall moist 
forests with a mesic or rainforest understorey on the western margin of the Study Area. 
The Red-necked Pademelon only occurred in areas with no evidence of fire (Chi-square 
PC 0.007). A similar pattern was detected in the Glen Innes region (Smith et al., 1992). 

A number of arboreal mammal species depend on the shrub understorey for feeding. In 
this study, the Mountain Brushtail was found to significantly prefer unburnt and 
ungrazed understorey (Chi-square Pc0.008, and PC0.05). Both the Greater Glider and 
Yellow-bellied Glider were significantly less frequent in moderately to intensively grazed 
forest (Chi-square PC 0.03, PC 0.02). No arboreal mammal species were positively 
associated with frequent grazing or burning. 
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Control burning in the Study Area is practiced or may be practiced by the SFNSW for the 
following reasons (after FCNSW, 1992); 

to protect community assets (villages, recreation areas and arteriai roads); 
to dispose of logging slash; 
to promote regeneration; 
to protect plantations and intensively treated stands; 
to reduce fuel levels in regrowth; 

C to reduce fuel levels in undeveloped areas; 
g) to reduce fuel before logging. 

The actual level of burning is limited by funding, personnel and weather conditions. 

Burning by graziers is carried out predominantly during mustering and whenever the 
habitat will carry fire. Grazier burning is regulated by SFNSW through the issuing of 
permits. Where frequent unauthorised burning is known to have occurred on State 
Forests held under Occupation Permits, or on private or leased land adjacent to State 
Forests, the owners or occupants of the land have been notified by the SFNSW that it is 
the Commission's intent to terminate Occupation Permits and take appropriate legal 
action. SFNSW favours continuation of grazing in the Grafton area as an economic form 
of fuel reduction (it Williams pers. comm.). Fuel reduction burning is perceived to be an 
important tool for reducing the risk of extensive and intensive wildfire. Intensive crown 
fife is considered to reduce wood value, through the promotion of defect, and wood 
volume through the impact on growth rates. However, no quantitative data appears to be 
available to substantiate these beliefs and quantify any economic costs. Similarly, no data 
appears to be available on the natural frequency and risk of wildfire in the Management 
Area or on the effect of control and grazier burning on reducing this risk. This is an 
important area for further research and monitoring as current ecological wisdom predicts 
that Australian native flora and fauna are adapted to, and able to recover from, infrequent 
episodes of intense (crown) fire but that biodiversity gradually declines under regimes of 
frequent, low intensity fire (Caiiing, 1991). Frequent control burning maybe 
disadvantageous for timber production. Control fires and even slash burn fires may kin 
natural eucalypt seedlings and reduce regeneration and stocking. In south-east NSW 
slash burns do not produce the same level of stocking as wildfire and may lead to poor 
regeneration (Bridges and Dobbyns, 1991). Slash burn kills seeds in felled crowns and 
subsequent control burns kill seedlings and small regenerating saplings. SFNSW has 
signalled its intent to reduce the area of forest subject to frequent burning by graziers and 
to monitor the extent of future fires in the Grafton Management Area (Moore and Floyd, 
1994). 

Options for achieving this include: 

6.12 Elimination of grazing under Occupation Permits in all leases where burning is not 
effectively brought under control by SFNSW. 

6.13 Reducing frequent and moderate (c 15 years) control burning to strategic locations 
for hazard reduction, over not more than 50% of the Hardwood forests in the 
Management Area. 

Nectar, Sap and Pollen 

Nectar from the flowers of eucaiypts, Banksias, and other shrubs provide an important 
food resource for many arboreal mammal species, particularly Yellow-bellied Gliders, 
Squirrel Gliders, Feathertail Gliders, Sugar Gliders, and the Eastern Pygmy-possum. 
When nectar is not available, the sap from certain Eucalypt species provides a critical 
resource for Gliders. Nectaiivore diversity is expected to be greater in forests with a high 
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diversity of nectar producing plants with an even spread of nectar production throughout 
the year, particularly during winter. Flowering rates and nectar and pollen production 
have been reported to increase with the size of trees and shrubs of some species (D. Quin 
unpublished data), particularly Banksia, suggesting that nectarivore diversity is likely to 
be greatest in mature and old-growth forest. The most important areas for nectar, sap and 
pollen production in the Study Area are considered to be the mature unlogged Spotted 
Gum, Grey Ironbark, Grey Gum forests of Dalmorton State Forest and the high Eucalypt 
diversity Dry Hardwood forests of Candole and Double Duke State Forests, particularly 
where they border heaths with Banksia and/or swamp forest with Melaleuca 
quinquinervia. Yellow-bellied Gliders were more abundant in unlogged forest in 
Dalmorton State Forest than elsewhere in the Study Area. Yellow-bellied Gliders were 
detected on all of the unlogged sites in Dalmorton State Forest and sap feed trees were 
observed at many other sites during road travel through the region. The suitability of this 
region for Yellow-bellied Gliders can be attributed to the age and floristic composition of 
the dominant forest type (Spotted Gum, Grey Ironbark, Grey Gum). Grey gum is a 
preferred sap feed tee of the Yellow-bellied Glider, Grey Ironbark is considered to be 
one of the best (most prolific and most frequently flowering) nectar producing species on 
the north coast (Stace, 1992), and Spotted Gum is also a high quality and large volume 
nectar producer and probably the highest value pollen producer in the region (Stace, 
1992). Options for protection of habitat for gliding possums include: 

6.14 Reservation of a significant area (50%) of unlogged old-growth Spotted-gum, Grey 
Qwn, Grey Ironbark forests in Dalmorton State Forest. Approximately 3,151 ha (47 010) 
of this forest type falls in unlog gable terrain in Dalmorton State Forest and will not be 
logged under the current proposal; 

6.15 Further surveys to determine whether unloggable areas provide equally suitable 
habitat for Yellow-bellied Gliders as areas scheduled for logging; 

6.16 Further research and monitoring to determine the impact of logging on nectar and 
pollen production; 

6.17 Protection of swamp forests (M. quinquinervia) and forests with an understorey of 
mature (>10cm diameter) Banksia inzegnfolia from harvesting; 

6.18 Exclusion of apiary from any new logging areas in Dalmorton State Forest to act as 
control sites for monitoring and future evaluation of possible apicultural impacts. 

Dingo and Fox Control 

There is strong evidence that small macropods in the Critical Body Weight Range (CWR) 
of 1500-5500 grams, such as the Parma Wallaby, Black-striped Wallaby and Rufous 
Bettong, Bandicoots, and Potoroo, have declined in range since European settlement as a 
result of predation by introduced Foxes and to a lesser extent cats (Johnson et al., 1989). 
CWR species appear to persist in moist high quality forests (Burbidge et al., 1990) and 
other areas from which Foxes are absent, and in which other predators such as Dingos 
and Quolls are abundant. The nature of the relationship between Foxes, Dingos, Quolls, 
Cats and CWR manirnals is poorly understood, but may be critical to the long term future 
of many small macropods and native mammals. One theory suggests that CWR species 
persist where Dingos are common and actively exclude Foxes. Although Dingos prey 
upon many macropod species, it has been found that their principle prey are the larger 
macropods, especially Swamp Wallaby and to a lesser extent Red-necked Wallaby 
(Robertshaw and Harden, 1989). It is noteworthy that Foxes appear to be absent and 
Quolls and Dingos moderately abundant, in the high elevation and escarpthent forests to 
the west of the Study Area where Parma Wallaby, Black-striped Wallaby and Red-necked 
Pademelon occur. Where Dingos are abundant they may control and exclude Foxes and 
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Cats, and CWR mammals may escape predation from Dingos in areas with abundant 
shrub cover. 

1080 baiting has been shown to reduce numbers of both Foxes, Dingos and Spotted-
tailed Quolls in the Glen limes Region (P. fleming pers. comm.) but Foxes and Cats 
may recover more rapidly and replace Dingos in the ecosystem after control operations. 
1080 baits laid for Rabbits and Pigs are considered to pose potential threats to Bandicoot 
populations (Ashby et. aL, 1990). 

Options for protection of CWR mammals include: 

6.19 Fox control using species specific techniques which do not affect Din gas and 
Quails; 

6.20 Allowing Dingo numbers to increase (by exclusion of grazing and non-compatible 
uses and eliminating Dingo con trol within 151an of boundaries with agricultural land) 
and control of Foxes and Cats; 

621 Increasing shrub cover by minimising the area subject tofrequentfire (see preceding 
sections) until more is known about the possible ecological consequences of baiting on 
endangered mammals. 

Roading 

Roads are commonly used by foxes and it is possible that roading associated with timber 
harvesting will hasten invasion by foxes and reduce populations of threatened small 
CWR mammal species. There does not appear to be any evidence to confinn or reject this 
hypothesis, but we consider it to be of sufficient importance to justify further 
investigation and monitoring. Recent technological advances in spatial habitat modelling 
using GIS have provided, hitheno unavailable opportunities for evaluating the impact of 
roads on fauna populations. Current policy in the survey region includes natural 
revegetation of all but major roads after logging. 

Options for mitigation of possible impacts include: 

6.22 Long term monitoring and further research to evaluate the impact of roading on 
CWR marsupials and their natural and introduced predators. 

Rare. Poorly Known and Sensitive Species 

The disthbution, ecology, habitat requirements and sensitivity to logging of a number of 
endangered species with highly restricted distributions is so poorly known that localised 
populations are potentially at risk of local or regional extinction after minor disturbances 
such as the logging of a single compartment. 

Options for mitigation of this risk include: 

623 Protection of all known populations of endangered species with restricted 
distributions (less than 10 known sites in the survey region, species as specified in 
following sections)from logging disturbance by buffer zones of up to 200m until more is 
known about their management requirements and sensitivity to logging (see Table 9.1). 
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Species of Conservation Significance 

Squirrel Gliders (Vulnerable and Rare: Schedule 12) 

Squirrel Gliders are sparsely distributed from Cape York to Victoria, inhabiting open, thy 
forest and woodland, and occasionally moist eucalpyt forest and rainforest. Much of the 
species habitat has been cleared for agriculture. There are few records of the Squirrel 
Glider in the Study Area (Appendix F), but the species has been reported in Candole 
State Forest on four separate occasions, suggesting that this is a local stronghold for the 
species. Present understanding suggests that this species will be most common in 
floriferous sub-coastal apd coastal forests with abundant winter flowering trees and 
shrubs. The largest concentrated population in the general region occurs in coastal 
Blackbuttlheath adjoining littoral rainforest at Limebumers Nature Reserve north Port 
Macquaiie (A. Smith unpublished data). 

Mitigation Options: 63-6.7, 6.16- 6.23. 

Yellow-bellied Gliders (Vulnerable and Rare: Schedule 12) 

Yellow-bellied Gliders are distributed along and east of the divide from Victoria to north 
Queensland. They are widespread at low densities in north-east NSW. They occur in a 
wide range of eucalypt forests but have been reported to be most abundant in Dry 
Sclerophyll forest with a xeric understorey (Mackowski, 1986). Yellow-bellied Gliders 
did not occur more frequently than expected in any major forest types but preferred taller 
forest and were absent from heavily grazed and recently logged sites. Yellow-bellied 
Gliders have large home ranges (10-100 ha) and may move seasonally according to 
patterns of flowering, bark shed and availability of other food resources (Kavanagh, 
1984). Evidence from elsewhere in Australia indicates that Yellow-bellied Gliders are 
eliminated from clearfelled and intensively logged forest. The effects of moderate 
intensity logging remain unknown, but results of the present study suggest at least some 
population decline, possibly in approximate proportion to mature tree removal. Further 
quantitative data is required to predict the magnitude of population changes. A local 
concentration of this species occurs in the unlogged old-growth forests of Dalmorton 
State Forest and in the lightly logged areas of Candole State Forest. 

Mitigation Options: 6.1-6.3, 6.5-7, 6.14-6.18 

Koalas (Vulnerable and Rare; Schedule 12) 

Koalas are widely distributed at low density, or in patches of local abundance, in a wide 
range of eucalypt forest and woodlands throughout Eastern Australia. The habitat 
requirements of the Koala are poorly known, particularly at regional and local scales. At a 
state wide scale Koala distribution is closely linked with tree species occurring on high 
nutrient soils along river flats and drainage lines. This habitat has been extensively 
cultivated and most Koalas are found primarily on or near farmland (Reed and Lunney, 
1990). Koalas sleep in the open on sturdy branches, and may therefore be unable to 
occupy regenerating forests until trees are sufficiently large for climbing and resting 
(approximately 25cm dbh). In Pine Creek State forest to the south of the Study Area 
Koalas have been found to prefer high site quality mature and old-growth forests, 
particularly those dominated by Taliowwood and Brush Box (Austeco unpublished data). 
Koalas were observed at only 3 sites during this study (Richmond Range and Fortis 
Creek) but have been recorded at 11 other localities in previous surveys (Appendix F). 
Insufficient records were obtained to evaluate regional habitat requirements. 

Mitigation Options: 6.1, 6.2., 6.23 Protection of known populations by a 200m buffer 
zone (approximately one home range) (refer to Table 9.1) 
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Long-nosed Potoroo (Vulnerable and Rare; Schedule 12 

The Long-nosed Potoroo is sparsely distributed in sub-coastal forests and heaths of 
south-eastern Australia. Only two sightings were recorded in this study, in the dense 
moist forests of the eastern escarpment in Washpool State Forest and in Candole State 
Forest Although this species is rare and difficult to detect it has been previously recorded 
in the Study Area (Appendix F). The preferred habitat in North-east NSW is high 
elevation Rainforest and Moist Hardwood, and Heath at lower elevations (Schlager, 
1981). This may be a relict pattern reflecting local extinction from fox predation in areas 
lacking dense ground cover. In Victoria, this species does not venture far from dense 
cover (Seebeck, 1981). Potential threats to the Long-nosed Potoroo may include the 
reduction of understorey cover by gazing and burning, and predation by Foxes and 
Cats. Sensitivity to Fox predation is considered to be the major threat to its survival, both 
regionally and nationally. Forest management practices which reduce understorey cover 
and indirectly increase fox numbers could have an adverse impact on this and other CWR 
marsupials. 

Mitigation Options: 6.1, 6.9, 6.12, 6.13, 6.17, 6.19-23. 

Parma Wallaby (Vulnerable and Rare; Schedule 12. 

This species range has declined in historic times and it was once considered to be extinct 
in Australia. It has a restricted distribution in moist forests from Watagan Mountains 
Gosford to the Richmond Range and Murwillumbah regions in north-east NSW (Smith 
and Quin, 1993). Little quantitative data is available on the habitat preference or 
sensitivity to logging of the species but it predominates in areas with a mozaic of moist 
forests and grass patches where foxes are scarce or absent (Smith et al., 1992). Attempts 
to re-introduce this species to its former range have failed due to Fox predation. 
Ecological considerations suggest that, like the Long-nosed Potoroo, the most significant 
threat to this species is predation by Foxes. In the absence of Foxes, grazing and fire, it 
is likely that timber harvesting may increase habitat suitability for this species in the long 
term. 

Mitigation Options: 6.1, 6.4, 6.12, 6.13, 6.19-22 

Rufous Bettong (Vulnerable and Rare; Schedule 12 

The Rufous Bettong was once widespread and common throughout NSW but has 
declined since the turn of the century, and is now restricted to the north-east of the State 
from the border to the Kempsey region. It has been reported in Richmond Range, 
Raniornie and Boundary Creek State Forests (NPWS, 1993). The upper Clarence Valley 
is considered to be a stronghold for this species in NSW (NPWS, 1993) where it is 
commonly associated with Spotted Gum forest (Schlager, 1981). An inhabitant of well 
grassed open forest and woodland, it shelters in nests constructed of grass. It is likely 
that its decline is due to predation by the Fox and that the remaining refugia occur in areas 
where Quolls and Dingos predominate and Foxes and Rabbits are scarce. It is unlikely 
that timber harvesting adversely affects this species, but practices which may increase fox 
distribution and abundance such as Dingo baiting and new roading, or which reduce 
cover (fallen logs) such as frequent burning, may have an adverse impact. 

Mitigation Options: 6.8-13, 6.19-22 

Red-legged Padernelon (Vulnerable and Rare; Schedule 12. 

This macropod occurs in coastal and subocastal Rainforests and associated Moist 
Hardwood forests of eastern Australia north of Sydney (Strahan, 1984). No individuals 
were recorded during this study but isolated populations have been reported in the Study 
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Area (Appendix F). It is dependent on dense Rainforest cover and is thought to be 
adversely affected by Fox predation and burning and grazing of existing forest cover. 

Mitigation Options: 6.1, 6.4, 6.12, 6.13, 6.19, 6.20, 6.21, 6.23 in potential habitat 

Brush-tailed Rock Wallaby (Vulnerable and Rare: Schedule 12) 

The Brush-tailed Rock Wallaby is widely distributed along the Great Dividing Range 
form eastern Victoria to Central Queensland. It prefers rocky scarps with wet and dry 
eucalypt forests adjacent to grassland. The species has been recorded in the Mann River 
Wilderness Area, Guy Fawkes River National Park, and north-facing rock faces along 
the Upper Clarence River within the Study Area. It inhabits steep rocky tenain which is 
not subject to timber harvesting, but there is a possibility of fife and logging disturbance 
of shelter in feeding areas adjacent to rocky refuges.The principle threat to this species is 
considered to be fox predation. Timber harvesting is considered unlikely to have a 
significant impact on local populations. 

Mitigation Options: 6.19-23 

Black Striped Wallaby (Threatened; Schedule 12) 

This Wallaby is distributed from north-east NSW to Central Queensland. It prefers thick 
undergrowth in a variety of forest types for shelter and feeds in open forest and grassland 
edges. It occurs in the north-western portion of the Study Area where it has been reported 
at Richmond Range State Forest (NPWS, 1993), probably close to its southern limit It is 
likely to favour Moist Hardwood forests with dense understorey adjoining grassland. 
Management practices which reduce the shrub component of the understorey and increase 
fox numbers are likely to have an adverse impact on local populatibns. 

Mitigation Options: 6.1, 6.8, 6.12, 6.13, 6.19-6.22. 

The Brush-tailed Phascogale (Vulnerable and Rare Schedule 12) 

This species is patchily distributed throughout south-eastern, northern and south-western 
Australia (Strahan, 1984). It appears to have a centre of concentration in south-east 
Queensland and to a lessor extent north.east NSW. It is rarely detected and little is known 
about its ecology and habitat preference. It has declined in range in historic times for 
reasons which are unclear, but it falls within the critical weight range and may be 
threatened by Fox predation. Calaby (1966) did not collect any live specimens in his 
surveys of the Clarence Valley but reported it to be not uncommon in partially cleared 
agricultural country on the basis of local accounts. No individuals were detected by 
trapping in this study. 

Mitigation Options: 6.1-6.3, 6.5-6.13, 6.18, 6.19-6.23. 

Hastings River Mouse (Vulnerable and Rare Schedule 12) 

The Hastings River Mouse is patchily distributed from the Banington Tops in NSW to 
Warwick in south-east QId. It was not detected at any survey sites but has previously 
been reported in the Billilimbra State Forest (NPWS, 1992), Cunglebung Catchment of 
Dalmorton State Forest (NPWS, 1991), and Charlie Plain area in Clouds Creek State 
Forest (Horton, 1991) (Appendix F). The habitat of Hastings River Mouse is reported to 
be characterised by streams or soaks under tall open forest with dense ground cover 
including patches of sedges (Carex, Juncus, Restlo) (King, 1984; D. Read unpublished). 
Features of its habitat at Billilimbra include: moist grassland with Lomandra and heath 
elements; proximity to drainage lines, Rainforest or Moist Hardwood Forest; sandy 
infertile soil; and abundant cover or large boulders, large fallen logs and large Oldgrowth 
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tree buts with hollows and cavities. The effects of logging, burning gazing and other 
forestry activities on this species, and the cause of its general rarity and apparent decline 
remain unknown. Life history features suggest that it could be attributed to Fox and Cat 
predation or frequent burning and loss of diversity in the understorey. Known 
populations are so few that protection of all populations from cultural disturbance can be 
justified as a precautionary measure. Certainly any populations subject to intentional 
disturbance should be monitored before and after management to provide much needed 
information on possible impacts. 

Mitigation Options: 6.12, 6.13, 6.19-6.23 In addition protect all riparian habitat with 
Hastings River Mouse habitat characteristics by an expanded unlogged filter strip 50m 
either side of streams. 

The Spotted-tailed OUoll (Vulnerable and_Rare Schedule 12 

The Spotted-tailed Quoll has declined in range since European settlement. It occurs in a 
wide range of habitats and preys upon a wide variety of small to medium sized arboreal 
and terrestrial mammals (Boschma, 1991). In north-east NSW it appears to be most 
abundant in the moist forests of the Washpool and Gibraltar Range regions. It was 
reported to be locally abundant in the Gibraltar State Forest region where it was detected 
at six sites by hair tubes and scats and wire cage trapping (Smith et aL, 1992). It was 
widespread but less common (than Dingos and Cats) in the Study Area with only 3 
records at survey sites and a local concentration of scats collected in Richmond Range 
State Forest. NPWS (1993) recorded the species in Doubleduke, Ewingar, Mt Marsh, 
Richmond Range, Bilhhimbra and Cangai State Forests. Potential threats to this species 
include 1080 baiting of Dingos and increased roading of new areas where this leads to an 
increase in competition from Foxes, and long term reduction in food supply due to habitat 
degradation by burning and grazing. 

Mitigation Options: 6.1, 6.2, 6.4, 6.8-6.13, 6.19-21. 

Eastern Chestnut Mouse (Vulnerable and Rare Schedule 12) 

This species has a coastal and sub-coastal distribution from Cairns in Qld to central 
NSW. It prefers heathland but also occurs in forest and swamp forest with a dense 
(heathy) understorey (NPWS, 1993). Two specimens of this species was detected in this 
survey, one at a recently burnt site in Double Duke State Forest and one in habitat with a 
heath understorey in Candole State Forest It is thought to prefer heath and dry forest 
habitats at an early successional stage after fife (Strahan, 1984). Consequently, it is not 
considered likely to be disadvantaged, in the long term, by timber harvesting and 
infrequent burning within the Study Area, however, burning and gazing which reduces 
or eliminates the heath understorey in the long term may pose a threat. 

Mitigation Options: 6.12-13. 

Common Planigale (Vulnerable and Rare Schedule 12): 

Two subspecies of the Common Planigale are recognised (Sirahan, 1991). Planigale 
rnaculaza inaculata is distributed along the east coast of mainland Australia from central 
New South Wales to Cape York, and on the Top End of the Northern Territory. This 
species is reported to occupy a range of habitat types including rainforest, wet and dry 
scierophyll forests, grasslands, heathlands, marshlands and rocky areas. In general, this 
species is not found far away from water or moist areas near creeks, swamps and 
marshes (Denny, 1982). Planigale maculata- is recorded as far south as Scone in New 
South Wales and recently in the Urunga Management Area (Austeco in prep), but few 
records are available from the coast south of the Clarence River (Mi.11edge, 1986). This 
species has been recorded at Alstonville, Ballina, Byron Bay and Lennox Head and in 
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southern Queensland (Mt. Tamborine) (Milledge, 1986; Gilmore 1987). Planigale 
maculata has been previously recorded in the Upper Richmond and Clarence River Basin 
(Calaby, 1966) and in Cherry Tree State Forest (Smith, 1989b), although this species 
was not detected during this survey. Little is known about the species preferred habitat 
requirements, or responses to timber harvesting operations. Some protection may be 
afforded in filter strips. Management practices which reduce the extent of understorey 
shrub cover or ground log cover, promote the movement of feral cats, and disturb 
vegetation adjacent to water courses may have an adverse impact on local populations. 

Mitigation Options: 6. 10-13, 6.17, 6.23. 
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7. IMPACTS ON REPTILES 

Introduction 

There have been few comprehensive surveys of the forest herpetofauna of the Grafton 
Casino Study Area. The Moist and Dry Hardwood forests of the escarpment and New 
England Tablelands to the west of the Study Area have been comprehensively surveyed 
and described by Smith et al. (1992) with emphasis on the assessment of logging impacts 
in State Forests. The reptile faunas of the Washpool and Gibraltar National Parks have 
been surveyed by Osborne (1982) and Barker (1980). Reptile communities of the 
Rainforests and Moist Hardwood forests in the Border Ranges to the north and north-
west have been surveyed by Smith et al. (1989a,b). There have been few surveys of 
State Forests or private property in the region. Milledge (1986) surveyed the fauna of 
Coastal Byron Shire and Smith et al. (1990) surveyed the fauna of the Orara and Bucca 
Valleys to the south of Grafton. 

The ecological requirements and basic biology of most reptiles of the Study Area are 
poorly known. Most of the ecological information available has been surmised from 
habitat descriptions, species locality records, anecdotal evidence and expert opinion. 
There have been few studies of habitat preferences for reptiles using systematic surveys 
and statistical validation. Smith et al. (1989a) surveyed rainforest herpetofauna in the 
Mount Warning Caldera region, Pugh (1982) studied differences in reptile communities 
in different habitats in Clouds Creek State Forest, and Smith et al. (1992) examined 
habitat preferences of forest reptiles in the Glen lnnes Forest Management Area. 

Reptiles are ectothermic (rely on external sources for body heat), and predominantly 
insectivorous and carnivorous, consequently their habitat requirements are less directly 
determined by vegetation characteristics than other taxa which feed directly upon plants. 
By contrast, reptile distributions are strongly influenced by climate and other factors 
affecting thermoregulation such as shade (canopy structure), and availability of shelter 
and basking sites. In a survey of the moist forest herpetofaurias of north-east NSW, for 
example Smith et al. (1989a,b), found that few species discriminated between Rainforest 
and Wet Scierophyil forest, with most species responding to differences in climate and 
the availability of microhabitat components and foraging substrates. The availability of 
different substrates, or microhabitats of varying thermal properties is particularly 
important for most reptiles as behavioural thermoregulation (regulation of body heat) is 
important in controlling critical body functions such as digestion, foraging activity and 
reproduction. In contrast to birds and mammals, reptile diversity and abundance is often 
significantly higher in drier habitat types, particularly where there is a variety of ground 
substrate microhabitats. Exceptions to this pattern include the larger non-lizard eating 
snakes from the Boidae, Colubridae and Elapidae Groups. The distribution and 
abundance of these species within climatically similar areas may depend largely on the 
abundance of prey species and suitable foraging substrates. Ecologically these reptiles 
are similar to mammalian Oarnivores. Species such as the Carpet Python, which preys on 
small to medium sized birds and mammals, are likely to respond to environmental 
gradients favouring these animals. Many of the large Elapids are frog eaters and their 
distribution is likely to be determined by the availability of favourable amphibian habitat. 
Tree snakes are likely to respond to both increasing understorey structural diversity and 
the abundance of smaller vertebrates which constitute their prey. 

