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NOTICE TO USERS OF THIS REPORT

Copyright and reproduction

This report and all indexes, schedules, annexures or appendices are subject to copyright
pursuant to the Copyright Act 1968 (Cth). Subject to statutory defences, no party may
reproduce, publish, adapt or communicate to the public, in whole or in part, the content of this
report without the express written consent of Biodiversity Assessment and Management Pty Ltd.

Purpose of Report

Biodiversity Assessment and Management Pty Ltd has produced this report in its capacity as
consultants for and on the request of ERIAS Group Pty Ltd (the "Client") for the sole purpose of
providing an assessment of the existing terrestrial ecology of the PNG Biomass Markham Valley
study area, the likely impacts of the Project on the terrestrial environment, and
recommendations for impact mitigation (the "Specified Purpose"). This information and any
recommendations in this report are particular to the Specified Purpose and are based on facts,
matters and circumstances particular to the subject matter of the report and the Specified
Purpose at the time of production. This report is not to be used, nor is it suitable, for any
purpose other than the Specified Purpose. Biodiversity Assessment and Management Pty Ltd
disclaims all liability for any loss and/or damage whatsoever arising either directly or indirectly
as a result of any application, use or reliance upon the report for any purpose other than the
Specified Purpose.

This report has been produced solely for the benefit of the Client. Biodiversity Assessment and
Management Pty Ltd does not accept that a duty of care is owed to any party other than the
Client. This report is not to be used by any third party other than as authorised in writing by
Biodiversity Assessment and Management Pty Ltd and any such use shall continue to be limited
to the Specified Purpose. Further, Biodiversity Assessment and Management Pty Ltd does not
make any warranty, express or implied, or assume any legal liability or responsibility for any
third party's use in whole or in part of the report or application or use of any other information or
process disclosed in this report and to the full extent allowed by law excludes liability in contract,
tort or otherwise, for any loss or damage sustained by any person or body corporate arising
from or in connection with the supply or use of the whole part of the report through any cause
whatsoever.

Biodiversity Assessment and Management Pty Ltd has used information provided to it by the
Client and governmental registers, databases, departments and agencies in the preparation of
this report. Biodiversity Assessment and Management Pty Ltd does not know, nor does it have
any reason to suspect, that the information provided to it was false, inaccurate, incomplete or
misleading at the time of its receipt. This report is supplied on the basis that while Biodiversity
Assessment and Management Pty Ltd believes all the information in it is deemed reliable at the
time of publication, it does not warrant its accuracy or completeness and to the full extent
allowed by law excludes liability in contract, tort or otherwise, for any loss or damage sustained
by any person or body corporate arising from or in connection with the supply or use of the
whole or any part of the information in this report through any cause whatsoever.

Signed on behalf of Date: 06/03/2017
Biodiversity Assessment and Management Pty Ltd

Managing Director

BAAM Pty Ltd
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EXECUTIVE SUMMARY
PURPOSE OF THE REPORT

This report has been prepared for ERIAS Group Pty Ltd on behalf of Markham Valley Biomass
Limited to describe the baseline terrestrial biodiversity and assess the impacts of the PNG
Biomass Markham Valley project (the Project), which proposes to establish up to 16,000 ha of
eucalypt plantations to provide biomass (wood) that will be used as fuel for a new 30 MW power
plant in the lower Markham Valley in Morobe Province, Papua New Guinea. Terrestrial biodiversity
assessed within the study area for the Project included vegetation communities, flora species and
vertebrate fauna species. The residual impacts of the Project were assessed based on the
implementation of recommended avoidance and mitigation measures.

STUDY APPROACH

The study combined a desktop review of International Union for Conservation of Nature (IUCN)
and other biodiversity databases, terrestrial ecology studies previously conducted within the study
area and relevant literature on the terrestrial biodiversity of the region with a five-day field survey
undertaken by three ecologists over the period 4 to 8 September 2016. The survey sampled
representative sites across the study area to cover the full range of habitat types present.

VEGETATION COMMUNITIES

The Project is located in an area that has experienced a long history of disturbance and habitat
modification by man, in particular the use of fire to clear the land for cultivation. Consequently, the
vegetation of the study area is dominated by grassland (68.4% of the area) and areas where the
vegetation has been substantially transformed by land uses such as cattle grazing, village and
garden establishment, silviculture, and coconut and palm oil plantations (26.8% of the area).
Natural forest covers just 0.2% of the study area, with savannah (2.2%) and active river channels
(2.3%) making up the remaining land cover. The condition of vegetation across the study area is
generally poor, with 48.1% highly degraded, 46.5% degraded and just 5.4% moderately disturbed
or modified. The invasive Raintree (Albizia saman) forms the dominant tree cover over at least
16% of the study area.

TERRESTRIAL FLORA

The flora surveys and herbarium records identified 370 species occurring within the study area,
including 11 ferns, one cycad, four species of conifer and allies, and 354 flowering plants. The flora
included 235 native species and 135 species of introduced/exotic plants (36% of the total flora).
Two threatened or near threatened flora species were confirmed as occurring within the study
area:

Intsia bijuga (Kwila; [IUCN: Vulnerable), recorded as a small regrowth tree associated with
degraded forest in a foothill gully at a single location in the study area; and

Cycas schumanniana (IUCN: Near Threatened), recorded as a common cycad growing in
grassland on hill foot-slopes throughout the study area with scattered individuals extending
onto adjoining outwash plains.

A total of 150 species of plants that are useful to local communities and other stakeholders were
identified for the study area, making up 41% of the total flora recorded. These included: 34 species
of food plants (including cultivated plants); 11 species that are used medicinally; 109 species that
are used for a variety of material uses, including for timber; six species utilised for cultural
purposes; and 13 species that are used commercially.

BAAM Pty Ltd
File No. 0417-001 Version 1
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TERRESTRIAL FAUNA

The field survey recorded a total of 89 terrestrial vertebrate fauna species, including 68 bird
species, eight mammal species, two reptile species and two frog species. Discussions with reliable
local informants identified at least a further 10 mammal species, eight bird species and five reptile
species that are likely to occur in the study area. No threatened or near threatened terrestrial
vertebrate fauna species were detected in the study area during the field survey. Based on an
assessment of habitat suitability and the nature of threatening processes at a broader landscape
scale, particularly the relatively high human population density resulting in heavy hunting pressure
and extensive rainforest habitat fragmentation and degradation, no threatened or near threatened
species are considered likely to occur in the study area. Two introduced fauna pest species, Giant
African Snail (Achatina fulica) and Cane Toad (Bufo marinus), were common throughout the area
surveyed, and they were the only fauna species trapped during the trapping survey. Local
informants reported that the main terrestrial fauna species that were still hunted in the study area
included bandicoots, cuscus and feral pigs, and young boys hunted a variety of birds (particularly
doves and pigeons) opportunistically with sling-shots.

INTERNATIONAL FINANCE CORPORATION CRITICAL HABITAT

The assessment of critical habitat in accordance with International Finance Corporation (IFC)
guidelines determined that no critical habitat occurs in the assessment area, which instead
comprises 1,242 ha of natural habitat and 45,963 ha of modified habitat.

FOREST STEWARDSHIP COUNCIL FOREST TYPE ASSESSMENT

The assessment of forest types under the Forest Stewardship Council (FSC) National Forest
Management Standards determined that no High Conservation Value Forests occur in the study
area, and natural forests cover just 0.2% of the study area.

IMPACT ASSESSMENT

Potential impacts of the Project include land clearing for the development of plantations and
construction of a power station, plantation nursery, access roads and associated infrastructure,
habitat fragmentation (including loss of connectivity) associated with land clearing, introduction or
spread of invasive weeds, pest fauna and diseases, erosion leading to habitat degradation, and
chemical contamination and waste. The impact assessment process for the Project followed a
hierarchy of first seeking to avoid impacts and then recommending management measures for
mitigating unavoidable impacts.

The direct impact of the Project on terrestrial ecology receptors was calculated as the area of the
respective terrestrial ecology receptor that intersected the Project footprint, which comprises all
areas subject to Memoranda of Understanding (MOUs) with the land owners. Due to the already
modified or degraded condition of vegetation within the broader study area, indirect impacts are
considered to be of negligible importance. The residual impact of the Project on various ecological
values was calculated as the total area of that value that intersected with the total area under
MOUSs. However, this residual impact area will be reduced once buffers to waterways and
wetlands are accounted for and villages and other sensitive areas are avoided. While the total area
under MOUs is 16,097 ha, up to 16,000 ha is expected to be planted to plantations.

The residual impact areas of the Project footprint on terrestrial vegetation communities are
summarised in the table below.

BAAM Pty Ltd
File No. 0417-001 Version 1
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Vegetation

0,
community % under

MOUs

Area under
MOUs (ha)

Vegetation community Total area

description’

FIM equivalent?

Vegetation communities with minimal to moderate present-day disturbance
Large to medium crowned P kEge o
1a . medium crowned 13.6 0.0 0.0
forest (disturbed). f
orest
Small crowned forest / PS: Small
e regrowth forest crowned forest 029 o vy
33 Nauclea orientalis / Albizia SA: Savannah 538 8.4 15.7
procera savannah
4a NI SRR G MYEM) | G @ eaprg 907.3 146.3 16.1
alluvium
4b AL GIEESIENE o G: Grassland 390.3 0.0 0.0
footslopes and hillslopes
Vegetation communities with moderate to high levels of disturbance
Nauclea orientalis / Albizia
3b procera savannah - SA: Savannah 937.7 657.7 70.1
moderately degraded
Kunai grassland on riverine
alluvium -moderately .
4c Ipatchily degraded with G: Grassland 19,322.6 9,278.6 48.0
weeds
O: Other non-
12a Active river channels Vel el e 1,072.3 347.2 32.4
areas dominated
by landuse*
Vegetation communities that are highly degraded
O: Non-vegetation
2b Mixed native/exotic and areas 11485 678.5 59.2
secondary forest dominated by
landuse*
Native savannah woodland
3c with severely degraded SA: Savannah 59.5 17.7 29.7
ground cover
Kunai grassland on riverine
4d UL = WY MEIIOE] | e oty 10,424.6 1,407.5 13.5
and degraded with weeds
and pasture plants
Mixed native/exotic G: Grassland
4e grassland, shrubland and 553.7 89.9 16.2
woodland on river alluvium.
Saccharum robustum, G: Grassland
4f Leucaena leucocephala 469.2 118.3 25 2
grassland/shrubland on
recent river deposits
53 Albizia saman dominated |G: Grassland 2109 96.4 457
savannah
O: Non-vegetation
Sago swamp - and areas
o regrowth/degraded forest |dominated by SR SO5 L
landuse’
Vegetation communities resulting from complete habitat modification
O: Non-vegetation
56 Albizia saman dominated |and areas 7.430.2 2681.8 36.1
open forest dominated by
landuse*
O: Non-vegetation
Leucaena leucocephala, and areas
6a Albizia sp., Albizia saman ; 206.1 29.6 14.4
. dominated by
dominant shrubland landuse®

BAAM Pty Ltd

File No. 0417-001 Version 1
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Vegetation

communit Vegetation community FIM equivalent? Total area Area under % under
Y description’ a MOUs (ha) MOUSs
O: Non-vegetation
. and areas
7a Village area dominated by 397.3 60.2 15.2
landuse*
O: Non-vegetation
8a Plantation . and areas 936.7 03 0.0
areas/leucaena/palm oil dominated by
landuse’
O: Non-vegetation
Plantation areas: Pinus and areas
e and Araucaria dominated by E3E e e
landuse’
O: Non-vegetation
93 Formelj gardens/coconut and areas 2.155.4 430.7 20.0
plantations dominated by
landuse*
Garden areas with aon dN:g;/:getatlon
11a evidence of recent ; 294.1 0.0 0.0
o dominated by
modification 4
landuse
Total 47,205.0 16,097.0

" Description derived from Paijmans (1976), applied to natural vegetation communities only.

% Classification derived from Hammermaster and Saunders (1995).
®Total area of the vegetation community within the study area.
4 Referring to areas utilised by humans for agriculture, settlement or other industrial or extractive activity.

The residual impact areas of the Project by vegetation condition category are summarised in the

table below.

Condition

category code

Condition category description

(ha)

Total area Area under
MOUs (ha)

% under

2b Moderately disturbed (stable or regenerating) 156.2 8.4 54
2a Moderately disturbed (stable to declining) 1,085.9 347.2 32.0
3 Modified (cultural) 1,297.5 146.3 11.3
4 Degraded 21,970.9 10,780.9 49.1
5 Highly degraded 22,694.4 4,814.1 21.2
Total 47,205.0 16,097.0

Of the 16,097 ha under MOUs, 2.2% is moderately disturbed (condition category 2), 0.9% is
modified (condition category 3), 67.0% is degraded (condition category 4) and 30.0% is highly
degraded (condition category 5). Therefore, the great majority of the residual impact of the Project
(approximately 97% of the areas under MOUSs) will occur in degraded or highly degraded
vegetation communities.

The Project will have a potential impact on up to 355.6 ha of natural habitat under the IFC habitat
classification (Performance Standard 6), comprising 347.2 ha of active river channels (VC12a) that
will likely be protected by implementation of the watercourse buffers and 8.4 ha of savannah
(VC3a). Compliance with IFC Performance Standard 6 requires that the Project should not
significantly convert or degrade natural habitats, unless conversion or degradation is mitigated
according to the mitigation hierarchy designed to achieve no net loss of the natural habitats
affected, for example through habitat restoration or implementation of biodiversity offsets.

The Project will have no impact on natural forest under the FSC forest classification, since all areas
of natural forest within the study area occur outside of the areas under MOUs; therefore the Project
will avoid impacts on natural forest. Should the proponent wish to apply for FSC certification under
the revised draft FSC National Forest Management Standard for Papua New Guinea, which is not

BAAM Pty Ltd
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currently in force, then compliance with Management Indictor A1 under Principle 5, Annexe C
requires that wetlands, peatlands, savannahs or natural grasslands are not converted to plantations
or any other land use except where:

the conversion is producing clear, substantial, additional, secure, long-term conservation
benefits in the management unit; and

the total area of plantation on sites converted is less than 5% of the total area of the
management unit.

The implementation of buffers to wetlands will ensure no wetlands in the Project area will be
converted to plantations or any other land use. No peatlands or natural grasslands were identified
within the Project area. The Project may have a residual impact on up to 8.4 ha of natural
savannah (VC3a) unless these areas of savannah are avoided. While conversion of 8.4 ha of
savannah would constitute less than 0.1% of the management unit, the conversion is not expected
to produce a conservation benefit.

Of the two conservation priority flora species that are known to occur in the study area, namely
Intsia bijuga (Kwila) and Cycas schumanniana, Kwila was not detected within the areas under
MOUs; therefore the Project is expected to have no residual impact on this species. While all
occurrences of habitat most suitable for Cycas schumanniana occur outside of the areas under
MOUs that will be potentially directly impacted by the Project, a single small sub-population of the
species was detected on the boundary of an area under MOUs. Successful implementation of the
recommended avoidance or mitigation measures (conservation buffer to avoid impacts or
translocation of plants to mitigate impacts) is likely to result in no net loss of individuals of the
species due to the Project.

Assuming successful implementation of the mitigation and management measures recommended
for the Project, the residual impacts of the Project on terrestrial ecology values are summarised in
the table below.

Magnitude of

Ecological receptor

Sensitivity Significance

impact
Intsia bijuga (Kwila) Negligible High Negligible
Cycas schumanniana Negligible High Negligible
Natural forest habitats Negligible Moderate [Negligible

Modified habitats, other natural habitats and general flora

and fauna biodiversity ISR EED — L

BAAM Pty Ltd
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1.0 INTRODUCTION

11 PROJECT DESCRIPTION

The PNG Biomass Markham Valley project (the Project) is located in the lower Markham Valley,
approximately 40 km west of Lae in Morobe Province, Papua New Guinea. The Project has two
related major components — establishment of up to 16,000 ha of eucalypt plantations to provide
biomass (wood) that will be used as fuel for a new 30 MW power plant (consisting of two separate
15 MW units that will be constructed several years apart). Additional components include a plant
nursery and ancillary infrastructure (see Figure 1.1).

The Project will develop plant nursery facilities capable of producing 8,000,000 plants per annum in
order to establish plantations to produce sufficient biomass to sustainably meet fuel demand for the
power plant. In the first two to three years of nursery operations, most plants produced will be
Eucalyptus pellita, grown from seedlings. Nursery production will progressively move towards
propagation from cuttings, and will aim to produce 100% of plants from cuttings after three to four
years of nursery operations. Production will progressively move towards hybrids of E. pellita x E.
tereticornis, since hybrid species tend to exhibit improved growth and vigour. Hybrids of E. pellita x
E. camaldulensis will also be grown for planting in wetter areas and/or where heavier clay soils
occur.