A list of reptile species likely to occur within the Study Area, has been compiled on the 
basis of broad distribution patterns and known habitat requirements (Cogger, 1986; 
Swan, 1990; Wilson and Knowles, 1988). This list is presented in Appendix D which 
also summarises the results of this survey and those of other surveys, as well as 
Australian Museum and NPWS Fauna Atlas records. Habitat preferences and the 
conservation status of each species are given where available. As discussed previously, 
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the Study Area falls on the junction of 2 major biogeographic regions and contains a high 
level of biodiversity. There are 4 species of reptile which are restricted to north-east NSW 
and south-east Qid., however none are strictly endemic to the Study Area. 

The aims of this study are to: 

describe the reptile communities and endangered reptile fauna of State Forests in the 
Study Area 

assess the likely impact of timber harvesting and associated land uses on these 
communities and species 

suggest options for mitigation of impacts and implementation of ecologically 
sustainable forest management operations. 

Methods 

Survey Methods 

Reptile records were obtained during half-person-hour "habitat searches" on each unit of 
each transect, wet pitfall trapping at the start of each transect, and collation of 
opportunistic sightings during other activities on survey transects and in the State 
Forests. Reptile surveys were carried out between November 1991 and early April 1992. 
Habitat searches were conducted usually by 2 or 3 operators between the hours of 
9.00am and 6.00pm on any thy, and involved searching substrates such as litter, fallen 
logs, grass mssocks, rocks and loose bark. None were conducted during cold conditions 
or in heavy rain. Weather conditions (rainfall, cloud cover), thte and time of thy were 
recorded for each survey. Two 20 litre buckets, containing approximately 40mm of 10% 
formalin solution to narcotise and preserve trapped animals, were dug into the ground at 
the start of unit 1 of each of the 77 sites (except in swampy sites) and left open for a 
minimum of two weeks. Specimens collected in pitfall traps and voucher specimens of 
taxonomically uncertain species were preserved and lodged with the Australian Museum 
for positive identification. 

Habitat searches tend to under sample species which are arboreal, nocturnal, or which 
reside in immovable or inaccessible refuges while not acflve (eg. large rock crevices, 
burrows, termitaria, tree hollows and large logs). Habitat searches are most effective for 
the detection of species which are diurnal, litter or grass dwellers, and species which 
utilise easily searched refugia such as small rocks and logs, leaf litter, and shedding bark. 
Higher order carnivores (eg. most of the large snakes) were detected infrequently, 
possibly because of the relativity large home range sizes relative to the area searched. 

Wet pitfall traps sample only a small area relative to survey effort however, pitfalls 
complement habitat searches by sampling nocturnal fauna, small species that shelter in 
inaccessible refuges, and species that are active only under certain weather conditions. 

Species Richness and Abundance 

Data obtained during reptile searches were used to calculate relative measures of species 
richness and total abundance. The results of all 5 half-person-hour searches for each site 
were pooled prior to data analysis. Pitfall data was not subjected to statistical analysis 
because of the paucity of records and the high variability in weather conditions during the 
trapping period. 
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Data Analysis 

Habitat preferences and landuse impacis were assessed by the analysis of associations 
between reptile species richness, total reptile abundance, species abundance, and species 
frequency of occurrence per site with respect to measured environmental variables. 
Associations between quantitative variables were analysed by linear regression. 
Associations between quantitative dependant variables and qualitative environmental 
variables were measured by analysis of variance. Associations between the frequency of 
occurrence of individual species and environmental variables were determined by Chi-
squared analysis after first converting continuous environmental variables into categories. 
(see Chapters 1 and 2 for further explanation). 

Data Interpretation 

Impact assessment was based on a combination of 

literature review of logging impacts measured in similar situations elsewhere in 
Auswalia 

statistical modelling of associations between measured reptile diversity and abundance 
and previous logging andother forestry land-uses in the Study Area (eg. logged versus 
unlogged); 

ecological interpretation of predictive models to forecast likely impacts under 
alternative management regimes. 

Impact prediction by these methods involves an element of uncertainty which can only be 
eliminated by long term monitoring. Monitoring procedures are recommended where 
uncertainty is considered to be high. 

Results 

Diversity and Communities 

A total of 41 species of reptile were detected in the Study Area (Tables 7.4, 7.9, 7.14). 
The greatest diversity and numbers of reptiles were found in the Southern Richmond 
Range (18 species) and Coast Range (14 species) subregions in the Study Area, which is 
probably a reflection of the diversity of dry, open forest habitats and the existence of 
sandstone escarpments and rocky areas in these areas. The results from statistical 
analyses of total reptile species richness and environmental variables are summarised in 
Tables 7.1 and 7.2. Analyses of the effect of weather, time of day and date of survey 
revealed that none of these variables had any significant effect on the measured species 
richness of reptiles. Species richness was significantly associated with the ordinal 
variable Overstorey 3, a gradient of decreasing moisture and increasing fire frequency, 
and with understorey type, fire and soil depth. The results suggest that reptile diversity is 
higher in the drier open canopy forest types which typically occur in low site quality 
areas. 

Table 7.1. Significant Associations between Species Richness and Continuous 
Environmental Variables. 

Environmental 
Variable 

Regression 
r 

Probability 
P 

Time Since Fire -0.335 0.003 
Burn Height 0.322 0.004 
Overstorey 3 0.290 0.011 
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Table 7.2. Significant Associations between Total Reptile Abundance and Species 
Richness and Categorical Environmental Variables. 

Environmental Total Species 
Variables Abundance 

P 
Richness 

P 
Understorey stratum 0.001 0.027* 
Soil Depth 0.006 0.048* 
Stumps 0.014 
Fire Intensity 0.014 
% Shrub Cover 0.04 
Time of year 0.002 
*Group variances are not homogeneous according to Bartletis test of homogeneity. 

The Total Abundance of reptiles was associated with many environmental variables; the 
results are summarised in Tables 7.2 and 7.3. These results should be treated with some 
caution, as the analyses of the effect of weather, time of thy and date of survey reveal 
that total reptile abundance was significantly higher during surveys conducted in 
January/February (mean=23.4) compared to those, carried out in November/December 
(mean=7.6) or March/April (mean=9.7, P=0.001). The low detectability recorded during 
November/December most likely reflects the drought conditions experienced during the 
spring of 1992. Weather and time of thy had no significant effect. The index of total 
reptile abundance is dominated by records of the Grass Skink (Lanipropholis delicata) 
which was by far the most frequently detected species (see Table 7.4). 

Regression analysis showed that total reptile abundance was positively correlated with 
grazing and the amount of fallen timber, and negatively correlated with shrub cover and 
time since fire. Analysis of variance shows that total reptile abundance is higher in: areas 
of low fire intensity; little shrub cover, shallow soils (compared to both deep and skeletal 
soils), and grassy and xeric understoreys. Total reptile abundance was lower in sites with 
no recorded tree stumps. Again these results predominantly reflect the preference of L. 
delicaza for drier open forest habitats with moderate to high ground cover. 

Table 7.3. Significant Associations between Total Reptile Species Abundance and 
Continuous Environmental Variables 

Environmental 	Regression Probability 

Years Grazed 0.363 0.001 
Time Since Fire -0.322 0.004 
% Shrub Cover -0.290 0.011 
Fallen Timber cover 0.235 0.041 

In order to interpret patterns of reptilian diversity in detail, associations between cultural 
and natural environmental variables and reptile species richness and abundance were 
examined at the community group and species level. Many of the frequently detected 
reptile species could be classified as belonging to one of two broad 'community groups', 
based on known similarities in habitat preference. Species were placed in each 
'community group' only where evidence from the literature and expert opinion clearly 
demonstrated their likely 'group' membership. The groups are - 
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Open Forest "sun seekers" e.g: 
Larnpropholis .cpp. 
Carlia spp. 
Ctenotus .cpp. 
Cryptoblepharus virgotus 
Arnphibolurus .cpp 
Liasis bunonis 
Egernia mcpheei 
Oedara lesueurii 
Ctenotus .cpp. 
Saiphos equalis 

Wall Skink 

Burtons's Legless Lizard 

Lesueur's Velvet Gecko 

Three-toed Skink 

2. Closed Forest terrestrial "shade seekers", which favour dense canopies and moist 
microhabitat e.g: 

Saproscincus challenged 
Eulamprus murrayi 
Egernia major 
Cacophis squarnulosis 
Hypsilurus spinipes 
Morella spilota 
Ophioscincus truncatus 
Ceoranoscincus reziculatus 

Other species responded to specialised environmental gradients and could not be 
classified into the above broad guilds. These species included aquatic, riparian or swamp 
dwellers, soil and litter dwellers, large carnivores with wide environmental tolerances and 
apparent habitat generalists. Individual species and their associations with environmental 
variables were examined by Chi-squared analysis (presence/absence data) and linear 
regression (quantitative data). 

Open Forest Species 

Diversity and Abundance. 

Fifteen species of "Open Forest Reptile" were detected within the Study Area. The 
greatest diversity occuned in the Southern Richmond Range (14 species) and Coast 
Range.(9 species) subregions in the Study Area, again probably reflecting the diversity of 
dry, open forest habitats and the presence of sandstone escarpments and rocky areas in 
these regions. The relative abundance of the species detected is shown in Table 7.4. 
Species which were detected at less than 5% of sites can be considered uncommon to 
scarce in the Study Area. These species include: 

Rainbow Skink Carlia vivax - regionally scarce but locally abundant, common in the 
southern Richmond Range sub- regioti 

Wall Skink Cryptoblepharus virgatus- likely to be more common in rocky outcrops and 
woodlands. 

Yellow-faced Whip Snake Demansia psammophis- difficult to detect when active, may be 
more common than these results suggest. 

Burton's Legless Lizard Lialis burtonis- very cryptic species, difficult to detect when 
active, likely to be more common than these results suggest. 

Skink Egernia mcpheei - a saxicoline species, probably genuinely uncommon in the 
Study Area. 

Challenger's Skink 
Murray's Skink 
Land Mullet 
Golden-crowned Snake 
Southern Angle-headed Dragon 
Carpet Python 
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Skink Carlia tetradacryla - scarce in the region, more common in dry habitats on the 
western slopes and ranges. 

Skink Lampropholis amicula - scarce in the region, secretive inhabitant of heaths and Dry 
Hardwood forests (Wilson and Knowles, 1988), possibly confused during this survey 
with L. delicata from which it is not readily distinguishable whilst active. Previously 
thought to be distributed from just south of Brisbane and northward, however, Clancy 
(1992) collected 7 individuals during surveys of the Wingham area. May be more 
common than these results suggest. 

Robust Velvet Gecko Qedura robusta - nocturnal and mostly arboreal and, therefore not 
often detected during herpetological searches, may be more common than these results 
suggest. 

Red-naped Snake Furina diadei'na - likely to be scarce in the region, may be associated 
with termitaria. 

Nobbi Dragon Amphibolurus nobbi - scarce in the timber production forests, likely to be 
common in heaths and woodlands which were not intensively sampled. 

Dragon Diporiphora australis - a rare species in the Study Area, previously not recorded, 
t.axonomic status uncertain, nearest previous record (D. au.stralis) from central coastal 
Queensland. One specimen was collected in Fortis Creek State Forest and is currently 
being examined by the Australian Museum. 

Other species likely to occur on the basis of known distribution and habitat, but not 
detected are shown in Appendix D. Many of these species are more common in heath, 
woodlands or cleared grazing land, or only occur in the Study Area at the edge of their 
known ranges. Still others are cryptic or burrowing species difficult to detect by 
systematic survey methods. All should be considered uncommon to rare in the timber 
production forests of the Study Area. 

Table 7.4. Frequency of Occurrence of "Open Forest Reptiles" in the Study Area. 

Lantpropholis deiicata* 59 77 642 
Eufanzprus tenuis 20 26 58 
Saiphos equalis 16 21 39 
Cienorus taeniolazus 8 10 19 
Lampropholis guichenoti 7 9 10 
Lygisaurusfoliorw'n 4 5 13 
Car/ia viva 3 4 15 
Cryptoblepharus virgatus 3 4 5 
Demansia psammophis 3 4 3 
Lialis bu.rtonis . 	 2 3 2 
Egernia mcpheei 2 3 2 
Car/ia tetradactyla 1 1 2 
Lantpropholis amicula 1 1 1 
Qedura robusta 1 1 1 
Purina diadeina 1 1 1 
Amphibolurus nobbi 0 0 1 
DiporiDhora sop (near australis) 0 0 1 

*see discussion of this species in following text 

Significant associations between the diversity of Open Forest Reptiles and environmental 
variables are summarised in Tables 7.5 and 7.6. The results should be treated with some 
caution as time of survey was correlated with reptile abundance and was significantly 
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higher during January/February as compared to November/December or March/April. 
Also, the data for total Open Forest Reptile abundance are biased by the disproportional 
abundance of the Grass Skink (L. delicata) (see Table 7.4). 

Species richness was significantly associated with habitat type (preferring Dry 
Hardwood), soil depth (preferring shallow soils), understorey (preferring xeric and 
grassy understoreys), and logging intensity (preferring light to none or mod/high). Open 
Forest Reptile species richness was positively linearly correlated with fire intensity and % 
grass/herb cover and negatively correlated with time since fire, liner cover and canopy 
height. The total relative abundance of Open Forest Reptiles was significantly associated 
with fire intensity (prefer light and intense to none), soil depth (preferring shallow soils), 
and understorey stratum (avoiding mesic). The total relative abundance of these Forest 
Reptiles was negatively correlated with time since fire and time between fixes. The results 
indicate a preference for open, dry forest habitats and their typical ecological 
characteristics. 

Table 7.5. Significant Associations between Total 'Open Forest' Reptile Abundance 
and Species Richness and Categorical Environmental Variables. 

Environmental 	Total 	Species 
Variables 	 Abundance Richness 
Fire intensity 	 P=0.019 
Soil depth 	 P=0.014 	P=0.0l* 
Understorey stratum 	P=0.00l 	Pc0.001 
Habitat 	 P=0.002 
Logging intensity 	 P=0.009 
Time of year 	- 	P=0.002 
*Gmup variance are not hornogenous according to Bartletts test of homogeneity. 

Table 7.6. Significant Associations between Total 'Open Forest' Reptile Abundance 
and Species Richness and Continuous Environmental Variables. 

Environmental 	Regression Probability 

TOTAL NUMBERS 
Time since fire -0.345 0.002 
SPECIES RICHNESS 
Time since fire -0.467 <0.001 
Bumheight 0.457 <0.001 
%litter cover -0.371 0.001 
%grass/herb cover 0.307 0.007 
Canopy height -0.291 0.010 

Individual Species 

Four species were sufficiently abundant for the statistical analysis of habitat associations. 
These were Eulamprus tenuis, L. delicata, Saiphos equalis and Ctenotus tueniolatus. The 
results of CM-squared analysis of the frequency of occurrence of these species and 
measured environmental variables are summarised in Table 7.7. The results of linear 
regression analysis of significant associationsT between species relative abundance and 
measured continuous environmental variables are summarised in Table 7.8. 
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Table 7.7. Significant Associations between Species Frequency of Occurrence and 
Measured Categoricai Environmental Variables. 

Variables Species Probability 
Environmental P 
Habitat Type 

Ctenotus taeniolatus P c 0.001 
Eulaniprus tenuis P = 0.033 

Soil Type 
Ctenotus taeniolarus P c 0.001 
Lampropholis delicata P = 0.034 

Soil Depth 
Eulaniprus tenuis P = 0.036 

% Shrub Cover 
Eulamprus tenuis P = 0.037 

% Litter Cover 
Eutaniprus tenuis P = 0.035 
Saiphos equalis P = 0.037 
Ctenotus taeniolatus P = 0.045 

Topographical Position 
Latnpropholis delicaza P = 0.006 
Eu/amp rz&c tenuis P = 0.042 

Understorey Stratum 
Ctenonts taeniolatus P = 0.034 

Time Since Fire 
Eulamprus tenuis P c 0.001 
Ctenotus taeniolatus P c 0.001 

Fire Intensity 
Eularnprus tenuis P = 0.032 

Fire Frequency 
Eulamprus tenuis P = 0.03 

Table 7.8. Significant Associations between Species Relative Abundance and Measured 
Continuous Environmental Variables. 

Species Regression r Probability P 
Eulantpru.s tenuis 

% Shrub Cover 	$ -0.267 = 0.019 
Time Since Fire -0.298 = 0.008 
Between Fire Interval . 	-0.296 = 0.009 
Bum Height 0.266 = 0.019 

Ctenotus taenio/arus 
Over storey 3 -0.465 C 0.001 
Exposed Rock 0.367 = 0.001 
% Rock Cover 0.357 = 0.001 
Logging Cycles -0.26 1 = 0.022 
Time Since Logging 0.259 . 	= 0.023 
Years Grazed -0.258 = 0.023 
Stumps/ha -0.232 = 0043 

Lampropholis delicata 
Time Since Fire -0.247 = 0.03 
Between Fire Interval -0.225 = 0.049 
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Habitat associations of the Grass skink L. delicata may be confounded with the 
requirements of two closely related species L. guichenoti and L. ainicula which are easily 
confused with L. delicata in the field and occasionally sympatric with it. Both of the 
former species were detected in the Study Area. The majority of records collected during 
reptile searches were from sightings of active individuals on the round only. The 
identity of these individuals was not always determined by collection, though at least one 
specimen was collected and verified as L. delicata on each site. Uncertain specimens and 
specimens collected by 'wet' pitfall traps were sent to the Australian Museum for 
verification. 

The Grass Skink L. delicata was by far the most frequently detected reptile species in the 
Study Area, found in all broad habitat types. The species is common in suburban areas 
and appears to survive in many disturbed habitats. Although occurring in a variety of 
habitat types, it is invariably associated with canopy gaps and sunny patches within 
habitats with an otherwise closed canopy - for example, it is common along roadsides in 
closed forests. L. delicata was significantly associated with Dry Hardwood forests in the 
Glen Innes Forest Management Area (Smith et al., 1992). In this study, L.' delicata was 
found more frequently than expected in areas with clay soils and less frequently than 
expected in gullies and along creeks. L. delicata was negatively associated with time 
since fife and fire frequency. From the results of AOV, L. delicata was also found to 
prefer sites with a grassy understorey. 

The Bar-sided Skink Eularnprus tenuis may well be a composite species requiring 
taxonomic revision (Wilson and Knowles, 1988), in which case the identification of 
habitat preference may be clouded by the effects of combining more than one species in 
any analyses of species abundance or frequency of occurrence and measured 
environmentaj variables. However, judging by the number of significant associations 
between the skink we recorded and consistent environmental variables, it is likely that 
only one tan is involved in this study. This species was often detected in tree trunk and 
stump crevices, and under fallen timber. E. ten uis was recorded more frequently than 
expected in Dry Hardwood habitats, in areas with shallow soils, in sites with a litter 
cover of 20-50% and in lightly logged areas. It was found less frequently than expected 
on ridges. E. tenuis was positively correlated with burn height, and negatively correlated 
with shntb cover, time since fire and time between fire. Many of these variables are likely 
to be confounded. The results indicate that E. tenuis prefers sites of moderate to low 
quality with little shrub cover. 

The Three-toed Skink Saiphos equalis forages in leaf litter and is often found under 
rotting logs. In the Glen Innes Area (Smith et al., 1992) found S. equalis most 
commonly in Dry Hardwood habitats. The same trend was found in this study, although 
a statistically significant correlation could not be demonstrated. S. equalis was 
significantly associated only with litter cover, preferring habitats with a good cover of 
litter. 

The Copper-tailed Skink. Ctenotus taeniolatus is often associated with low site quality 
rocky areas, particularly of granite or sandstone (Wilson and Knowles, 1988). In this 
study, C.taeniolatus was found to be significantly associated with broad habitat type 
(preferring Dry Hardwood forests), soil type, litter, and time since fire, avoiding sites not 
burnt for many years. C. taeniolatus was positively correlated with rock cover and time 
since logging, and negatively correlated with logging and grazing. The results are 
consistent with the known habitat preferences of the species, the negative associations 
with cultural disturbance most likely reflect confounding with sites of low quality. Dry 
open forests found in rocky sandstone areas are likely to be poorly utilised for timber 
production and grazing. 
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Closed Forest Soecies 

We detected 8 species of '"Closed Forest Reptile" within the Study Area. The greatest 
diversity (7 species) and numbers of this reptile group were found in the Eastern Fall 
sub-regions (South-western, Ewingar/Washpool and Cangai sub-regions) of the Study 
Area, where Rainforest and Moist Hardwood forests are most extensive. The relative 
abundances of the species detected are shown in Table 7.9. Species which were detected 
at less than 3% of sites can be considered uncommon to scarce in the Study Area. These 
species include Ceoranoscincus reticu/atus, Ophiscincus truncatus, Pink-tongued Skink 
Hemispaeriodon gerrardli and the Southern Angle-headed Dragon Hypsilurus spinipes. 

Table 7.9. Frequency of Occurrence of "Closed Forest Reptiles" in the Study Area. 

Species No. of sites % Frequency Total Records 
Occurrence (mci. Opportunistic) 

Eulamprus murrayi 8 10 60 
Saproscincus challengeri 8 10 16 
More/ia spilora 3 4 5 
Egernia major 3 4 3 
Cacophis squamuiosis 2 3 3 
Ceoranoscincus reficulatus 1 1 1 
Ophioscincus truncazus 1 1 1 
Hemispaeriodon gerrardii 1 1 1 

The results from statistical analyses of total "Closed Forest Reptile" abundance and 
species richness with respect to environmental variables are summarised in Tables 7.10 
and 7.11. 'Moist forest' reptile species richness and total abundance were not 
significantly associated with the date of survey, time of thy of survey, or weather 
conditions at time of survey, but with variables such as fire regime, ground cover and site 
quality, which are strongly confounded with Habitat type. The results simply reflect the 
expected association between "Closed Forest" species and Rainforest and Moist 
Hardwood habitats. 

Because of the confounding effect of habitat type on "Closed Forest Reptiles", further 
analysis on the effects of cultural variables (indices of fire, grazing and logging) on 
"Closed Forest Reptile" abundance and species richness was conducted within sites 
containing moist forest types only (ie. only data from sites which were Moist Hardwood 
and Rainforest). The results are summarised in Table 7.12. They show that within moist 
habitats, "Closed Forest Reptile" abundance and species richness are negatively 
correlated to grazing and fire. There were no significant associations with indices of 
timber harvesting. 

Table 7.10. Significant Associations between Total "Closed Forest Reptile" 
Abundance and Species Richness and Categorical Environmental Variables. 

Environmental 	Total 	Species 
Variables 	 Abundance Richness 

Broad habitat 	 <0.001 	<0.001 
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Table 7.11. Significant Associations between Total "Closed Forest Reptile" Abundance 
and Species Richness and Continuous Environmental Variables. 

Environmental 	Species Richness 	 Total Relative Abundance 

Fire interval 0.689 <0.001 0.621 <0.001 
Time since fire 0.569 <0.00 1 0.479 <0.00 1 
Burn Height -0.48 1 <0.001 0.484 <0.00 1 • grasslherb cover -0.553 <0.001 -0.408 <0.001 • litter cover 0.531 <0.001 0.384 0.001 
Grazing intensity -0.382 0.001 -0.386 0.001 
Canopy height 0.304 0.007 0.307 0.007 
Slope -0.277 0 : 015 -0.225 0.049 

Table 7. 12. Significant Associations between Total "Closed Forest Reptile" 
Abundance and Species Richness and Categorical Cultural Environmental Variables in 
Moist Hardwood or Rainfozest Habitat Types Only. 

Variable 	Mean Abundance 	 Mean Species Richness 

Interval between fires P=0.0039 P=0.007 1 
l-3years 0.17 0.17 
4- 9 years 0.50 0.33 
10-30years 2.63 1.125 
30+&unburnt 8.86 	. 1.571 

Grazing intensity P=O.Ø 164 P=0.0433 
medium 0.25 0.25 
light 0.60 0.50 
none 6.15 1.30 

Two species were detected frequently enough to permit analysis of individual species 
preferences. These were Eulanzprus murrayi and Sapropscincus thai/engeM. The results 
of Chi-squared analysis of the frequency of occurrence of these 2 species and categorical 
environmental variables are summarised in Table 7.13. Significant associations between 
their relative abundance and measured continuous environmental variables are 
summarised in Table 7.14. 
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Table 7.13. Significant Associations between Species Frequency of Occurrence and 
Measured Environmental Variables as Determined by Chi-squared Analysis.. 

Variables Species Probability 
Habitat Type 

Eu.lamprusmurrayi P= 0.002 
Saproscincus chat/en geri P = 0.002 

• Grass, Herb Cover 
Eu! amprus nzurrayi P c 0.001 
Saproscincus chal/engeri P = 0.009 

• Shrub Cover 
Eu/aznprusmurrayi P = 0.005 • Litter Cover 
Euiamprusmurrayi Pc 0.001 
Saproscincus chaliengeri P C 0.001 

• Canopy Cover 
Saproscincus challenged P = 0.003 

Understorey 
Eu/anprus mw-rayi P c 0.001 

Understorey Stratum 
Eu!a.rnprusmurrayi Pc 0.001 
Saproscincus challenged P C 0.001 

Grazing Intensity 
Eu1anprusmw-rayi PC 0.001 
Saproscincus challengeri P C 0.001 

Time Since Fire 
Saproscincus challengeri P = 0.002 
Eukrnprus 'nurrayi P = 0.027 

Fire Intensity 
Eulaniprus murrayi P = 0.005 
Saproscincus challengeri P = 0.016 

Fire Frequency 
Eu!antprusmurrayi Pc 0.001 
Saproscincus challengeri P C 0.001 

Burn Height 
Saproscincus challenged P C 0.001 
Eulamprus mw-rayi P = 0.002 
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Table 7.14. Significant Associations between Species Relative Abundance and 
Measured Continuous Environmental Variables. 

Species Regression Probability 
r P 

Saproscincus challengeri 
• Litter Cover 0.363 = 0.001 • Grass, Herb Cover -0.347 = 0.002 
Canopy Height 0.303 = 0.007 
Time Since Fire 0.427 <0.001 
Burn Height -0.400 <0.001 
Fire Interval 0.552 <0.001 

Eulamprus murrayi 
• Grass, herb Cover -0.396 = 0.002 
%LitterCo'er 0.318 	. =0.005 
Elevation 0.266 = 0.019 
Canopy Height 0.255 = 0.025 
Time Since Fire 0.411 <0.001 
Burn Height -0:441 <0.001 
Fire Interval 0.535 <0.001 

The above results demonstrate that E. murrayi and S. challengeri have very similar 
habitat preferences, both are found in moist forest habitats of high site quality. They were 
both detected significantly more frequently in sites that had a high % litter cover, a mesic 
understorey stratum, no grazing, and no evidence of fire. Their relative abundance were 
positively linearly correlated with litter cover, canopy height, time since last fire and the 
interval between fires, and negatively correlated with burn height and grass cover. Slight 
differences between the 2 species are evident S. challengeri has a strong preference for 
habitats with an almost complete canopy cover and tolerates some grass/herb cover. E. 
nzurrayi was not significantly associated with any canopy cover class, strongly 
preferring a low grass/herb cover, and was detected more frequently than expected in 
sites which had a rainforest fern understorey. E. murrayi was also positively correlated 
with elevation, while S. challengeri showed no such association. 

Other Species 

Two species of Calyptotis (skinks) and the Lace Monitor Varanus varius were 
sufficiently abundant for analysis of habitat associations (Tables 7.16 and 7.17). Most 
other species of reptile, not classified into "Open Forest" or "Closed Forest" guilds, were 
detected too infrequently to allow statistical analysis of habitat preference. Table 7.15 
summarises the frequency of occurrence and relative abundance of these reptiles. Species 
detected at less than 5% of survey sites should be considered uncommon to scarce in the 
Study Area. Many of these species are more common in swamps, riparian areas, 
woodlands or cleared grazing land, or only occur on the edge of their known ranges. 
Others are difficult to detect because they favour dense vegetation, or are nocturnal and/or 
arboreal (eg. tree snakes), or occupy large home ranges (eg. large elapids). Species that 
should have been detected in reasonable numbers on the basis of habit, detectability, 
distribution and habitat preference include: Major Skink Egerniafrerei, Dwarf Crowned 
SnakeCacophis krefiii, Small-eyed SnakeCryptophis nigrescens, Anoanalopus verreauxü, 
Stephen's Banded Snake Hopolocephalus stephensii (not detected), Pale Headed Snake 
H. bitorquatus (not detected) and the Coral Snake Sitnoselaps australis (not detected). 
These species must be considered genuinely ite in the Study Area 
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Table 7.15. Frequency of Occurrence of Other Reptiles in the Study Area 

Species No. of sites % Frequency Total Records 
Occurrence (mci. Opportunistic) 

Calyptorts scutirostrwn 21 27 247 
C.rz4icauda 16 21 114 
Varan us varius 7 9 18 
Hemiaspis signata 4 5 4 
Pseudechis porphryiacus 3 4 5 
Egerniafrerei 3 4 3 
Phyllurussp. 2 3 2 
Cryptophis nigrescens 2 3 2 
Ramphotyphiops nigrescens 2 3 2 
Tropidechis carinatus 2 3 2 
Physignathus lesueuri 1 1 6 
Anomalopus vereauxii 1 1 1 
Eu! amprus quoyü 1 1 1 
Cacophis kreftui 1 1 1 
Boiga irregularis 0 0 1 

Table 7.16. Significant Associations between Reptile Species Frequency of Occurrence 
and Environmental and Cultural Categorical Variables. 

Variables Species 	 Probability 

Calyptotis ri4icauda 0.007 
Calyptozis scutirostruni 0.022 
Varanusvarius 0.008 
Calyptotis scutirostrwn 0.015 
Calyptotis n4lcauda 0.003 
Calyptotis rzq'icauda 0.007 
Calyptozis scutirostrum 0.011 
Calyptotis scutirostrwn <0.001 
Calyptotisscutirosrrum 0.047 
Varanusvarius 0.019 
Cadyptozis rzgIcauda 0.047 

Soil Type 
% Shnib Cover 

Understorey 
Understorey Stratum 
Canopy Height 
Years Grazed 
Grazing Intensity 
Time Since Fire 

Table 7.17. Significant Associations between Species Relative Abundance and 
Measured Continuous Environmental Variables. 

Species Regression r Probability 
Calyptotis scutirostrum 

Understorey 1(Mesic) 0.255 = 0.025 
Understorey 2 (Xeric) -0.244 = 0.036 
Elevation 0.242 = 0.034 
% Grass, Herb Cover 0.240 = 0.035 
Years Grazed 0.396 <0.001 

Calyptotis n4Icauda 
Rainfall 0.414 = 0.000 
Distance to Old-growth 0.556 =0.000 
Elevation -0.376 = 0.001 
Time Since Fire -0.246 = 0.03 
Bum Height 0.250 = 0.039 
Fire Interval -0.236 = 0.066 
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Calyptotis scutirostrurn was detected more frequently than expected on sites with clay 
soils, in tall forest and areas with a long history of grazing. It was also found to be 
positively correlated to grass/herb cover and grazing. The results suggest that this species 
prefers upland, higher site quality forests with grassy understoreys. It is a crepuscular or 
nocturnal species favouring moist microhabitats (Wilson and Knowles, 1988). 

The analyses suggest that Calyptotis ruficauda prefers low elevation, dry forests on sites 
of low fertility but high rainfall. C. ruficauda has been previously reported as having 
similar habitat requirements to C. scutirostrum and being separated geographically 
(Wilson and Knowles, 1988). The results of this study suggest that these species have 
quite different habitat preferences even though microhabitat selection appears similar. 

The Lace Monitor (Varanus varius) is a large carnivorous species which was detected in 
many of the State Forests of the Study Area. It was however, detected on only 7 sites 
during systematic survey. From these data, it was found to be significantly correlated to 
shrub cover and areas that had been burnt 3 to 6 years previously. Due to the small 
sample size these results should be viewed with caution. 

Impact Assessment and Mitigation 

Logging and succession 

Review of reptile habitat and microhabitat requirements indicates that reptile species 
assemblages can be expected to change in response to the successional changes in 
vegetation structure and ground cover initiated by timber harvesting. In the short term 
timber harvesting opens the forest canopy, increases sunlight penetration to the ground 
and favours "Open Forest" species. Timber harvesting also increases the short term 
abundance of fallen timber and ground cover. Where regeneration and top disposal burns 
are used, "Closed Forest" species may be eliminated in the short term, and replaced by 
"Open Forest" species. In the medium term, prolific regeneration reduces light 
penetration and may favour "Closed Forest" species, while in the long term light 
penetration may again increase as the forest thins. Recovery of reptile communities to 
pre-disturbance states after logging should occur more rapidly than arboreal mammal 
communities and bird communities because ground cover and sunlight penetration are 
more important to reptiles than overstorey composition and the availability of tree 
hollows. Ground cover resources, with the exception of large fallen timber, are replaced 
relatively quickly or within a single harvest cycle. The availability of rock shelters is 
unlikely to be affected by management practices. The resource most susceptible to long 
term reduction is large log cover, which results from the natural collapse and decay of 
old-growth stems. This problem is likely to be most severe in forests where harvesting 
intensity is high and only a small portion of forest stems are able to senesce naturally. 
Large logs are an important resource for many of the larger reptiles, particularly snakes 
and egemid skinks. The abundance of large, fallen timber may increase immediately after 
the first old-growth harvesting cycle, but is expected to decline dramatically in 
subsequent cycles. 

The likely responses and sensitivity of species to timber harvesting practices are 
becoming evident from recent studies of frequently detected species (Recher et aL, 1975; 
Smith et al.. 1992; Smith and Dunning, 1986). Little is known of rare reptiles. Previous 
surveys of reptiles in Moist Hardwood forests suggest that L. d.elicata and Euianzprus 
quoyii increase immediately after logging (0-8yr) and disappear as the forest matures, 
while E. ,nurrayi decreases after logging and does not reappear until canopy closure up 
to 15 years after harvesting (FCNSW, 1981). In mixed forest in the Eden region, 
harvesting was found to favour Eulamprus ryrnpanurn and Egernia saxtilis through the 
creation of open light conditions with abundant fallen wood cover (Recher et al., 1975). 
In a study of reptile communities before and after logging in Moist Hardwood forests, 
Smith and Dunning (1986) found that numbers of E. murrayi and Sap roscincus 
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challengeri decreased significantly while L. delicata increased significantly after 
maximum utilisation logging, and only S. challengeri decreased after 33% canopy 
retention logging. Dunning and Smith (1986) found that normal maximum utilisation 
logging operations in Moist Hardwood forests at Mt Boss reduced canopy cover, large 
log cover, litter depth, litter cover, and bark cover, and significantly increased bare soil, 
rock, shrub and small log and debris cover. These effects could be observed 12 months 
after harvesting. The results from Smith et al. (1992) in forests of the Glen Innes 
Management Area indicated that Ctenotus taeniolatus preferred unlogged forests 
compared to old-logged (pre-1970) and recently logged forests, and that Eulamprus 
murrayi preferred old-logged forests to unlogged and recently logged forests probably 
because of the increase in log cover after selection logging combined with enough time 
for the canopy to close compared with recent logging). Otherwise the study found that 
timber harvesting alone had little impact on overall reptile abundance and diversity in the 
forests of the Glen Innes Management Area. 

In this study, only Ctenotus taeniolatus showed a statistically measurable response to 
logging, being negatively correlated with the number of logging cycles and positively 
correlated with time since logging. This species however, prefers low site quality forests 
on rocky sandstone sites which are unlikely to be well utilised for timber harvesting. 
Another species Saproscincus challengeri has a strong preference for high canopy cover 
and is an inhabitant of Rainforests and Moist Hardwood forests with a mesic 
understorey. In Moist Hardwood forests the mesic midstorey is likely to provide the 
necessary canopy cover, and any impact from logging and post logging management (eg. 
burning and or grazing), which suppresses the regrowth of this stratum, is likely to 
disadvantage the species in the long term. 

It is clear from the present study, and previous studies of common species, that timber 
harvesting advantages some species and disadvantages others, and that these effects 
change in time during of a single harvesting cycle. The only issue of management 
concern is the maintenance of refuge (shelter) areas to act as recolonisation sources. 
Options for maintenance of refuge areas include: 

7.1 in areas where adjacent compartments are to be subjected to high intensity logging 
(>75% canopy removal) an alternate compartment logging practice be adopted to allow 
reptile population recruitment after logging; 

72 Protection of examples of moist forest with a well developed understorey in filter 
strips and wildlife corridors, to act as recolonisation sources for moist, shade tolerant 
species to re-invade compartments after harvesting. 

7.3 Permitting natural regeneration (no top disposal burn) in a portion (approximately 
33%) of compartments in Moist Hardwood forests, wherever canopy regeneration will 
not be restricted, to prevent replacement of "Closed Forest" by "Open Forest" species. 

Reptile populations generally occur at higher densities than higher vertebrates and persist 
in smaller reserves. Consequently reserve systems designed for protection of higher 
vertebrates should be sufficiently large and representative for the protection of the more 
common reptile species and communities. 

Fallen Timber 

Large logs provide nesting and feeding sites for small terrestrial carnivore/insectivore 
omnivores (Smith et al., 1990; Dickman, 1991), the humid environment of rotting timber 
also provides an important refuge during drought and fire. Large logs are a feature of 
'old-growth' forests providing continuity of ground cover through successive 
generations of fife disturbance (Scots, 1991). Little attention has been paid to the 
maintenance of this resource in logged forest ecosystems. Logging operations (in areas 
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without woodchip markets) commonly leave abundant fallen timber, but this tends to be 
green and of small diameter. It is unlikely that this timber fills the ecological role for 
natural old-growth logs, particularly for the larger reptiles which shelter in hollow logs. 
In this study, total reptile abundance was found to be significantly correlated with the 
amount of fallen timber at surveys sites. The forests of the Study Area have had a long 
history of timber harvesting. We found that natural 'old-growth' large logs (>40cm 
diameter) were rare, and that large log dependant reptiles (eg. Egernia major and E. frerei) were also rare. 

Options for mitigating the impacts on large logs and large log dependent species include: 

7.4 Large fallen old-growth trees be protected as far as practicable from disturbance 
during logging operations and afterwardsfropn regeneration and prescribed burns. 

75 Increase recruitment of large fallen 'old-growth' stems by protection of all remaining 
defective old-growth stems in logged forest from future harvesting and culling. 

Grazing and Fire Effects 

Many reptiles escape fire by burrowing or sheltering under and inside logs (Christensen 
et al, 1981; Longmore and Lee, 1981). Burrowing species may be more common during 
the first few years after fire, litter foraging species increasing later (Caughley, 1985). It is 
likely that the terrestrial reptile species detected in this survey would be affected by fires 
in the short term, either directly through mortality or indirectly through effects such as 
food shortage and increased predation. However, it is considered uhlikely that fire effects 
would directly threaten the long term survival of local populations provided that 
opportunities for recolonisation remain. The most significant effects of fire are on long 
term habitat modification such as the suppression of understorey, and the removal of 
fallen logs. 

The most significant potential effect of grazing is the possible reduction of shrub 
understorey and the effect of this upon arboreal and mesic understorey species. Grazing 
in the area is also closely associated with frequent burning and both are associated with 
decreasing understorey shrub cover and increasing grass cover (see Moore and Floyd 
1994). This combination is likely to cause a shift in reptile community composition from 
'shade seekers' to 'sun loving' species, particularly in moist habitats. The results of this 
study showed a strong significant association of "Closed Forest' reptile abundance and 
species richness with sites that were not grazed and which were very infrequently burnt.. 
This suggests that grazing and frequent burning disadvantage these species. One species, 
C. scuri rostrum, was found to prefer moist forests that had a long history of grazing and 
high grass cover. The two "Closed Forest" species E. murrayi and S. challengeri, which 
were detected frequently enough for analysis, were both strongly negatively associated 
with all indices of grazing and burning. 

All reptile species which forage in the tree and shrub layer, and which are likely to be 
disadvantaged by the simplification of understorey through grazing and burning, were 
rarely detected in the forests of the Study Area. However, it is not clear whether this 
apparent rarity has resulted from landuse which may have suppressed structural diversity 
in the understorey of many forests in the Study Area, or is an artefact of poor 
detectability. 

Options available to mitigate against adverse impacts from grazing and frequent burning 
include: 

7.6 Elimination of grazing under Occupation Permits in all leases where burning is not 
effectively brought under control by SFNSW. 
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7.7 Reducing frequent and moderate (c 10 years) control burning to strategic locations 
for hazard reduction, over not more than 50% of the Hardwood forests in the 
Management Area. 

Species of Special Conservation Significance 

The majority of species within the Study Area were not reported with sufficient 
frequency to evaluate their regional conservation status or habitat requirements. The 
effects of forest land use on all vulnerable, rare, or threatened species should be 
determined by monitoring and further study. 

Options available to improve the knowledge of these species and to mitigate any potential 
adverse effects of forest management practices: 

7.8 The maintenance of a register of any opportunistic sightings of rare, threatened or 
special interest species with emphasis on accurate location of sightings. 

7.9 The protection of all species classified as Rare, poorly known and potentially 
sensitive from logging disturbance by buffer zones of up to lOOm until more is known 
about the effects offorest management practices on these species. (See Table 9.1) 

Table 7.18 lists the species we consider, from the results of our survey and literature 
review, to be rare, poorly known and potentially sen'sitive to forest management 
practices. These species (apart from D. australis) also have a core of central distribution 
in the Study Area 

Table 7.17. Rare, Poorly Known and Potentially Sensitive Reptile Species of the 
Study Area; 

Phyllurus cornuzus 
Diporiphora australis 
Hypsilurus spin ipes 
Ceoranoscincus reticulatus 	Vulnerable and Rare 
Egerniafrerei 
Egernia major 
Hemisphaeridon gerrardli 
Hopolocephalus stephensii 	Vulnerable and Rare 

Rare. Threatened and/or Potentially Sensitive Species 

Carpet Python Morelia spilota variegata 

This species occurs in a wide variety of habitats however, in north-east NSW it appears 
to favour wet forests with well developed understorey. Several specimens were detected 
in Richmond Range State Forest and one in Double Duke State Forest. It is vulnerable to 
direct mortality during logging operations, but is widespread and moderately abundant in 
north-east NSW, and is not expected to undergo significant long term population 
reduction as a result of timber harvesting. Smith et al. (1989a) listed this species as 
secure in north-east NSW. From the results of this study, it is considered that M. spilota 
is common in the North Richmond Range sub-region and rare in each of the other major 
sub-regions in the Study Area. 

No special mitigation procedures are recommended for this species. 
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Ceoranoscincus reticulatus (Vulnerable and Rare Schedule 12) 

This species is distributed in north-eastern Australia, from Grafton to north of Fraer 
Island, Queensland, and inland to Ewingar State Forest. It inhabits Rainforest and Wet 
Scierophyll forests on rich dark soils. It shelters beneath and in rotting logs and under 
mats of leaf litter, foraging in these areas as well. Smith et al. (1989a) found it 
reasonably common in Rainforest of the Bonier Ranges. One specimen in Ewingar State 
Forest was detected during this study and it has subsequently been detected in Richmond 
Range State Forest (NPWS, 1993). C. reticulatus may be uncommon to common in the 
Eastern Fall subregion of the Study Area, and may also occur in the North Richmond 
Range sub region. It is likely to be rare or absent in the other sub-regions. There is no 
information on the sensitivity of this species to forestry land use however, it may be 
adversely affected by canopy disturbance from logging and roading which causes 
changes to microclimate and moisture regimes (NPWS, 1993). 

Options for impact mitigation include mitigation measures 7.2-7.5, 7.8 and 7.9 (50m 
disturbance free radius). 

Dragon Diporiphora australis 

A rare species not previously recorded in the Study Area, with an uncertain taxononiic 
status. The nearest previous recording of this species is from central coastal Queensland. 
One specimen was collected in Fords Creek State Forest, with its identification confirmed 
by the Australian Museum, which represents a large range extension into NSW. 
Diporiphora australis is thought to inhabit a wide variety of habitats preferring low 
shrubs for foraging and sleeping. Impacts of the proposal are unknown. Given the 
scientific interest of this population, the area around any further sightings should be kept 
free of disturbance (lOOm) until more information is available. 

The Southern Angle-headed Dragon Hypsilurus spinipes 

This species has a restricted distribution in moist forests from Gosford to southern 
Queensland (Webb, 1984). It was classified as restricted but abundant in moist forests of 
the Focal Peaks region by Smith et al. (1989b). Pugh (1982) subsequently collected 
many specimens in Rainforest and Moist Hardwood forests of an area in Clouds Creek 
State Forest Southern Angle-headed Dragons appear to utilise small diameter mesic 
understorey shrubs and vines for arboreal activity, and spend most of their foraging time 
in leaf liner on the ground (Manning and Ehrnan, 1991). The impact of harvesting on this 
species is not known, but on the basis of its kown ecology a short term decline may 
occur in response to timber harvesting. Significant long term decline is not expected, 
provided habitats with a mesic understorey are not simplified through post logging 
grazing and burning. This species may occur at high denisties in localised populations 
where there is suitable habitat Only one nest of the species in Dalmorton State Forest 
was detected. The species may be more common than this result suggests. Suitable 
habitat is most widespread in the Eastern Fall and North Richmond Range sub-regions of 
the Study Area. 

Options for impact mitigation include mitigation measures 7.8. 

Major Skink Egerniafrerei. 

This species is distributed from north-eastern NSW to Cape York Queensland. It is 
known to occur in a wide variety of habitats from vine thickets to woodlands (Wilson 
and Knowles, 1988), and is thought to be omnivorous. Like many egernids, individuals 
appear to be dependant on a particular refuge, in this region large hollow logs are often 
used. Three specimens were detected during this survey, 2 in the Southern Richmond 
Range sub-region and one in the Central sub-region. Two of which were found in large 
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fallen logs. Forest management practices which reduce large log cover are likely to 
disadvantage this species. 

Options for impact mitigation include mitigation measures 7.4, 7.5, 7.8. 

Land Mullet Egernia major 

This species is distributed in the moist forests of north-east NSW and south-east 
Queensland. It feeds on fruits, fungi and molluscs in forests with mesic understoreys. 
Like E. frerei , Land Mullets are dependant on large 'home' logs. It may also be 
dependant upon fruiting shrubs and trees. We detected 3 specimens of E. major in the 
Eastern Fall sub-regions of the Study Area, and the species may occur in wet gully 
forests in other sub-regions. 

Options for impact mitigation include mitigation incude measures 7.4, 7.5 and 7.8. 

The Pink-tongued Skink Hemisphaeri don gerrardli. 

This species inhabits Rainforests and Moist Hardwood forests from central eastern NSW 
to Cairns in Queensland. It is partially arboreal, has a crepuscular to nocturnal activity 
pattern and feeds on molluscs (Wilson and Knowles, 1988); We detected one specimen 
of H. gerrardü in Ewingar State Forest. H. gerrardii is apparently reliant on moist 
microhabitats which support terrestrial molluscs and is likely to be sensitive to land use 
practices which suppress mesic understorey development in Moist Hardwood forests. 

Options for impact mitigation include mitigation measures 7.2, 7.3, and 7.8. 

The Beech Skink (Pseudemoia zia) 

The Beech Skink is a rare and restricted species thought to prefer high elevation moist 
forests including Antarctic Beech forests. Preference for this habitat suggests that it may 
be adversely affected by logging, burning and grazing, at least in the short term. No data 
is available to predict possible long term impacts. Most likely to occur in the higher 
elevation areas of the southern Eastern Fall sub-regions of the Study Area, P. zia was not 
found during this survey. 

Options for impact mitigation include measures 7.2 , 7.8 and 7.9. 

The Leaf-tailed Gecko Phyllurus cornuzus 

The Leaf-tailed Gecko is distributed in the moist forests of north-east NSW and south-
east Queensland. The taxonomy of this genus is uncertain, and a saxicoline (rock 
inhabiting) form occurring in granite and sandstone areas may represent a distinct, 
restricted species. Two specimens of the saxicoline form in the Southern Richmond 
Range sub-region were detected. It is unlikely that timber harvesting will have a 
significant impact on this form of P. cornutzts. The effects of harvesting on the wet forest 
species are not known. Since it is thought to forage on tree trunks and limbs it could be 
adversely affected by harvesting in the short term. This form of the species was not 
detected in the Study Area. 

Options for impact mitigation include mitigation measures 7.2, and 7:8. 

The White-Crowned Snake Cacophis harriezrae- Vulnerable and Rare (Schedule 12) 

Cacophis harrienae is distributed along the coastal and sub-coastal areas from the Tropic 
of Capricorn in the north to north-eastern NSW, reaching the southern extent of its 
distribution at Glenreagh, south of Grafton (Swan, 1990). This nocturnal snake feeds 
largely on small lizards, sheltering during the day under refuge such as leaf-litter and 
fallen timber (Cogger, 1992), and is found in Moist Hardwood and heathlands. C. 
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harrietrae was not detected during this study but has been reported by Swan (1990) and 
recorded near the south-west boundary of the Study Area 0.15km SE of the confluence 
of Stockyard Creek and Chandler Creek by NPWS (1993). Its ecology and sensitivity to 
forestry is poorly known. The following options were recommended by NPWS (1993). 

Options for impact mitigation include mitigation measures: 7.6-7.9 (50 m radius) 

The Dwarf Crowned Snake Cacophis hrefftii 

This species has a moderately restricted distribution in moist forests along the central east 
coast of Australia, and may occur in all major sub-regions of the Study Area. It is a 
nocturnal or crepuscular skink feeder, foraging in leaf litter and under fallen logs and 
rocks (Shine, 1980). One specimen was detected in Candole State Forest. Timber 
harvesting effects on this species are not known, but given its known ecology, no 
significant long term impacts on regional populations are considered likely. 

Options for impact mitigation include 7.8. 

Pale-headed Snake Hopolocephoius bitorquatus - Vulnerable and Rare (Schedule 12) 

Hopolocephalus bitorquatus is patchily distributed along the coast, ranges and western 
slopes of eastern Australia, from just north of Sydney to Cape York Peninsula (Cogger, 
1992). This nocturnal and partially arboreal snake occurs in a wide range of habitats from 
Rainforest and Moist Hardwoods to the drier forests on the western slopes. The species 
has been reported in the Study Area (Swan, 1990), however none of the records of the 
Australian Museum fall within State Forests. The species was not detected during this 
study. The few records of H. bitorquarus in the literature are probably a reflection of this 
species rarity. Its sensitivity to forestry practices is not known. The following mitigation 
option were recommended by NPWS (1993) 

Mitigation Options: 7.4-7.9. 

Stephen's Banded Snake Hopolocephodus step hensii (Vulnerable and Rare Schedule 12) 

Stephen's Banded Snake is distributed from central east NSW to south-east Queensland. 
It is arboreal, inhabits Dry and Moist Hardwood forests and Rainforests, and is known 
to shelter in tree hollows (Wilson and Knowles, 1988). There are only a small number of 
records of this species in the literature from the north-east of the state. It was not detected 
during in this study but has been reported in Richmond Range State Forest and 
Nymboida National Park (NPWS, 1993). The reasons for its apparent rarity are not 
known, however it may require tree hollows and shrubby understorey and may be 
disadvantaged by management practices which reduce these key resources. 

Options for impact mitigation include mitigation measures 7.6, 7.7, 7.8, and 7.9 (lOom 
disturbance free radius). 
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8. IMPACTS ON AMPHIBIANS 

Introduction 

Amphibians are probably the most poorly known group of vertebrates in Australia. This 
is clearly shown in Tyler (1992) which presents most of the known information on 
Australian frog biology and ecology as species by species accounts. There is practically 
no detailed ecological information for the vast majority of species, and the taxonomy and 
distribution of several groups is still uncertain. There are also no reliable standardised 
survey methods available to assess relative abundance or habitat preference of the group. 
Most surveys rely heavily upon opportunistic records of calls or sightings. This 
procedure precludes the use of statistical methods for analysing habitat associations. The 
systematic survey procedures employed in this study are best suited to the analysis of 
habitat associations of terrestrial species dependent on riparian habitat for breeding. 

Previously there had been no comprehensive field survey of amphibians in the Study 
Area. The amphibian faunas. of Moist and Dry Hardwood forests of the escarpment and 
New England Tablelands to the west of the Study Area have been surveyed and described 
by Smith et al. (1992). The amphibian faunas of the Washpool and Gibraltar National 
Parks were surveyed by Barker (1980). Amphibian communities of the Rainforests and 
Moist Hardwood forests in the Border Ranges to the north and north west were surveyed 
by Smith et al. (1989a,b). The amphibians of the Murwillumbth Forestry District were 
surveyed by Manning (1992). There have been few surveys on State Forests or private 
property within the Study Area. Milledge (1986) surveyed the fauna of coastal Byron 
Shire and Smith et al. (1990) surveyed the fauna of the Orara and Bucca Valleys to the 
south of Grafton. With the possible exception of Barker (1980), none of these surveys 
focused on amphibian habitats. 

Survey Methods 

Detection Methods 

Amphibians were detected by four methods: 

Habitat seaivhes 

Each unit in the 77 survey sites was searched for one half man hour, and all individuals 
found active or hidden in refuges, or heard calling in the vicinity, were recorded. 

Wet pitfalls 

Two 20 litre buckets, containing approximately 40mm of 10% formalin, were dug into 
the ground at the start of unit 1 of each of the 77 sites (except in swampy sites) and left 
open for a minimum of two weeks. 

Wetland searches 

Areas considered prime amphibian habitat such as streams and wetlands were searched 
opportunistically and visited at night in order to record and identify calls. 

Opportunistic sightings 

Any frog species located from sightings or calls during other facets of fauna survey were 
recorded. Most records in this category were obtained during spotlight transects or on 
roads while travelling in the forests at night. Specimens detected by wet pitfall trapping 
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and voucher specimens of species and morphs of uncertain status were forwarded to the 
Queensland and Australian Museums for identification. 