Establishment of up to 16,000 ha of eucalypt plantations within the Project area will occur over a
seven-year period between 2017 and 2023, with the plantation area to be maintained indefinitely.
The maximum plantation area established in any one year will be 4,500 ha in 2019, with an
average of around 2,000 hal/year established during this initial phase. Prior to site clearing and
plantation establishment, road access to the proposed plantation areas will be established or
upgraded. In areas to be planted, all existing vegetation including trees up to 30 cm in diameter (at
breast height over bark) will be removed to enable clear and unrestricted access to the site by
manual or mechanical operations. Cleared Raintrees (the introduced, invasive species Albizia
saman) will be stockpiled for use as biomass fuel for the power plant. Where practicable (and
subject to landowner negotiations), plantations will be established (and eventually harvested) in a
dispersed pattern across the landscape in order to reduce localised impacts on environmental
and/or socio-cultural values. Plantations will be established progressively across the Project area
in ‘compartments’ of approximately 20 ha each, ranging from 5 to 50 ha based on local constraints
such as watercourses, existing gardens/crops, or areas of unsuitable soils. Within a given
compartment, planting (and later maintenance and harvesting) will occur concurrently.

Prior to planting, mound ploughing will be undertaken to a minimum of 30 cm depth to ensure that
soil is friable to facilitate tree root growth. A non-residual, ‘knockdown’ herbicide (glyphosate) along
with a surfactant will be sprayed two months before planting, to control regrowth of weeds, grasses
and shrubs that would compete with the plantation seedlings. Herbicide spraying will be repeated
at two to four weeks before planting. Planting will be at a density of 1,333 stems per hectare, with
3 m between rows and 2.5 m between trees. A granular nitrogen-phosphorus-potassium (NPK)
fertiliser will be applied manually near each seedling (buried in holes 30 cm from the plant) to
encourage its growth. Weed regrowth will be controlled by manual weeding between trees and
slashing between rows for the first three months. Spraying of weeds with glyphosate herbicide will
also occur in the third and fourth months, and every second month thereafter for the remainder of
the first 12 months. After six months, spraying may include an additional herbicide (metsulfuron
methyl) designed to control broad-leafed weeds, if necessary. All herbicide spraying undertaken
post-planting will be done manually, i.e., by personnel using backpack spray units. Weed control
regimes may be modified in locations where intercropping is undertaken by local people. Fertiliser
(NPK) will be applied again at 6 and 12 months. Use of pesticides (for control of insect pests) is
not proposed unless a significant pest problem arises in a given area.
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The rotation length (growing phase) of plantations under the biomass production regime will
generally be seven to nine years. Commencing in Year 4 (2019), part of the plantation estate will
be managed under a veneer/ sawlog regime, which will have a rotation length of 15 to 18 years.
These plantations will be thinned in years 4, 8 and 12, with the thinned trees used as biomass fuel.

The power plant is scheduled to commence operations in late 2019. It will be a conventional
thermal boiler steam plant, and each of the two 15 MW net power plant modules will consist of one
biomass boiler and one steam turbine generator. Raintrees harvested between 2019 and 2022 will
be the initial source of biomass fuel, although Acacia from existing plantations west of Madang
may also be used during this period. By 2023, the fuel source will have transitioned to using
biomass grown in its eucalypt plantations within the Project area at a rate of about 175,300
BDMt/yr (bone dry metric tonnes per year) annually. Cooling will involve a wet evaporative
mechanical system, using water abstracted from groundwater bores with back-up supply
abstracted from the Markham River. The power plant site will cover a total of about 30.8 ha,
including the log yard (laydown areas for wood stockpiles) (Figure 1.1).

1.2 STUDY OBJECTIVES

The principal aim of this study is to describe the existing terrestrial ecological values within the study
area for the Project and to identify and address the potential impacts of the Project on these values.
The study aims to characterise the terrestrial ecology of the study area relating to vegetation and
terrestrial flora and fauna species in the study area, and assess the potential impacts to vegetation
and flora and fauna species of conservation significance at the local, national and international
scale, sufficient to fulfil the requirements of an Environmental Assessment (EA) report.

Specific objectives of the study are to:

describe the existing baseline terrestrial ecological values and sensitive environmental areas
relating to terrestrial flora and fauna for the study area and provide context at the local,
national and international scale as appropriate for an EA, including characterisation of
vegetation communities (type and condition) and their spatial distribution in the study area,
and provide lists of species identified and with the potential to occur in the study area with a
particular focus on species with conservation priority;

identify any rare, threatened or otherwise noteworthy species and vegetation communities
(i.e., those of conservation significance and/or importance to the local community or areas that
can otherwise be classified as 'sensitive environmental areas') that are known to be present or
have been recorded in the study area, as well as those that it could be reasonably assumed
may occur given geographic location and habitat;

identify issues related to weeds, pests and/or pathogens that may occur in the study area;

identify and describe key ecosystem services provided by the vegetation, flora and fauna
where applicable;

conduct the study to satisfy relevant assessment requirements of Papua New Guinea
legislation, the Forest Stewardship Council (FSC) National Forest Management Standards for
Papua New Guinea (Version 1.1 of May 2010 and Revised Draft 2.0 of December 2016) and
International Finance Corporation (IFC) Environmental and Social Performance Standards
(2012), particularly Performance Standard 6: Biodiversity Conservation and Sustainable
Management of Living Natural Resources;

describe the potential impacts of the Project on terrestrial ecology during construction and
operation of the power plant, and during establishment and operation of the plantations;

identify and quantify potential impacts with respect to flora, fauna and vegetation communities
due to the Project;

provide recommendations for practicable and economically feasible measures to avoid or
mitigate potentially significant adverse impacts on terrestrial fauna, flora and vegetation that
may occur as a result of the Project; and
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assess potential residual impacts on terrestrial ecology as a result of the proposed Project
(i.e., those impacts that are still likely to occur following effective implementation of
management/mitigation measures).

1.3 STUDY AREA DESCRIPTION

The study area for the Project encompasses a large portion of the Markham Valley on the northern
side of the Markham River, between the Erap River in the east and the Leron River in the west, and
extends from the northern banks of the Markham River to the foothills of the Saruwaged Range in
the north (Figure 1.1). The study area is the area of assessment of terrestrial ecology values, and
for the mapping of vegetation communities and habitat condition. The Project area is a subset of the
study area, and comprises the areas under Memoranda of Understanding (MOUs) with the land
owners, within which the plantations, power plant, plantation nursery and associated infrastructure
will be developed.

1.4 REGULATORY OVERVIEW

1.4.1 National legislation

The 1975 National Constitution of Papua New Guinea declares as its fourth National Goal and
Directive Principle the objective of conserving the country’s natural resources and environment for
the collective benefit of society and of future generations. The following Papua New Guinea
environmental legislation can be considered key national mechanisms for achieving this goal.

Conservation and Environment Protection Authority Act 2014: The Conservation and
Environment Protection Authority Act 2014 provides for the conservation and protection of the
environment in accordance with the Fourth National Goal and Directive Principle (National
Resources and Environment) of the Papua New Guinea Constitution, provides for the establishment
of the Conservation and Environment Protection Authority (CEPA); and repeals the National Parks
Act 1982. CEPA replaces the Department of Environment and Conservation as the government
agency responsible for administering the Environment Act 2000, the Conservation Areas Act
(Chapter 362), the Fauna (Protection and Control) Act (Chapter 154), the International Trade (Fauna
and Flora) Act (Chapter 391) and the Crocodile Trade (Protection) Act (Chapter 213).

Environment Act 2000: The Environment Act 2000 is the primary environmental legislation in
Papua New Guinea. The Act provides for protection of the environment in accordance with the
fourth National Goal and Directive Principle (National Resources and Environment) of the Papua
New Guinea Constitution as well as regulating the environmental impacts of development
activities. The main objective of the Act is to protect the environment from harm and in doing so,
safeguard the life-supporting capacity of air, water, soil and ecosystems for present and future
generations, and preserve Papua New Guinea’s traditional social structures. The Environment Act
provides the administrative mechanism to evaluate impacts on the environment through an
environmental approval and permitting system under the administration of CEPA. The approval
process for development projects that are required to submit detailed biological, social and cultural
assessments detailing the implications of the development proposal is assessed by a ‘Director of
Environment’ duly appointed for the purposes of this Act. The assessment process for the Project
will be administered under this Act and the 2014 amendment to this Act (see below).

Environment (Amendment) Act 2014: The Environment (Amendment) Act 2014 amends the
Environment Act 2000 with respect to a wide variety of matters and in relation with the enactment
of the Conservation and Environment Protection Authority Act 2014. Matters subject to
modification include: environment management planning and policy; environmental audit or
investigation; definitions of "contaminants"”, general environmental duty, causing environmental
harm, freshwater pollution; classification of activities as being harmful to the environment; the duty
of having environmental permits and conditions of permit; a notice on the applicant requiring the
applicant to undertake an environmental impact assessment in relation to the proposed activity;
matters to be included in an environmental impact assessment; the duty of submitting an inception
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report prior to an environmental impact assessment; review of an environmental impact statement;
offences; environmental bonds; functions of the Director of Environment; clean-up orders; and
regulation-making. A new section allows the Minister to establish a Technical Standard by notice in
the National Gazette, following a recommendation by the Director. A Technical Standard may be
established in respect of all or any of the following matters: a contaminant; an industry or activity; a
technology or process; a beneficial value; waste management or minimization; noise;
decommissioning and rehabilitation requirements. The assessment process for the Project will be
administered under this Act.

National Parks Act 1982 (repealed): The National Parks Act 1982 and National Parks Regulation
1984 related to the conservation, management and development of sites, areas and buildings with
particular significance whether of biological, topographical, geological, historical, scientific or social
importance. National parks, reserves and sanctuaries were managed under this Act by the
Director of National Parks for the protection of flora and fauna. The National Parks Act 1982 was
repealed in May 2014 upon commencement of the Conservation and Environment Protection
Authority Act 2014; however, all subordinate enactments including the National Parks Regulation
1984 and all forms and instruments made, issued or approved under the National Parks Act 1982
(repealed) continue in force as if made under the Conservation and Environment Protection
Authority Act 2014, until varied, repealed or replaced in accordance with this Act. As no national
parks, reserves or sanctuaries will be impacted by the Project, no aspects of this legislation are
expected to be triggered by the Project.

Conservation Areas Act 1978: Conservation and management of sites, areas and buildings of
environmental and national cultural inheritance may also be enacted under the Conservation
Areas Act 1978. This law relates to matters of national interest. A National Conservation Council
advises the Minister on relevant matters, including criteria for recommendations on conservation
areas, and development proposals affecting or in the vicinity of a conservation area or proposed
conservation area. Conservation areas are managed by a Conservation Area Management
Committee that reflects the interests of local landowners and the Provincial Government, Local-
level Government or Local-level Government Authority. As no sites, areas and buildings of
environmental and national cultural inheritance will be impacted by the Project, no aspects of this
legislation are expected to be triggered by the Project.

Fauna (Protection and Control) Act 1966: The Fauna (Protection and Control) Act 1966 allows
for the systematic protection and control of Papua New Guinea’s native fauna species, particularly
fauna species involved in international trade activities, and allows for the declaration of protected
areas in relation to a species or class of animal, and declaration of Wildlife Management Areas.
Activities in these areas relate strictly to the management of fauna, unlike the Conservation Areas
Act 1978, which may relate to protection of a range of cultural and natural resources. No Wildlife
Management Area will be impacted by the Project; therefore aspects of this Act relating to Wildlife
Management Areas are not expected to be triggered by the Project.

Papua New Guinea International Trade (Fauna and Flora) Act 1979: Papua New Guinea
became a signatory in 1976 to the international intergovernmental agreement CITES (the
Convention on International Trade in Endangered Species of Wild Fauna and Flora). This
agreement is designed to regulate international trade in threatened species in order to prevent
over-exploitation, and lists in its Appendices relevant species recommended for protection. The
Papua New Guinea International Trade (Fauna and Flora) Act 1979 and associated Regulations
implements this commitment through the Management Authority and the Scientific Authority and
by controlling and regulating the trade, possession, transport, exportation and importation of
regulated species. The Project may trigger aspects of this Act should on-site salvage, propagation
and transport of threatened plant species be proposed as mitigation measures should the Project
impact upon CITES-listed plant species.

Crocodile Trade (Protection) Act 1974: The Crocodile Trade (Protection) Act 1974 regulates and
protects the crocodile skin trade, and regulates the management of crocodiles for related
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purposes. The Project will have no bearing on crocodile trade or management, and will therefore
not trigger aspects of this Act.

Forestry Act 1991: The Forestry Act 1991 relates to the management, development and
protection of forest resources and environments as a renewable asset for succeeding generations
whilst contributing to the Nation’s economic growth, employment creation, and processing of forest
resources. Scientific study and research into forest resources is encouraged to contribute to a
sound ecological balance. Under the Act, Government land may be dedicated as a National
Forest, and trees or members of any species or class of trees may be declared as reserved trees.
The Papua New Guinea Forest Authority is responsible for implementation of the Act, for providing
advice to the Minister on forest policies and legislation, and for the preparation and review of the
National Forest Plan. Each Provincial Government is responsible for preparation of a Provincial
Forest Plan. The Act entitles the State (the Forest Authority) to enter into Forest Management
Agreements with landowners and for the National Forest Board to recommend to the Minister on
appropriate logging companies, and timber permits and licenses.

Lands Groups Incorporation Act 1974: The Land Groups Incorporation Act 1974 recognises
customary land-holding groups, legally identified as incorporated land groups (ILGs) and
establishes local community control over land and resources. The ILG process proceeds via
consultation among members and consultation and cooperation with incorporated land groups in
the same community. Resources tend to be owned by groups but some rights are held by
individuals, such as ownership of economic or other valuable trees (Holzknecht 1994). In Papua
New Guinea, almost all land (97%) is privately owned by local kinship groups (clans) under
traditional land tenure systems, and with respect for customary land rights guaranteed under the
National Constitution (Holzknecht 1994).

1.4.2 International agreements

Papua New Guinea is a signatory to a number of international conventions and treaties associated
with the conservation of terrestrial biodiversity. These include:

the Convention on Biological Diversity, dedicated to promoting sustainable development
through the conservation of biological diversity, the sustainable use of its components and the
fair and equitable sharing of the benefits arising out of the utilization of genetic resources;

the Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES), which aims to ensure international trade in specimens of wild animals and plants
does not threaten their survival;

the Ramsar Convention on Wetlands of International Importance (Ramsar Convention), which
provides the framework for national action and international cooperation for the conservation
and wise use of wetlands and their resources;

the International Plant Protection Convention (IPPC), which aims to secure coordinated,
effective action to prevent and control the introduction and spread of pests of plants and plant
products; and

the Convention on Conservation of Nature in the South Pacific (APIA Convention), a
partnership among nations in the Oceania region dedicated to taking action for the
conservation, utilisation and development of the natural resources of the South Pacific region
through careful planning and management for the benefit of present and future generations;
however the operation of this convention has been suspended since 2006.

1.4.3 Forest Stewardship Council (FSC) Standards

The Forest Stewardship Council (FSC) is an international, non-profit, non-government membership
association, governed by its members. These members include institutions, organizations and
individuals that are stakeholders focussed on achieving environmentally appropriate, socially
beneficial and economically viable forest management and use of forest products. To achieve this
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aim, the FSC operates a certification system with different types of certificates related to the
different origins of forest products, stages of production and subsequent progress of forest
products through the value chain. The FSC has developed ten Principles and Criteria that set out
the global requirements for achieving FSC forest management certification (FSC 2002). This
international standard for forest management is adapted at the regional or national level through
the development of FSC National Forest Management Standards in order to reflect the diverse
legal, social and geographical conditions of forests in different parts of the world (FSC 2015a,b).
The FSC National Forest Management Standards for Papua New Guinea set the Principles,
Criteria, Indicators and Verifiers by which all forest operations in Papua New Guinea can be
judged, uniquely tailored to reflect the social, economic and environmental situation in Papua New
Guinea (PNG FSC National Working Group 2010, FSC 2016).

The National Forest Management Standards for Papua New Guinea of May 2010 (Version 1.1)
currently apply. The FSC National Forest Management Standards for Papua New Guinea are
currently being revised to bring them in line with a new version of the FSC International Generic
Indicators that was approved by the FSC Board in 2015 (FSC 2015b). The most recent version of
this revision is the December 2016 Draft 2.0 of the Revised FSC National Forest Management
Standards for Papua New Guinea (FSC 2016). However, until the revised national standard is
approved by the FSC Policy and Standards Unit, FSC certification processes in Papua New
Guinea will continue to be based on the current version of the FSC National Forest Management
Standards for Papua New Guinea of May 2010 (Version 1.1).

Included in the Principles of the FSC National Forest Management Standards for Papua New
Guinea are requirements to (PNG FSC National Working Group 2010, FSC 2016):

characterise the ecosystems in the forest management area using biological and geophysical
information, including the identification and mapping of natural forests and High Conservation
Value Forests (HCVF), guided by the HCVF Toolkit for Papua New Guinea (PNG FSC 2006),
and identification and description of high conservation values, key ecosystem functions,
values and natural cycles with participation of the landowners;

identify the environmental impacts of the operation on native plants, animals and ecosystems,
habitats of rare and endangered species, forest connectivity and fragmentation, and high
conservation values; and

design the layout of plantation forests to promote the protection, restoration and conservation
of natural forests, and not increase pressures on natural forests, including through identifying
and protecting natural vegetation areas within and adjacent to the forest management area,
and protecting and restoring where necessary wildlife corridors, habitat zones, and prescribed
buffer zones.

1.4.4 International Finance Corporation

The International Finance Corporation (IFC) has developed eight Environmental and Social
Performance Standards that define IFC clients' responsibilities for managing the environmental
and social risks of projects receiving financing from the IFC. The IFC performance standards on
social and environmental responsibility also support the Equator Principles (EPs), a credit risk
management framework for determining, assessing and managing environmental and social risk in
project finance transactions to fund the development and construction of major infrastructure and
industrial projects. Recognising that protecting and conserving biodiversity, maintaining ecosystem
services, and sustainably managing living natural resources are fundamental to sustainable
development, IFC Performance Standard 6: Biodiversity Conservation and Sustainable Natural
Resource Management (IFC Performance Standard 6) outlines three key requirements for
sustainably managing and mitigating the impacts on biodiversity and ecosystem services
throughout a project’s lifecycle.

First, the risks and impacts identification process should consider direct and indirect project-related
impacts on biodiversity and ecosystem services and identify any significant residual impacts, taking

BAAM Pty Ltd Page 7
File No. 0417-001 Version 1



Terrestrial Ecology Assessment - PNG Biomass Markham Valley Environmental @ BAA M
Assessment / Environmental Management Plan

for ERIAS Group Pty Ltd on behalf of Markham Valley Biomass Limited ECOLOGICAL CONSULTANTS

into account: (a) any relevant threats to biodiversity and ecosystem services, especially focusing on
habitat loss, degradation and fragmentation, invasive alien species, overexploitation, hydrological
changes, nutrient loading and pollution; and (b) the differing values attached to biodiversity and
ecosystem services by affected communities and, where appropriate, other stakeholders.

Second, where avoidance of impacts is not possible, measures to minimise impacts and restore
biodiversity and ecosystem services should be implemented, and should adopt a practice of
adaptive management in which the implementation of mitigation and management measures are
responsive to changing conditions and the results of monitoring throughout the project’s lifecycle.

Third, biodiversity offsets should be considered only after appropriate avoidance, minimisation,
and restoration measures have been applied, yet a residual impact remains. A biodiversity offset
should be designed and implemented to achieve measurable conservation outcomes that can
reasonably be expected to result in no net loss and preferably a net gain of biodiversity in natural
habitats; however, a net gain is required in critical habitats. The design of a biodiversity offset must
adhere to the “like-for-like or better” principle and must be carried out in alignment with best
available information and current practices.

These requirements are incorporated in most environmental impact assessment processes. IFC
Performance Standard 6 recognises three different types of biodiversity habitats (see Section
1.5.5), each of which triggers compliance with operational standards that differ in level of stringency.

1.5 CONVENTIONS USED

1.5.1 Global conservation status

The conservation status of a species is an indicator of how likely the species is to become extinct
in the near future. Species at higher risk of extinction are said to have a higher conservation
status. The International Union for the Conservation of Nature (IUCN) is the world’s principal
authority on the conservation status of species. The IUCN Red List of Threatened Species is the
world's most comprehensive information source on the global conservation status of wild species
and their links to livelihoods. The IUCN Red List uses standardised criteria to evaluate the
extinction risk of species and subspecies (collectively called taxa), recognising seven extinction
risk categories, as summarised in Table 1.1 below.

Table 1.1 IUCN Red List categories of risk of extinction (IUCN 2012).

Category Explanation

Extinct (EX) A taxon is Extinct when there is no reasonable doubt that the last individual has died.

Extinct in the A taxon is Extinct in the Wild when it is known only to survive in cultivation, in captivity or

Wild (EW) as a naturalised population (or populations) well outside the past range.

Critically A taxon is Critically Endangered when it is facing an extremely high risk of extinction in

Endangered the wild (probability of extinction in the wild is at least 50% within 10 years or three

(CR) generations).

Endangered A taxon is Endangered when it is facing a very high risk of extinction in the wild

(EN) (probability of extinction in the wild is at least 20% within 20 years or five generations).

Vulnerable A taxon is Vulnerable when it is facing a high risk of extinction in the wild (probability of

(VU) extinction in the wild is at least 10% within 100 years).

Near A taxon is Near Threatened when it has been evaluated against the criteria but does not

Threatened qualify for Critically Endangered, Endangered or Vulnerable now, but is close to

(NT) qualifying for or is likely to qualify for a threatened category in the near future.

Least Concern | A taxon is Least Concern when it has been evaluated against the criteria and does not

(LC) qualify for Critically Endangered, Endangered, Vulnerable or Near Threatened.
Widespread and abundant taxa are included in this category.

The IUCN Red List may also categorise a taxon as either Not Evaluated, when it has not yet been
evaluated against the criteria listed in Table 1.2, or Data Deficient, when there is inadequate
information to make a direct or indirect assessment of its risk of extinction based on its distribution
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and/or population status. Data Deficient is therefore not a category of threat. Species listed as
Critically Endangered, Endangered or Vulnerable are collectively referred to as threatened species.

1.5.2 National conservation status

The Papua New Guinea Fauna (Protection and Control) Act 1966 (Fauna Act) recognises two
categories of conservation status for fauna species:

Protected (P): species that are declared protected; and

Restricted (R): species that are not declared protected but are restricted for trade because of
international market demand and traditional utilisation within Papua New Guinea.

1.5.3 Conservation priority species

In the context of the environmental impact assessment process in Papua New Guinea,
conservation priority species for the purpose of this assessment are considered to include:

species of international conservation priority, listed as threatened (critically endangered,
endangered or vulnerable) or near threatened in the IUCN Red List;

species of international conservation priority, listed under Appendix | of CITES as species
threatened with extinction that are, or may be, affected by trade;

species of national conservation priority, listed under the Papua New Guinea Fauna
(Protection and Control) Act 1966 (Fauna Act) as protected or restricted; and

new or undescribed species known only from the study area.
1.5.4 FSC forest habitat assessment criteria

The FSC National Forest Management Standards for Papua New Guinea (PNG FSC National
Working Group 2010, FSC 2016) include the definitions listed below to guide assessment.

Ecosystem: A community of all plants and animals and their physical environment,
functioning together as an interdependent unit.

Forest management area: The physical area in which forest management operations take
place and including areas that are not necessarily forest.

High Conservation Value Forests: Those forests that possess one or more of the following
attributes:

- forest areas containing globally, regionally or nationally significant concentrations of: bio-
diversity values (e.g. endemism, endangered species, refugia); or large landscape level
forests, contained within, or containing the management unit, where viable populations of
most if not all naturally occurring species exist in natural patterns of distribution and
abundance;

- forest areas that are in or contain rare, threatened or endangered ecosystems;

- forest areas that provide basic services of nature in critical situations (e.g. watershed
protection, erosion control); and

- forest areas fundamental to meeting basic needs of local communities (e.g. subsistence,
health) and/or critical to local communities’ traditional cultural identity (areas of cultural,
ecological, economic or religious significance identified in cooperation with such local
communities).

Natural forest: Forest areas where many of the principal characteristics and key elements of
native ecosystems such as complexity, structure and diversity are present.
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High conservation values: High conservation values include the following categories
relevant to terrestrial ecology:

- HCV 1 - Species diversity. Concentrations of biological diversity including endemic
species, and rare, threatened or endangered species, that are significant at global,
regional or national levels;

- HCV 2 - Landscape-level ecosystems and mosaics. Intact forest landscapes and large
landscape-level ecosystems and ecosystem mosaics that are significant at global,
regional or national levels, and that contain viable populations of the great majority of the
naturally occurring species in natural patterns of distribution and abundance;

- HCV 3 - Ecosystems and habitats. Rare, threatened, or endangered ecosystems,
habitats or refugia; and

- HCV 4 — Critical ecosystem services. Basic ecosystem services in critical situations,
including protection of water catchments and control of erosion of vulnerable soils and
slopes.

1.5.5 [FC habitat types and critical habitat assessment criteria
The IFC Performance Standard 6 (IFC 2012b) classifies habitats as:

Modified habitat: areas that may contain a large proportion of plant and/or animal species of
non-native origin, and/or where human activity has substantially modified an area’s primary
ecological functions and species composition;

Natural habitat: areas composed of viable assemblages of plant and/or animal species of
largely native origin, and/or where human activity has not essentially modified an area’s
primary ecological functions and species composition; or

Critical habitat: areas with high biodiversity value that satisfy one or more of the following
criteria:

- Criterion 1: habitat of significant importance to species listed as Critically Endangered or
Endangered on the IUCN Red List of Threatened Species;

- Criterion 2: habitat of significant importance to endemic and/or restricted-range species;

- Criterion 3: habitat supporting globally significant concentrations of migratory species
and/or congregatory species (e.g. cave-dwelling bats);

- Criterion 4: highly threatened and/or unique ecosystems; and/or

- Criterion 5: areas associated with key evolutionary processes.

IFC Guidance Note 6 (IFC 2012c) recognises gradients in critical habitat, and makes a distinction
between Tier 1 and Tier 2 critical habitat for each of Criteria 1 through 3, as outlined in Table 1.2.

IFC Guidance Note 6 defines a highly threatened or unique ecosystem as one that: (1) is at risk of
significantly decreasing in area or quality e.g. is losing a high percentage of its area each year; (2)
has a small spatial extent; and/or (3) contains unique assemblages of species including
assemblages or concentrations of biome-restricted species (IFC 2012c¢). It further outlines that
ecosystems are typically classified and mapped at specific scales with a focus on vegetation
structure and composition, land cover, and key abiotic factors, and that the prioritisation of highly
threatened or unique ecosystems should employ similar factors to those used for the IUCN Red
List of Threatened Species, including long-term trend, rarity, ecological condition, and threat (IFC
2012c). The IUCN Commission on Ecosystem Management is in the process of developing a Red
List of Ecosystems and has supported the publication of a guideline on how to assess the
extinction risk and conservation status of ecosystems (Rodriguez et al. 2015).
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Table 1.2 Summary of criteria for categorising Tier 1 and Tier 2 critical habitat (IFC 2012c).

Criteria

Tier 1 critical habitat
characteristics

Tier 2 critical habitat characteristics

Habitat required to sustain = 10
percent of the global population
of a CR or EN species where
there are known, regular
occurrences of the species and

Habitat that supports the regular occurrence of a single
individual of an IUCN Red-listed CR species and/or
habitat containing regionally-important concentrations of
an IUCN Red-listed EN species where that habitat could

Criterion 1: where that habitat could be be considered a discrete management unit for that
iti species.
Critically considered a discrete > ) o , )
Endangered management unit for that Habitat of significant importance to CR or EN species that
(CR) and species are wide-ranging and/or whose population distribution is
Endangered o not well understood and where the loss of such a habitat
(EN) species gscbdtr?ér\:‘gghsIg}o(‘:"g’orfgwar could potentially impact the long-term survivability of the
species.
species where that habitat is P i ) . i )
one of 10 or fewer discrete As appropriate, habitat containing nationally/regionally-
management sites globally for important concentrations of an EN, CR or equivalent
that species. national/regional listing.
Habitat known to sustain = 95
Criterion 2: g?;%egag;::i%S?:;tﬁgfeudl?t'on Habitat known to sustain = 1 percent but < 95 percent of
T énd range species where that the global population of an endemic or restricted-range
Restricted- hab?tat c‘?oul d be considered a species where that habitat could be considered a discrete

range2 species

discrete management unit for
that species (e.g. a single-site
endemic).

management unit for that species, where adequate data
are available and/or based on expert judgment.

Criterion 3:
Migratory and
Congregatory
species

Habitat known to sustain, on a
cyclical or otherwise regular
basis, = 95 percent of the global
population of a migratory or
congregatory species at any
point of the species’ life-cycle
where that habitat could be
considered a discrete
management unit for that
species.

Habitat known to sustain, on a cyclical or otherwise
regular basis, = 1 percent but < 95 percent of the global
population of a migratory or congregatory species at any
point of the species’ life-cycle and where that habitat
could be considered a discrete management unit for that
species, where adequate data are available and/or based
on expert judgment.

For birds, habitat that meets BirdLife International’s
Criterion A4 for congregations and/or Ramsar Criteria 5 or
6 for identifying Wetlands of International Importance.

For species with large but clumped distributions, a
provisional threshold is set at 25 percent of the global
population for both terrestrial and marine species.

Source sites that contribute = 1 percent of the global
population of recruits.

T An endemic species has = 95 percent of its global range inside the country or region of analysis.
ZA restricted-range species is defined as: (a) for terrestrial vertebrates: a species with an extent of occurrence of 50,000
km? or less; or (b) for terrestrial plants: an endemic species.

The development of the IUCN guideline was informed by, and is therefore very similar to, an
empirical guideline for the assessment of threatened ecological communities in Australia (TSSC
2013). The latter guideline is considered to have greater relevance to the data available to the
present study; therefore, it informed the assessment of the extinction risk of vegetation
communities present within the study area. This guideline assesses the risk of extinction of
vegetation communities on the basis of one or more of six different criteria, as outlined in Table
1.3. In accordance with Rodriguez et al. (2015), the highest category obtained by any of the
assessed criteria will be the overall status of the ecosystem. The extinction risk categories of
Critically Endangered and Endangered are considered in this assessment to be aligned with IFC
critical habitat Criterion 4, as this is consistent with the both the definition of a highly threatened
ecosystem under IFC Guidance Note 6 and the categories used for IFC critical habitat Criterion 1.
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Table 1.3 Summary of criteria for assessing the extinction risk of vegetation communities
(reproduced from TSSC 2013).

Extinction risk catego

Critically

Endangered Vulnerable

Criterion

Endangered

1) Its decline in geographic distribution is any of: very severe substantial
a) Decllne_ relative to'the longer-term (beyond 50 years >90% >70% >50%
ago e.g. since 1750); or,
b) Decline relative to the shorter-term (past 50 years). 280% 250% 230%
2) Its geographic distribution is: very restricted® | restricted® limited®
and the nature of its distribution makes it likely that the the immediate | the near the medium-
action of a threatening process could cause it to be lost in: | future’ future® term future®
3) For a population of a native species that is likely to play | very severe severe substantial
a major role in the community, there is a: decline™ decline’ decline™
to the extent that restoration of the community is not likely | the immediate | the near the medium-
to be possible in: future’ future® term future®
4) The reduction in its integrity across most of its 13 14 . 15
O very severe severe substantial
geographic distribution is:
as indicated by degradation of the community or its
habitat, or disruption of important community processes, very severe' severe™ substantial '
that is:
5) Its rate of continuing detrimental change is: very severe severe substantial
as indicated by:
(a) rate of centlnumg decllne in _|ts geographle distribution, very severe"® | severe?! et
or a population of a native species that is believed to play
a major role in the community, that is:
or (b) intensification, across most of its geographic
distribution, in degradation, or disruption of important very severe” | severe™ serious®
community processes, that is:
s . . . . at least 10%
6) A quantitative analysis shows that its probability of at least 50% in | at least 20% in the
extinction, or extreme degradation over all of its the immediate | in the near .
NS 7 8 medium-
geographic distribution, is: future future term future®

An estimated decline of at least 80% over the last 50 years or at least 90% since 1750.
An estimated decline of at least 50% over the last 50 years or at least 70% since 1750.
An estimated decline of at least 30% over the last 50 years or at Ieast 50% since 1750.
Very restncted means: a total area of occupancy of less than 10 km? (1 000 ha); or a total extent of occurrence less
than 100 km? (10,000 ha); or an average patch size of less than 0. 1 km? (10 ha).
Restrlcted means: a total area of occupancy of less than 100 km? 510 000 ha); or a total extent of occurrence less than
1 000 km? (100,000 ha); or an average patch size of less than 1 km (100 ha).
® Limited means: a total area of occupancy of less than 1,000 km? (100,000 ha); or a total extent of occurrence less than
10 000 km? (1,000,000 ha).
" Immediate future means: the next 10 years, or 3 generations of any long-lived or key species believed to play a major
roIe in sustaining the community, whichever is the longer, up to a maximum of 60 years.
® Near future means: the next 20 years, or 5 generations of any long-lived or key species believed to play a major role in
sustalnlng the community, whichever is the longer, up to a maximum of 100 years.
® Medium-term future means: the next 50 years, or 10 generations of any long-lived or key species believed to play a
major role in sustaining the community, whichever is the longer, up to a maximum of 100 years.
10 An estimated population decline of at least 80% over the last 10 years or 3 generations, whichever is longer.
An estimated population decline of at least 50% over the last 10 years or 3 generations, whichever is longer.
An estimated population decline of at least 20% over the last 10 years or 3 generations, whichever is longer.
Restoratlon is unlikely within the immediate future, even with positive human intervention.
* Restoration is unlikely within the near future, even with positive human intervention.
'S Restoration is unlikely within the medium-term future, even with positive human intervention.