Scope and Limitation of the Survey 

The survey methods have the following limitations 

The principle aim of the study is the assessment of impacts due to timber harvesting and 
associated activities on the amphibian fauna. Consequently, field survey was focused on 
dryland habitats directly impacted by logging. Survey of riparian habitats, which are 
normally protected from logging by filter strips was minimal, aimed only at compiling 
species lists for different regions. Other habitats such as grasslands and swamps, that are 
not subject to logging but which often support significant populations of amphibians, 
were also less intensively sampled than ecosystems associated with timber production. 

Habitat searches tend to under sample species which are arboreal, nocturnal, or reside in 
inaccessible refuges or which are particularly cryptic when inactive. These are 
characteristics common to many amphibians; most species are active only under 
favourable conditions of temperature and humidity, and many are nocturnal. Amphibians 
are most active during and immediately after rain, and this can greatly bias the results of 
surveys. 

Wet pitfall traps sample only a small area, and only detect species which forage in 
terrestrial habitats. However pitfalls complement habitat searches because nocturnal 
species, species that shelter in inaccessible places and species that are active only under 
specific weather conditions are more likely to be collected by this means. In this study, 
several species were detected primarily by pitfalls (see Table 8.1). The success of wet 
pitfth traps is greatly influenced by temperature and rainfall (Dunning and Smith, 1986; 
A. Smith unpublished), rendering the statistical analysis of habitat associations 
unreliable. 

Opportunistic searching of apparently suitable amphibian habitat, particularly in wet 
wann weather and at night, yields the greatest number of species. This technique does 
not allow the statistical analysis of habitat preference or impacts of forestry landuse as the 
data obtained is strongly biased by the selection of survey sites. 

Species of the Study Area 

The Study Area supports a relatively high diversity of amphibian species due to its 
location at the junction of two major biogeographic regions. Several species are restricted 
to north-eastern NSW and south-eastern Queensland, although none are endemic to the 
region. We compiled a list of amphibian species likely to occur within the Study Area on 
the basis of broad distribution patterns and known habitat requirements (Cogger, 1986; 
Tyler, 1992). Appendix E lists these species and surnmarises the results of our survey, 
those of other surveys, and records from the Australian Museum and NPWS Fauna 
Atlas. Habitat preferences, where known, and conservation status are also given. 

In this survey, 7 species were recorded during habitat searches yielding a total of 46 
specimens for 192.5 person-hours of search time. A further 6 species were collectedm 
wet pitfalls and an additional species 7 were identified opportunistically and by special 
habitat seaches in streams and other potentially abundant sources of amphibians. A total 
of 20 species were detected. Only 3 species (Common Froglet Crinia signifera, Brown-
striped Frog Limnodynastes peroni and Red-backed Toadlet Pseudophryne corzacae) 
yielded sufficient records for statistical analysis. Results from wet pitfalls were highly 
variable with 57 sites recording no amphibians and one site in Double Duke State Forest 
recording more than 80 individuals (this site was less than 200m from a large ephemeral 
wetland). The results from wet pitfalls were seriously confounded by weather. In one 
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two-week period, torrential rain filled buckets in several locations rendering them 
inoperable and requiring re-installation. During another two week period, dry conditions 
prevailed and few specimens were collected. With the exception of P. coriacae no species 
were recorded with sufficient frequency during systematic surveys, to enable indices of 
abundance and species richness to be statistically analysed. 

The results suggest that few amphibiaE species occupy habitats subject to Jogging, and 
that if forestry activities do impact upon amphibian communities this would most likely 
be due to indirect effects upon stream flow and water quality. However, in view of the 
lack of information it would be imprudent to rule out the possibility that some amphibians 
might experience impacts due to forestry activities. 

Table 8.1. Amphibians Detected in the Study Area, Showing Numbers Recorded and 
Percentage of Sites at which Species were Recorded (transect surveys only). 

Number %sites Number %sites 
Adelotus brevis 1 
Criniaparinsignjfera 1 
Criniasignifera 8 5.19 5 
L.echriodusfle:cheri 2 
Limnodynastes ornatus 13 3.90 3 
Limnodynastes peroni 6 1.29 50 1.29 2 
Lininodynastes tasmaniensis 5 1.29 
Limnot-tynastes terraereginae 24 2.60 
L.iwriacaerulea 4 1.29 2 
Litoria chioris 

. 2 
Litoria dentata 3 2.60 1 
Litoriafallax 4 
Lftorialazopahnasa 1 1.29 1 1.29 7 
Litoria lesueuri 1 1.29 15 
Litorianasuta 3 2.60 
Litoria peronii 8 
Mixophyes fasciolants 7 
Philoria loveridgei 1 1.29 
Pseudophryne coriacea 23 12.99 10 9.09 10 
Uperiolia laevigaw 3 3.90 1 

Amphibian Communities and Habitats 

The amphibians of the region an ectothermic (rely on external sources for body heat), 
predominantly insectivorous, and require free water for reproduction, with the exception 
of Assa darlingioni and Philoria spp. which can breed respectively in moist litter and 
boggy seepages. The habitat requirements of most species are unlikely to be determined 
by forest cover or floristics, and are more strongly influenced by climate; distance to 
water bodies; the hydrological and morphological characteristics of water bodies; stream 
bank vegetation; and the availability of suitable micro-habitat for aestivation, brumation 
and shelter. Most species are nocturnal and active only under humid conditions and 
appropriate temperatures. Micro-habitat selection is important for conserving body water 
and avoiding predators. Distribution patterns exhibit some broad correlations with 
vegetation type, but these are most likely due to interrelations between climate and 
vegetation. Habitat fidelity is generally lower than that of higher vertebrates and many 
species are found in a broad range of habitat types. 
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Of the 39 species likely to occur in the Study Area, 36 lay eggs in or near temporary or 
permanent water bodies and rely upon free water for larval development and 
metamorphosis. Assa darlingtoni rears its young from hatchling to juvenile frog stage in 
brood pouches on the backs of adult males, and Philoria spp. lay eggs in tunnels in wet 
soil and/or moss where the young develop from egg to young frog within the egg 
capsule. These species, which do not have an aquatic stage, are confined to moist micro-
habitats within wet forests. Of the 36 species that require free water, only a few are 
dependent on forested habitats and fewer still utilise habitats beyond the riparian zone or 
beyond areas of temporary inundation. Those species which are widespread within forest 
are often also common in adjoining woodland and grazing land. Only Pseudophryne 
coriacea and Lechriodusfletcheri, which are capable of breeding in very small drainage 
lines and puddles, are believed to be largely restricted to forest habitats and able to use 
habitat away from the riparian zone for breeding. P. coricea was the only species detected 
during this survey to display statistically significant habitat relationships. It was found 
more frequently than expected in sites with a high liner cover (20-50%) (Chi-square 
P=0.02); in recently burnt sites (Chi-square P=0.03); and in sites with dry rather than 
mesic understorey strata (Chi-square P=0.04). 

Amphibian species of the Study Area can be grouped into the following guilds on the 
basis of habitat specialisation and requirements for breeding. It should be noted that these 
classifications are based on extremely limited knowledge, and some species may 
subsequently be reclassified into different groups on the basis of more complete 
information. 

species found throughout moist forests, and which do not require free water for 
breeding: 

Assa darlingtoni 
Philoria spp 

Species found throughout 
ponds: 

Adelorus brevis 
Crinia signifera 
Crinia parinsignifera 
Lechriodusfletcheri 

forests and which can breed in temporary (or permanent) 

Limnodynasses ornatus 
Litoria c/i/ohs 
Pseudophryne coriacae 
Uperolia laevigata 

Species found throughout forests, but which breed in permanent or semi-permanent 
water bodies, streams, swamps, and dams: 

Litoria dentaza Litoria lazopalmata 	Litoria vereauxii 
Litoria caerulea Litoria /esueuri 	MLwphyesfasciolatus 
Litoriafallax Litoria peronü 
Lizoria gracilensa Li toria ryleri 

Species largely confined to riparian habitat or vegetation surrounding permanent or 
semi-permanent water bodies: 

Crinia tinnula Litoria brevipahnata 
Lininodynastes dunzerilii !Jtoria nasuta 
Lininoctynastesfietcheri Litoria olongburensis 
Limnodynastes peroni Litoriapearsoniana 
Limnodynastes tasinaniensis Litoria phyllochroa 
Limnodynastes terra reginae Litoria revelata 
Mixophyes balbus Litoria subglandidosa 
Mizophyes iteratus Litoria aurea 
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Impact Prediction and Mitigation 

Review of published literature failed to locate any previous conclusive studies of forestry 
impacts on amphibian habitats or communities. There is a dearth of ecological 
information on the group as a whole, most studies have concentrated on taxonomy and 
breeding biology. With such little information, it is difficult to assess potential impacts. 
However, forest managers should be aware of the following points. Amphibian numbers 
and diversity are greatest in and adjacent to free water. The richest frog faunas found in 
the Study Area were found in the low-lying parts of Mt. Belmore, Double Duke, Devils 
Pulpit and Candole State Forests. These areas contain ephemeral swamps and swamp 
forests of Paperbark and Swamp Mahogany which have had a long history of gazing, 
grazier burning, Tea-tree harvesting and some logging. No habitats of this type were 
identified as being in pristine condition during this study, therefore comparisons could 
not be made and the effects (if any) of these management practices on frogs could not be 
determined. Some frogs (Lechriodusfletcheri, Assa darlingtoni, Philoria spp) within the 
Study Area are restricted to Rainforest and Moist Hardwood habitats. These species are 
among those most likely to be disrupted by timber harvesting, burning and grazing, as 
they are not confined to free water and protected gullies. A stream-side corridor reserve 
system should help protect the breeding habitat of most amphibian species, except where 
grazing occurs and where filter strips fail to prevent declines in water quality. Timber 
harvesting operations have significant effects on water quality including elevated 
concentrations of dissolved salts, suspended solids and nuthents (Campbell and Doeg. 
1989). However, the extent to which riparian species use and depend on upland habitat 
for purposes other than breeding is not known, so that little advice can be provided on the 
appropriate design of wildlife conidors for amphibian protection. 

Options for mitigation of potential impacts and for redressing the current lack of 
information on forest amphibians include: 

8.1 Amphibian species which breed away from permanent water may be more vulnerable 
to harvesting-induced changes in micro-habitat, and should be subject to further 
investigation and monitoring. 

8.2 Cultural disturbance, such as grazing and burning, should be discouraged in swamps 
and ephemeral wetlands, until the effects of these disturbances on important amphibian 
habitat are more clearly understood. 

83 A register should be kept of any opportunistic sightings of rare, threatened or special 
interest species with emphasis on accurate location of sightings. 

8.4 All populations of rare and potentially sensitive species should be protected from 
logging disturbance by up to SUm buffer zone until more is known about the effects of 
forest management practices on these species. (See Table 9.1). 

8.5 Further monitoring and research to determine the sensitivity of amphibians to any 
changes in water quality associated with forestry operations. 

Rare. Threatened and Special Interest Snecies 

Marsupial Frog Assa darlingtoni - (Vulnerable and Rare Schedule 12). 

Distributed from the McPherson Ranges south to Marengo State Forest and Mount 
Hyland Nature Reserve (NPWS, 1993), A. darlingtoni is found in Beech and Rainforests 
and adjacent Moist Hardwood forests. Barker (1980) found it to be common at 7 sites in 
Gibraltar Range and Washpool National Parks. The species was not detected during this 
survey, but is likely to occur in the wetter forests of the northern Richmond Range and 
Eastern Fall sub-regions. The species has been recorded previously in Biliilimbra and 
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Washpool State Forests. A. darlingtoni is classified as abundant but restricted in the core 
of its distribution to the north (Smith et aL, 1989b). There is no information on the 
effects of forest management practices on the species, however the species may be 
sensitive to changes in micro-climate and moisture regimes resulting from canopy 
disturbance from logging and roading (NPWS, 1993). 
Options for impact mitigationinclude mitigation measures 8.1 and 8.3. 

Phi/or/a sp. - (Vulnerable and Rare Schedule 12). 

The identity and affiliation of the Phi/or/a sp. occurring in the Study Area is uncertain and 
it may be a new species. Its habitat requirements are likely to be similar to those of other 
Philoria including dependence on moist, mossy, wet soil in seepages and soaks where it 
reproduces in burrows beside drainage lines. Preferred breeding areas appear to be moist 
seepages at the headwaters of streams (A. Smith unpublished observations). Water 
courses of this order are often logged, but the impact of such logging is not known. 
Excessive clearing and logging may increase light penetration and temperature leading to 
loss of soil moisture and suitable conditions for persistence. Barker (1980) found 
Philoria sp. to be common at 4 sites in Gibraltar Range and Washpool National Parks. A 
specimen was detected by call during this survey in Cangai State Forest 

Options for impact mitigation include mitigation measures 8.1, 8.3 and 8.4 (50m 
disturbance free radius). 

Sphagnum Frog Philoria sphagni co/us - Vulnerable and Rare (Schedule 12) 

This species is endemic to the Northern Tablelands. Known only from a few localities 
from Gibraltar Range through Dorrigo to the Comboyne Plateau (Anstis, 1981). The 
habitats of Philoria sphagnicolus are known to be similar to those of P. Ioveridgei. This 
species was not detected by Barker (1980) or during this survey and is not considered 
likely to occur in the region (NPWS, 1993). 

Green and Golden Bell Frog Litoria aurea - Threatened (Schedule 12). 

L. aurea is found from eastern Victoria and most of eastern NSW, and it reaches its 
known northern most limit just outside the Study Area to the north of Tyagarah (NPWS, 
1993). The species inhabits riparian areas and is largely aquatic. No specimens were 
recorded during this survey. Direct impacts from forestry land use are unlikely, 
particularly if riparian habitats are reserved. Little is known of indirect impacts through 
changes to stream flow and water quality. 
Options for impact mitigation include mitigation measures 8.2 -8.5. 

Green-thighed Frog Litoria brevipalmata -Vulnerable and Rare (Schedule 12). 

Distributed in forests of north-eastern NSW and south-eastern Queensland (known from 
isolated localities), L. brevipalnzata is a poorly known species that has apparently 
declined in recent times. It was not detected during this survey but has been reported at 
Mobong Falls Forestry Reserve close to the southern boundary of the Study Area 
(FCNSW, 1992). Logging may affect water quality in streams but no information is 
available to assess likely impacts of changes in water quality on amphibians. 

Options for impact mitigation include mitigation measures 8.1, 8.3, 8.4 (50m disturbance 
free radius) and 8.5. 
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Olongburra Frog Litoria olongburensis - Vulnerable and Rare (Schedule 12) 

A frog of coastal lowland swamps and creeks particularly swamp sclerophyll forests, wet 
heath and sedgelands (NPWS, 1993). Litoria olongburensis is another poorly known 
species. Although not detected during this survey. L. olongburensis has been previously 
recorded in the Study Area at Broadwater National Park (Australian Museum) and is 
known to oócur near Ballina (Ingram and Corben, 1975). L. olongburensis may be 
susceptible to habitat changes due to fife and grazing in ephemeral swamps and swamp 
sclerophyll forests 

Options for impact mitigation include mitigation measures 8.2- 8.5. 

Peppered Frog Litoria piperata - Vulnerable and Rare (Schedule 12) 

A Northern Tableland species which has been recorded south-east of Glen Innes (Tyler 
and Davies, 1985), L. piperata inhabits riparian vegetation and is only likely to occur in 
the higher altitude western extremities of the Study Area. Sensitivity to forestry is 
unknown, adverses effects of increased siltation resulting from roading, logging, and soil 
compaction are possible (NPWS, 1993). 

Options for impact mitigation include mitigation measure 8.3, 8.4. 

Glandular Frog Litoria subglanthslosa - Vulnerable and Rare (Schedule 12) 

This species is a Northern Tableland endemic. L. subglandulosa inhabits montane 
swamps and streams and is likely to occur in the higher altitude, western extremities of 
the Study Area. Barker (1980) found specimens at 2 sites in Gibraltar Range National 
Park and it was also found in Gibraltar Range National Park by Smith et al. (1992). 
Adverse impacts from forestry landuse are unlikely, particularly if riparian areas are 
adequately reserved, although the species may be sensitive to high sediment loads in 
streams following soil disturbance and the impacts of cattle grazing in swamps (NPWS, 
1993). 

Options for impact mitigation include mitigation measures 8.2, 8.3-8.5 (50m disturbance 
free radius). 

Tinkling Froglet Crinia tinnula - Vulnerable and Rare (Schedule 12). 

C. rinnula is apparently restricted to swamps and swamp forests in north-eastern NSW 
and south-eastern Queensland. Known to occur near Ballina (Ingram and Corben, 1975). 
The species was not detected during this study although suitable habitat exists in Double 
Duke, Tabbimobile and Candole State Forest. The impacts of logging, grazing and tea-
tree harvesting on this species are unknown. The swamp forests of the Study Area are 
important habitat for many amphibian species and further research into landuse impacts 
on this habitat type is required. 

Options for impact mitigation include mitigation measures 8.2, 8.3 and 8.4 (SUm 
disturbance free radius). 

Stuttering Frog MLxophyes balbus - Vulnerable and Rare (Schedule 12) 

This species inhabits riparian rainforest and wet scierophyll forests and is distributed 
from northern coastal Victoria to its northern distributional limit in the study area (Corben 
and Ingrain. 1987). The species has been previously recorded in Cangai and Billilimbra 
State Forests and Washpool National Park (NPWS, 1993), however was not detected 
during this study. Much of the foraging habitat of the Stuttering Frog should be protected 
if riparian forests are adequately reserved, however, the species may suffer adverse 
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impacts from increased steam sedimentation following roading or other soil disturbing 
activities (NPWS, 1993). 

Options for impact mitigation include mitigation measures 8.3- 8.5. 

Southern Barred Frog Mixophyes iteratus - Vulnerable and Rare (Schedule 12). 

Distributed in rainforests and moist forests of north-eastern NSW and south-eastern 
Queensland. M. iteratus is a poorly known species which is expected to have habitats 
similar to other Mixophyes. NPWS (1993) consider it to be a specialised riverine frog. 
The species has been recorded previously in Boundary Creek, Billilirnbra and Shea's 
Knob State Forests and Washpool National Park. The species was not recorded during 
this study. Impacts from forestry landuse in foraging habitat are unknown, but are 
unlikely to be severe in breeding habitat if riparian areas are adequately reserved. Impacts 
from high stream sediment loads due to roading or other soil disturbance are possible 
(NPWS, 1993) 

Options for impact mitigation include mitigation measures 8.3-8.5. 
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9. IMPACT MITIGATION OPTIONS 

The Conservation Significance of the Study Area. 

Special features of the Management Area include: 

A high biodiversity at the State and National levels due to the wide variety of 
habitat types and ecological gradients represented, ranging from high elevation 
moist forests to dry subcoastal heaths, and the location of the region in the zone of 
overlap (Macpherson/Macleay overlap) between Tonensian (tropical) and Bassian 
(temperate) biogeographic regions. 

A large number (39) of rare and endangered species, especially mammals in the 
Critical Weight Range. 

The occurrence of populations of many species at or close to their geographic range 
limits, including the only NSW population of the Dragon lizard Diporiphora 
australis in Fortis Creek State Forest. 

A regionally significant concentration of nectarivorous mammals (Gliders and 
Flying Foxes) and endangered fauna (including the Squirrel Glider, Brush-tailed 
Phascogale, Yellow-bellied Glider, Spotted-tailed Quoll, Rufous bettong and 
Long-nosed Potoroo) in Candole State Forest. 

Examples of unlogged but loggable Moist Hardwood old-growth in Dalmorton 
State Forest, which have achieved local significance through previous logging of 
approximately 97% of the original extent of loggable oldgrowth Moist Hardwood 
in the Management Area. 

0 	Significant populations, in the national and State context, of Yellow-bellied 
Gliders, particularly in unlogged Spotted Gum forest in the upper reaches of the 
Cunglebung Catchment in Dalmorton State Forest. 

The occurrence of locally significant complex mosaics of diverse Rainforest, Moist 
Hardwood, and Dry Hardwood habitats in Cangai State Forest 

The occurrence of a population of the Hastings River Mouse in Clouds Creek State 
Forest and in unlogged forest in Dalmorton State Forest. 

The State Forests represent a crucial link in the major north-south corridor of 
continuous forest cover running along the eastern edge and escarpment of the 
Northern Tablelands from Washpool National Park to Dorrigo, through Clouds 
Creek, Sheas Nob, Boundary Creek and Marara State Forests. 

Special features of the Casino Management Area 

Special featul-es of the Management Area include the following: 

a) 	A high biodiversity at the State and National levels due to: the wide sariety of 
habitat types and ecological gradients represented, ranging from high elevation 
moist forests to dry subcoastai heaths; and location of the region in the zone of 
overlap (Macpherson/Macleay overlap) between Torrensian (tropical) and Bassian 
(temperate) biogeographic regions. 
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A large number (49) of rare and endangered species, especially mammals in the 
Critical Weight Range. 

Good examples of north-south moisture gradients under continuous forest cover, 
from upper Richmond Range State Forest in the north to Mount Marsh State Forest 
in the south. 

The provision of major forest corridors incorporating the Billilimbra, Washpool, 
and Ewingar State Forests on the eastern escarpment of the New England Fold 
Belt, and Richmond Range, Mount Pikapene, and Cherry Tree State Forests on an 
extensive north-south nact of forest which branches into an east-west band of 
forest that extends to the sea, through Mount Belmore, Mount Marsh, Banyabba 
and Gibberadgee State Forests. 

The occurrence of near pristine mammal communities in the Moist Hardwood and 
Warm Temperate Rainforests of Billhimbra, Washpool and Ewingar State Forests. 

fl 	The occurrence of a regionally significant examples of i) dry sandstone escarpment 
habitat in the southern area of Richmond Range State Forest ii) an extensive patch 
of Dry Rainforest in Cherry Tree State Forest iii) an ephemeral wetland surrounded 
by Double Duke State Forest 

g) The occurrence of the most significant known population of the Hastings River 
Mouse in Australia in Billilimbra State Forest (M. Samson, NPWS pers. comm.). 

Options for Mitigation of Impacts 

Options for.mitigating the impact of landuse practices on the fauna and flora and 
maintaining special features of Management Areas include: 

Protection of habitats, species populations or sites of significance in reserves 
within State Foresc 

Modification of forest management practices to eliminate or reduce impacts on 
habitats and species populations; 

Monitoring to evaluate the effectiveness of mitigation procedures and further 
research to clarify areas of uncertainty. 

Through a careful combination of all three strategies it should be possible to achieve both 
conservation and economic objectives without excessive reduction in both values. 

Options for Reservation 

Moist forest ecosystems in the steeper eastern part of the Study Area are well represented 
within Reserves on a regional basis, including the Guy Fawkes, Nymboida, Gibraltar 
Range and Washpool National Parks. Further reservation and restoration of high 
diversity Moist Hardwood forest in Cangai. Washpool and Billilimbra, although 
desirable from a conservation viewpoint cannot be justified on an area basis as these 
habitat types are well represented in adjoining reserves. There is a case, however, for the 
protection of small remaining stands of unlogged Moist Hardwood in Dalmorton State 
Forest., since this area is geographicly isolated from other major occurences of Moist 
Hardwood by topgraphic features and river basins. Approximately 320 ha of remnant 
Moist Hardwood in this area has local significance for maintaining structural habitat 
diversity and continuity of regrowth and old-growth successional stages. 
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Smaller, unmapped stands of high quality old-growth forest may well occur within the 
Study Area. If such stands are identified, for example during prelogging site inspections, 
the conservation status of each stand should be assessed in relation to the proximity of 
flora reserves of a similar forest community and other relevant factors before 
commencement of logging. Where stands represent unique remnants of high quality old-
growth forest within a State Forest, there would be strong grounds for incorporating 
these into the reserve system. 

The National Parks on the coast of the Study Area, Yuragir and Bundjalung National 
Parks contain different types of habitat to those represented within the State Forests. 
Banyabba Nature Reserve contains habitat representative of the State Forests of the lower 
Richmond Range. The only subregion that would appear to lack representative Nature 
Reserves is the Coast Range. An option for the protection of forest ecosystems of the 
Coast Range is the dedication of a significant portion of northern Candole State Forest 
(eg. 25%) as a Nature Reserve. Such a reserve would necessarily include previously 
logged forest that would, in time, regenerate to its unlogged state. Logging intensity 
appears to have been so low that oldgrowth structure and appearance has been maintained 
throughout significant portions of Candole State Forest. 

Special features of Candole State Forest include the following (after Mackowski pers. 
comm. 1993, and this study): 

an exceptionally diverse mosaic of forest types and eucalypt species; 

a high understorey diversity including the occurrence of heaths and winter flowering 
Banksia; 

a high diversity of nectarivorous mammals and endangered CWR mammals; 

occurrence of littoral rainforest patches in protected gullies providing refugia for some 
rainforest and mesic forest fauna; 

a mild climate with less spring drought and mild winter which is thought to be an 
important factor in maintaining a high nectarivore diversity; 

C close proximity to the adjoining Yuraygir National Park providing a continuous 
gradient from coastal heath to thy, open forest, 

g) a low cattle carrying capacity (one head per 12 ha) due to phosphorus deficiency and 
toxic plants, which may have been a contributing factor in maintaining high biodiversity. 

Management for Impact Mitigation 

Options for mitigation of impacts of logging and associated activities on flora and fauna 
values through modification of management practice have been discussed in the body of 
the report. A summary of some general issues follows: 

Fire 

The formulation of appropriate fire regimes is a complex process and requires 
consideration of issues related to silviculture, hazard reduction, grazing and forest 
ecology. Ecological considerations were not taken into account in previous Fuel 
Management Plans for the Area, which was an issue of great concern during the study, 
given the enormous impact of fire on the ecology of the forests. The predominant fire 
regime in the hardwood forests of the Study Area consists of low intensity fifes at a 
frequency of less than four years, mostly in the late winter or early spring. The effect of 
this regime appears to have been to suppress woody shrubs and many species of ferns, 
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leading to the maintenance of large areas of simple grassy understoreys and low levels of 
forest fauna diversity, particularly in dry hardwood forests. Options for mitigating 
adverse impact of the fire regime on forest ecosystems include: 

More precise definition of fire management policy for the Study Area, taking into 
account the effect of fire regimes on the forest ecosystems, and working to obtain 
the cooperation of forest graziers in the implementation of fire policy. 

More active fuel reduction management to maintain a mosaic of different fire 
regimes with designation of some areas as Low Fire Frequency Zones which are 
mapped and left unburnt for as long as possible. Although the maintenance of a 
mosaic of regimes is already an objective of the Fire Management Plans, data from 
our site-based surveys and general observations from the State Forest estate 
suggest that large areas are burnt under a similar frequent, low intensity regime. 
Low Fire Frequency Zones would be protected by a perimeter of forest maintained 
at low fuel levels, to prevent fire from entering the zone and to prevent wild fires 
from leaving the zone during the fire season. Such a strategy should include a 
monitoring and mapping program to more fully determine the ecological and 
silvicultural effects of different fire regimes. 

A thin layer of unburnt liner, preferably of 4 - 6 tonnes per ha should be retained 
unburnt to avoid destroying the microfauna and flora, and volatilising nutrients. 
This can be achieved by burning when the lower layers of litter are moist to ensure 
that the nutrient rich litter and surface soil are not heated to 200 2C. 

The Commission proposes to revise current fire management practices in the Grafton 
Disthct (R. Williams pers. comnt) to take into account ecological considerations. Future 
strategies will aim to maintain a mosaic of vegetation subject to differing fire frequencies 
based around four burning cycles (2-3 year, 3-5 year, 6-10 year, and >10 year 
cycles) .me aim of the proposed burning regime is to subject less than 5% of the district 
to 2-3 year burning, less than 30% to 3-5 year burning, <25% to 6-10 year burning, >25% to >10 year burning and 15% to no burning 

Birds 

Options for maintaining and achieving the diversity and conservation of avifauna include: 

4 	Reduction in the extent and frequency of cultural fires in the State Forest Estate 
Because of the strong 'local cultural' effect (ie frequent burning by graziers to 
promote fodder) forest grazing may also require phasing out of wherever burning is 
not effectively brought under control by the Commission. 

5 	Actively managing fuel levels to ensure a mosaic of fire regimes occurs. 

6 	The inclusion of sheltered SE-aspects in addition to gullies in the network of 
unlogged and unburnt refuge areas and corridors. 

The maintenance of a minimum of 3 well spaced habitat trees for each hectare of 
forest in low site quality forest, and 6 well spaced habitat trees per hectare in high 
site quality forest. 

8 	The selection and retention of trees suitable for rapid hollow development to hasten 
the recruitment of hollow bearing trees where hollow bearing trees are below the 
optimum densities. 
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9 	The dedication of certain areas within State Forests or adjacent National Parks, with 
a high diversity of flowering species, as control areas in which apiary is to be 
excluded for the purpose of monitoring and future evaluation of apicultural impacts. 

10 The Sooty Owl is an endangered species which may be adversely affected by 
logging operations, as it is reported to be most abundant in moist old-growth forest. 
Options for the conservation of the Sooty Owl includes 50% canopy retention 
during logging operations in all high quality moist old-growth forest. 

Bats 

Options for mitigation of logging and culling impacts on bats include options 2. 4, 5, 7-
9, above and, in addition: 

11 Protection of all old-growth stems in filter strips from harvesting; (gully habitat trees 
being the most critical for bats), 

12 Mapping permanent ponds (>5m in length) and protected potential or actual habitat 
trees adjacent to these pools in lOOm wide protection strips of unlogged forest. 

13 Protection of large winter flowering Banksia spp in the shrub understorey from 
logging and fire damage as far as practicable during harvesting operations; 

14 Protection of known roost sites from harvesting disturbance by unlogged buffers of 
lOOm radius, and pre-logging surveysto identify the occurence of most sites in old-
growth; 

Non flying Mammals 

Options for mitigation of impacts on arboreal mammals which reach peak abundance in 
unlogged high quality old-growth forest include, in addition to Options 7-9: 

Reservation of all remaining areas of unlogged Moist Hardwood and high quality 
Dry Hardwood from logging. 

Reduced intensity logging of high quality Dry Hardwood forests to retain 50% of 
the stems >40cm dbh in order to maintain a permanent uneven aged structure. 

Marking and retention of all feed trees of Yellow-bellied Gliders (this represents 
continuation of current practice) 

Options for protection of the large log resource from logging impacts include, in addition 
to Options 1, 2, 4 and 5: 

The protection of large fallen logs (>40cm diameter and 5m length) from destruction 
in regeneration bums as far as practicable. 

Further research and evaluation of logging impacth on habitat tree dynamics, 
including a quantitative assessment of current forest structure. 

Additional options for protection of CWR mammals include: 

Development of fox control techniques which do not affect Dingos and other 
predators; 
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Allowing Dingo numbers to increase (by exclusion of grazing and non-compatible 
uses and eliminating Dingo control within 1.5km of boundaries with agricultural 
land) and controffing Foxes and Cats; 

Adopting a scattered mosaic or alternate coupe logging practice to improve 
population recruitment (of sedentary birds, reptiles, amphibians and small 
mammals) after logging. Alternate coupes should be logged not less than 10 years 
apart in Moist Hardwood Forest, and 5 years apart in Dry Hardwood Forest. 

Reptiles 

Options for maintenance of representative populations of the more common reptile 
communities include, in addition to Options2, 4-8, 15, and 18: 

Permitting natural regeneration (no head disposal burn) in approximately 33% of 
compartments in Moist Hardwood forests, where ever canopy regeneration will not 
be restricted, to enhance survival of Closed Forest Species. 

Amyhibians 

Options for mitigation of potential impacts include: 

Cultural disturbance, such as grazing and burning, should be discouraged in swamps 
and ephemeral wetlands, until the effects of these disturbances on important 
amphibian habitat are more clearly understood. 

Endangered Species 

The following options for impact mitigation apply equally to endangered species of all 
groups of fauna: 

All known populations of colonial roosting and nesting sites, and rare and poorly 
known endangered species with restricted disthbutions (eg. less than 10 known sites 
in the Study Area) which are potentially sensitive to forestry, should be protected 
from logging disturbance by buffer zones of up to 200m as a precautionary measure 
unifi management practices have been developed which take their requirements into 
account and enable them to persist in logged forest. Recommended disturbance free 
zones for each species is represented in Table 9.1. 
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Table 9.1. Recommended Disturbance Free Zones for Rare, Restricted and Sensitive 
Species Requiring Precautionary Protection of Known Populations in the Study Area.The 
number of known sites refers only to accurately located (within 200m) sites based on 
results of this survey and the NPWS NE Fauna Survey. 

Species 	 Radius of protected 	Number of 
Zone (m) 	Known Sites (SFs) 

Rare Species Reciuiring Nest Site Protection C3rafton Casino 
Square-tailed Kite (nests only) 200 0 0 
Powerful Owl (nests only) 200 0 0 
Masked Owls (nests only) 200 0 0 
Sooty Owl (nests only) 200 0 0 

Colonial Bats Reauiring Protection (roost sites onl 
Black flying Fox 100 0 	0 
Hoary Bat 100 1 	0 
Little Bent-wing Bat 	(caves) 100 
Common Bent-wing Bat (caves) 100 
LargePiedBat 100 0 	0 
North Queensland Long-eared Bat 100 0 	0 
Large Footed Mouse-earedBat . 	 100 2 	1 
Beccari's Mastif Bat 100 0 	0 
Yellow-bellied Sheath-tailed Bat 100 1 	 1 
Greater Broad-nosed Bat 100 3 	2 
Troughtonts Eptesicus 100 0 	0 

Sensitive. Restricted and Poorly Known Snecies 
Double-eyed Fig Parrot 200 
Eastern Bristlebird 200 
Black-breasted Button Quail 100 
Yellow-eyed Cuckoo Shrike 200 
Olive Whistler 200 
Brush-tailed Phascogale 200 
Squirrel Glider 100 
Eastern Pygmy-possum 100 
Long-nosed Potoroo 100 
Koala 100 
Hastings River Mouse 100 
Golden-tipped Bat 100 
Egerniafrerei 50 
Pseudenjoja zia 50 
Hopolocephalus step hensii 100 
Ceoranoscincus reticuianis 50 
Diporiphora australis 100 
Philoria spp. 50 
Pkvllurus cornutus 40 
Lizoria brevipalmata 50 
Litoria aurea 50 
Litoria subglandu/osa 50 
Litoria olongburensis 50 
Crinia tinnula 50 
Mixophes balbus 50 
Mixophes iterants 50 
Cacophis han-ietro.e 100 
Hoplocephalus bitorquanLs 100 
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Recommendations for Further Research and Monitoring 

Options for further research and monitoring include the following: 

the effects of honey production in State Forests on native fauna; 

the effects of logging and tree age on nectar and pollen production in representative 
forest types; 

the impacts of logging on habitat wee dynamics, including a quantitative assessment 
of current forest structure; 

the dynamics of large log production and decay in representative logged forest types; 

the impact of roading, understorey structure and 1080 baiting on CWR marsupials 
and their natural and introduced predators; 

the effects of grazing and fire on fire sensitive habitat components and the fauna 
dependant upon thenz 

the ecology, habitat requirements and sensitivity of amphibian species to forestry and 
associated practices; 

the effects of grazing, burning and tea-tree harvesting on swamp amphibians; 

9 establishment of a regiter of sightings of all endangered, unusual or special interest 
species by State Forests, staff training in the identification of Schedule 12 species, 
periodic analysis of the database to review species conservation status and sensitivity 
to management. Each record in the database should record the following information: 

- specific name 
- Date of sighting or collection 
- The State Forest or general location of the sighting 
- AMG coordinates of the location of the sighting -forestry workers should 

indicate the location on a 1:25,000 scale map so that it can be located to within 
lOOm 

- The name of the person who reported the data 
- The name of the person who identified the species 
- Whether a specimen was taken 
- Additional comments 

Long term programs such as this are the only inexpensive means of obtaining 
information on rare species. Data should be analysed regularly to validate past 
conclusions and clarify future impacts. 
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APPENDIX A. THE SURVEY SIlTS OF THE STUDY AREA. 

Site Stats Fo...t Forol Strata Leggtng History E..tlng Horthing 
4 Doubleduk. Blacun Unloggod Reserve 521560 6775335 
5 Daibleduko BIseIwull 1960-70 522230 6771725 
6 Ocubleduk, BlacitutI 1960.70 $19750 6767315 
7 Doubleduka No, Forest (nlalouca) Swa,r, 1980-90 515690 6765925 
8 Doubloduko BlacCult 1970-80 516575 6786000 
9 De.iro PuDt Blacwun 1970-80 515875 6761265 
10 Do.tsPuDI DiyHwdwood 1970 522170 6751780 
11 RdtncndRang. Moist  1960.70 472700 6829445 
12A RCIrTOIId Rang. MZt HardwOOd Pr. 1960 470770 6832090 
128 tbduno.xiRang. MOist HWdWOOd Pro 1960 471450 6631560 
13 RchrrmndRango Moist Hardwood No 1960 470705 6830000 
14 kdtrrndRang. D,ykardwood 1970-60 477270 6824410 
IS Rair,sp,rg. Moist Hardwood Pro 1960 472595 6821385 
16 RchrTtnd Range Rainlorest 1960.70 47412$ 6816475 
17 RdtnoicRang. M&tHa,dWOOd 1960-70 474035 6813150 
18 ftdtrmrtRang. OryHardwood 1960-70 474475 6612380 
19 PtI,TOOd Range Dry Rainlorosi Pro 1960 472865 6809105 
20 Mourn Bot,mr. BIacIutt 1969170 476070 6774435 
21 Mourn Beirmro Biaclturt Pro 1960 476845 6773750 
22* Mount Betnt,o Blackburn 1960.70 476130 6771860 
228 Mount Bent,. Blackburn 1980.90 476220 6771720 
23 Mount Marsh Dry Ha,dwood Unlogged 481320 6767870 
24 Mount Mamj, Blacloutt LSnlogg.d 482650 6768225 
25 Mount Mars), BlactCutt UnIood. old-growTh 480100 6764980 
26 Mount Marsi, Dry Hardwood Unloggod 485450 6766050 
27 EMFIge! MOist HardwOOd 1960.70 445765 6781365 
28 Ev.tngar Mood Hardwood 1960.70 444065 6779485 
29 Engar Moist Hardwood 1960.70 445430 6779975 
30 Ewtngar Raintorosi 1980-90 446935 6779105 
318 Waatool MOS Hardwood Unl0od 442200 6760830 
31C Wa5iooI NOW Hardwood Unbod 443100 6761790 
31D Washpool Moist Hardwood Unloggod 442520 6761925 
BAN30 Banya1ta Dry Hardwood Pr. 1960 495500 6749335 
BAN31 Banyatta Dry Hardwood Pro 	1960 499530 6749750 
8AN32 Banyakia Dry Hardwood 1970 -80 500550 6749045 
w,-tPoo Mount Marsh Dry Hardwood 1960-70 485050 6758035 
32 Cangat Raintorest 1980-present 446312 6724087 
33 Carçai Rainloreg 1970 -80 448320 6723720 
34 Cargai Moist Hardwood 1970 -80 448750 6724300 
35 Dalrnorton Moist Hardwood 1980-present 433570 6715125 
36 Dalmorton Dry Hardwood Unloggod 435765 6715055 
37 Dalmorton Dry Hardwood Unloaod 436850 6714540 
38 Daimorton DryHarawood Urtloggod 439450 6715090 
39 Dalntrton DryHarowood 1970-80 446435 6700560 
40 DaIn,orlon Dry Hardwood 1980-present 448385 6700330 
GUS Mount Bolnor. Biaelcbun Pro 1960 476685 6777590 
CL36 Mourn BolrTro Blaclrbun Pr. 1960 476150 6777175 
BAR37 Mount Boliyoro Dry Hardwood 1970-80 473010 6773475 
BAR38 Mount Betn,or, Dry Hardwood 1980-present 473805 6775480 
41 Cbtfls Creek Moist Hardwood 1980-present 469720 6668750 
42 Shea's NT Moist Hardwood 1970-80 464380 6673850 
43 Shea's NT Blactouti 1970-80 463450 6674260 
44 Cloud'stro.k Moist Hardwood 1970.60 468180 6671615 
45 Cbinscrook Raintorosi 1970-80 469335 6669045 
46* Clouds Crook Moist hardwood 1970-80 469780 6674975 
468 Cloud's Creek Moist Hardwood 1970.80 469925 6666125 
47 Sh.a's NT Blactoun 1970-80 463455 6671910 
48* Rarrre Dry HardwoOd 1960-70 456215 6712125 
48B Rarrwte MoHardwood 1960-70 461825 6711125 
49 Rantm. Moist Hardwood 1960-70 459635 6712245 
50 Grange Dry Hardwood 1980-70 454945 6735205 
51 Grange Moist Hardwood 1970-80 456250 6736175 
52* Grange Blackbutl 1970-80 456175 6737425 
528 Grange Blactbuti 	- 1960-70 456175 6737225 
53 Forts Creek Blackburn No 1960 490875 6741996 
54 Foils Crook Blackrnm Pro 1960 491350 6740135 
55* Foils Croo4 Blackbun 1980-present 492300 6735780 
558 Forts Creek Dry Hardwood 1980-present 492080 6736390 
56 Candolo Dry Hardwood Pro 1960 518175 6704310 
57 Cal-dole Slactouti 1980-present 520500 6706600 
58 Candole Blackburn 1960-70 520525 6707465 
59 Cardos Non worn (n.lalouca) 1970-80 521850 6713100 
60 CaSole Blackburn 1970-80 522925 6716475 
St Candole BlacIthun Unloggod 522330 6717405 
62 Glenugle Raintorost Pro 1960 506015 6698990 
63 Glenugs DryHardwood 1970-80 505340 6699975 
64 Glorugre DryHardwood 1970-80 504725 6701335 

Possible vog scala - Rairdorost, Moist Hardwood, Blacithoit. Dry Hardwood. No., Forest 
Possible logging Strata - Unloggod, No 1960%. 1960-70. 1970-80. 1980-present, National Pa* 



APPENDIX B. KEY TO THE TABLES. 

HABITAT CODE: 

I 	= Rainfozest 2 = Wet Sclerophyll 3 = Dry Scierophyll 
4 = Woodland 5= Shrubland 6 = Grassland 
7 = LittoralForest 8= Heath 9 = Swamp 
10= Mangrove 11 = CoastalScrub 12= Riparian 
13 = Arid Woodland 14 = Urban 15 = Forest-grassland Ecotone 
16 = Streamlines 17 = Aquatic 20 = A wide variety of habitats 

CONSERVATION STATUS: 

National Parks and Wildlife Act (as ammended 1992) Schedule 12 

VR = Vulnerable and Rare 
T = Threatened 

STATE FORESTS AND OTHER LOCALITIES: 

GRAFFON 
BB = BomBom SF. BC = Boundary Creek SF. C = Candole SF. 
Cg = Cangai SF. CC = Clouds Creek SF, D = Dalmorton SF, 
Di = Divines SF. FC = Fortis Creek SF. G = Glenugie SF, 
Gr=GrangeSF. M=MararaSF, N = Nymboida SF, 
PB = Pine Brush SF, R = Ramournie SF, SN = Sheas Nob SF. 
Wf= Woodforcj SF. 

WNP = Washpool National Park NM' = Nymboida National Park YNP = Yuaygir National Park 
BWN = Binderi Wilderness Nomination. 

CASINO 
B = Banyabba SF, 
Bu = Bungabee SF. 
Cr = Carwan SF, 
DP = Devil's Pulpit SF, 
Ew = Ewingar SF. 
MB = Mount Belmore SF, 
My = Myrtle SF, 
S = Southgate SF. 
W = Washpool SF. 

Bi = Bilhilimbra SF. 
Bw = Bungawalbin SF, 
CT = Cherry Tree SF, 
EC = Eden Creek SF, 
Ci = Gibberagee SF, 
MM = Mount Marsh SF. 
RR = Richmond Range SF, 
SI = Sugarloaf SF, 
Wp = Whiporie SF. 

Br = Brmar SE 
Ca = Camira SF, 
DD = Double Duke SF, 
E = Ellangowan SF, 
K = Keybarbin SF. 
MP = Mount Pikapene SF. 
RC = Royal Camp SF. 
T = Tabbimoble SF. 

BNP = Broadwater National Park BuNP = Bundulung National Park BNR = Bunyabba Nature 
Reserve TNR = Tuckean Nature Reserve BNR = Ballina Nature Reserve DSNR = Davis Scrub 
Nature Reserve INR = liuka Nature Reserve IPNR = Inner Pocket Nature Reserve MPNR = 
Middle Pocket Nature Reserve MNNR = Mount Neville Nature Reserve VPNR = Victoria Park 
Nature Reserve 

BIRD GUILD CODES: 

I = Foliage forager (canopy and shrub) 	n = Nectarivorus 
c = Canopy forager 	 Ii = Hollow-dependent 
s = Shrub forager 	 g = Ground foragers 
b = Bark forager 



APPENDIX C. THE BIRDS OF THE GRAFI'ON MANAGEMENT AREA. 

Spedec Habitat Special Habitai Guild SoS. 12 iks, in Region 
Can ponec I. Stsus Gr.ftoc 

Black Bittern 30 coastal, floa,tat VR 
Pacific Ban. 2.3 B.WNP 
Spotted Hattie 4.6 
Squaze4ailed Kite 34 VR BB. CC 
Whittling Kite 3.4 NNP, R 
Brown Gosliawk 3.4 C. WNP 
Collared Spanowhawt 34 BWN, C 
Grey Goshawk 2.3 BWN, Cg, WNP 
RcdGothawk 4.6.16 1 BB,WNP.YNP 
Utile Eagle 3.4.5.6.16 C 
Wedge-tailed Eagle 2.3.4,6 BWN. C. R. W9P. YN? 
Peregrine Fakcr 3.4.6 Cliffs sww, D. WNP 
Brown Falcon 3.4.6 BWN, WNP 
Little Falooc 3.4,5.16 R 
AmnhlanKesnel 4.6 
Painted Builon-quall 3,4,5.6,8 DebrMow shrubs g CR. WNP 
Red'chizd Bunco-quail 4.6 
8mb Thick-knee 4.11.13,16 1 WNP 
Black.brtasted Bistot-qinil 14 Line t 
Lewins Rail 9.12 Rect BWN 
8mb Hen 1.9.12 VR 
AusnlianBmnhThrtey 12 8 BWI'&D,R.WNP 
Wompoo Fruit Dove I C VR BWN.CC, R. NNP. WNP 
Topknot Pigeon I c BWN, WNP 
White Headed Pigeon I Cg. WNP 
Brown Cuckoo-Dove 1 • a BWN. CC, D. R. WNP 
Peaceful Dove 2.2,4 8 
Bar Sbowdatd Dove 	- 2.3,4,5 
EenldDove 5 - a R 
upab Fruit Dove I VR 

Rose-crowned Fruit Dove 124.10 YR 
Common Brontewing 3.43 
Citted Pigeon 3.4.6 
Brush Broozewrng 3.43.11 Thick lmsaorey 
Wonga Pigeon- 121 g BWN, D. IN?., R,WNP 
Glossy Black Cockatoo 2.3,4 Urge Ut hollows f.b YR BWN. 8CC. CC. Cg. D.C. MN?, R. SN. WNP 
Yellow-tailed Black Cockatoo 2.3 Large Ut hollows f.b BW?4. D. WNP 
Sulftur-ated Cockatoo 3.4.12 Large Ut hollows g.b BWN. NNP, R. WNP 
Rainbow,  Loriken 2.332 large Use hollows as BC. BWN, C. Cg. D. 8. WNP 
Scaly-bevuested Locikeer 3.4 Large Use hollows tUb C 
Mink Lorlkeci 22.4 - Large Ut hollows n,cja 
Little Lorlkeet 2.3 Small hollow, n.i.h BwIJ. C. Cg. WNP 
Double-eyed Fig Parrot 1.16 Small hollows 1 
Amnnijan Kmg Parrot 1.2.3 Large ne hollows h BWN,Cg. D. K WNP 
Red-nmiped Parrot 44 Small hollows 
Tluquoise Parrot 4,54.8 Small hollows YR 
Swift Parrot 2.3.4 Small hollow, YR 
CrUnson Rosetta 2,14 Small hollows It BC. BWN, D, R. )4P, WNP 
Easinn Rosen. 4 Small hollow, g BWN. C. D. R 
Pale-headed Rmella 3 Small hollows 
Pallid Cuckoo 2,14 8 
Brush Cuckoo 2.3.4 BWN. C. D. R. WNP 
Faa-called Cuckoo 2.2,4 g BC. BWN. C. Cg CC. D. R. WNP 
Hoi,rmlas Bronze Cuckoo 2.3,4 

inthg(G)BronzeCuckoo 4.15 C BC.BWW,WNP 
CoinmonKoel 12.3.4 s 	- BWN.C.D.NNP,R 
Coaimel-biued Cuckoo 2.3 ca BWN. NM?. R 

ria,tal Cuckoo 2.3 
Utile Bronze Cuckoo 13.4.10 C 
Powaful Owl 2,3 Large Usc bollow, cii YR BWN. C.C(LD. NNP.WNP 	'- 
SoolSm Boobook 2,3,4 Large Ut hollows cii BC. BWN, C. Cg. D. 8. WMP 
Barking Owl 4 Large Ut hollows h 
Barn Owi 4 Large Ut holkliffs h 
MaskedOwl 23.4 Large Ut hollows gh yR C,DNNP.R 
Sooty Owl 12.3 Large Ut hollow, ci. VR BC, CC, D. NNP.WNP 
Tawny Frogmoudi 2.3.4 g BC. BW?( C. Cg. D. R. WNP 
Marbled Frogmouth I YR 

Atznlian Owlet Nighar 2.3.4 Small hollow, Is BC, BM4, C. D. NM?. R. WNP 
Wblie-ihroated Nightjar 22.4 BWN, C. NNP. R 



APPENDIX C. THE BIRDS OF THE GRAFTON MANAGEMENT AREA. 

Speelet Habitat Special Habitat Guild SeliS. 12 Location in Region 
Ciponenta 51.1st, 6 rattan 

Ann Kin8fisba 22 5CR 
Isughin Kookabwn 2.3,4 BWV. C. CC, D. R. WV? 
ForttKingtt,ba 13,12 8 C 
Sacred KiDgIn&T 4 Small hollows g BWN. C. D. R. WV? 
Red. backed Kigflther 4.6.16 Eartkmn banks 

Rainbow Bee-eisa 3.4.5 East&m banks 

DoUa,bird 2,2.4.6 Small hollow, 

Noisy Pita I g BWN. D. MN?. WN? 
Sopeab Lyrebird 1.2.3 g BC. Cg 
AusualiawRusset Grmmd Thnnb 12.3.4 8 BWN, WV? 

Rufous Scnsb.bird 1.2 'Thk tmdagrowth SIR 
EastauBrisfiebird 42.11 Thiekets SIR 

Singing Busbla,t 0.6 
Rufous 

Wekome Swallow 20 BC. BWV. C, WN? 
Tree Marts 20 Small hollows C8 
Fairy Mait 20 Cliffs C 
Yeliow.cyed Cuckoo.sbrike 12.3.4 VR 

Black.faced Cuckoo Strike 20 1 BWN. C. D. R. WV? 
White.beljjed Cuckoo Strike 20 1 BWN, C. R. WV? 
Ciada Bird 2.3.4.12 BWN.C.D.R.WN? 
White Winged TrilJa 4.5.6 
Varied Tnlja 2.3 WV? 
RoseRobin 1.2,3 1 BWN.C.D.WN? 
flame Robin 3.4.8 
Scarlet Robin 4 BWN. WV? 
Hooded Robin 4.5.11 R 
Easiest Yellow Robin 2.33.8 8 BC. BWN. C. Cr— Cg. D. R. WV? 
JackyWirne 4.6.8 8 BWN.C.D.R.WV? 
Pale Yellow Robin I I BWN.D 
Crested Sbñke.m 2.3.4 Deorticatsag bask b BWV. D. V/N? 
Olive Wbisz 12.3.8 Thick tmdcg,owth SIR WV? 
Cotta Whistla 	' 2.3.4.8 Slut I BC. BWIJ. C. CC, D. WV? 
Rufass Wbislla 2.3.5 Slut I BC. BWV. C, CC, D. NN?, R. WV? 
LiWe Strike-tonal, 1.20 Shrubs 

Grey Strike-tonal, 20 8 BC. BWN, CCC Cg. D. R. WNP 
Black Faced Monarch 1.2.3 C BC. BWV, CC, D. R. WN? 
SpeccacledMonaich 1.10 1 BWN.D.R.WNP 
White-eared Monarch 1.4.10 	- - SIR 
Lc.adcnFlycatcber 12.3.10 1 BWN,C,D.R.WV? 
Satin flycatcher 3,4 1 
Reatleas flycatcher 	- 3.4.5 
RufousFancail 121 Struts a BWN.CC.D.R.WN? 
Grey Fantail 2.3.4 Stat f BC. BWV. C. CC Cg. D. R. WV? 
Willie Wagcail 4.6 Struts BWV, C. D. PiN?. R. WN? 
Lognzzmer I Slut g BWN. Cg, 1), WV? 
Whipbird 12.3,7 Slut g BC.BWN.C,Cg.D,R.WN? 	- 

Spotted Quail Thnnh 3 8 BWN.D,R 
Grey-crowned Babler 3,4,5 C 
Superb Fairy Wit, 3.52 slut I , BC BWV CC D. MN!'. R. WV? - 
Vartegated Fairy Wit, 5.8 Slit t BWV. C, Cg. D. R. WN? 
Rcd.backed Wren 3.6 grusy g BWN. D. WNP 
Southern Emu-asu, 4.8 BWN 
Large-bdledSaubWrn, 1.2 Slit 	. I BWN.D.WV? 
YeIJow.ch,oated Scrub Wit, 12.3 Stat 8 BC. BWV. Cg. WV? 
White-Sowed Scrub Wrca 2.3,5 Slit 8 BC, BWN, C. Cg. CC. D R. WNP 
Cliesusum-rumpedHylacaLm 3.4.8 Struts BWN 
Speckled Warbler 4.6 Shrubs 

Weehill 4 Slut 	- WNP 

Brown Gaygoec I Slut c BC. BWV. D. WV? 
Wbite-throsced Geaygone 2.3.4 Stat c BWN. D. R 
Brown Thornbill 2.3 Slit a BC. BWV. C. CC Cg. D. NN?, R. WV? 
Buff-nmiped Tbornbill 2.3,4 Struts S BW74, D. V/NP 

Yellow-nped ThoiWill 3.4.6 Slants a 

Yellow Thombili 3.4 StrUts I BWN. WN? 