1.5.6 Taxonomy and nomenclature

The following authorities have been followed with respect to the taxonomy (classification,
identification and nomenclature of currently recognised species) and common names of species
within the main terrestrial vertebrate fauna groups:

. flora: International Plant Names Index (IPNI);
. mammals: The I[UCN Red List nomenclature (IUCN 2016);
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. birds: The International Ornithologists’ Committee/Union (IOC) checklist of world bird species
(Gill and Donsker 2016); and

. herpetofauna (reptiles and frogs): The IUCN Red List nomenclature (IUCN 2016), modified
by recent taxonomic revisions, including Oliver et al. (2015).

1.5.7 Likelihood of occurrence

The likelihood of occurrence in the study area of species of conservation priority was assessed through
integration of the following sources of information:

. database search results and the results of any previous surveys of the study area that identify
whether there are records of the species in the study area or nearby;

. review of the published literature pertaining to the known distributions and habitat
requirements of the species; and

. field survey and habitat assessment results and professional experience.

Based on the above, the criteria and categories used in the likelihood of occurrence assessment
are summarised in Table 1.4.

Table 1.4 Criteria and categories used to assign likelihood of occurrence of species in the
study area.

Likelihood of

occurrence in Explanation
the study area

Known The species was detected during field assessment, or is known from past surveys in the
study area and is not now considered locally extinct.
Likely A medium to high probability (40% or greater probability of occurrence) that the species

occurs in the study area or visits the study area because suitable habitat occurs, the
study area is within the known distribution of the species, there are records of the
species in the vicinity of the study area, and the species is not now considered locally
extinct.

Potential Either:

(a) there are no past records of the species in the vicinity of the study area but suitable
habitat occurs and there is insufficient information on the distribution of the species (e.g.
it is naturally rare and difficult to detect, or there has been insufficient survey effort) to
categorise the species as likely or unlikely to occur; or

(b) there are past records of the species in the vicinity of the study area but habitat in
the study area is marginal or spatially limited meaning that the species’ presence on the
study area would be transitory at best.

Unlikely A low probability (less than 40% probability of occurrence) that the species occurs in the
study area because suitable habitat does not occur, the study area is outside the known
distribution of the species, there are no records of the species in the local region despite
adequate survey effort, the species is considered locally extinct, or the species has not
been observed despite sufficient spatial and temporal survey effort for detecting the
species.
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2.0 TERRESTRIAL FLORA METHODS

21 DESKTOP ASSESSMENT

The purpose of the desktop assessment was to undertake literature searches, biodiversity
database searches, review of previous terrestrial ecology studies for the Project, and review of
other available studies for the local area to summarise existing terrestrial flora information for the
study area and surrounds. The desktop assessment included a review of the following literature
and databases:

international databases including the International Union for Conservation of Nature (IUCN)
Red List of Threatened Plants (IUCN 2016);

international conservation assessments undertaken by non-government organisations,
including the World Wildlife Fund (WWF);

national databases including the Papua New Guinea Plants Database (Conn et al. 2006),
spatially referenced records of Papua New Guinea plants records held by the Queensland
Herbarium (Queensland Herbarium, 2016), and Papua New Guinea’s Forest Inventory
Mapping (FIM) (Hammermaster and Saunders 1995);

descriptive texts relevant to the flora and landscape that included Paijmans (1975,1976),
Whitmore (1984), Conn (1995) and Gressit (1982); and

academic research papers relevant to floristic taxonomy and botanical survey, both in the
study area and broader Papua New Guinea environs.

2.2 CLASSIFICATION OF VEGETATION COMMUNITIES

A hierarchical approach is applied to the classification of habitats, land and associated vegetation
within this report, using the three categories listed below.

Broadest scale (global):— Terrestrial ecoregions. Ecoregions define distinct ecosystems that
share broadly similar environmental conditions and natural communities (Wikramanayake et
al. 2002). Ecoregions are defined at 1:1 000 000 scale.

National / regional scale:— Forest Inventory Mapping System (FIM) vegetation types.
Vegetation is described with reference to the national scale vegetation mapping produced at
1:250 000 scale by Hammermaster and Saunders (1995). Provides context to the finer scale
vegetation community mapping undertaken in this study.

Local scale:— Vegetation community mapping. Vegetation mapping produced specifically for
the purpose of this study at a scale of 1:50 000. A vegetation community is best described as
a unit of vegetation that demonstrates similarities in both structure and floristic composition.
Vegetation communities are used to describe fine scale variation in floristic composition that
may not be apparent at broader scale (global and national) mapping such as FIM.

For the purpose of regional consistency, the field characterisation of vegetation and description of
vegetation communities is based on the classification of Paijmans (1976), which provides the basic
framework for vegetation assessment within Papua New Guinea and recognises distinctive forest
types based on geographic distribution and environment. The major subdivisions of relevance to
this assessment are:

lowland freshwater swamps;
lowland alluvial plains and fans; and

foothills and mountains below 1,000 m asl.

These forest types are further subdivided into a number of distinctive and consistently recognised
vegetation types.
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2.3 CLASSIFICATION OF VEGETATION CONDITION

The vegetation condition assessment identified different categories of vegetation condition based
on the structural integrity of vegetation communities. The different categories of vegetation
condition were then related to the IFC Performance Standard 6 habitat classifications, as well as
the FSC Standard. The condition classification specifically aims to identify those habitats that
have been subject to minimal human intervention, thus demonstrating a high degree of
‘intactness’. Additional categories identify varying levels of disturbance ranging from partial
clearing or thinning of natural vegetation to complete clearing and/or vegetation dominated by
planted gardens or invasive exotic species. The classification of vegetation condition used in this
assessment is described in Table 2.1.

Table 2.1 Habitat condition categories applied to vegetation communities.

IFC FSC
Condition description Performance Standard*
Standard 6

Condition

category

The vegetation community exists in unmodified condition.
No structural disturbance of canopy, sub-canopy or
ground cover layers is evident. Some selective Natural Natural
harvesting of poles or timber species may have occurred |Habitat Forest
although this is minor in nature and has not compromised
structural integrity of the vegetation community.

1 Intact

Vegetation in this category has been subject to structural
modification, resulting in a general reduction in forest
Moderately stature and complexity. A sub-set of the original floristic
disturbed: diversity is retained within the habitat and small vestiges |Natural Natural
stable to of unmodified habitat may remain. Habitat is subject to Habitat Forest
declining ongoing degradation through weed invasion or continued
thinning. Also includes river gravel beds subject to weedy
degradation.

2a

Category 2b represents areas of remnant vegetation
Moderately providing good representation of natural savannah habitat
disturbed: in native condition, and regenerating regrowth rainforest | Natural Natural
stable or habitats that are developing some of the structural Habitat Forest
regenerating | complexity of the native forest ecosystems and are
comprised predominantly of native flora species.

2b

Modified habitats composed of native species that have
had long term stability through regular intervention by
Modified man (e.g. Kunai grasslands that represent rainforest Modified
(cultural) transformed to grassland through a long history of regular | Habitat
burning). Differentiated from category 4 by the dominance
of native species and absence of invasive exotic species.

Secondary forest composed of a mix of native pioneer
species and exotic trees in which the structure and
floristic assemblage of the original forest has been
modified through prior complete clearing or long term Modified
continuous disturbance. Differentiated from category 3 by | Habitat
the presence of invasive exotic species that limit the
potential for recovery of native species if the source
disturbance was removed.

4 Degraded

Highly degraded habitats generally comprising a mix of
native and exotic food plants, garden plants and also
weeds. Includes maintained and abandoned garden
areas with large areas of the latter occupied by the
invasive pest plants such as Piper aduncum.

Modified
Habitat

Highly
degraded

* The FSC Standard is relevant to forest habitats only. Forests comprise vegetation where the tree layer has projective
foliage cover greater than 30%.
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2.4 FIELD SURVEY

2.4.1 Survey timing and team

A single phase of field survey was undertaken over a period of five field days 4 to 8 September
2016. The study area was visited by a specialist botanist (David Fell) and landscape ecologist
(David Stanton) with additional field assistance provided by staff from Aligned Energy Limited (AEL),
in particular Jordan Cox, Kelly Jim and John Riwasino. The survey was completed by sampling
representative habitats throughout the study area, traversing the area by vehicle along suitable
access tracks and with foot traverses in areas where access was permissible. The survey coincided
with significant rainfall with the major watercourses and tributaries in flood during part of the
assessment, which made some potential access tracks impassable due to boggy conditions.

2.4.2 Survey site selection

Satellite imagery was reviewed prior to the field survey to identify potentially different habitat types
throughout the study area based on differences in photo-pattern. This provided a preliminary
understanding of field conditions and informed the selection of sites for targeted on-ground
assessment during the field survey. The initial list of sites was screened by AEL staff who advised
the extent to which sites could be accessed based on land-access agreements and the presence of
access tracks. The refined list of survey targets was visited on the ground where possible with sites
added opportunistically throughout the survey to ensure that the survey:

sampled a representative range of habitats in varying states of structural integrity;

sampled those communities that were useful as providing reference condition for disturbed
communities (i.e. best type examples); and

directed detailed sampling towards those communities that might host a range of ecologically
significant species or those with particular conservation significance.

Selection of field survey sites also considered the future planting layout and concentrated on those
areas most likely to be subject to the siting of future plantations, although habitats adjacent to these
areas, including mountain foot-slopes, were also targeted to provide useful survey context.

2.4.3 Field assessment

Prior to targeted assessment, a general reconnaissance of the study area was undertaken on the
first day to refine survey site selection and obtain a preliminary overview of the study area to assist
habitat classification and vegetation community mapping.

Field survey site assessments were largely descriptive to allow for rapid assessment, particularly
since most habitats were highly degraded across the study area. Each survey site assessment
included a general description of landform and geological features, vegetation height and structure
as well species composition (both native and exotic), supplemented with a search for IUCN listed
flora species within potentially suitable habitats. A Garmin GPS 60 (Geographic Positioning System)
was used to accurately record coordinates for site locations (WGS 84).

2.4.4 Flora resource use assessment

An ethnobotanical survey of plants used by the Wampar language group community was
undertaken in the Bampu Village area of the Markham Valley. The assessment was completed
using unstructured open-ended interviews to derive information on useful plants and resource use
within habitats across the study area. These habitats were traversed and assessed as part of the
broader assessment of floristic ecological values. The uses and language names of plants were
identified by a senior local informant, and botanical names applied by the field botanist. Plant
information captured in the field was consolidated in the village setting using a review of plant
photographs and specimens by a senior elder and members of his extended family. The
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considerable traditional knowledge demonstrated by the informants provided confidence that the
assessment was of sufficient rigor to characterise traditional resource use of plant species within
the study area.

25 INVASIVENESS ASSESSMENT

A desktop review was undertaken to assess the potential invasiveness of two primary tree species
proposed to be used in the Project (Eucalyptus pellita and E. camaldulensis subsp. simulata), two
hybrids (E. pellita x E. tereticornis and E. pellita x E. camaldulensis) as well as a further species
being trialled (Acacia crassicarpa). The review was informed by academic research papers relating
to the ecology, aetiology and potential invasiveness of the target tree species growing in similar
tropical environs. The weed risk assessment model developed by Pheloung et al. (1999) was used
to quantify the potential invasiveness of the species of interest.

2.6 FOREST PATHOGENS ASSESSMENT

A desktop review was undertaken to assess the potential impact of pathogens on the plantation tree
species to be used by the Project, which include Eucalyptus pellita and E. camaldulensis subsp.
simulata) together with E. pellita x E. tereticornis and E. pellita x E. camaldulensis hybrids that will
be introduced after the initial establishment phase. The review was informed by academic research
papers relating to the known pathogens of the target tree species growing in similar tropical
environs, together with an assessment of relevant pathogens potentially present in the study area.
An overview is provided of potential disease problems in nursery and plantation situations along with
steps that can be taken to mitigate these problems. In addition, pathogens of E. pellita and related
species that may become potential pathogens of vegetation in natural habitats were identified and
the potential impact of these pathogens on the native flora was assessed.
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3.0 TERRESTRIAL FAUNA METHODS

3.1 DESKTOP ASSESSMENT

The purpose of the desktop assessment was to review and summarise all available existing
terrestrial vertebrate fauna information for the study area and surrounds. This review was
informed by literature searches, database searches of IUCN and other biodiversity databases such
as that of the Bishop Museum (Bishop Museum 2016), previous terrestrial ecology studies for the
Project, BAAM records from previous ecological studies in the local area, and any other available
studies for the local area.

3.2 FIELD SURVEY

3.2.1 Survey timing and team

A single terrestrial fauna field survey was undertaken over five days from 4 to 8 September 2016 by
Dr Penn Lloyd (Principal Ecologist). This survey involved the following phases:

an initial reconnaissance of the study area via a guided driven tour of portions of the study
area on 4 September; and

a general fauna trapping and observational survey over three nights and four days from 5 to 8
September 2016.

The field surveys were conducted with the support of AEL staff and local residents, particularly John
Riwasino and Kelly Jim, with field activities coordinated by Jordan Cox.

3.2.2 Survey site selection

Due to the large size of the indicative study area and limited, rough access tracks, the selection of
survey sites aimed to provide a survey of sites representative of the different fauna habitat types
within the study area.

3.2.3 Bird surveys

Birds were surveyed by walking slowly along survey trails that followed existing road tracks or forest
interior walking trails to maximise the detectability of birds with minimal noise disturbance. Extra
time was spent in the vicinity of flowering or fruiting trees that are particularly attractive to foraging
birds. Birds were identified through visual observation using high-quality Swarovski binoculars or by
the characteristic calls of different species. Call recognition in the field was assisted through the use
of a digital call library of most birds with potential to occur in the study area loaded on an iPhone 5.
The call library included calls sourced from xeno-canto, an online repository of bird call recordings
from around the world. Bird surveys were conducted primarily within the first two hours of each
survey day, when bird activity is greater, but also opportunistically at intervals throughout the day. A
cumulative species list was maintained for each hour of survey effort. Mist-netting for birds was not
undertaken because survey based on direct observation and call identification is substantially more
effective in surveying for birds in the habitat types present in the study area.

3.2.4 Herpetofauna (frogs and reptiles) ground searches

Reptiles were surveyed through active searching during the warmer parts of the day when reptile
activity is greatest, and opportunistically whenever reptile movement was detected while undertaking
other survey activities. Active searching focused particularly on sunlit patches of leaf litter, hunting
trail edges and lower tree trunks that attract sun-bathing reptiles. Wherever possible, photographs
were taken of any reptiles detected to facilitate identification.
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3.2.5 Small-mammal trapping surveys

Traps were deployed to survey for small, rodent-sized mammals at four locations in different habitat
types: in kunai grassland and adjoining Raintree-dominated regrowth forest; in a patch of regrowth
rainforest disturbed by gardening activities; in Raintree-dominated riparian forest besides a medium-
sized creek; and in the vicinity of a small village. A total of 20 traps were installed over three
consecutive nights at each trapping survey site. Traps were placed on the ground at the bases of
trees or within patches of dense ground cover, approximately 10-20m apart, and baited with peanut
butter. Traps were cleared and rebaited each morning.

3.2.6 Camera trapping surveys

Three remote cameras were deployed during the survey at locations where animal tracks were
detected in regrowth rainforest. Each camera was tied to a sturdy tree trunk approximately 1-1.5m
from the ground (Photo 3.1), and directed at a point on the ground 2-3m from the camera at which a
small amount of rice was scattered as bait. The remote cameras comprised two RECONYX
HyperFire HC500 cameras (set to high motion detector sensitivity) and one Faunatech Trail Cam
KG-680 cameras (set to medium motion detector sensitivity). The cameras were set for 24-hour
operation, and set to take three photos at 1-second intervals per trigger, with a 15-second quiet
period before being able to respond to additional triggers.

Photo 3.1 Remote camera tied to tree trunk. o Photo 3.2 Anaat bat dtctor setu in the fled.
3.2.7 Anabat survey for echo-locating bats

Microbats find their way around at night and locate their prey (typically insects) through
echolocation, producing high-frequency calls that are sent out either through the mouth or nostrils.
The calls bounce back from surrounding objects and are picked up as echoes by the bat’s often
enlarged, sensitive ears. Ultrasound detectors, commonly called bat detectors, are used to listen to
and record the calls of echo-locating bat species. Echo-locating bats were surveyed using an
Anabat Il detector and associated ZCAIM unit enclosed within a waterproof housing (Photo 3.2),
deployed overnight at different locations to record microbat calls throughout the night, ensuring
sampling of peak nocturnal activity periods.