Striated Thonabill 3 Stat c BC. BWV. Cg. D. WV? 

Varied SheLl. 3,4 b BWtJ. C 

White-throated Treacreelier 2.3.4 Large ete hollows bb BC BWN, CCC Cg. D. B. WV? 
Red-byowed Treweeper 2.3 Large one hollows b.b BC. BW?4. C& D. WV? 
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S-fl 

&owu Trrc 

Red Wanlebird 

[Awe Wan leb itd 

Stiped Honeyeazn 

Noisy Friartitd 

bUM Priarbird 

Regmt Honeyeasa 

Btu Mir 

Noisy Mir 

Lewins Hooeyeata 

YeIIow.faced Moixyeata 

Wbite.cand Honeycaser 

YelJow.cufted Hotrycasa 

Pmcous Hooeyeata 

While-pt tnned Hoeeyeaxer 

Brovm- beaded Hooeyeater 

While-throa ted Honeyealer 

White-napS Honeycua 

Browu Honeycaser 

New HollaS Hoocyeatn 

Black.cbismed Hooeyeatn 

Blue-faced Hooeyeata 

Vatted Honeycata 

White-checked Honeyeazer 

ESSInD Spmebill 

Scarlet Hooeyeatc 

Mistletoebird 

Spoced Pardalote 

Sthattd Pardalote 

Silva,ye 

Red-browS PSetail 

Double-bar Pinch 

Olive-backed Oriole 

Figbird 

Spangled Dmngo 

Sat Bowctfrd 

RegmtBowabhd 

Green Catbird 

Pandise Riflebird 

White-winged though 

Ausnlian M.gple Last 

White-breasted Woodawdjow 

White.owS Wootwaijow 

Masked Woodswa!iow 

Little Woodswaijow 

Dwky Wootwallow 

Grey Butcbnbbd 

Pied Bwchesbixd 

AurnIian Magpie 

Pied Cwnwoog 

Ainnhjan Ravo 

Toreesian Crow 

Feni Pigeon 

Spoced Turtle Dove 

Ewopean Goldfinch 

House Sparrow 

Common Starling 

Bahilal 

2.3.4 

2.3.5,8 

3.5.8 

4 

3.4 

2.3.4 

3.4 

2.3.4 

3.4 

123 

3.4 

3.4.8 

3.4 

2.3.4 

3.4 

3.4.5 

2,3 

3.4 

3.4.8 

3.4.8 

3.4 

3.4 

4.10 

2.3.4.8.11 

2,34 

2.3.4 

2.3.4 

3.4 

2.3.4.5 

3.4 

2,3.8 

34.5,16 

3.4 

1,2 

2,3.10 

1.2.3 

1.2 

3.4.5 

4.6 

2,310 

4 

3.4.5.8 

3.4 

4.6 

3-4 

4 

3.4.15 

2,34 

4.6 

4.6 

Introduced 

coroduced 

inoodiced 

mroduced 

Special Habitat Guild Stied. 12 	Location in Region 
Component. Status 	Gralton 
Large ccc bollows b CR 

of WNP 
n,f V/NP 

Slntha 

n.j BWN.C.D.R.WNP 

of BWN 

I 	BC.CC  
Stat I BC. BW7. C. D. R 

I C 

CA BC. B. CC. D. R. WNP 

n.j BC. BWN, CC. 0, NNP. R. WNP 
Stat of BWN 

n.e 

nj CR 

C 

BWN.0 

of BC. BWN. C. Cg. V/NP 
Stat 0 . 	 BC. C. NNP. It 
Slabs n.( BWN. WNP 

l.a BC 

La BWN,C.WNP 

Stat a! 

a.n BC. BWN. C. Cg. D. WNP 

n.e BWN. C. D.NNP. R. WNP 

I BC. BWN, C. NM'. B.. V/NP 
Eartlno brks I BC. BWN. C8. D. WNP 
Earthiest banks I BC, BWN. WNP 

of BWN.C.D.R.WNP 
Slat g BC.BWN.C.Cg.D.R.WNP 

I BW?4. C D.NNP. R. WNP 

NNP.R,W?4P 

cit BWN.D.R.WNP 

8 BC. BWN. CC. Cg. D. R. V/NP 

WNP 

Stat s BWN. Cg. 0, WNP 

Slabs I BWN,WNP 

BWN.D. WNP 

8 

CR. 

BWN, V/NP 

B V/N. C. B. 

8 	 BWN. C. CC, V/NP 

8 	 BWN. C. NNP. B. 

8 	 BWN.C.R 

8 	 BC. BWN. C C8. NM', B. WNP 

BWKCC 

C. NNP. B. 



APPENDIX C. THE BIRDS OF THE CASINO MANAGEMENT AREA. 

Specin Habitat Special Habitat Guild Sdaed. U Lwlioo ii. Region 
Components Sins. Casino 

BlackBilleyn 20 cosstal,floodplaS yR 
Pacific Barn 2.3 B.BL&INP.D'NKMPNR 
Spotted Hattie 4,6 BONP 
Square-ailed Kite 3.4 VR Br,Ew 
Whittling Kite 3.4 
Brown Goshawk 3.4 BLW 
Collared Sparrowbawk 3.4 

- BuNP.MM 
Grey Gosbawt 2,3 - . BLBuNP.CT.RR,W 
Red Goaliawk 4.6,16 T BuRP 
Little Eagle 3.4.5.6.16 
Wedge.tailcd Eagle 23.4.6 BLRR.W 
Peregrine Falcon 3,4.6 Cliff. 
Brown P.1cc,, 3.4.6 BuRP' 
Little Falcon 3,4,5,16 

Ausflhian KanI 4.6 

Painted Button-quail 3.4.5.6.8 Debñsflow abnibe g MM.RR 
Redtted Button-quail 4.6 

Bush Thick-knee 4.11.13,16 I DD 
Black-breasted Bttoo-quail 1.6 Liter T 
LawS Rail 9,12 Rent 
Bush Ho 1.9.12 yR CT.RR 
Awlealian Bush 'natty 1.2 8 BLRR.W 
Wompoo Fnilt Dove I c VR BLCT.RR,VPNR.W 
Topknot Pigeon I C Bi,EwJNR,RR,VPt4R,W 
While Headed Pigeon I BLDS?4R.ThJR.VPNR.W 
Brown Cuckoo-Dove I a Bi,DSNR.RR.VPNR.W 
Peaceful Dove 2,3.4 - 8 CT.RR 
Bar ShOuldeed Dove 2,3,43 

Emeald Dove 5 5 DSNRJNBJ.R.VPNR 
Supeb Fruit Dove I VR RB 
Rose-crowned Fruit Dove 1.2.4,10 VR CLDSNRJNR.RR.VPNR 
Common Brouzewing 3.4.5 

Crted Pigeon 3.4.6 
Brush Brouzewing 3.4,5,11 Thick lm&ntorey 
Wonga Pigeon 1.23 8 BWDJ.O.&RR,VPNR,W 
Glossy Black Cockatoo 2.3.4 Large wee hollows lb VR BUNP.DD,Ew,MB.W 
Yellow-tailed Black Cockatoo 2.3 Large trac hollows Lb BLRR.W 
Sulptiur-aesced Cockatoo 3,4.12 Large fle hollow, 0 . BLCF.Ew.RB,W 
Rainbow Lorikeec 2.3.5,8 Large troc bollows a! '  BLDD,Ew.?.Udfl,W 
Scaly-breasted Lorikoet 3.4 Large wee hollows n.i.h DD.MM  
Musk Lorikeet 2.3.4 Large wee hollows n.c.h 
Little Lorikeet 2,3 Small hollows n.i.h BLDD.MM.W 
Double-eyed Fig Parrot 1.16 Small hollows T RB 
Atnuallan King Parrot 1.13 Large wee hollows I, BLDD.Ew,MMfl,W 
Red-ntrnped PasTa 4,6 Small hollow, 
Turquoise Panu 4.5,6,8 Small hollow, VR 
Swift Pasrot 2.3,4 Small hollows yR 
Crtsoo Rosetta 2.3.4 Small hollows h Bi,DD,Ew,R,R.W 
Eaten Rosetla 4 Small hollows g 
Pale-headed Renella 3 Small hollows 
Pallid Cwkoo 2,3.4 
Brush Cuckoo 2.3,4 Bi,DD,KO.f.W 
Fan-tailed Cuckoo 2.3.4 g BLDD$wj.O.4fl,W 
HorsraelJs Bronze Cuckoo 2.3,4 

Shining(G.)BronzeCtrkoo 4,15 - I BLMM.RR.W 
Common Koel 12.3.4 a BUNP,DD.MM.RR 
Osannel-billed Cuckoo 23 c,a BlftqP.crJ.g.&RR,W 
Oriental Cuckoo 2.3 
Little Brrnze Cuckoo 1,3,4.10 
Powafulowl 2,3 Largeneehollows c.h yR BU.BLEW.RLW 
Southern Boobook 2,3,4 Large wee hollows c.h BLDP,Ew,ffNRJ.Qtt.RR.W 
Barking Owl 4 Large Dee hollows h DD 
Barn Owl 4 Large wee holls,cIiffs b 
Masked Owl 2.3.4 Lxgi wee hollows g.h yR Bis.BuNP,RR 
Sooty Owl 123 Large Dee hollows cit VR BLBu.Ew.MB.RR 
Tawny Frogmouth 2,3.4 g BLBu.BuNP.EwJ,ThLRR.W 
Marbled Froçnocsth I yR an 
Ainwalian Owlet NigbIjar 2.3.4 Small hollows Is BLBtBuNP,DD.EwJPNR,MM,RR,W 
White-Throated Nigbtjar 2.3.4 BU.BUNP,CT.MM.RB 



APPENDIX C. THE BIRDS OF THE CASINO MANAGEMENT AREA. 

Species Habitat Special Babital Guild Sthed. Li Lwxion in Region 
Components Siass Casino 

AxinKingbsba 12 

Laughing KnOb Nan 43.4 BLBUNP.DD.MM.RR.W 
Forest Kingfisba 2.3.12 g 
Saaed Kingfisttr 4 Small hollows g BLMM,W 
Red-backed Kizigfisba 4.6.16 EsiUrro banks 
Rainbow Bee-an 3.4.5 Earthen, banks 

Dollarbird 22.4.6 Small hollows Dl) 
NolayPilla I g BLRR.W 
Aibat'sLyiebizd 1 VR RR 
Sopb Lyrebird 1.2.3 8 Bi,Ewfl.W 
Attsfllia&RusseI Ground Thnrb 1.2.3.4 5 BLMM.RR.W 
Rufous Saub-hird 1.2 Thick Imtrwowth VR 
EasinoBrislithird 4.8.11 mkk 
SinØng Bushlait 4.5.6 

Rufous Sooglazt 4.5 

Wekome Swallow 20 W 
TneMarth. 20 Smallbollows 

Fairy Maims 20 Cliffs 
YelJow.eyed Cuckoo-Sbrike 1.2.3A VR Cr.RR 
Black-faced Cuckoo Strike 20 f BLBuNP,DD.Ew,MM.RR 
Wbjlt-be tiled Cuckoo Strike 20 f DD.MM  
Cicada Bird 2.3A.12 . BLBTJNP.DD,MM.RR 

Jte Winged Trilla 434 BuzNP.DD 
VartedTnlla 13 . BLW 
Rose Robin 1.2,3 1 Bi.Ew.RLW 
Flame RObin 3.42 

ScarkiRobin • 	4 

Hooded Robin 4.5.11 

Eascero Yellow Robin 2.3.52 8 BLCT.MM.RR.W 
iacky Winta 4.62 g DD.MM$R 
Pale Yellow Robin I 	• I BI.RR.W 
Crested Sbrike.dl 2.3.4 DCOnicag but b BI,CT.RR 
Olive Whistla 12,32 Thick cmtrwowth VR 
Golctn Wbistlt 2.3.42 Slit I Bi.CT$w.RR.W 
Rufous Whistle 2.33 Sliubs I Bi.BuNPDDJ.04.RR.W 
Link Sbñke-tbnssb 1.10 Slit DD.RR 
Grey Shrlko-thnnb 20 8 Bi.BtINPCF.DD.Ew.MM.RR.W 
Black Faced Moanich 1.2.3 - c Bi.Cr,RLW 
Spectacled Monarch 1.10 a CF.RR 
Wbite.ea,ed Monarch 1.4.10 VR INR.RR 
Leaden flycatcher 12,3.10 1 BLBUNP.DDJThLRLW 
Satin Flycaiche 3.4 1 RR 
Ratlas Flycaicber 3.4.5 

Rufass Fantail 1.2.3 Slit a BLCLI4M.RR.W 
Grey Fancail 2,3.4 Struts, I Bi.BuNPDD.Ewj.Otf.RR.W 
Willie Wagtail 4.6 Slrubs 

Logrumer I Sbubs g BLRR.W 
Wbipb&d 1.2.33 SSubs g BLCT.DD.Ew.MM.RR,W 
SpoaedQuailmnssb 3 g MM 
Greyawned BaNe,' 	. 3.4,5 

Sopot Fairy Wren 3.5.8 Slit a KR 
Variegated Fairy Wrw 5.8 Slrubs a BLBUNPDD.1Q.4.RR.W 
Red.backcd Wren 3.6 gnssy g BUNP.MM 
Southern Emu.a,ui 4.8 

Large-billed Scnjb Wins 1.2 Sliubs a BLCFJ.Q&RR.W 

YeUovhthnated Scrub Wrw 1.2.3 Skbs g BLRR.W 

White-liowed Saub Wren 2.33 Slrubs g BLMM.RLW 
Cbcsanw-rsmipcd Hylacola 3,4.8 51st 

Speckled Warble 4.6 Stnzlz 

Weebill 4 Sliubs 

Brown Gaygcar I Slit c B.CT.RR,W 

W%ile'Uiroaled Gerygone 2.3.4 Slit C. BuNP.DDfl 
Brown Thonsbili 2.3 Slit a BLBIINP.DDJ.4M.RR.W 
BulT-nzmpcd Thotobill 2.3.4 SWIM g BLMI.4 

Yellow-nenped Thorrtill 3.4.6 Slit 

Yellow Thombili 3.4 Slit I BLRR 

Seized Thonibill 3 Slat c BLM1I&RR.W 

Varied SheIla 3.4 b Bi.BuNP.DD.Rk 
While-thronted Treecreeper 2.3.4 Large wee hollows b.b Bi.BuNP.DD.Ew.MM.RR.W 



APPENDIX C. THE BIRDS OF THE CASINO MANAGEMENT AREA. 

Species Babital Special ilabital Guild Sth.t 12 	Lecalioo in Ria. 
Coaponents Stanza 	Casino 

Red-browed Trevcçier 2,3 LalBe ove bouow,. b,h BL.RR.W 
Bmwu Trecateper 2,3,4 Large Dee hollows b KR 
Red W.tzlebS 2,3.5.8 oJ Bi 
Unit Waulebird 3.5.8 0! DD.MM 
Satpedftooeyeazn 4 Sliubs 

Noisy Friaftfrd 3.4 ii! BLBUNP.DD,MM.RR.W 
LitUe Fñazbhd 2,3,4 n.j BuNP.DD 
Regfl Hoeeyeaza 3.4 T 	PC 
Bell MAnn 13.4 Stat I RR,W 
Noisy Mina 3,4 1 BuNP.MM 
Lewths Hooeyeater 1,2,3 en BLCT.DD,Ew,MMJR,W 
Yellow-laced Hotrycain 3.4 at B1.BuNP,DD,MM.RLW 
While-eared Hoceycacer 3.4$ Slit wf 
Yellow-tufted Hoityealer 3.4 Os 

Fuscous Hooeyeain 2,3.4 0! DD.MM  
Wbiie.plumed Hooeyeata 3.4 

Bro..-headed Hoaeyeater 3,44 
White-Ibmated Honeycater 2,3 - 

White-naped Hooeyeain 3.4 n.j BLEw,RR,W 
Brown Hooeyealer 3.4.8 Slit o 
New Hollaed Hooeytn 3.4$ Slit at RI 
Black-chinned Hooeyeater 3.4 to DD 
Blue-laced Honeyeatn 3.4 to BuNP.DD 
Varied Honeycarn 4.10 

While-cheeted Honeyeszer 2.3.4.8.11 Slit of DD 
Eastern Spinebil Z34 3,0 BLMM.RR.W 
&arkl Honeyeacer 2.3.4 oc BLBUNPCLDD.MM.RR.W 
Mislletoebhd 2,3,4 1 Bi,BuNP,DD,MM,RR.W 
Spotted Paydaiote 3.4 EallIrin banks I Bi.MM,W 
Stiated Pardaloce 134,5 Eartkrn banks I BUNPDD 
Silvaeye 3.4 n.j BLCT.RR,W 
Red-browed Fjrnail 2.3$ SIrubs g BLDD.Ew,MM.RR 
Double-bar Finch 3.4,5,16 
Olive-backed Oriole 3.4 1 BLBUNP.CT.DDXM.RR.W 
Figbird 1,2 1 Cr- 
Spangled Diongo 2.3.10 c,h BLM3&RR,W 
Saint Bowabfrd 1.2.3 g BLEw.MM.RLW 
Regent Bowabfrd I C - 	 RB 
Green Cathbd 1.2 Stat s BLEw,RR,W 
Pandise Riflebfrd I Slit I BLRR.W 
White-winged though 3.4.5 

Ausnli.n Magpie Lark 4.6 8 
White-breasted Woodswallow 2.3.10 
White-flowed Woodswaljow 4 

Masked Woodswallow 3.4.5.8 
Utile Woo.twaijow 3.4 	- 

Dusky Woodswaliow 46 MMAR 
Grey Butbatird 	- 3.4 g BuNP.DD,MM 
Pied Buichertud 4 8 BuNP,RR 
Auintian Magpie 3.4.15 8 RB 
Pied Cwrawong 2.3,4 8 BLDD.Ew.MM.RR.W 
Atanlian Raven 4.6 DDRR,W 
Toemisian Crow 4.6 - 

FenJ Pigeon introflared 

Spotted Tbrue Dove introttred 

Earopean Goldihich inotdred - 

House Spanow inooOrS 

Common Starling inczoCxed 



APPENDIX D. THE REPTILES OF THE GRAFFON MANAGEMENT AREIt 

Common N. SOeS&lc N.nw HsbltaS Habitat coaipo.ntds 

olamsE 

Lag.S Tirtle Chelodina IongicoUfr 9.12.16.17 
Saw.drJIufTlfle that, Anaemia, 12.16.17 rivs 
Slw.efled 1\rlle Em$ua aigasna 1216.17 riven 

GEKKONIDAL 
Wood Gko Dipadacria Wna 23.4.5.6.7.8 mtlnli Cp 
Lau&. Veiva Gecko OSwo kniescu 3.8 roth nvvica 
km Velvet Gko Qedaca robwza 3.4 ubczral/gnafl hollows 
Socthm, SpotS Velyd 

Gecko Oethoo l'yoni 3.4 rock atvica 
Le.aJ.tailed Gecko Phy4lwTa pAnww 2.3.4 Coot ava,ovat,angs 
tnf.ujled Gecko Ph$Iw'.ts enaw 1.2 ueaJfltc SUows/ovvjca 
Thick-Latiod Gcào Undnwoodisw.gw., miii 2.3.4.5.8 rothMogaeWmçsftimows 

PYGOPODWAE 

DeIn,a plebia 3.4 rothMogsMehs 
Detain sinca W rflop*lcsia 

Buncos Legless Lizard Liafi, bwwni, 20 ththogMioe 
Caimaz Scaly-foot Fysopis, lepidopcdw 23.4.5.7.8.11.13 demuc gstsaltht 

VARANWAE 

Sand Monitor Va,a.wj goiddli 2D br,ows/dmse v. 
Lace Manila Varonia vwiw 12.3.4.7.15 met, hollows 

SeMd. U Iaallon In the Region 

Swat Graflac 

BWN.R 

BWN.C..R 

BWN 

BWN.CXflC8.D.R.G.Gr.R 

AGAMIDAE 

Jacky Unid 

Nobby Lürd 

Scuthan Angle-Headed 

Dragon 

Eastan WsLa Dngai 

Esgem Btd Dragon 

SaN cIDAE 

Vejycains Stink 

Satan Rainbow kink 

Tiasoek Rainbow kink 

Wall Lizard 

Striped Stink 

Coptn.tailal Stink 
Ctmninghsxns Stink 

Major kink 

Land Mullet 

W•s kink 

Eamnn Warn kink 

Barred. sided Stink 

Red-drared kink 

ScSi Stink 

Ptk 	Lizard 

Grass Stink 

Garden Stink 

Tee-toS Stink 

Wansel kink 

Blue-taigued Lined 

TYPItOPWAE 

Blind Snake 

Blind Snake 

Antphibolr.0 mwicwa, 3.4.5.8.11.35 low bollo.nflop*sS WNP 
Antphibobcw nobbi 3.4.15 roths/logsMa-,sc vcg. D.R.SN 
Diporipl'ao auzvali, 2.3.4.11 FC 

Hypsihns wiasipcs 1.2 dote vegftbickas 
Phjrsog.ahaa ksoderli 12.16 bwiowsMevicaibollows BC.BWN.C..LWNP 
Pogce.a bateza 3.4.15 low vegjlogaibolloin Cit 

ArsoaSopiu wn.easthi 3.4.6.15 in aailflogs.Iocksilitc SN 
Calyr'js n4icaada 2.3 logshocks.moig CS 
Calwlaü :oafrosnnt 12 bphocks-moisz BWN.CC.D.Gr.R.SN.WNP 
Cliaonradaa4a 3.4 rothallogs C 
Celia ma 3.4 &bdAnc BWNJC 
Coeronorcinw reindrw 12 steing togsAiaa yR 
Cr)ploMephrw virgus 3.4.14 nntesMrk BWN.Cg..R 
Crenona ewydice 3.4 rothsebn,ow, 
Crena.0 robsonuj 3.4.645 rothaflogsebr,owa BWN 
Ctenocw oaeniojorw 3.4 I,nws BWNJC.R 
Egentia cwuringhanti 3.4.6.15 aevica-gmnite BWN.WNP 
Egemraafrerei 1.2.3.4 hollow logshocks C.CC.GT.R 
Egerraa major 12 hollow logsflhickcts BWN.CC.Gt 
Egerr.ia aspheei 23.4 rfl/aeVjCeSA.OI logs BWNJC.GT 
Eganio whizii 3.4.8 rothsflogsMnrows BWN.WNP 
Eilaaywwmiurai 12 hollow logs BWN.CC.Cg.D$N.WNP 
Esimnprw q.soyii 2.3.4.12.16 roctsflogs BC.BWNDJC.WNP 
Eairtprw reataa 3.4 nevtesflogsMim BW?4SB.C.CCDKGT.N.RSN.?4P 
Eaiooprw. mrüni 3.4 acviccsAogs/wm,ps BWN.R 
P:e.sden.oioptorynoea 3.4.6.15 rocksflogshtb,is BWN.WNP 
P:eademoio tin I Iinatvckaflogs 
Hsnüphxrioda, gerredu 1.2 hol. logslltn/aavicna 
Zatyi'cpAo1is coligMlo 2.3.4 lion /gnaa D 
La,npropl-cJir drlicaa 2.3.4.6.14.15 roeksAogsMebria BCBSflJ.C.CCCgDB.G.GT.RRSN.WNP 
ianproplwlis g&oichrawd 3.4 rAog#iebrij BWXCC.D.NNP.R.SN 
Lygisawwfoiiorwn 3.4 liOerlasThask 
Ophiaseinna wwtcmar 1.2 lopfftaalsoil COt 
Mernhia boidengen 3.43 dane veg.kothsflinn 

Saiphas equalis 121 soii.liuntockaflogs BWN.C..D.GT.R.SN.WNP 
Saprwcincw challengemi 12 IO3a4OgSC&iS BW?(.CC.CEWNP 
Saproscüiaa mrmeiusa 	. 2.3.14 mothstlogsMebris 
Tiliqva wincoides 20 koUsflogrldeislbw veg CC.R 

RanpkoyiNops nigmucw 2.3.4 	 .oil-logshocka 	 BWN.GT.WNP 
Ramphogpwops putmw 3.4 	 .oi4othsflogsidemis 



APPENDIX D. THE REPTILES OF THE GRAFFON MANAGEMENT AREA. 

Common N. Sd.oldlc Name Habitat Habitat compo.n,*s Sebed. 12 Locatiom In the Region 

Stat., Graflon 
Blind Snake Rair$ayphlops wiedji 4. aani.cid soil.rockaflogt/&bia 

BOIDAE 

Eastern Dill thai. Pytbm fAcile ma&w.0 3.4 ctvieaftx,llowaMop 
Otanyxid Python Morelia spilota up :pihxa 1.2.3 ubta1Uo.n 
Carpd Pyta, Morelin spilcea up awie gala 1.2.3.4 rocky uabboUon BWN.WNP 

D.WNP 
COLUBRIDAZ 

Brown T,te Snake Boiga irreguimt 1.3,4 arborn11bollow0Thickas 
Green Ira Snake Denehhi, pwscwlala 12.3 azborealkmollowsMücss Cg.WNP 
FreLhwa= Snake Tropido.wphà mairu 9.12.16 

BA PIDAE 

Cargin, Death Addc Acw.Ihopris aiuricw 3.4.8 liter 
Whiic.naped Snake Cacophis halrienae 2.3.8 IOgSMIC VR 
Kr&s dwa,f Snake Catophis beffli 1.2 IOpIIEC C 
Golden.aowned Snake Cacophir :qz.anudasw 123 rocksflogsflitsn 
Szrall.cyed Snake Cryprophiz nigracem 1232 rocSaflogiOeSi 
Yel}ow4aeed Whip Snake Denn,uia pswnrnophi, 2.3.4.8 rocksflo8a C.WNP 
Red-napS Snake Fs.ñna diaderno 3.44 rockai)ogs*rnitena 
Marsh Snake Hemiciple signc.a 1.2.33.12 raflopAina 
Pale-headed Snake Hop4ocepfrwiw blequaua 123 be,kmohTht VR 
Siephm Banded Snake HopWeephoAu nephensli 121 ba,kibol.IttM/acvicea VP NNP 
Eastern Tiger Snake Macthu aiaotra 2.33.12 ro&aTholJopitwows W?JP 
Taqxn Oiywaraw :c.aellaw 3,4,6 roSliogsfrntr.n 
Blue-bellied Black Snake Psev4ctW., giaaw 3.4 logsibwrows 
Red-bellied Blade Snake Pseudcchàporphyiacv.z 3.43.12 r4oL1ogstwrnw, WNP 
Eastern Brown Snake Pse..donaja tatilis 3.44 rodesflopMeth 
ConI Snake Simoselaps awvalis 4.6 aoil.rflog.eitta 
Rougb4calS Snake Tropideehis ecuiw 12-12 logsMthriMe ng. WNP 
Bandy Bandy Verraialla amid.alo 2.3.4 soil-rodeaflog&4iun 

Locajion data fran Barker (1980). Osborne (1982). Mnnthg (1992). NSW NPWS aneya (m Fow) andeS rlta øf this andy 



APPENDIX D. TUE REPTILES OF THE CASINO MANAGEMENT AREA. 

Common Nsine 	Sekntiflc N.nw 	 Hibusi 	 labial component. 	SthS. 12 Location In Region 

o{amAE 

Lmg-nked TInt Chetodina lmqicoilis 9.12,16.17 BuNP 
Saw-shelled 1\tle Elseyo laütenu.n, 12.16.17 TYOl 

Stat-necked Tunic Envyd.n :igikna 12.16.17 A. 

GON1DAE - 
Wood Gecko ThplodaciyJw vütz.a 22.4.5.6.7.8 mcUthsau togs 
Lauas Velyd Gecko Oedico Ien.e.cii 3.8 reck aevices 
Robsi Velvet Gecko Oediuo robuna 3.4 rtanlflfl SHows 
Samien Spaced Velva 

Gecko Ocdsra flyo& 3.4 tk ceions  
Leaf-tilled Gecko Ph$ha-w pboouw 2.3.4 sediumc csvcs.ovhn,gs BLMB.MM  
LCM.IaiIS Gecko Ph)dln, cwnwsg, Ij cbjfrec hots and atviet Bi 
Thth-tsiled Gecko Underwocdisosw miii 2-3.4.5$ recUAoga/stsriçsabrrows 

PYGOPODWAE 

Delma pidüa U rocUAogs/dthts 
Del ma wicea 3) rocflAop/rs 

Bwlrn4 Legless Lid Lialis bweonis 3) rcflAopflt DP.MB.W 
Conm Saly-fooc Pyopw iepidopod is, 2.3.4.5.7.8.1113 C gnssaMint 

VARANIDAE 

Sand Mat Vrany., gosddii 3) brimwsMatae veg. 
Lace Mat Virr.w 	iw 12.3.4.7.15 us houon B.BLDD.DP).(B_MM.RLW 

AGAMIDAE 
jackv Lizard Anpkbolns mw,caas 3.43.8.11.15 low bollowsflogaflzk 
Nobby Liz.d AsrpWb&ww nobbi 3.4.15 r1a40gs1daise -& BNP.CT 

Dsparphcra wwaii, 2.3.4.11 

Si an Ang Ic-beaded 

Dragon Hypsilww spinipes 12 C vegfthicket RR 
Eaatnn Wssa Dragon Phe:gnarhw leniewii 12.16 bflTO'fl/aVViaIrIIOO -S B.BLMM.RR.W 
Essrcn Bearded Dragon Pogcaa barbina 3.415 low veg.aogsmollows 

SC1NIDAE 

Veytsuas Skirt Aaor'Sopsos ve,reaiaii 3.44.15 inmiIi1opftsRiuc crn.o.4 
Cal ypeoa, nqcca..da 2.3 logsfrocks.moig DD.DP.MB.MM.RR 
Cal yproru ,cwirosn-wn 12 togskocks-moig BLCI.Ew.MMRR.W 

Saitha,, Rsh,w Skirt Calia tetradatrylo 3.4 rockzAogs 
Tsock Rainbow Skirt Celia vw 3.4 dtfle 	 . MB.MM  
Busyow ing Skirt Coera-.oscwas rniasiarw 1.2 rating logtflioa 	 VR Ew.RR 
Will lizard Crypeobtephew nrgnz 3.4.14 otvicakaft DDDPJ.ffi.MM 

Oeaona ewdice 3.4 rocka.ryo'as W 
Soiped Stink Oman, ,obanus 3.4.6.13 iocksAogsibtryow N 
Coppe-ailod Stink Oeaonss saeeuoSw 3.4 rnck&bin,ws B.MB.MM 
Csmningiwns Stink Egernza c.wnghai,v 3.4.6.15 a-evieca-gmnite 
Major Stink Egernsa frere, 12.3.4 SHow Iogafrorks CT.Ew.MB.MM  
Land Mullet Egerasa nejor 12 hollow logsMi&eta Bi.CI'.Ew.RR 

Epnua a.cpheei 2.3.4 rock atvisset.ollow logs Bi.IM.RR 
tree Stink Egciva srriaao 1.2.3.4 bollow Iogsdrtftock aevica 
Whhet flint Egcnso whith 3.4.8 rockaflogsjbtnows 

Eadanyna mwva>i 12 Show logs BLEw.RR.W 
Eastern Wsin Stink Eidanpna qnoyii 2.3.4.12.16 rocksflog, B.BUNP.MB.MM .W 
Barred-skied Skirt Eidwrprw teniw 3.4 aviocialogstshunpo,  B.Bi.CaJ.ffii4M.RR 

Ealorprw metini 3.4 aeviAogshnm,s 
Red-dressed Stink Pui.denwcaptw).weo 3.4.6.13 rOCICSAOpfliOer 
Bach Stink Psepsdewaa rio I rocksAog, Bi 
Pink-tongued lizard Hemaphaeriodon grTdh 1.2 SI. logsfliu=/aevica BLEw 
Cites Stink Lan,propho4is deUao 2.14.6.14.15 rocksflophithyis BJi.C&CrDD.DP.EwMBW.&RR.W 
Gardot Stink Lanysrop)ioiia gwchenoti 3.4 rOCkMOgS/dtts B.DD.DP.R&W 

Lygisawusfolioruni 3.4 lina/&.ssftast MM 
Ophioscwvs svanczw 1.2 logsAivatoil 

Tlrec-soal Skis SazpMz eqisaiu 123 soiMivafrocks/logs CF.DD.Ew.MB.MMfl.W 
Sr,roscmas chaSten geri 1.2 rocksAogs/dtis Bi.Ew.RR.W 

Weasel Stink S.roainaas mwiehna 2.3.14 TOCkMO8S/d&.IS 
Blue-tongued Lirazd rthq.a scincoide, 20 hal. logs/debris/low veg. 

TYPHLOPIDAE 

Bind Snake Raaythagphtops a. gTeXerls 2.3.4 soil-log shocks Ew.RR 
Bind Snake RançhaePJops praximw 3.4 aoil-soaaflogsMeflis 



APPENDIX D. THE REPTILES OF THE CASINO MANAGEMENT AREA. 

Comnmn Name SclenWle Name Habitat Habitat ownpontras Sched. 12 	LocatIon In Region 
Stain 	Casino 

BIS Snake RanyhoiWhlops nigrescen 2.3.4 soil- bgSIrOCSa 
BI1 Snake Ra1phoc3phiops prwirnw 3.4 wii-tsjloga/ds4j 
Blind Snake Raaapho.ØJops wie4ii 4. pScid .oil-maa.qogzidt 

BOIDAE 

Easnn Clildnxis Python Liwis ac,dww 3.4 aeviamollo.nJThga 
Diann,d Python Melio :piloca asp spilac 1.2.3 ntcreelmollo.n 
Crpa PylJra Moreiia api/as np negna 123.4 rocky wteelMoVo'.n BLCItRR.W 

COLUBRIDAE 
Brown T. Snake So/ga ills pilmt 1.3.4 flblMoUowsMd&en 
Green Tree Snake Dwelaphàpwtauisa 12.3 &bnaL4IOIJOnThicket 
F,ethwasc Snake 7opidonophi, sw/ni 9.12.16 

EL%PWAE 
Caum, Data Adda Ata'U/wp4s wuwsicier 3.4.8 tine 
White.naped Snake Cacoph/a hr/ann 23.8 IogaAien VR 
I&s dwarf Snake Cacophia freffli 1.2 logai'Jne 
Goldcn.co,sned Snake Cacophia sqilanw/osw 123 rocksflopAifta 
SnaII.cyed Snake CPypcopk.r ngrncrna 123.3 iocksAogs/dth,t RR 
Yellow.ftoed Whip Snake Dcn.ansia paanw.ophis 23.4.8 mckaAogs C 
Red-naped Snake Farina diadnr.a 3.4.6 rocksAogaftatac/a 
Math Snake Hem/asp/a aignaa 1.2.33.12 cks/Iogsjqiue DD 
PaJo.headed Snake Hopiocephaiw büqaaew 1.2.3 bctetsol.Iinabs yR 
Siephene Banded Snake HopJoc.phoia, flep/ierssii 12.3 bwteboLlim&c,viees yR 	KR 
Eastern flga Snake Nmeciiia :aaaaa 12.3.4.7 
Taipan Oxywania anaeJIw 3.44 rocksMoiiogaibamows 
Bluebellied Black Snake P:eMdechia paras 3.4 iogsebgmws 
Red.bellicd Bfl Snake P:eaadecAàpa.ph3riacus 3.4112 roeksAx,I.Iogsebryuws KR 
Eannn Brown Snake P:eaadonaja rat//is 3.44 rockaelogs/Thia 
Corel Snake S/moss/epa osantalis 44 aoi}.rockthopfline 
ROURJ.CSIed Snake Tropidechis orinaw 1.2.12 iogaMe&is/dnisc v. 
Bandy Bandy Vera el/a winidasa 2.3.4 aoil.mckaflogzAine 

Location data bun Bake (1930). Osbonte (1932). Maiming (1992).NSW NPWS ,wvey, (m owea) and the ranalta of this  atady. 



APPENDIX E. AMPHIBIANS OF THE GRAFI'ON MANAGEMENT AREA. 

Cnmon Nan,. Scientific Name 	- Habitat Habitat Sd,ed.12 Localion in Region 
Components Status Oration 

MYOBATRACHIDAS (rqrodtr bon) 
Tinted Frog MeIoua brent 1.2.6 5 BWN. O.k. 2; 
Pcuckt4 Frog Ana darlingiord 1.2 path VR BWN. WNP 
Frogles CrirJapañasigrafero 3) 2.3.4 BC. R 
Common Eastern Froglet CthJa :1gn,fera 3) 120.4,5 BC, BWN, C. PC. Cr 
Waihim Frogles C,iaia dwt4a 9 3 yR 
F)exc&rs Frog Isehn'o.tssjlescheñ 1,2 1.5 SN, WNP 
Easino Banjo Frog limno'nancs dumerilU 9.16 12,3 BWN, D 
Ornate Bmrowing Frog Linmadynana ornanu 1.2.3.4 4.5 D 
Brown-soipedFrog Lins.odynanerperonii 9.16.17 1.2.3 Cg.D.FC 
Spoiled Grass Frog Linmocnana rarmanienris 20 1.2.3,4 BB. Cg. D.0 

Mixophyc, balMs 2 I VR Cg.W14P 
Giant Band Frog Mixapkvcr ilerana 1.2 1 VR BC. SN, WNP 
Gnat Band Frog Miwphycrfo.rciolazw 12 I BC. BWN, D. Cr. 

NNP, R. SN, WNP 
Non&ro Banjo Frog ?Iorypkcrron tenoeregi nat 1.2.3.4 1.2.3 D 

Philoria .rpp. 1.2 bwrows VR Cg. WNP 
Brown Toadies Psetsd,hpyne bibrordi 2.3.6 4.5 
Rcd.backed Toadies Pseaidoph,yne conacea 2.3 5 . BC. BWN, C. CC. 

D. IC, Cr. K WNP 
Red-pained Toadies Uperolela loriigaro 1.2 2.4,5 BWN. C. Cg 

Uperoiriafusca 1.2 2.4.5 It 

ImIDAE 

Liwflao,aea 9.16.17 1.2.3 T 
Green Thiglied Frog thoña brn4oln,asa 2 4 yR 
Green Tree Frog Lizoria coendeo 3) 4 D. Cr, R. SN 
Red-eyed Tree Frog LiroKa chioris 1.2 I D. Cr 
Bleating Tree Frog Litoriadaniaza 9 3,4 D 
Easrnn Dwarf Tree Frog Lisoria Jailer 9.16 1.2,3 BWN, C. D. NNP. R 
Freycinels Frog J.isoriofreycinerzi 12.3.4.6.11 BB 
DainryGreenTreeFrog liroñogrocileraa 33 1.4.5 CR 

litoñalawpaLo,asa 2,3.4.12.15 2.3.4 	- BWN.C.Cg.D.G.Cr.R 
Lauew's Frog Lizoña kzsdewi 3) 12.3.4 BC, BWN, C. CC. Cg. 

D, Cr. NNP. R. SN, W1'JP 
RockeiFrog Lizoriananaa 2.3.7.9.25 3.4 C.FC 

litorioolongbwenth 9.16 2.3 VR 
Pcrorfs Tree Frog Liro,iaperonii 20 123.4 BWN.C.C& D.NNP.R 

Litoñapeorsoniana 1.2,12 1.3 W?4P 
Lea(GreenTree Frog Lizo,iaphyliochroo 9.16.12 12 WNP 
Den Tree Frog LJtoña rubella 30' 1.3.4 

Lizoñosubglar.dslosa 2.12 1.2.3,4 VR BWN 
Liwria4eri 30 1.2.3.4 BWN.D 
Utopia wrreauni 2.3.6.9.12. 12.3 BWN, Cg 

Cane Toad Bz(o nsori Ru, 3) all üsnthrs 

Site for rwrodtrtion: I=permenant sflamsftives. 2=dams. Spcuianent swamJ, 4=epbemail swamps. 5=tanpowy wale 

Location data from Baiter (2980), Osborne (2982). Manning (1992). NSW NVWSswveys (in progress) and the malts of this study. 



APPENDIX E. AMPHIBIANS OF THE CASINO MANAGEMENT AREA. 

Habitat 	 Sdwd.12 I.alioo in 
Common Nan 	 SdwtUk Name 	 Hablisi 	Cocipenes, 	Stats, 	Region Casino 

(-)0  

MYOBAIRACHIDAE 
TbakcdFrog Addonubresü 12.6 5 NSI.MB.RR.W 
Poud.ed Fyog Aim dcithgza& 12 pwth VR 81W 
FTO8Id Crirda pcinsignsfera 20 2.3.4 MB 
CaTma, Esnn Fioglet Critic jignifea 20 123.43 51 ThftiP. DD. M. Cr 
WaJhui, Froglet Cnaia thuwla 9 3 VR 
Rad's Frog Lecbiodwflatheri 12 1.5 Si. Cr. Ew. KR. W 
Eagan, Banjo Frog Lincnod.nanes dumeñlli 9.16 1.2.3 
Oryzaee Burrowing Frog Limamtaane, 12.3.4 43 DD. MB. 1.04 
Broi..ciped Frog Làmodytanszperonii 9.16.17 in Hi. PD. MB. ?.0NR 
S.lmoc.thped Frog Liwawdnanc: sal mini 3.4.6 4.5 

Spoted Grass Frog Limnod,nannsasmanienth 20 123,4 DD - 
Swteñng Frog Mixophycs holMes 2 I VR Si 
Giant Barred Frog Mimphyts bea 12 I VP. Bi 
Gnat Barred Frog MimphesfescioSa 12 i Cr. pp. M. 1.04. P.R 
Nathan Banjo Frog PkuypJeara. eerraaegiw 123.4 in BiaNP. DD 

Philtha spp, 12 StreWs VP. Si. KR 
Brain. Toadiet Psev4opk>ne bibronii 2.3.6 4.5 MM. P.R 
Ral.SkS Toadiet Psesdaptrp.e coriacra 2.3 5 Bi, PD. MB. MM. P.R 
RS.g,oinat Toadies L/peroJeia lwgaa 12 2.43 DD. MB. 1.04. MNNR 

Upercleiafrsco 12 2.43 
UpercJeia ra.gosa 12.3.4 1.43 

HYLJDAE 

L.isoria area 9.16.17 in T 
Green Thisjhed Frog Lhosa hre4dma 2 4 yR 
G. T. Frog - Litovia artiSte 20 4 MM 
Red.eycd Tree Frog L4ra,'io cAlmis 12 I Cr. P.R. W 
Bleating Tree Frog Lirorio denzaro 9 3.4 BuNP. PD 
Eastern Dwarf Tree Frog Li:oriofaihr 9.16 in Cr. PD, 1.0.4. MNNR. P.R 
Fnycir.et's Frog Litoriafrcycinerri 123.4.6.11 MM 
Drinty G. T. Frog Liro.ia gracilenza 20 1.43 PD. KR 

Lirtho lcpaln'aa 2.3.4.12,15 2.3.4 SN!'. Ew. MB. MM. ?.0NL W 
Latest's Frog Lhorio itsuewi 20 12.3.4 Si. Cr. Sw. 1.04. KR. W 
RocketFrog Uro,ionosiaa 23.75.15 3.4 DD.MM  

Lizorioolongbrenth 9.16 13 VR BliP 
Pam's T. Frog Lisovia peronii 20 123.4 Si. CI. B.MM.1.erNR. P.R. W 

Liroria pewwniwia 12.12 13 ' KR 
LaIG.eenTreeFrng LironophyUoclwoo 9.16.12 12 

Liroviapipenra i.2.I2.16 1.2 VP. 
Lhrü, tenSe 2.6.79 2.3.4 

Deter Tree Frog Q,oeia nthcllo 20 1.3.4 
Lisorin s.ehglw-.dadosc 2.12 123.4 VR 
Lisa.,a syJeri 20 1 	.4 P.R 
Lirorio yenemaii . 23.6.9.12. 123 

	

Cane Toed 	 Bijomwinsa 	 20 	 .11 	, 	innoducat 

	

Site for r 	ictim I -pa,na.mu auta,mMi vat. 2-danw. 3..parnar.au swamt 4-ephenasi .ww. 5.4arspensy waIa 

Location data from Baika (1980). Osborne (1982). Maiming (i992i. 145W NPWS survey, (in wovess) and the r,Its of this 4r 



APPENDIX F. THE MAMMALS OF THE CASINO MANAGEMENT AREA. 

Cnn,.. Nsa. 	 SSSflc 

 

N. HabItat Habits! . 12 Iaaucc 10 RqIon 

&sn CaL,o 
MONOTRn4n 

Bad. Tothyglan',. ocdatia, W B. BuN?, a. DO, OP. MB. MM. U, w 
P%szypw OmüAa'iç..c4..ani.,o 12.16.17 

PHASCOLARCTMS  

Koala P?CSOSTIO* circe,, 2.3.432 food os Vt B!. BuN?, MM. RI 
C 	Wn Vathoza. .niw 2.3- pwy 

MACB OPODS 

P. Poeaq,ag a4acs)dss 2,3.8 (CaSod) dd4s VR U.W 
tubas Bc Aqpp'yww n4xw 2.3.4.13 yR MM. My. BR 
Broth-ails Rt WailsW Picapile pacll.i. 2,3.ty .loça aw it at. VI E. 
Rsd,1c3S Pla, 7lykpoLe atipiwica 1.2.15 tU wa.ary Vt RI, F 
Rad.00urdP 	..- L_. flykpoltthed, 1.2.13 Lw. MB.U,w 
P. Wallaby Mocrpaapw.,, 1.2.3.15 t&....k...,,, VI B!. Lw.U.W 
Wlipail Wallaby Monwa,p.n,i 1.3.4.15 Br,CT, U.Wp 
Rd.00dwd Wallaby Alacrpasnfopin, 2.12.15 B. PD. OR MB. MM. RR. W 
B.Wglsby Mocn.,stnlj, 3.4 tel .,..k.... y  Vt U 
Lana, Cawy Kaog,,vo Macr,gipmu,o 3.4.5.15 B. DD.DP. Lw. MB. MM . RI. W 
C 	WaiIaroo trfls 1snn 3.4.15 a.a. it ".Ak,.. Si 
SwWal1sby Waliakia&cd 1214.8.12 t..L...Ja B.BLDD.DP.L..MB,MM.RR.W 

POSSUMS AND GUDERS 

C 	RirStail Poaa,u Pn.doc&ino peregnas, 12.3.12 141,., B. Si. BaN?. CT. Lw. MB. U. W 
Groan, Cit Petos,oa, ,SIM 2.3.4 141o.s B. Si, Bc. BUMP, Cr. op. Lw. MB, MM, U, W 
Ydilow-lzilied Cit P. anSi, 2.12  Vt Di, B., ca, Cr. DD. PP. G. M. RI. T. W 
Sup, Cit P. frnicqu 1,2.3.4 141o.a So. Cr. PD. OP. Lw. MB. Il. W 
Sqt,tl Cider Pesos..,, acafdce.ai, 2,3.4 1410 Vt MM. W - 
Eat 	P Cawrers, 	, 1,2,3 1410.. U 
FajrSJ Cit Acra8,tnp..ow 2.3.4.5.8,11 14!,.. CT, Lw, MB, U, W 
C 	BawbsiJ Pat T,ic*ans nLpaat 23.4.14.15 14!,.. B. Bi, DO, DP. Lw. MM. U 
Menan, Bru.ail Pat T,ictornns wiw 12.3 141,., Bi, a. Lw, MM, RI, W 

DASYUR lBS 

Spcoad'ail QaSJ Doqr.a .wcaloia, 1,2,3,4 a, 	lop VR 5.51. SN?, BUMP, DD.Lw.MM.RR, W 
Brut-ails Paooak Pxogole Moarofr 2.3 141o., Vt BuRP, Cr. MM, U 
Ydllow400td Anz,ts Aaur*iss,M4, 1.2.3.4.5.9 B. Cr. U 
Brow, Aa.ta. AntS iw mwnil 1,2,3 lop Di, Lw, MM, RB, W 
Duay A,,tha Aechiat., aciase.ü I .2-hip ctvJ lop 
C 	Dt £.1aehsi. 	ia, 2,342 lop U 
C. Piariple PLaeip* aocalato 12.34,12 • Vt BNR,a 

SANDICOOTS 

HarD,,., Bn&000e is 	ra,.s 2,3,44,12 anoelsiop B!. CT. U 
L ,and Basic,,. Penaaeln 1.2,3.4,14 B. Di. PD, OP. B.. MB. MM, U, W 

BATS 

Geyds fr. B. Pwpaliocqclw 133.4,10 BJ)D, DP".MMAk W 
Lithe Red P.il B. PerT.,. 	alara, 1.2.3 

lilt fltfoa Pterep.uokcco 12.10 Vt 
QoceralaS Blat-Si Syco.curâ oawuji, 1.2,72,9 rairdaas fdiagr Vt INR 
Easy, HnsSx Bat RhiadwAs. 	gw 12  1.2,11 Wa Si. Cr. Lw. MB. U. W 
Yeflow'&Uied S&atail Bat Sore 	ssflaviwaith 3,4,5 1410.' ava Vt E. 

Wbw'.oiptd Masoflli.j Neñso.wa.irdi, 12,3.4,12 bdlo.w.bgt Vt L, U,W 
East, Lithe MndlT Bat Moe.wpten., ao.qoueasi, 3.4 14lo, St Vt W 
Lithe Noesru MaST Bat Mnepccnu late 1.2.3 141o.., hart 

Beeañ'. Mat ff'hat Moe..ep.zra, becceril 2,3.4  Vt 
CaM. Larcarud Baa A*sa$iJas said' 3.4 bSJo.., St ' a. Lw. RI 
L 	L'cntd Bat FcwØilas geeloyi 20 a 
Mouth Qu.ecoslwd Laircrcd B 	NynrçAilas bss 1214.12 141,.,, buildup Vt 11(1 
C. 	Boa-wiag Be Mi. £cperas ack,eib.rn, 1.2,3 ry a,cv1wZlo.ct Vt B. Si, RR, W 
Lit Baa.wtg Bat Miuiwur,, assuol& 1.2,3 sy a.ea1o.&tct Vt Br, B., INR,MM, 2, U 
lac Pied B. OoliaoIobu, dspeñ 12,3 ava.mir.,I. Vt 
Cod(. Wuthed Bat QoIilfl, geati 2,1.4,5.13.14 babe,. , 	wan Bi. RI. W 

aiat Wthtd Sal QOIinIaS ..a'ia 2,34 bcllo,n. St B!. B., MM, RI, W 
Hoary Bat Qil1wo4., sirejnna, 123.4.3 roth aewira, baja., Vt BUMP 

Laop'footd Mcose, rd Bat M,oeu S"t',.,, 1,2 vcg.,nfl Vt Bi.W 

Cant Broad- 	Bat Seaaojars n.eppeliui 2 pIlls 141,., Vt DD, U. W 

Lithe Broad-o 	B. &awox ,,ii 4.6 bSba.., baldiop, wan 

Easir Brcad-ad Bat Sco,easz cia, 1234,14 bSIc'n, buildiup. an. Br, Lw, RE, W 

Goldo.dpFd B. £erñaio p.uenI. 22 r 1  fras Iroala) Vt BLBr. Lw, RE, W 

C. Piine11e FoJ4aeIlas 'os,ote,ui, 2 pIties 24),., Vt Br. SiMM, W 

King titer B. 4uzicas 'qsh 2 baJa.,, Sldinp Lw. U 

Lair F. E2ttc Eufiwdortiapo.i baja.. Si. C, W 

Lithe Cave Etia. Ep.nica,p.,dlat 1.13 wnbalow. B!. CT, RI, W 

Lithe F. 	Ejasas Eniw. ,Sia,.at 2.3.4,54,13 hello.,. buildup 

Taa*a.'. Epwais Epenic., rro.ghoaui a's Vt 



APPENDIX F. THE MAMMALS OF THE CASINO MANAGEMENT AREA. 