Using appropriate computer software, recorded microbat calls can be viewed as a graphic signature
of frequency against time. The shape and duration of the call, and the upper and lower frequencies,
all provide information that can be used to distinguish different species by comparing the recorded
calls to calls in reference libraries, i.e. libraries of calls recorded from trapped individuals of different
species. The Anabat recordings of echolocating bats were sent to Dr Kyle Armstrong for
identification and analysis.
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3.2.8 Significant ecological features

The field survey also focused on recording the presence of significant ecological features, including
the features listed below.

Caves. Caves can provide roosting and maternity sites for significant concentrations of cave-
dwelling bats.

Waterbird nesting colonies. Egrets, herons and other waterbirds can gather together to nest
in large nesting colonies.

Megapode nest mounds. Two species of megapode bird occur in the study area, Collared
Brush-Turkey and New Guinea Scrubfowl. The males of these species construct large
mounds of leaf-litter and other decomposing vegetation mixed with loose soil. The females
dig deep holes into the mounds in which they lay an egg every few days. Incubation of the
eggs then occurs through the heat generated by the decomposing vegetation. Megapode
eggs are large, weighing up to 200 g each, include a large proportion of nutritious yolk, and
females may lay between 28 and 50 eggs each year (Coles 1937, Baltin 1969). As the best
quality mounds are large and energetically costly to build, they are maintained and used by
the birds over many years (Jones 1990, Marchant and Higgins 1993). This combination of
features means that megapode eggs are valued by local communities as an important source
of food, with community members visiting mounds regularly to harvest freshly-laid eggs.

3.2.9 General survey considerations

During the survey, fauna observations were continuous and included species records obtained
outside the systematic methods of the survey. Survey tracks, the locations of survey sites and the
locations of all observations of rare or conservation priority species and ecological features were
recorded via hand-held Garmin GPS. The weather during the survey was variable. On 4
September, the weather was fine, hot and dry. On 5 September overnight rain cleared up to a
cloudy day, but heavy rain set in from late afternoon until mid-morning on 6 September, resulting in
very wet conditions. The weather was partly cloudy and dry on 7 September. Due to local logistic
considerations and travel time, the day-time surveys were conducted from 10:00 am at the earliest,
through to 15:00. This meant that the optimal time for bird surveys, within four hours of sunrise was
missed; however, overcast conditions on two mornings meant that bird activity continued to be good
through until midday.

3.2.10 Fauna resource use assessment

The use of local fauna resources and the local names of fauna species were discussed
opportunistically with local field assistants during the field survey, as well as during a village
meeting with Kelly Jim and elder Jim Ouogore on the final day of the survey.

Photo 3.3 Reconnaissance of the study area on te Poto 3.4 Village meeting to identify fauna names
first day of the survey. and resource use.
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4.0 TERRESTRIAL FLORA RESULTS AND DISCUSSION

4.1 OVERVIEW OF PAPUA NEW GUINEA’S TERRESTRIAL FLORA

At a global level, the ecology of Papua New Guinea is described in relation to ecoregions which
are defined as large areas of land containing a distinct assemblage of natural communities and
species with boundaries that approximate the original extent of natural communities prior to major
landuse change or disturbance (DEC 2010). The study area falls entirely within the ‘Northern
Papua New Guinea Lowland Rain and Freshwater Swamp Forest Ecoregion (Terrestrial Ecoregion
123) as defined by Wikramanyake et al. (2002) with the conservation status of natural vegetation
within the ecoregion classified as ‘Critical — Endangered’.

Papua New Guinea, including its island provinces, is covered by 28.2 million hectares of rainforest
that makes up 80% of the country’s forest estate, hosts some of the most biologically diverse
forests in the world (Davis, 1995), and is one 17 megadiverse countries in which over 70% of the
earth's species occur (Conservation International 2012). Conservative estimates suggest that in
excess of 15,000 to 20,000 flora species occur in Papua New Guinea (Davis, 1995; Womersly,
1978), including an estimated 2,000 species of orchids alone (Nita 2006). Papua New Guinea also
exhibits a high level of species endemism (60-80%) among plants (Johns 1993, Davis 1995,
Balgooy et al. 1996).

There is considerable structural and floristic diversity within Papua New Guinea’s forests. These
forests are classified into a number of sub-divisions based on altitude and landform, including:
forest on plain and fans; lowland hill forests; lower-montane forest; montane forest; and dry
evergreen forest restricted to the south-west portion of Papua New Guinea (Paijmans 1975).
Paijmans (1975) also identifies a number of broad structural non-forest formations including:
woodland; scrub; savannah; grassland; mixed herbaceous vegetation; pioneer vegetation,
mangrove vegetation; and gardens. Of the latter vegetation types, savannah and grassland are of
considerable relevance to the Markham Valley and occupy extensive areas of riverine flood-plain
and mountain foot-slope. These grassland habitats are generally accepted to be anthropogenic,
relating in particular to man’s use of fire (Lane-Poole 1925, Paijmans 1975, Henty 1982, Gillison
1993). Climate does however play an important role in the distribution of grassland and savannah
vegetation and there is evidence that non-forest vegetation has been increasing in the Markham
Valley since about 9,500 years ago (Garrett-Jones, 1979). Furthermore, during glacial times
(18,000 to 15,000 years ago) closed forest had a restricted distribution in the southern part of
Papua New Guinea, particularly in the upper Markham and middle Sepik areas (Nix and Kalma
1972). The postulated dominance of savannah vegetation in the Markham Valley would have been
influenced to a large degree by a relatively dry climate that prevails in the Markham Valley due to
its location within a rain-shadow; a large portion of the area experienced seasonally distributed
annual rainfall of less than 1,500 mm (Garret Jones 1979). Average monthly rainfall within the
study area ranges from approximately 30-60 mm per month during the dry season period July to
August, to approximately 130-180 mm per month during the wet season period October to April
(White 2016).

Hence, whilst human use of fire has undoubtedly played a significant role in the current nature and
distribution of vegetation within the study area, it is possible that some savannah vegetation would
have persisted irrespective of human land management practice.

4.2 SURVEY COVERAGE OF THE STUDY AREA

4.2.1 Previous surveys

The study area has been subject to several preliminary studies including:

a Field Scoping Report completed in August 2013 (ERIAS Group 2013);
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a Rapid Environmental and Socio-economic Assessment Report for the Markham Valley
prepared by Eco Care Engineering Ltd (2013); and

a Draft Environmental Inception Report completed in May 2016 (ERIAS Group 2016).

These reports provided brief qualitative accounts of the terrestrial vegetation that included limited
ecological context and did not include spatial mapping of the distribution of vegetation communities.

4.22 2016 survey

Floristic information was gathered at a total of 72 floristic survey sites distributed across the study
area during the course of the field assessment. The locations of these survey sites are shown in
Figure 4.1 and site data descriptions are provided in Appendix A.

4.3 VEGETATION COMMUNITIES AND MAPPING

Table 4.1 provides a summary of vegetation communities identified in the study area, together with
their equivalent Forest Inventory Mapping System (FIM) classifications as described by
Hammermeister and Saunders (1995). The distribution of these vegetation communities across the
study area is mapped in Figure 4.1. For assessment purposes, the area subject to mapping
assessment covers an area of approximately 470 km?, focused on the floodplain of the Markham
River. This area is bounded by the Leron River in the west, the Erap River in the east, the Markham
River in the south and the foot-slopes of the Saruwaged and Finisterre ranges in the north. The
study area is suitably broad to provide context to the existing and planned plantation areas as well
as to accommodate future modifications to the plantation layout. Structural and floristic descriptions
of vegetation communities sampled in the field survey are presented in Section 4.3.1 to Section
4.3.9. The condition of vegetation communities is assessed in Section 4.4 and the conservation
status of vegetation communities is assessed in Section 4.8.
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Table 4.1 Vegetation communities occurring within the study area, together with their

Forest Inventory Mapping System (FIM) classifications and area coverage within the
assessment area.

Vegetation

community

code

Vegetation community
description’

FIM vegetation type?

Area
(ha)

Vegetation communities with minimal to moderate present-day disturbance

% of total

area

1a Large to medium crowned forest L L o el .
(disturbed) crowned forest on plains 13.6 <0.1
' and fans below 1000m
PS: Medium crowned forest/
23 Small crowned forest / regrowth Small crowned forest on 102.5 0.2
forest plains and fans below
1000m
3a Nauclea orientalis / Albizia SA: Savannah 538 0.1
procera savannah
4a Kungi EIrEEE R O e G: Grassland 907.3 1.9
alluvium
4b Kunailgrassland on footslopes G: Grassland 390 3 0.8
and hillslopes
Vegetation communities with moderate to high levels of disturbance
Nauclea orientalis / Albizia
3b procera savannah - moderately | SA: Savannah 937.7 2.0
degraded
Kunai grassland on riverine
4c alluvium -moderately /patchily G: Grassland 19,322.6 40.9
degraded with weeds
O: Other non-vegetation
12a Active river channels and areas dominated by 1,072.3 2.3
landuse®
Vegetation communities that are highly degraded
2% Mixed native/exotic secondary O: Non-vegetation and 1,148.5 24
forest areas dominated by landuse
3c Native savannah woodland with SA: Savannah 59.5 0.1
severely degraded ground cover
Kunai grassland on riverine
alluvium - heavily modified and .
4d degraded with weeds and G: Grassland 10,424.6 221
pasture plants
Mixed native/exotic grassland, G: Grassland
4e shrubland and woodland on 553.7 1.2
river alluvium.
Saccharum robustum, G: Grassland
Leucaena leucocephala
£ grassland/shrubland on recent e 18
river deposits
53 Albizia saman dominated G: Grassland 2109 0.4
savannah
Sago swamp - O: Non-vegetation and
10a areas dominated by 92.9 0.2
regrowth/degraded forest I 3
anduse
Vegetation communities resulting from complete habitat modification
Albizia saman dominated open O INerriegEiEiion er
5b f areas dominated by 7,430.2 15.7
orest 3
landuse
Leucaena leucocephala, Albizia | O: Non-vegetation and
6a sp., Albizia saman dominant areas dominated by 206.1 0.4
shrubland landuse®
O: Non-vegetation and
7a Village Area areas dominated by 973 0.8
landuse®
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UOEJELEET) Vegetation community p) Area % of total
community o] FIM vegetation type
description
Plantation areas/leucaena/palm o Non—vegetation and
8a oil areas dominated by 936.7 2.0
landuse®
. . O: Non-vegetation and
8b ZIantathn EIEEE: [P e areas dominated by 25.8 0.1
raucaria 3
landuse
Former gardens/coconut O Nermiegeieiion e
9a . areas dominated by 21154 4.6
plantations 3
landuse
. . O: Non-vegetation and
11a CERIDN EO28 WA GIRETER O | oo aomieetied oy 294.1 0.6
recent modification 3
landuse
Total 47,205.0 100.0

" Description derived from Paijmans (1976), applied to natural vegetation communities only.
2 Classification derived from Hammermaster and Saunders (1995).
3 Referring to areas utilised by humans for agriculture, settlement or other industrial or extractive activity.

4.3.1 Large fo medium crowned forest on plains and fans (VC1a; FIM PL)

A single 14 ha patch of large to medium crowned forest was identified and mapped within the
study area. This patch is located close to the Markham River approximately 2.5 km to the south-
east of Kokok Village. The habitat is a closed forest with a broken and uneven canopy, with
canopy heights ranging from 15 m to 35 m and occasional emergent trees to 45 m tall. The
dominant canopy trees are White Siris (Ailanthus integrifolia), Sterculia shillinglawii, Litsea spp.
and Labula (Anthocephalis chinensis) mixed with native pioneer species that include Breadfruit
(Artocarpus altilis), Macaranga aleuritoides, Trema orientalis, Dysoxylum sp., Endospermum
medullosum, Hydriastele costata, Commersonia bartramia, Buchanania spp., Melanolepis
multiglandulosa, Myristica fatua, and Poison Fig (Antiaris toxicarya var. macrophylla). Scattered
Raintree (Albizia saman) occur in the habitat although this invasive species was more abundant on
the habitat margins.

The shrub and understory layers are variable and very dense with an upper shrub layer of
Kleinhovia hospita, Melanolepis multiglandulosa, Macaranga quadriglandulosa, Macaranga
tanarius, Macaranga involucrata var. mallotoides, Casearia clutiifolia, Leea novoguineensis,
Endospermum medullosum, Mallotus mollisimus, Mallotus peltatus, Mallotus paniculatus, Ficus
wassa, Ficus mollior, Ficus septica, Gnetum gnemon, Glochidion novoguineensis, Homalanthus
novoguineensis, Neoloebra atra, Trichospermum pleiostigma Aglaia sapindina, Caryota
rumphiana, Calamus spp., Piper spp., Pycnarrhena novoguineensis, Pleomele angustifolia and
Dioscorea sp. Hemi-epiphytes including Rhaphidophora sp., Freycinetia spp., Scindapsus
altissumus., Epipremnum amplissimum and Asplenium spp. are common throughout all structural
layers as are thick woody lianas representing the genera Smilax, Cissus, Mucuna, Flagellaria and
Combretum. Typical groundcovers include the gingers Hornstedtia scottiana, Alpinea, spp.,
Amomum aculeatum, Etlingera sp., and Phrynium macrocephalium.

This habitat has been significantly degraded through the removal of most of the canopy tree
species that are typical of undisturbed forests of this type. In particular, the more valuable timber
species such as Erima (Octomeles sumatrana), New Guinea Walnut (Dracontomelum dao), Taun
(Pometia pinnata), Garamut (Vitex cofassus), Milky Pine (Alstonia scholaris), Rosewood
(Pterocarpus indicus) and Kwila (Intsia bijuga) are largely absent from the forest structure, yet
these species occur commonly in less disturbed large crowned forest patches on the southern side
of the Markham River.

4.3.2 Small crowned forest — regrowth forest (VC2a; FIM PS)

The small crowned forest — regrowth forest vegetation community occurs as a number of small,
scattered patches growing in a mosaic with well-preserved savannah woodland habitats in the
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central portion of the study area. The canopy is typically medium height (18 to 28 m) with
occasional emergent trees to 35 m. This habitat has a relatively diverse mix of trees including
Terminalia complanata, Yellow Cheesewood (Nauclea orientalis), Tristiropsis acutangula, Albizia
procera, Ficus variegata, Ivory Mahogany (Dysoxylum gaudichaudianum), Dysoxylum parasiticum,
Timonius timon, Brown Kurrajong (Commersonia bartramia), Commersonia novoguineensis,
Trichospermum pleiostigma, Glochdion novoguineensis, Planchonia papuana, Hydriastele costata,
Fishtail Palm (Caryota rumphiana), Litsea sp., Berrya javanica, Melicope bonwickii, Sterculia
shillinglawii and occasional Cotton Tree (Bombax ceiba var. leiocarpum). Raintree is an occasional
canopy component, most typically on the margins of the habitat.

The shrub layer is variable in both species composition and structure, depending on the degree of
disturbance. The predominant shrub species include Melanolepis multiglandulosa, Macaranga
tanarius, Leea novoguineensis, Macaranga involucrata var. mallotoides, Mallotus mollisimus,
Mallotus paniculatus, Macaranga quadriglandulosa, Glochidion novoguineensis, Bleeding Heart
(Homalanthus novoguineensis), Trichospermum pleiostigma, Ptychosperma sp., with often dense
tangles of Calamus longipinna. The exotic Bamboo Piper (Piper aduncum), Leucaena
leucocephala and Senna sp. form thickets around the margins of the habitat in areas where
fringing grasslands have been heavily disturbed.

These habitats are derived from the natural capture of savannah woodland by rainforest species,
evident by the relict specimens of Nauclea orientalis and Albizia procera scattered throughout the
canopy with development of the rainforest canopy to a degree that fire will no longer penetrate the
habitat margins. The protection of these habitats from fire has been facilitated by swampy ground
in some examples and development of more complex structural features, including plank
buttresses in some trees. Further development towards rainforest will be an ongoing process in the
absence of further disturbance.

Photo 4.1 Degraded large to medium crowned forest Photo 4.2 Native regrowth forest (VC2a)

(VC1a) with an abundance of hemi-epiphytes in the  demonstrating development of complex structural
lower structural layers (Site 29) features including plank buttressing (Site 18)

4.3.3 Nauclea orientalis / Albizia procera savannah woodland (VC3a, VC3b, VC3c; FIM SA)

Savannah habitats are characterised by the continuous grassy ground layer and may occur with or
without a canopy of woody vegetation. In its best-preserved condition, savannah habitats exhibit a
dense grassy ground-layer of predominantly native grasses with a sparse woody canopy layer
dominated by either Nauclea orientalis or Albizia procera. The canopy trees in undisturbed habitats
typically form up to 40% canopy cover with canopy heights ranging from 15 to 25 m. The shrub
layer is very sparse and limited to scattered shrubs of Antidesma ghaesembilla. The natural grassy
ground-layer is dominated by thick swathes of Kunai (Imperata cylindrica). Whilst fire is necessary
to maintain habitat condition, it has not been of sufficient intensity to thin the woody canopy. This
vegetation community approximates the savannah habitats that have likely been more extensive
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and in relatively stable condition in the Markham Valley since the last glacial period (15,000 to
18,000 years ago) (Lane-Poole 1925, Robbins 1960, Paijmans 1976).

Across much of the study area, savannah habitats have been subject to significant degradation,
mainly through the impacts of cattle grazing as well as extraction of timber. Grazing has severely
impacted the floristic and structural integrity of this habitat type through introduction and spread of
weed species, in particular Siam Weed (Chromolaena odorata), Giant Sensitive Weed (Mimosa
diplotricha), Leucaena (Leucaena leucocephala), Bamboo Piper (Piper aduncum) and Raintree
(Albizia saman). Where habitat degradation is severe, resulting in pervasive replacement of the
majority of native grassy groundcovers with exotic weeds, the habitat is mapped as Vegetation
Community 3c (Native Savannah Woodland with severely degraded ground cover). Where weed
invasion is incipient or less pronounced, or the habitat has been subject to timber extraction,
savannah vegetation is mapped as VC3b (Nauclea orientalis / Albizia procera dominant savannah
- moderately degraded).

Photo 4.3 Mosaic of savannah (3a), small crowned Pot 4.4 Well preserve éanaheéeation
forest (VC2a) and native kunai grassland (VC4a) in  (VC3a) with Nauclea orientalis at the location of Site

the central portion of the study area S17.

Photo 4.5 Severely degraded savannah woodland
with ground cover displaced by Siam Weed (VC3c)  been thinned (VC3b).

Photo 4.6 Savannah vegetation where tree cover has

4.3.4 Native grassland (VC4a, VC4b, VC4c, VC4d, VC4e, VC4f; FIM G)

Native grasslands, referred to as ‘Kunai’ in Papua New Guinea form the most extensive habitat
type in the Markham Valley although these areas have been affected to varying degrees by
degradation, usually associated with intensive cattle grazing. In their best condition, native
grasslands are identified as VC4a and VC4b, being grasslands associated with alluvium (river flats
and fans) and grasslands associated with footslopes respectively. Dominant native species include
Kunai (Imperata cylindrica), Kangaroo Grass (Themeda triandra and Themeda avenacea) and
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Cane Grass (Mnesithea rottboelliodes), as well as Polytocca macrophylla, Isheamum sp. and
Phragmites vallatorius on better-developed riverine alluvium. Additional species recorded in the
habitat include Bothriochloa bladhii, Cockatoo Grass (Alliopteris semiulata), Scented-top Grass
(Capillipedium parviflorum), Cyanthileum cinereum, Euphorbia bifida, Ophiurus exaltata,
Phyllanthus virgata, Uraria picta, Desmodium rhtidiophyllum, Fimbristylis sp. and Phyllanthus
virgata, Typical native shrub species include Albizia procera, Antidesma ghaesembilla,
Clerodendrum tomentosa, and Cycas schumanniana, the latter restricted to hill foot-slopes and
scattered specimens on coarse fan deposits. Although these grasslands are considered as native
they may contain a number of introduced species that may occur as scattered individuals
throughout. These include scattered shrubs of Leucaena leucocephala and Chromolaena odorata,
exotic grasses such as Red Natal Grass (Melinus repens) and Mission Grass (Pennisetum
polystachyon), the vines Siratro (Macroptilium atropurpureum) and Stinking Passionflower
(Passiflora foetida), and herbs such as Euphorbia hirta, Sida acuta, Stylosanthes spp. and Tridax
procumbens. Henty (1982) describes the typical floristic variations in native grassland, which are
largely associated with substrate. Soils that experience a moisture deficit, including those formed
on foot-slopes and coarse textured gravelly soils associated with outwash fans are typically
dominated by Themeda triandra. Heavier alluvial soils with greater moisture retention capacity are
dominated by Imperata cylindrica, but Saccharum robustum becomes dominant in permanently
wet soils such as on watercourse margins. Habitats dominated by Saccharum robustum are
mapped as VCA4f, although these are typically heavily degraded with woody weeds (see Section
4.3.7).

. : &

Photo 4.7 Native grassland in good condition (VC4a) Photo 4.8 Native grassland on foot-slopes
dominated by Kunai (Imperata cylindrica) on river dominated by Kangaroo Grass (Themeda triandra)
flats. (VC4b).

Degradation in grassland habitats is generally associated with heavy grazing regimes and is
evident across large areas of the study area. Native grasses are in varying stages of being
displaced by woody weeds, introduced pasture grasses and tropical legumes. Siam Weed is the
most pervasive weed in heavily disturbed areas, mixing with Knobweed (Hyptis capitata), Giant
Sensitive Weed, Sensitive Weed (Mimosa pudica) Siratro and Butterfly Pea (Clitorea terneata).
Complete displacement of native groundcover by Para Grass (Urochloa mutica) has occurred in
some localities. Other introduced grasses include Red Natal Grass, Broad leaved Carpet Grass
(Axonopus compressus), Indian Couch (Bothriochloa pertusa), Buffel Grass (Cenchrus ciliaris),
Mossman River Grass (Cenchrus echinatus), A Windmill Grass (Chloris inflata), Spiny top Grass
(Chrysopogon acicularis), Button Grass (Dactyloctinuem aegyptum), Crowsfoot Grass (Eleusine
indica), Guinea Grass (Megathyrsus maximus var. maximus), Mission Grass (Pennisetum
polystachyon), Johnson River Grass (Sorghum halepense) and Rats Tail Grass (Sporobolus sp.).
Herbs such as Hyptis suaveolens, Sida acuta and Sida cordifolia also proliferate in some areas.
The woody weeds Leucaena and Pigeon Bundleflower (Desmanthus pernambucanus) form
thickets in some areas particularly along disturbed roadsides and fencelines. Raintree is
establishing across extensive areas of heavily grazed grassland and is considered a precursor to
the formation of closed forest. Where grasslands are severely degraded across large areas by
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invasion of exotic shrubs or dense thickening of woody weeds, they are mapped as VC4d and
VVC4e respectively. Such areas are typically associated within grazing paddocks and the
boundaries between native and degraded grasslands are often defined by paddock fence-lines.
Vegetation Community 4c is allocated to those areas where degradation is less severe and native
floristic composition is preserved over a significant portion of the landscape.

Photo 4.9 Dera graslnd in a eavil gzed . Photo 4.10 Former native grassland where native

paddock where Siam Weed and Knob Weed grasses have been replaced with dense cover of the
dominate the shrub cover (VC4d). invasive Giant Sensitive Weed (Mimosa diplotrocha)
(VC4d).

Native grasslands represent either fire dis-climax communities, or, in the case of Kunai grassland,
indicate historical clearing for cultivation (Paijmans 1976). Despite a history that originates from
human activity, the relatively dry climate that characterises the Markham Valley would have
facilitated conversion of forests to grasslands. Grasslands are therefore likely to have been
increasing their extent in the Markham Valley over the last 9,500 years.

Long-term, regular burning of grasslands would undoubtedly modify soil conditions and Henty
(1982) describes the process of soil degradation that occurs following the dis-climax succession
from rainforest to grassland. Under grassland, the organic content of the soil declines, and higher
soil temperatures increase decomposition rates of organic matter thereby reducing surface leaf
litter cover and limiting organic replenishment. With loss of organic matter, soil structure is
degraded, leading to decreased moisture absorption, increased runoff and erosion. Hence the
ecology of the original forest habitat and the edaphic features that sustain it are irreversibly
modified.

4.3.5 Mixed native / exotic regrowth forests (VC2b) and forests and shrublands dominated
by exotic species (VCba, VC5b, VC6a,; FIM O)

Regrowth forests are ubiquitous across much of the Markham Valley, forming thickets along the
river frontage as well as broad mosaics across areas of native grassland. These regrowth forests
are severely degraded by the dominance of exotic species, of which Raintree is the most
abundant. Raintree forms closed-canopy forest patches over an extensive portion of the study
area. Areas of open forest dominated by Raintree are mapped as VC5b. The establishment of
Raintree forests is likely promoted by grazing since cattle eat the seed pods and disperse the
undigested seeds across the landscape in their dung. Intensive grazing also reduces grass cover,
which promotes the recruitment of tree seedlings. The associated reduction in grassy fuel loads
also means that fire intensity is insufficient or too patchy to control the developing saplings. Once
the trees have developed a closed canopy cover, the grassy ground cover is shaded out. Raintree
savannah develops in areas where sufficient grassy cover is present between individual trees to
arrest further shrub development, with such areas mapped as VC5a (Raintree savannah).
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The sub-canopy and shrub layers of long established Raintree forests develop increased structural
and floristic complexity over time as native rainforest shrubs and trees become established in the
mesic habitats, especially along the fringes of drainage lines. Associated canopy species are
Litsea guppyi, Melanolepis multiglandulosa, Senna sp., and Dysoxylum gaudichaudianum, often
with climbing hemi-epiphytes such as Epipremum amplissimum and epiphytes of Asplenium nidus.

Typical species of the mid and understorey include Alstonia scholaris, Antidesma sp., Buchanania
macrocarpa, Carica papaya, Clerodendrum tomentosum, Cynanchum sp., Endospermum
medullosum, Ficus adenosperma, Ficus copiosa, Ficus septica, Glochidion novoguineensis,
Hornesteadia schottiana, Ipomoea obscura, Leea novoguineensis, Mikania micrantha, Myristica
fatua, Passiflora edulis, Piper adunctum, Pometia pinnata, Passiflora subpeltata, Rhaphidophora
sp., Trophis scandens subsp. scandens. The groundcover supports species such as Achyranthes
aspera, Alpinea sp., Asystasia gangetica, Dioscorea sp., Mormochodia charanta, Nephrolepis
bisserata, Oplismenus compositus, Sida sp., Stephania japonica var. timorensis and Urena lobata.

Some habitats have a much greater canopy proportion of native trees and extensive areas of
mixed native/ exotic forest has been mapped across the study area under the classification of
VC2b. Whilst Raintree consistently contributes a considerable portion of the canopy, it mixes with
a range of native colonising species including Ficus nodosa, Commersonia bartramia, Artocarpus
altilis, Macaranga tanarius, Melanolepis multiglandulosa, Pometia pinnata, Alstonia scholaris,
Nauclea orientalis, Kleinhovia hospita, Albizia procera, Sterculia shillinglawii and Endospermum
medulosum. Shrub layers are variable although thickets exotic shrubs including Bamboo Piper,
Leucaena, Senna javanica and Glyricidia sepium are common in most habitats, most abundantly
on habitat margins. Where exotic species form mid-dense to dense shrublands, generally
displacing grassland habitats, VC6a is recognised with several mapped units of exotic shrubland
scattered throughout the study area.

hoto 4.11 Tybi-cl:;‘i' stand of Raintree forest where Photo 4.12 Mixed exotic/ native regroth forest
Raintree forms the only canopy species (VC5b). (VC2Db) fringing a river channel near Kokok Village.

4.3.6 Sago swamp - secondary forests dominated by Sago Palm (VC10a; FIM O)

Only a few scattered areas of Sago Palm (Metroxylon sagu) are mapped throughout the study
area. These areas are typically poorly-formed secondary forests located along drainage lines and
swampy areas where Sago Palm has persisted in the presence of more extensive and selective
forest clearing (Photo 4.13). These habitats are floristically simple, characterised by dense
secondary growth and lack the structural and floristic diversity of intact swamp forest habitats.
Sago swamp habitats are often formed through regrowth following total clearing or more typically
represent a residual habitat formed through partial removal of the original forest canopy.
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4.3.7 Watercourses and gravel bars (VC12a; FIM O)

The rapidly evolving channel planform of the larger rivers has created a continuum of fluvial
features in seral stages (i.e. intermediate stages in ecological succession) ranging from bare river
braids (Photo 4.14) to point bars occupied by grasslands and developing shrublands. Dense
swards of Saccharum robustum, often mixed with small trees and exotic shrubs including
Leucaena and Glyricidia septica, typify many stabilising gravel bars (mapped as VC4f) although
these habitats are usually transient given the dynamic process of river erosion and deposition.

Iy i ~ _“ J r/- \-

e ¥ oAt e S \ Eid
hoto 4.13 Small area of secondary forest dominated Photo 4.14 Gravel braids of the Leron River, which
by Sago Palm in a swampy watercourse VC10a). are largely devoid of vegetation (VC12a).

4.3.8 Plantation areas (VC8a, VC8b, VC9a; FIM O)

A variety of plantations (excluding biomass plantations) are scattered throughout the study area
including small scale plots of Leucaena, most likely for cattle fodder, palm oil plantations (VC8a)
near the Erap River in the eastern portion of the study area, and some minor forestry plantation
areas of Araucaria and Pinus (VC8b) (Photo 4.15).

Large areas of coconut plantation (Photo 4.16) occur throughout the study area focused largely
around village areas and riparian fringes. The majority of these areas are not maintained and are
thickening with an understory of regrowth trees and shrubs beneath the tall open canopy of
coconut. Canopy heights of up to 30 m for the coconut trees are typical with a mid-dense sub-
canopy or Artocarpus altilis, Commersonia bartramia, Cananga odorata, Kleinhovia hospita mixed
with scattered Raintree. The lower shrub layer is typically formed by Glyricidia septica, Musa spp.
and papaya (Carica papaya), and may also include managed and unmanaged plantings of cacao
(Theobroma cacao). These forests are progressing structurally toward a closed forest and have
developed many of the structural features of native secondary forest.

4.15 Araucaria plantation (VC 8b) at the Photo 4.16 Coconut plantation with developing
Papua New Guinea Forest Research Station, Leron.  secondary forest understory (VC 9a).
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4.3.9 Village Areas; Garden areas with evidence of recent modification (VC7a, VC11a; FIM
o)

Areas of current occupation and intensive landuse are mapped under this classification which
includes village and associated garden areas. The vegetation is typically dominated by planted
food and other utility species including coconut, mango (Mangifera indica), papaya, banana (Musa
sp.), Glyricidia sepium, cacao and garden food resources including cassava (Cassava manihot)
and taro (Calocasia esculenta).

44 VEGETATION CONDITION AND MAPPING

Through much of the available literature, the Markham Valley landscape is considered the product
of anthropogenic activities, in particular the use of fire to clear the land for cultivation (Robbins
1960, Lane-Poole 1925, Paijmans 1975, Henty 1982). This use of fire is manifest in the extensive
native grassland habitats that blanket the valley, occupying both the broad river flats and adjacent
mountain foot-slopes to a considerable elevation. As previously discussed in Section 4.1,
savannah vegetation has been present in the Markham Valley at least since the most recent glacial
period (15,000 to 18,000 years ago) and its extent has most likely increased from 9,500 years ago.
Hence, savannah vegetation in the Markham Valley, including native grasslands, has been a
relatively stable ecosystem for a significant period, with sufficient time to develop its own
specialised biota.

Whilst human impacts on the natural environment over a long history of subsistence cultivation are
noted, accelerated degradation has come with industrialisation that has increased under European
influence, most likely since the start of the 1800’s (Garret-Jones 1979). This included the
establishment of copra and cacao plantations, and a likely increased human population that has
placed additional pressure on natural resources such as timber. No forest habitats currently
present in the study area can be considered to exist in a natural condition; in particular, extensive
timber extraction has left the last remaining small areas of forest in a degraded condition.

Further pressure was placed on the natural landscape with the introduction of cattle grazing, which
expanded rapidly following an increase in foreign aid after 1963 (Connell 1979); the Markham
Plains / Ramu district is considered the most important beef producing region in Papua New
Guinea (Banguinan et al. 1996). With the introduction of cattle came the incipient impacts of
introduced pasture weeds including a number of exotic pasture grasses and herbs such as Para
Grass (Brachiara mutica) and Townsville Lucerne (Stylosanthes humilis) plus woody forage
species including Leucaena that have been established in a number of paddocks. Raintree was
probably introduced during this period; the pods of this species have high protein value and make
a useful fodder supplement. Other non-desirable weeds have also been introduced that are spread
by cattle, including Siam Weed and Knobweed that directly compete with native grasses.

Following the introduction of cattle, grassy fuel loads diminished, decreasing the intensity of fires
and their capacity to control weed growth. Cattle spread the seeds of Raintree and, with reduction
of fire intensity, these seedlings proliferated to a degree that Raintree-dominated forests now cover
up to a quarter of the total study area. Hence, with consideration given to the pre-existing
anthropogenic landscape, the mapping of vegetation condition is largely an exercise in the
mapping of categories of habitat degradation and modification. Habitat condition however grades
across a continuum, resulting in boundaries that are diffuse in some instances and difficult to
accurately demarcate.