Coasnoa Nam ScfrNk N. HMW Habits] 	 Scb.d. Il Laniion In talon 

eOOanU 	 aba Cgoo 
ROD fl4TS 

W. R. HS.fray, cbywon' 12.16.17 bb a b.cbsh n BuN? 
F....(ed Mar. Male..;, cmüpe, 1.2.10 ai. Cr. Lw. MM. Rt W 

Caata t't1r,  Mile..;, 	tai I zw.6 

H..âga Rj, M. PWS...yj anti, 2.39.16 T Di 

Rat ea Moe Pnala.y, j.wiliits, 3.52.9.11 VR DD. 11?. W 
New HoIIaS M. Psada.a ao.caAo&,,thne 3.5.8.11 

flab Rat Rans'frXa' 1.2.3.4.11 Di. Cr. 1.0.1. MB. M. W 

Swa R. R. Snot., 8.9.12 Di. kit 
P.M Field Rat Rena, niael 6 10 	£flk 

Black Rat R.nza,,wts, 3,6.14 Suad kit 
B,o.. Rat Rena, aawjest 11.14 innod 

H. Mouse Mn..s,nds, 3.4.6.14 inatnaid CT 

FflAt 

Bnwii bait Lepsa wpn,i, 4.6 innodoad 

Rst O.ycreJe, c.alnds, 20 innoduad 

ogo CaRl, fiSSIIIOFI, £fle '20 iraudoced Di. Ear. MM. kit. W 
Fox Va/p., ..4.,  2.3.4.12.14.15 Suc4 MM 
FnI C. Fell, ougat 20 itd MM 
H. Eqs., 	flss 3.4.6.15 B. DI) 
Pig Es, nra(i 20 Inroad BuN? 
C. - 	Cepra hats, 2.3.4.5.6.13 in,,oud-ibcuu. mntá won 
Cathe Be, sent 3.0.15 inzouduced B, Ri. DI). DP. MD. MM. U 
SItep Owl, erie, 3.4.6.15 ina.d MM. kit 



BWN.C,,D.PC.G.GSN.R.WNp 
BWN.WNP 

Vt 	BC.BWNLC.D.PC.G.M.R.SN.WNP 

Vt BWN,c,Cg,WNP 
Vt BCSWN.C.CC.D.C.CS.R.W74P.YNP 
Vt BWN,WWP 
Vt cr c, WNP 

BWN.Cg,CaJ.'NPR.$NWnP 
Vt fl7&Cg,WNP 

BBS WN.C.cCCLG,SN, WNP.YNP 
BWT4.C..CSD.PC.G.CLNNP.R.WNP 

Vt 

BWN.C.a.D.PC.C.GSN.WNP 
BWNLC 

BN.C..DYCG,Ca2.$N,W1MP 

BC.BWY4LC.Cg.D.GT.R.WN? 

Vt 	BWNSCC.cD,DiC,C,Ge)Ip9$w74pyp 

BN.C,.CI.D.DL.G.G.M.N.PB,LSN.WNP 
Vt 	C,PB.R 

BC.BWW.C.CC.PCG.R 

BC,BSW.CL'C.C&D.DIJC.G.CC.H$NP.FLWNP 
B W14 .Cg,Dfl Get. WNP 

Vt BWN.mCgn.R.WNP 
Vt BWN.C.YNP 

C 
BWN,Cg.,D,R,WNP 

D.WNP 
Vt 

tD.M.NNP.R.WNP 
BC.BWN.C.CSD.DLIC.G.&.N,PBSN.R,WNP 

C.C4.PC.C,wlqP 

Vt 
Vt 

BWN.C.D.G.M.WNP 
Vt PC 

BWN.C&PC.CtSN 
SN 

Vt C.WNP 

Vt C.SN 

ctCa.Dfl$N 

SCM 
Vt Cg.D.PC.C.&.W74P 

Vt Gte 
Vt 

BCC.CID.PC.S N. WWP 

Cg.Ge.LWNP 
Vt a 
Vt Ca.R.WNP 

Vt 
	

CC.R.WNP 

D.G 
CSN 

Vt BCGr.SN 

Vt 
	

C.PC.SN 

C.D$N.WWP 

C.,SN.W.WNP 
BCCg.G.M.LWNP 

BC,D.CC.M.WNP 

Ull cr 

APPENDIX F. MAMMALS OF THE GRAITON MANAGEMENT AREA. 

Common Ham, 	 Scatific 11am, 	Habitat 	Habitat 	 Sch.d.12 LacElon In Raglan 
Compon.nta 	Status Grafton 

MONOTR174} 
Bthdn. Tac*losss, ank.,n.s Z 
flaypc. OewisAe*pcl.asoaathw 11.16.17 

PHASCO IAR CrIES 

Kal. PMxolsorsos cwrew 1.3.4.22 fool  
C. Wflss Vasthcsx_, .nias 2.3 - gnsuy  

MACROPODS 

Looll 	F. Peso., ocdocls, 2.3.3 (l) didc.sa 
Rd.. Bcu.g Awws)...w nfeneas 2.3.4.25 
Bsb.e.iiS Roth WsIIaby Peoczk pisciflssa 2.3..o&y tFs  ..itoraom  
RS.kd Plcc TIlcJ. srip..asicn 13.25 Na sod sty 
Rzd.thed pkelca Thlceds Aegis 1 2.15 
P. W.Il.by Maceq.., pcn.o 133.15 t& atsoaty 
WSpiI W.1l.1y Maceq.., pcni 13.4.25 
Rad'.ckod Wslhby Mscrq,., ncfori.iw 233.15 
BIath.tpe W.ilsby Macrp.uds'nli, 34 thU m..xavy 
Ear Cawy Kazgnvo Maceq.., gtjc.u.0 3.45.25 
Ct Walls,00 Macnv., sosss 3.4.25 csn. it ostp 
S.a. WaIi.by  Wau.bsa bcde 12.242.12 thU 

POSSUMS AND CUDERS 

Ct RingiI P Pnstchp.cegnass 123.12 SIc.. 
Gear Gina P.tas,cidn vc4an 2.3.4 SIlo.. 
Ydflo.5fliS Qt Pa,.,.., assnali. 2.32 SIlo.. 
Sags' Cider Pee,.,.., bswicqo 22.34 
SqthnvI Gida Pa,.,.., saldcni, 1.3,4 SIc.. 
E. Pygr Pc-n.. Cnwui., w 233 Slo.* 
Feasrail (That AcrSwnp7.ps.o,w 2.3,4.52.11 SIlo.. 
Ct Bn,.WiI P. T,4iara, .,ecsk 2.3.4,14.35 Sian 
Macnzath BreaSil P Trickans cc. jaw 123 SIlo.. 

DAS'Y'URIES 

Spo.d.sail QaSI Dcqaess .-a.isrw 22.3.4  
Bsut.ailS Pbs..g.Ie PMnc1cfr apowab 2.3  
YclIo..Iootd Ante±âa. ,  Ankiawfte'Apq, 22.34.5.9 
Biowo Aadthm A.ieckia., n.cnji 231 lop 
Dafly Aart.. . Aaeeckin, ,.ciasc.ii I.244bcln..3 lop 
Ct 	t S...iathqssi. am., 2.3.42 lop 
cn flmplc Plc.aiFkre,cto 133,6,12 

BANDICOOTS 

N.d=B.c-n B.th. l,acds.. 	crc—s, 23.4.6.12 ano4op 
Laced BaSicaai Pnns,k,cs.a 123.4.14 

Pieeq.ss pdioeqt las, 	12.3.4.20 
Pinq.aixapssJass.. 12.3 

Psenva claw 12.10 
Sea.czeri. csatroli. 2232.9 
RAsadq.As,s.egq.hyfl., 13.11 
Ssccdoiaa.fsa.wt.oi, 3,4.5 
?5cflaaw assnlis 13.3.4.12 

Mon.cplen'splaa.cw, 12.3. 

Mo.acisnu .o.foLbasi. 3.4 
Mora.cpeens. lance 23.3 
Moneçn., &canil 2,3.4 
?.cs.q.4ih, gosslA 3,4 
?5ea4i/a, ,ectci 
Mi. iq.an., xhreiber,i 223 

Mi.iq.aecwaianlu 2.23 
0.aliao6oLa, 	eri 223 

ct~..mb. 2.3.4.3.33.14 
li.c1, 	io 2.3.4 

OaJaoEotss, mrsgnflsJ 123.43 

Mfl'as 	..nw 22 

Sco4ecj .'sq'p.11ii 2 pillic. 
Scocea, nyu 4.6 
&c4aanana 123.4.14  

1 .2 

FgLsia,jJas, saaoaswj, 2 gWlie. 
Epane., rep!., 2 
Epasic.. dcr5agsa.i 

Epense.spa.dlas 1.13 
Epcedca,..lsansss, 2,3,4.5413 

üenea. wo.si  

BATS 

Caeyca&d Fst Ba 
Lithe Red Fvs Ba 
Elsa flytg.ioi 

QoeIad Bloc B. 

Easer.. HanSe Ba 
Villa-Shied SS.anil Ba 

Wt.m Mnff Bat 
LSe Maidif Ba 

Ear Lithe Mndf!Ba 

Lithe Nat,.. MaggiE! Ba 
Beis )4aff.bss 

Gels. Lag.cred B. 

L. Lgatd B. 

C. Bav'wmg Ba 
Lithe Bea'-.a1Ba 

Lne Pied Ba 

Cads. Waded B. 
sa Waded Ba 

Mossy Ba 

Ln400ed Moeae.ea.vd Ba 

G. &osd.d Ba 

Lithe Brcsd-aoscd B. 

Eat.. Brosd 'coed B. 

Ctdped Ba. 

G. P.pt& 

King Riser Ba 

Large F. Epera 

Lade Cave Ecasion 

Lithe F. EçSiac 

Ito. 1sa.'a Ejtn.. 

Silo... at 

all SlIo.'a/an4ces 

boll.., 5k 

51.1, but 

Sic.. 
SI... 5k 
SI. St 

miwoy ava4lonct 

snely anaesllo.wts,t 
ave.. sms. 	I. 
SIc.., up. wan 
SI... St 

it at—a 511°.. 

a.ea4 .cg.w.r 

Sic.. 

Sic... SiJ ding.. win 

Sian. Siding. ala 

- 6_I_ 
Sian 
soon. s.atg, 

Sian 

SIan. Sildiop 
ala 



APPENDIX F. MAMMALS OF THE GRAFrON MANAGEMEN7 AREA 

Common Name ScSntHic Name Habitat Habitat Sched.12 Lacation in Region 
Compon.nta St.tu. 	Grafton 

RODD4TS 

W.r Raj Hyó'a., e4ysopaw 12.16.17 bS 	n C.WNP 
F.w..fcaed Nelc*z,. Mely,e,n,ae, 12.10 BC$WW.C.00CS.WVP 

saIaS Nelcoi.. M.1y, 	i I pa6 
Hastp Rhc M. Pnp au/i, 2.3.9.16 T 	CCD 
Ei. Qr.az Moa ht.ys gcaciEcass 3.52.9.11 yR 	C 
New HUla l4 Psep act&,&ai, 3.3411 BWW.Cg 
Bnb Rs R'asftx., 13.3411 BWN.CCCI.,DLWNP 
Swç Ras Rn, Isjnda, 89.12 t pva BWN.CCWNP 
Pale Field R. Romu isaatyi 6 l 	aigie .Ul 
BI.thR.i R.iain,wm, 32.34 ad 	 - CC 
Bmwu Rai Ran.., .uawgica, 11.14 
H. M. Ms,a.cndvj 3.4.6.14 1XCV4 CC 

FflAL 

li.owi hay Lq,as cape..,i, 4.6 isotad BWN 
Rskai O.yctag.., cak.dgz CC 
Dingo Cosüiliao SWN.CC.D.R)4 
Fos V4'c.*e, 2.34.12.14.15 iantd CCDSWN.WNP 
ml C. Foli. con.., 2D BwH.C=CRM 
H. Eqtas cobo//ia 3.4.6.13 ircodneed G 
pit S.. w., Svdnned 
G. Care aun, 13.4.3413 Svta.d.tctt.. .6 nay 
CauSe Ba. ns 3.4413 iodnced BWT4.C.CC.D.PC.G.Gr.R.SN.WWP 
SSep Owenis 3.4.6.13 czOthCS CC 



APPE4DIX G. SITE LOCATiON, LOCAL AND REGIONAL DISTRIBUTiON AND ABUNDANCE AND STATE-WIDE 
STATE-WIDE STATUS OF THE ENDANGERED SPECIES OF THE GRAFTON MANAGEMENT AREA. 

Ca - - Na las: RiØS La 	S laS aS gas 
I M 	An. • P17 ha 

831$ 

BlskBAac, D.pnsJb'icoà 0:0 000(In) 003CR..) YR 
BaA Th K. Bwt. ..qnro.ás 0 	2 0.03 (Rae) 003(R..) 1 
Ole t.a.sd Bmoo QSJ T. d..ogc 0:0 000 (Rn) 003 (Rae) I 
Bob GMai,.es 0:2 003(P..) 003(Ra) YR 
Lq.41a4 Ká am 1:4 000 (Rn) 0.03(Raa) YR 
Rsdoahnt E0,aiocl. ml..', 3:1 000(Rn) 003(Ra) I 
WompooFruls Do.s Pd0. 	'n.rãlc.o 5:10 11468 005 (U.eomma,) ft05(U.eommon) YR 
Rcond belt Dose Pd0..ç.e npa 0:5 000 (Rn) 0M0(Rsa) YR 
Sopnt Fit-Dos. PdIiecp..a9ebo 0:1 000 (Rn) 003(R..) YR 
Gouy BlakCcWoa CSpe.sata Less. 11:16 31353637A0M. 030 (Ce_saa) 02' (moo) YR 

47.41842.63 
SwdlPuTo( 	- Lets.., l,coIor 0:0 000CR..) 003(Rsa) YR 
D44 Fig Pot Paa.ng&OISO d.çA*&.n ca.s 0: I 0.03 (Re.) 0.03 (Rae) I 
IS.. Pra N 	a... p..k*di. 0:0 000 (Rn) 003CR..) YR 
Potedol owl N...nve.a 6:11 464.53 003 (Umoi) 006(Jruoo) YR 
Mass Owl Tsao.aeS0al., 4:7 32.33 003 (U ) 003 (timoo) YR 
Soay Owl Tm nt.ro.. 5:10 36.33.45 003 (Uacohma,) alo(u n) YR 
Malls Fiogosia PaSrp. a.eUno 0:2 000 (Rn) 003 (Rae) YR 
Ohs. w.tr  ps,.s. iM 1:1 000 (Rn) 003 (Ran) YR 
W)dj..ad Monet Mae_cs Smith 0:2 003 (Rn) 000 (Rae) YR 
RiEoa Sa.b Bb Anicsnd, n(taew 0:0 000 (Rn) 003 (Ran) YR 
YcIlon).d 	koo-Slth Cand.o lace. 0:2 003 (Rn) 0.04 (Rae) YR 
AThafs Lnled Seam gOad 0:1 000 (Rn) 0.03 (Rae) YR 
R.goa )lomytar Sntkan,7apAoT. 2:3 000CR..) 003(R.a) I 

Wola Qt.ttd 5m CecpMa A.nh.oae 0:0 . 0.03 (Rn) 003 (Rae) YR 
StpSo Bad S. NpLe.pA.ivapnan 0:2 000 (Rn) 003 (Ran) YR 
P.M-S5 Sat. Hçlac.pAcLe Ncrns 0:0 000 (Rn) 003 (Ran) YR 

Ceaatâa, 'daM... 0:2 000 (Re.) 003CR..) YR 

AMP1UBIANS 

0:0 000(Rn) 003CR...') YR 
Làaenr 0:0 003(Ra.) 0.03(R..) I 
LitnbmipaS.ea 0:0 000(Rs) 003(R..) YR 
Liaetabglad,aI_a 1:1 000 (Rn) 003 (Rae) YR 

0:1 000 (Rae) 000(Ra) YR 
PoSd Frog - dn.geai 2:4 003(Rn) 003CR..) YR 
Smoerog Frog Mixop)nez &.8.a 2:3 000 (Rn) 003 (Rae) YR 
thas. Band Frog ths.#a usa 3:4 0.03 (Rae) 003(R..) YR 

2:4 34 003(R..) 001CR..) YR 

MAMMALS 
Spaad-.S Qodi Owyw.., 	..thaa 6:15 31.528 005 (U ) 004 (Rae) YR 
8oa4hJS Pra.cop Pt.. sogal ioe. 3:7 000 (Rn) 003(1..) YR 
Sqt.l Pew..i., .a4oLkagi. 3:5 000 (Rn) 003 (Raa) YR 
It' 	ttlAsGada Pww.a,.snnlij II : M 3536374000 043 (Uon) 0I6( ) YR 
Kal. Ptccoian.'. clans. 10:14 SM 003 (Rn) 003 (Uoo) YR 
Rdoa B.oaig Mpw.s neaaa 10:13 41*56 003 (Uecmmon) 005(uac) YR 
Laeg- 	Ps.00 Paa',aa nte0dw 5:7 39 003 (Rn) 003 (Rae) YR 
tWdlLby S.acpc p.'... 4:3 000 (Rn) 001 (Rae) YR 
BIk-.thptd WdJA1 Stoop. hand, 0:1 000 (Rae) 003 (Rae) I 
8.wA-iMd Rt Pero,aM pm.dBa. 2:3 003 (Rn) 0W(R.a) YR 
R.d.leg.ued P1oo fl$s1. n..im 3:5 000 (Rn) 0.03CR..) YR 
Common Plaig.4. Pla.igaM n.ndae 0:2 003 (Rn) 0.03CR..) YR 
Earo Oaucz M. Panja, gr.clhca.he. 1:1 60 003 (Rn) 003 (R..) YR 
liaoiapineMoa. Pwa.un.b 2:3 003(Rn) 003CR..) I 

QnM.s 8)a.om B.s S,ra.yconâ wanEs 0:1 003 (Rn) 003 (R..) YR 
L.zzw4Ooed Mamas Ba Mya.. adonm. 3:5 50 003 (Rn) 001 (Ra.) YR 
Bcaara Mat.t Man.i.p,ns beanil 2:2 4241 005 (Uocoonmon) 003 (Rae) YR 
Fear that Mall Ba Moenpse... .o.fo0aai, 2:3 (0.6' 0.05 (Uuma) 007 CR..) YR 
Canaan BaaI.wtag B. Mi.ap'n' .,twdb.nE 1:11 32375054 040 (Uxommon) 030 (Common) YR 
01cM Bcciwmg Ba Mtcpo..a acnE, 2:1 50.63 005 (Ut) 003 (U ) YR 
Laxg. Pad Ba Csietda t.e. 0:0 000 (Re.) 0.03 (Rae) YR 
HmiyB.s 	. Csia4abw.u,,opuau 1:2 003(R.t) 0.03(R..) YR 
Ye&w.bShs SSbahMd B.a S.,eaLa 	fl.ws..w.' 0:2 53 003 (Rae) 0.03 (Rn) YR 
Cress. &o.dad Ba £itd..c 'epeO 3:6 2.44-46R  005 (b ) 0.07 (U..om) YR 
Gdto-rw,.d B. Lewad. M.c. 3:$ 43528 0.03 (Uona,) 0.04CR..) YR 
Oman Apua F.ldsadlle ..,n.iasis 3:7 42.435357.2004) 0.19 (Common) 0.IQ(Ux) YR 

Ep'tna, frang*_ai 0:1 000 (Re.) 003(R.a) YR 
Thai 143;fl 

NcakzdF. NP.ad  HR .S in is Mriqesa Ama .50. - (..lM SSyAse.. S.. 415a.  B-F Spuenoa miasS lass i.pon. 

• Sia ead Th smny.n Apçczàs A (or Si.' Lac.sra 

- I 	nd 555 law 

I.a.0 .5 R.gle.L Aband. Fnqoaacy I Sue: Rn <005. Umon 0.05<015. Common 0.15.. mme 



APOBIDIX G. SITE LOCATION, LOCAL AND REGIONAL DISTRIBI$T)ON AND ABUNDANCE AND STATE-WIDE 
STATE-WIDE STATUS OF ThE B4 DANGER ED SPECIES OF THE CASNO MANAG BlENT AREA. 

C 	Na 1c Las : RaS La 	S las 5 

• 	r - 	An. • 
smns 

Zr DnwflMed& 0:0 003 (Rae) OX(R.n) YR 
Bah TbCk X Mt... .sqón.oe. 1:2 OX (Rae) OX (Ran) T 
BIck-oS 8 	QeUl TeaL. 	L.aoeoc 0:0 OX(Ra) OX (Ran) T 
SAIka GdAabdis.os. 3:2 OXCR) 0t(R.n) yR 
Sqr-Ss.d KS LA.G€ti. ian 2:4 003 (Rae) OX (Ran) YR 
R.d 0os.t £e000Sa . 1:4 OX (Rae) OX (Ran) T 
Wo 	Fit Doe. pu.a 	spGn. 3: 10 IZA.17 005 (U ) 005 (Ua.) YR 
Rosscnosd Foul Doe. PÜe.0 t'w 5:5 17 003 (Rae) 00) (Ran) YR 
Sqrnb Fit- PÜap.cnpnS., 1:1 OX(Rn.) OX(Ran) YR 
Clo.q BXt-Cocbno Catyny.thu lSw.Q 5:16 7fl306BAR37 013 (Ccma.) 021 (CX) YR 
Seth L'e... &.d 0:0 005 (Rn.) 003(R) YR 
DXbIs-.S Fig Peat PánesliawudicpSS 1:1 O03(Rn.) OX (Ran) T 
Txa. Pgou N.q.o.e ps&A.O. 0; 0 OX (Rn.) OX (Ran) YR 
Pv-.dvJ Owl Mania,.... 5:13 I1.17fl36 005 (U ) 007 (Uo) YR 
Mak.dO.l Ty.ac6eGt.aa 3:7 11328fl36 00) (Umos) 0lO(Umoe) YR 
SoayOel Tj 	sMcos. 5: 10 l3.l6.17.19SAR37 014 (UmX) 007 (U.mos) YR 
Mfl.d Ficnt Pat,.s ocdl.aa 2:2 003(R) 003 (Ran) YR 
Obe. Wa&y PsMynpMi.oi..n. 0:1 OX(Ra.) OX(Ra) YR 
V4tnIni..d hv Marco. lacoi. - 	2:2 OX (Rae) 003 (Ri.) YR 
Ruoa Saub Btd A,it*n. .Waan 0:0 003 (Rn.) OX (Ran) YR 
Y.&..ld CockwSbib Ca..ia lisa 2:2 OX (Rn.) 004 (Ri.) YR 
Aibot. LynSd Sea .ke I: I OX (Rn.) 0030)..) YR 
Rape 1L,.t Xazh,a,,.ptc.,t 1:3 OX(Ra) 0030)..) T 

RErTUJM 

Wth. Cons S..s. C.o-cçtd. o.nwre. 0:0 OX (Rae) OX (Ri.) YR 
S.$sfl Bcsss Sas. HaJicnA.h.nqtwSi 1:2 OX(Rn.) 003(R..) YR 
Ps.. 	Sot Ntc.psAa bào.qsn. 0:0 

C.aeaan.a. n.a.S.a.. 
 OX (Rn.) OX (Ran) YR 

2 : 2 003 (Rn.) 00' (Ri.) YR 

AM P11Th IAN) 

TwkbxsiF,ofli Cdá...al. 0:0 003(Ra.) 003(R..) YR 
L1au 0:0 OX(Rae) 003(R..) T 

th.ca-CngSd Fit4 Lkau 	npd..o 0:0 005 (Rn.) 0030)..) YR 
Läa.p.n 0:0 003 (Rae) OX (Ri.) YR 
LAssie athySeSlaa 0: I OX (Rn.) 003(R) YR 
LAssie oS.sge.nni. I: I OX (Rae) OX (Ran) YR 

Potad F.t4 An. .'Eqnc 2:4 003(Ra) OX (Ri.) YR 
Swoatog Fmg Miec$e St.. 1:3 003(Rn.) OX(Ra) - YR 
Cnine Snied Fins scpna era. 1:4 OX(Rn.) OX (Ran) YR 

2:1 003 (Rn.) 001 (Ran) YR 

MAMMALS 

Spend-thilsQo.11 0.a.eandann 9:15 SAN 30 003 (Rae) 004 (Ri.) YR 
Binihfld Ptasopk flo..yd. .pnic 4: 7 OX (Rn.) OX (Ran) YR 
Sqinl Pass, .aØn.th 2: 5 003 (Rn.) OX (Ran) YR 
Yd2a.lSdfljon Pa..a.gni, 23:26 oa,2s.njis,cus Ol5(Cos) O16( ) YR 

BAR 37BAR 31 
Loss. Pk.o4ns c..ae 1 	II 14.1126 005 (Unia) 005 (U ) YR 
Rift.. &ua Ae,poau. .w'new 3: 13 13.26 005 (UX) 005 (Ua) YR 
Langad Paaoo Ps..., o'ana. 2:7 320 003 (Rn.) 001 (Ran) YR 
Pee.. W.l1.1 Mr'epapn... 4: I 31C 	 - 003 (Rn.) 002 (Ran) YR 
Blk.e.j.d WsZlthy Stoop.. done1. I: I OX (Rn.) 003(R) T 
8ruTh4ad Rat Wgt., Paro,ckpadQac 1:3 OX(Rae) 003(R..) YR 
Radqpd P)OO Thylorhi .arwie. 2:5 003(Rn.) OX (Ran) YR 
Cwmon Fisija. PAnties. anc.l.. 3:3 OX (Rn.) 003(R) YR 
Bate 	Mt... Prado-, g.ath..a 3:1 6 	- CC) (Rn.) 003 (Ri.) YR 
)(etnp Rivc Ms P.....3. c.d.t 1:3 003 (Rn.) OX(Ran) T 

Q...n.kM m...00 S.. S,cCw'€t ngrs.ie 1:1 005 (Rae) OX (Ran) YR 
Laip-loced Mn.n.d Be M,oa. *,m 2:5 OX (Rn) 002 (Ran) YR 
Bae*n, Mass-be Mo.n. bceii 0:3 OX (Rae) 003 (Ran) YR 
Eaaant Lj. MtS B. Nonae,w 1:3 0.03(R) 003 (Ran) YR 
Craaoc Sao-.e.g Ba Miiopni. .eei 4: II 17.I8.ZAN 32 005 (Ut) 009 (U ) YR 
lio 	Semi-wag B Miien. a.ni. 6:5 23.27 005 (Uoc) 005 (U ) YR 
Las 	Ped Ba Oa.oSt. a3.M 0:0 OX (Rn.) OX(Ra) YR 
Nath Qc.anS 	Lag.a.d Ba N,capW&. 04.. I: I OX (Rn.) OX(R.n) YR 
Ilo.sy Bao CMk.alois.. ..gnyn.a 1:3 003 (Rae) OX (Ran) YR 
YaI)o.tdbad 54fl3 Baa S.eeda..ajbwt-ao... 1:2 25 0.03 (Rn.) 009 (Ran) YR 
than.. &..d-ad Sn kas.. n.pç,eOI 3:6 0.03 (Rn.) 003 (Ri.) YR 
GS&n-Iqfld B. KMaks.o..ei. 5:5 27 003 (Rn.) 004 (Ran) YR 
than.. flp.aD. FetuS).. ear.tw 4:7. SAN 31 003 (Rae) 0l0(U ) YR 

Ep.Sa.. ooflAa 0: I 0.03 (Rae) OX (Ran) YR 
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