The framework for assessment of vegetation condition has been detailed in Section 2.3. The
following trends are noted:

1. No intact forest vegetation was identified within the study area. A single degraded (14 ha)
patch of disturbed large to medium crowned forest (VC1a) that remains on the river frontage
was classified Moderately Disturbed (Stable to declining) (Condition Category 2a).
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2. Vegetation Community 3a represents the best-preserved representation of savannah habitat
in the study area, the habitat being largely free of exotic weeds and in a stable natural
condition. Associated patches of rainforest (VC2a) are predominantly native and developing
structural attributes of a natural forest. These habitats are of relatively minor extent within only
53 ha of VC3a and 102 ha of VC2a mapped across the assessment area. These habitats are
assigned to the condition category of Moderately Disturbed (Stable or Regenerating)
(Condition Category 2b).

3. Regrowth vegetation comprising a mix of native pioneer and exotic trees and shrubs (VC2b)
occupies 1,147 ha or 2.4% of the mapped assessment area. These are considered degraded
forest patches (Condition Category 4) that are subject to decline in habitat condition through
continued expansion of exotic species, notably Raintree, on the forest margins and into forest
canopy gaps.

4. Highly degraded vegetation (Condition Category 5), represented by exotic forests dominated
by Raintree (VC5a and VC5b) form 7,641 ha or 16.1% of assessment area); severely
degraded grasslands (VC4d, VC4e and VCA4f) forming 11,448 ha and 24% of the assessment
area; and other degraded areas including villages and plantation forming 11,922 ha, or 25% of
the assessment area.

On the whole, the assessment area is dominated by vegetation in a degraded, highly modified
condition with natural vegetation an extremely limited component of the landscape (Table 4.2). The
mapping of vegetation condition across the assessment area, according to the framework described
in Section 2.3is provided in Figure 4.2. No intact vegetation (Condition Category 1) was recorded.
The moderately disturbed (stable or regenerating) Condition Category 2b represents habitats that
have been subject to moderate levels of human disturbance but remain dominated by native species
characteristic of the original natural state prior to human impacts. The limited extent of this condition
class indicates the pervasiveness of exotic species that are symptomatic of habitat degradation
throughout the majority of habitats in the study area.

Table 4.2 Spatial extent of vegetation condition classes across the Project assessment
area.

Vegetation condition class Vegetation communities NCEN (G F))

Moderately Disturbed (stable or regenerating)

(Category 2b) 2a, 3a 156.2 0.3
Moderately Disturbed (stable to declining) 1a, 12a 1,085.9 23
(Category 2a)
Modified (cultural) (Category 3) 4a, 4b 1,297.5 2.7
Degraded (Category 4) 10a, 2b, 3b, 4c, 4f 21,970.9 46.5
Highly Degraded (Category 5) T1a, 5o, fid, e, 52,50, 6a, 22,694 .4 481
Total* 47,205.0 100.0
*Sum of individual values before rounding.
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4.5 FLORA SPECIES OVERVIEW

There are few targeted floristic studies focusing on habitats in the Markham Valley, or New Guinea
savannah landscapes in general. Studies by Takeuchi (2000) within the lowland rainforests (below
400 m asl) of the Josephstaal Forest Management Agreement Area, approximately 250 km north
of the study area, identified 139 families, 445 genera and 730 distinct morpho-species with an
unaccounted proportion of the flora considered undocumented. However, due to the highly
disturbed and degraded nature of the forests in the study area, coupled with the considerable
extent of relatively homogenous grassland, floristic diversity is likely to be significantly diminished.
The exception however is likely to be a considerable abundance of exotic species promoted by
grazing and cultivation, with 36% of the species recorded in the study area considered to be of
exotic origin (see Appendix B). The high proportion of exotic flora is due to the land use history
and extensive areas of highly disturbed and degraded vegetation.

The results of this survey, augmented with floristic records sourced from historic collections within
the botanical database of the Queensland Herbarium, identify a flora of 370 species occurring within
85 families and 267 genera (see Appendix B). This comprises 235 (64%) native species and an
introduced/exotic flora of 135 species (36% of the total flora). There are 11 ferns, one cycad, four
gymnosperms and 354 flowering plants. One species is listed as significant under the IUCN and 150
(41%) of the flora are significant to the local landholders on account of traditional and/or current
uses and value (refer Appendix D).

4.6 CONSERVATION PRIORITY SPECIES

Although Papua New Guinea is a signatory to conventions such as the International Plant
Protection Convention and Convention on Biological Diversity, there is no formalised system within
Papua New Guinea legislation dealing specifically with the protection of threatened or significant
plant species. Nor has any structured national system applying conservation status to flora species
been devised or applied. The recognition of threatened species in this report is based on
information provided in the IUCN Red List of Threatened Species (IUCN 2014a). This system has
no legislative or legal significance within Papua New Guinea other than to provide guidance to the
relative conservation significance and/or rarity of any given plant species at a particular location.
Reference to the IUCN database indicates 143 plant species within Papua New Guinea listed as
threatened (vulnerable, endangered, or critically endangered), 34 listed as near threatened and a
further 20 species listed as data deficient. Table 4.3 provides information relevant to the four
threatened and near threatened species that, on the basis of field survey and floristic review, are
either known to occur based on the results of field survey (two species), or are considered likely to
occur based on known distributions and habitat preferences. The following two significant flora
species were detected during the field survey (see Figure 4.3 for locations):

Intsia bijuga (Kwila) (IUCN: Vulnerable). Kwila is a valuable timber in Papua New Guinea
(Eddows 1977, Tong et al. 2009) and forms a large canopy tree in intact primary lowland
rainforest on the southern side of the Markham River, outside of the study area. The species
was recorded at a single location within the study area, as a small regrowth tree associated
with degraded gully line forest in foothills behind Dinsu Village, just outside the assessment
area (Photo 4.17). Historical timber extraction and forest clearing is likely responsible for the
current rarity of this species in the study area.

Cycas schumanniana (IUCN: Near Threatened). A common species in native grasslands
on hill foot-slopes throughout the study area with scattered individuals extending onto
adjoining outwash plains (Photo 4.18). This species is most typically associated with VC4b
(Kunai grassland on foot-slopes and hill-slopes) where relatively large populations occur as
scattered plants over large areas. Figure 4.3shows the locations of Cycas schumanniana
populations at sites that were visited during the field survey. However the species is highly
likely to be more widely distributed than the limited sites surveyed. Therefore the distribution of
habitat suitable for Cycas schumanniana is also mapped in Figure 4.3.
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in degraded gully vegetation just outside the study

area.
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Photo 4.17 Immature Intsia bijuga (IU

CN:
Vulnerable) (the small tree in the centre of the photo) schumanniana (IUCN: Near Threatened) cycads

Photo 4.18 Locations of mature Cycas

(indicated by white circles) growing in typical

grassland habitat on hill foot-slopes just outside the

study area.

Table 4.3 Conservation significant flora species known or likely to occur within the study
area and their threat status under the IUCN Red List.

Species

Record

IUCN*

Habitat and distribution

Comments on records and

Species known to occur in the study area — recorded in 2016 survey

source

likelihood of occurrence

A pan tropical species of
lowland rainforest distributed
throughout south-east Asia and

Recorded during survey as a single
small regrowth tree associated with
degraded gully line forest in foothills
behind Dinsu Village (outside the

Intsia bijuga Sfr(i:r?rded VU Melanesia which produces one assessment area). A relatively rare
(Kwila) surveg of the most valuable timbers of regrowth tree with no adult trees
y: South East Asia (World noted. Historical timber extraction
Conservation Monitoring Centre | and forest clearing is likely
1998a). responsible for the current rarity of
this species in the study area.
Endemic to Papua New Guinea
occurring on the northern side
of the island along the foothills A common species in native
of the Bismarck Range, grasslands on hill foot-slopes
Recorded predominantly in the valleys of throughout the study area with
Cycas during NT the Markham and Ramu Rivers scattered individuals extending onto
schumanniana survey extending south from Lae along |adjoining outwash plains. This

the Bulolo River as far as Wau
and Madang. Recorded from
low to high elevations, up to
1,600 m asl in Kunai grassland
habitats (Hill 2010).

species is associated with VC4b
(Kunai grassland on foot-slopes
and hill-slopes) in the study area.

Species possibl

occurring in

study area

A widespread tree found in

Known from primary and secondary
forests along the Watut and

Pterocarpus e lowland primary and some Markham river. A widespread tree
i recorded - S ) .
indicus althouah VU secondary forest, mainly along that is likely to be associated with
(New Guinea knowngfrom tidal creeks and rocky shores both intact and disturbed native
Rosewood) area (World Conservation Monitoring | forest (VC1a in particular), but
’ Centre 1998b). historical timber extraction is likely
to have removed all adult trees.
Not . .
recorded LR — Aevr:fr(:\?lpr::gozgiégﬁilti Suitable habitat occurs in the study
Aglaia rimosa | although g y . area, most likely in disturbed
NT secondary forests near rivers ) -
known from P 1 1998 rainforest habitats (VC1a).
area. and streams (Panne ).

*IUCN status: LR- NT = Lower Risk — Near Threatened; NT = Near Threatened; VU = Vulnerable (facing a high risk of
extinction in the wild in the medium-term future).
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The majority of species listed under IUCN schedules are associated with intact habitats and hence
are considered unlikely to occur in the study area. A full list of threatened species for Papua New
Guinea, as per the IUCN Red List, together with a detailed assessment of their likelihood of
occurrence within the study area is provided in Appendix C. Acacia crassicarpa, listed as
Vulnerable, is considered unlikely to occur in natural habitats within the study area; however, it has
been planted as a plantation tree in some stands of Project test plantings.

In addition to the IUCN species list, 263 taxa are listed in the CITES (appendices for Papua New
Guinea (UNEP — WMC 2015)). The species presently listed for Papua New Guinea include five
species of Cyathea, 10 species of Cycas, five taxa in the fern family Dicksoniaceae, four pitcher
plants (genus Nepenthes), and 149 species of orchid. The CITES listing of orchids is, however,
incomplete (as noted in the database explanatory notes) and export of all orchids collected from
the wild was banned by the Papua New Guinea Department of Environment and Conservation in
1990 (Vantomme et al. 2002). Miller et al. (1994) also listed Euphorbia spp. as protected under
CITES. Cycas schumanniana is the only species recorded within the study area that is listed under
CITES.

4.7 EXoTIC FLORA SPECIES

One-hundred and thirty-six exotic flora species, or 36% of the flora, were recorded within the study
area during the field assessment. The highest numbers of weeds are represented by grasses
(Poaceae) followed by legumes (Fabaceae) and herbs within Asteraceae. Disturbed roadsides,
garden and village areas were found to support the highest number of weed species (124 species)
although a number of these are cultivated plants. High numbers of exotic species are also
recorded in regrowth and disturbed grassland habitats.

There are 30 species that are considered to pose considerable risk to the integrity and function of
both native habitats and agricultural and plantation systems within the study area. Details for those
species considered to pose risk are provided in Table 4.4. This assessment of risk relies heavily
upon on assessments and information provided within the Global Invasive Species Database (2016)
and the Pacific Island Ecosystems at Risk Database (PIER 2013), supported by field observation. It
does not include exotic garden food plants unless these spread readily into natural environments,
nor a number of introduced species which are considered widespread and of low invasive potential.
The weeds are listed in order of assessed risk to natural habitat values (PIER 2013) with nine
species recorded in the study area listed in the 100 worst invasive alien species’ (Global Invasive
Species Database 2016) attributed the highest risk of impact to natural habitat values.

Throughout the broader study area, a dominant proportion of the landscape has been pervasively
altered by growth and infestation of exotic weed species. Many of these are widespread
herbaceous species and are not considered highly invasive nor a significant threat to native
vegetation or agricultural land. However, several highly invasive weeds do also occur, and these
are having significant landscape-scale impacts on the ecology of the area as well as reducing the
productivity of grazing lands. The highly invasive weed species, which include Siam Weed
(Chromolaena odorata), Leucaena (Leucaena leucocephala), Bamboo Piper (Piper aduncum),
Giant Sensitive Plant (Mimosa diplotricha), Glyricidia (Glyricidia sepium), Cassia (Senna spp.),
Neem Tree (Azadirachta indica) and Pigeon Bundle Flower (Desmanthus pernambucanus) plus
the large woody Raintree, are creating major landscape-scale impacts on ecological values and
land productivity. Other more aggressive species include Ceara Rubber (Manihot glaviozi), Bitter
vine or Mile a Minute (Mikania micrantha), Belly Ache Bush (Jatropha gossypiifolia) and Castor Oil
Bush (Ricinus communis).

The most significantly degraded areas are those that are, or have been, subject to heavy grazing
regimes that have facilitated the spread of weeds throughout the landscape and diminished the
potential for fire to act as an effective control agent. Riparian areas are almost universally
impacted by monocultures of Raintree and Leucaena that inhibit the regeneration of native forest
tree species. Further determination of weed control priorities at the project scale requires
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consideration of the potential significance of the impact of each weed present, the existing and
future disturbance impacts to the local environment, and the feasibility of control.

Deleterious effects of exotic species may include direct displacement of native species through
competition, smothering of canopy or ground layers or prevention or deflection of natural
regeneration. They may also significantly impact agricultural productivity including orchard
establishment and management as well as silviculture. Highly invasive woody species, particularly
Leucaena and Raintree, have greatest potential to impact the establishment of eucalyptus
plantation trees due to their rapid growth rates, the long-term persistence of their seeds in the soil
and their capacity to shade out growing eucalypt seedlings if not managed. Weedy groundcover
species will eventually be shaded by establishing plantation trees if early maintenance is practiced
to ensure plantation seedlings are not smothered.

Table 4.4 Exotic species recorded during the survey and potential risks posed to
agricultural systems and native habitats.

Common O T Major habitats at Registered

Species name habitats risk on GISD?

recorded
Pervasive pest Disturbed habitats,
pes riparian areas and ;
through heavily savannah swamps Yes (world’s
Chromolaena ; grazed High P 100 most
Siam Weed Herb and grasslands. . .
odorata grasslands, (28) This weed is a invasive
particularly ; pests)
VCad serious threat tg .
) garden productivity.
Mikania Mile a Minute Vine Most abundant High This vine has Yes
micrantha in degraded (25) potential to smother
habitats and and penetrate tree
garden areas crowns and choke
along roadsides plants. It reduces
on river flats, the growth and
and within productivity of oil
regrowth-closed palm, rubber, citrus,
forests. cassava, tree
plantations,
pineapple, coconut
and plantain.
Invades native and
exotic regrowth
forests (Henty and
Pritchard 1975).
Highly invasive
. coloniser of
Z\ggfjsps;f/zdwael% disturbed habitats
of grazing lands and garden areas,
. Giant and disturbed . vyet areas e
Mimosa I . High riparian areas. Most
. . Sensitive Herb roadside S Yes
diplotricha . (24) aggressive in
Plant margins and
arden areas Iowlan<_j areas
g where it poses
throughout the
study area threat to ga'rdens
' and other disturbed
areas.
' From PIER (2013).
% From Global Invasive Species Database (2016).
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Species

Common
name

Location and
habitats
recorded

Major habitats at
risk

Registered
on GISD?

Potential serious
pest in lowland
il\rl]lczjsetgargléggant areas, particularly
habitats and riparian fringes and
- High wet savannah
Solanum torvum Devils Fig Shrub garden areas (24) habitats where it No
:I:;gr:ol’?vdesrldes has the potential to
flats out-compete and
’ displace native
vegetation.
Recorded from
disturbed garden
areas, access Mostly garden areas
Bidens pilosa Cobblers Herb tracks and High and disturbed Yes
Pegs cleared (23) margins of access
easements tracks and roads.
throughout the
study area.
Grows in May invade natural
- . disturbed areas . secondary forest
Ricinus iy o Shrub around villages, High margins, riparian Yes
communis Bush (21)
gardens and areas and
access tracks. grasslands
g;’mﬁ; areas Known to invade
Psidi . . High disturbed sites
sidium guajava Guava Shrub around villages, 1) forming dense Yes
gardens and thickets
access tracks. )
Disturbed
grasslands and
savannah
(Tizﬁ?rlgj:c? ey woodlands. Able to
) form pure stands in
Jatropha Belly Ache sh roadsides on 18
o rub . open areas where Yes
gossypiifolia Bush track from 40 (High) the natural
g;ﬁ;ﬁ IS vegetation has been
’ damaged or
removed by cattle,
man.
Pervasive pest Disturbed garden
of cleared forest areas, secondary
areas forming forests and cleared
dense thickets in EEEETIENE, (12T
. Bamboo High impact is to prevent
Piper aduncum Pi Shrub abandoned . Yes
iper garden areas (18) natural regenerative
and in processes as well
secondary as |.mpact
forests agricultural
) production.
All disturbed
areas,
particularly along Major impact is to
. . Sensitive roadsides, High grazing lands where
ITIEEE PUEEE Weed e cleared areas, (18) it decreases Ve
gardens and productivity.
grazed
grasslands.
Rapidly occupies
and tends to
dominate disturbed
Common on habitats where it Yes
Megathyrsus Guinea Grass disturbed High smothers native (referred to
maximus Grass easements and (17) regeneration. as Urochloa
roadsides. Particularly maximum)
aggressive along
roadsides and
riparian frontages.
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Location and

Species Common habitats Major habitats at Registered
P name risk on GISD?
recorded
Common on Particularly
Pennisetum Elephant disturbed High aggressive along
Grass ; No
purpureum Grass easements and (16) roadsides and
roadsides. riparian frontages.
Prominent in
lowland habitats,
particularly
garden areas,
degraded Occupies and
grassland invades natural
habitats and as savannah habitats Yes (world’s
Leucaena a dense High and grassland areas 100 most
Leucaena Shrub . . .
leucocephala regrowth shrub (15) and pervasive invasive
in disturbed through most weeds)
grassland secondary forest
habitats. The habitats.
species has
been cultivated
as fodder for
cattle.
A few scattered Has potential to
plants are invade and thicken
Acacia Mimosa located on High in savannah
. Shrub heavily grazed 9 habitats, particularly No
farnesiana Bush ’ (14) -
lands in the those areas subject
vicinity of Dinsu to a heavy
Village. disturbance regime.
e T Has potential to
disturbed garden . P
X . invade early
- habitats where it . :
Ipomoea Cupid’s Herb - . High successional stages
) ) was smothering : " No
guamoclit Flower Vine . (14) of tropical rainforest
disturbed .
M and compete with
riparian . : )
. native vine species
vegetation.
Has significant
Only scattered potential to displace
. . trees occurring . native species in
SPEIEIEE A T Tree on the margins ety regenerating Yes
campanulata Tree (14)
of secondary forests. Currently
forest. outcompeted by
Raintree.
Rapidly occupies
Dense patches Zmel (Eme g
X dominate disturbed
observed in . .
", . habitats where it
. wetter localities High
Urochloa mutica Para Grass Grass o smothers grasses. No
within broader (14) f
. Has potential to
areas of native .
rassland |nque wetlanq
9 ’ habitats and river
margins.
Thick
infestations on Has potential to
roadside thicken throughout
. margins and in . all disturbed
e e Shrub disturbed st habitats reducing No
pernambucanus Bundleflower . (12) -
grazing lands productivity of
where it grows in gardens and grazing
association with lands.
Leucaena.
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Location and

Species Common habitats Major habitats at Registered
P name risk on GISD?
recorded
Infestations on
roadside May invade
margins where it secondary forest
Muntingia Japanese Small s a el . High margins il
pioneer species disturbed No
calabura Strawberry tree . (12)
colonizing grasslands
disturbed sites in especially along
tropical tracks.
lowlands.
Roadsides and . Native grasslands,
CENIEEEE Butterfly Pea | Vine | disturbed T e No
molle y rasslands (11) woodlands and
9 ) gardens.
Cenchrus
polystachios Mission Roadsides and High Native grasslands
(syn. Grass Grass disturbed & % and savannah No
Pennisetum grasslands. woodlands.
polystachyon)
Associated with
degrgded Potential to spread
heavily grazed .
grassland into savannah
Azqdlrachta Neem Tree Tree habitats and Ll yvoodlands and No
indica ) (10) invade degraded
spreading on
. grassland and
margins of A
; riparian areas.
plantation or
avenue trees.
Associated with Potential to spread
overgrown into disturbed
gardens and margins of
adjacent to High regenerating forest
Senna alata Candle Bush Shrub roadsides and g and deflect No
(10) ;
access tracks as establishment of
well as fringing native shrubs. Most
habitats on the aggressive in
Markham River. lowland areas.
Associated with
disturbed track Potential to spread
margins and into disturbed
occurring margins of
o . throughout High regenerating forest
Clitoria ternatea Butterfly Pea Vine disturbed ©) and deflect No
grazing lands establishment of
where it forms a native
prominent groundcovers.
groundcover.
Potential to grow in
. dense stands,
Mostly grows in o
. inhibiting
Tecoma stans dlsturbed_ areas High regeneration of
Yellow Bells Shrub around villages, S Yes
var. stans (8) other species in
gardens and
grasslands or
access tracks.
savannah
woodlands.
ol ln elfiter High potential to be
cultivated areas h -
. - as a dense High GBI
Manihot glaziovii Rubber Tree Shrub . garden areas and a No
shrub where it (8) f
. risk to garden
was competing Aur
. productivity.
with cassava.
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- Common Loc_atlon LUl Major habitats at Registered
Species habitats - P)
name risk on GISD
recorded
Pervasive tree
s e el Established pest
much of the
spread by cattle that
study area R
- . . Low is significantly
Albizia saman Raintree Tree forming dense . 4 No
. (4) reducing habitat
monotypic .
complexity and
forests and ) )
. . . diversity
displacing native
trees.
Mostly grows in
disturbed areas
S. cayennensis around villages,
is relatively gardens and access
common in tracks. May invade
Stachytarpheta partculary on areas (gravel beds
jamaicensis, Snakeweeds Herb NA* No
. degraded and stream banks),
S. cayennensis
grassland wetlands and
habitats adjacent grasslands where
to the Markham there is a vector for
River. spread (e.qg.
vehicles, pigs,
cattle).
Generally
associated with
overgrown Potential to spread
gardens where it into ground layers of
forms a robust gardens and
Macroptilium Siratro Herb groundcover NA* regenerating forest No
atropurpureum although also and prevent
occurring as a establishment of
dense cover in native ground
degraded covers.
grassland
habitats.
Degrades and
Associated with reducgs grassy
degraded coverlln gar:ws
Hyptis capitata Knob weed Herb heavily grazed NA* grassiand ha L No
Readily spread by
grassland \
. stock and is most
habitats. A
aggressive in
lowland areas.

" Risk assessment score reported in the Pacific Island Ecosystems at Risk Database (PIER 2013); * NA indicates that a
risk assessment for the species has not been prepared for the Pacific Islands; 2 Registered as an invasive species on the
Global Invasive Species Database (2016).

4.8 IFC FLORA HABITAT TYPE ASSESSMENT

The classification of floristic habitats against IFC Performance Standard 6 has previously been
provided in Section 1.5.5. In summary, three habitat types are recognised under the IFC
framework, namely:

. Modified Habitat: areas that may contain a large proportion of plant and/or animal species of
non-native origin, and/or where human activity has substantially modified an area’s primary
ecological functions and species composition;

. Natural Habitat: areas composed of viable assemblages of plant and/or animal species of
largely native origin, and/or where human activity has not essentially modified an area’s
primary ecological functions and species composition; and

. Critical Habitat: areas with especially high biodiversity value.
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Mapping showing the distribution of habitat categories in accordance with the IFC framework across
the study area is shown in Figure 4.4. No critical habitat occurs in the assessment area, which
instead comprises 1,242 ha of natural habitat (2.6% of the study area) and 45,963 ha of modified
habitat (97.4% of the study area). Further discussion relating to the classification of habitats in
accordance with the IFC framework is provided in the following section.

Modified Habitats: The majority of floristic communities within the study area fit within the
definition of Modified habitat. Modified habitats comprise those vegetation communities that have
been subject to considerable floristic and structural alteration due to anthropogenic influences, and
include:

habitats dominated entirely or mostly by exotic species, including: forests dominated by the
invasive Raintree (VC5a and VC5b); shrublands dominated by exotic species (VC6a); areas of
existing human occupation and garden areas (VC7a and VC11a); and plantation areas (VC8a,
VC8b and VC9a);

habitats that have been subject to long term alteration through anthropogenic application of
fire to the landscape, including: native Kunai grassland habitats (VC4a and VC4b) in
recognition of the role man has played in shaping such ecosystems with fire, and the role fire
has played in substantially reducing the coverage of woody vegetation components and
general floristic diversity; and variants of grassland and savannah habitats that have been
degraded with exotic pest plants and partial clearing (VC3b, VC3c, VC4c, VC4d and VC4f);
and

habitats that have been subject to considerable structural alteration through either total or
partial clearing of the original native forest canopy (VC2b and VC10a).

Natural Habitat: There are no habitats in the study area that have escaped extensive
anthropogenic influence. A few small habitat vestiges have nevertheless retained aspects of their
original undisturbed vegetation structure, composition and their primary ecological function and are
considered consistent with the definition of natural habitat. Natural habitat areas include:

a 14 ha patch of large to medium crowned forest (VC1a); although subject to selective logging
and clearing, it has retained a portion of its original floristic composition and structure and its
ecological function has not been entirely modified, and a considerable proportion of the
retained canopy trees are characteristic canopy species in intact primary floodplain forest;

several small patches of savannah woodland in natural condition (VC3a) that represent
savannah habitats that have likely been relatively stable in the Markham Valley since the last
glacial period (15,000 to 18,000 years ago) and have not been subject to clearing or severe
degradation of the woody habitat component by repetitive hot burning;

small vestiges of a developing rainforest community comprising predominantly native species
(VC2a) that form a mosaic within broader areas of well-preserved savannah. This vegetation
community type develops from the natural succession of savannah woodlands towards a more
complex and diverse forest ecosystem in the absence of fire or human disturbance; and

river gravel beds, although these are largely devoid of stable vegetation.

For the purposes of this assessment, natural grassland is defined as grassland composed of
species of native provenance whose structure and distribution is controlled by soil and climatic
conditions and has developed outside any substantial anthropogenic influence. No Kunai grassland
habitats within the study area are considered to be in a natural condition due to the importance of
anthropogenic influences in the origin and maintenance of Kunai grasslands. This concurs with
descriptions of Paijmans (1976) and Henty (1982), who considered the extensive ‘anthropogenic’
grasslands within the Markham Valley as being derived through human modification.
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Critical Habitat: No Critically Endangered or Endangered flora species were detected within the
study area, and none are considered likely to occur. Furthermore no habitat areas of significant
importance to endemic or restricted-range species were identified in the study area. Also, no
evidence was found to suggest that habitats support key evolutionary processes, most of which
have been substantially modified by repetitive anthropogenic disturbance. There is little evidence to
suggest that native savannah habitats would qualify as a highly threatened or unique ecosystem due
to the extensive, well preserved representations of savannah woodland associated with the Fly
River Delta in southern Papua New Guinea (Paijmans 1976). There is evidence that large to
medium-crowned forest in lowland localities is highly threatened, being subject to considerable
anthropogenic pressure and extensive areas have been cleared for shifting cultivation and to
develop commercial timber resources (Shearman et al. 2008). Based on clearing rates for
commercially accessible forest calculated by Shearman et al. (2008) (1.41% between 1975 and
2002 increasing to 2.6% since 2002), large to medium crowned forest is predicted to have
experienced > 50% reduction in habitat extent between 1975 and 2015, qualifying it as Endangered
under IUCN criteria (see Section 1.5.5). However, the small area of this vegetation community
within the study area is highly degraded and therefore does not have high biodiversity value.
Consequently, the patch of large to medium crowned forest (VC1a) within the study area does not
meet requirements for recognition as Critical Habitat. In summary, there are no habitats within the
study area that qualify as Critical Habitat under IFC Performance Standard 6.

4.9 FSC FOREST TYPE ASSESSMENT

The framework for assessment of habitat under the FSC National Forest Management Standard
has been detailed in Section 1.5.4. This framework recognises two forest types of conservation
significance, namely:

High Conservation Value Forests; and

natural forests.
Two natural forest types occur within the study area, namely:

large to medium crowned forest (VC1a); and

small crowned forest / regrowth forest (VC2a).

Neither of these natural forest types qualifies as High Conservation Value Forest for the following
reasons:

no significant populations of endangered or endemic species occur within these forest types;

neither is considered a threatened forest type of high biodiversity value due to the extent of
habitat degradation experienced by these patches of forest, as discussed in more detail in
Section 4.8;

they do not provide any critical landscape function and contribute little to watershed protection
or erosion control due to their landscape position i.e. on an alluvial plain close to the coast;

the forests do not provide for > 50% of the basic needs of the local communities; food
resources are largely obtained from cultivated garden areas, natural forests do not provide
dietary staples, and timber resources are also obtained from a range of habitat types with no
particular reliance on the very limited extent of natural forest areas within the study area; and

there is no evidence that there is any particular cultural, ecological, economic or religious
significance placed on these habitats by local communities.

Natural forests are fragmented and have limited coverage across the study area (see Figure 4.5).
Total natural forest cover in the study area is 116 ha, which constitutes just 0.2% of the
assessment area.
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Other high conservation values within the study area are restricted to the occurrences of two
conservation significant plant species (see Section 4.6). The study area does not support
significant concentrations of biological diversity (see Sections 4.5, 4.6, 5.3 and 5.6), intact forest
landscapes or other significant landscape-level ecosystems (see Section 4.3), or critical
ecosystem services (see Sections 4.10 and 5.7).

410 FLORA RESOURCE USE

A total of 150 species of plants that are useful to local communities and other stakeholders were
identified for the study area, making up 41% of the total flora recorded. Appendix D lists these
species and includes details of plant life form, plant parts used, use categories, broad habitats and
notes on abundance and distribution. These include:

34 species of food plants;

11 species that are used medicinally;

109 species that are used for a variety of material uses, including for timber;
6 species utilised for cultural purposes;

20 species that provide important habitat to culturally significant fauna; and
13 species that are used commercially.

Many species have multiple uses and occur across a number of habitats (see Appendix D). The
dominant life forms of useful plants are trees and shrubs (85 species), with nine herbs, 20 vines,
eight palms, 10 graminoids (two bamboo, eight grass) and two ferns. The highest numbers of
plants were recorded from village gardens and disturbed areas, followed by secondary forests and
degraded primary forests.

The most important species included material resources such as Albizia procera (Nginzib), Yellow
Cheesewood (Nauclea orientalis, Ngempang), Galubia Palm (Hydriastele costata, Ompar) and
Ichnocarpus sp. (Watag). Albizia procera is highly valued for house foundations and reported to be
the best firewood available that was targeted during the cattle era for strainer posts which do not
rot (K. Jim personal communication). The yellowish timber of Yellow Cheesewood is valued with
high regard for furniture making and structural building purposes. The split outer trunk of the tall
Galubia Palm, which has a restricted distribution in limited areas of lowland forest, is highly valued
for flooring (where the material is called Ramid). The Ichnocarpus sp. vine is the most commonly
used and highly valued rope used for house construction and all tying and binding purposes.
Other highly valued timber species such as Taun (Pometia pinnata), Kwila (Intsia bijuga) and New
Guinea Walnut (Dracontomelon dao, Mon) are very rare in the study area, although they are well
known resources in the broader area. Reference by a senior elder to a number of timber trees that
were not encountered in the study area indicates a knowledge base that extends outside the study
area into surrounding landscapes where the timber species are likely to still occur more commonly.

The useful plants included 122 indigenous species and 28 introduced species (19% of the total).
Exotic shrub and tree species introduced during cattle grazing enterprises, including Leucaena,
Glyricidia and Senna are widespread throughout the landscape and are facilitating habitat
transformation. These introduced resources are more readily available yet are considered by local
informants as being of lower quality by comparison with indigenous species. The high numbers of
useful plants within village and garden areas include many introduced species that are enriching or
augmenting cultural traditions across a range of cultural and agricultural uses (Pfeiffer and Voeks
2008).

411 ECOSYSTEM SERVICES

Ecosystem services are the benefits provided to humans through the transformations of biological
resources into a flow of essential goods and services such as clean air, water, food and materials
(Costanza et al. 1997). Ecosystem services are characterised into the following four categories:
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provisioning services such as food, materials and clean water;

regulating services such as flood and erosion control, and the regulation and stabilisation of
climate;

supporting services such as nutrient cycling, soil fertility and pollination; and

cultural services such as spiritual, recreational and cultural benefits.

Local communities living within the study area are reliant on supporting services such as nutrient
cycling, soil fertility and pollination to provide relatively fertile soils for growing food crops and cash
crops. The rivers and clear-water streams running through the study area provide essential
sources of water for drinking and washing. Native and introduced flora and fauna species provide
supplementary sources of food and materials, as discussed in more detail in Sections 4.10 and
5.7. Vegetation in the study area contributes to regulating services that include flood control,
erosion control and maintenance of water quality at the local scale. Due to the study area having
limited forest cover, vegetation in the study area contributes little to the regulation of climate at a
global scale.

412 INVASIVENESS ASSESSMENT

This section details the results of an assessment of the invasiveness of the plantation trees (three
species and two hybrids) being trialled for the Project. An invasive species is an introduced species
that spreads rapidly and often in large numbers without direct intervention by people, causing
environmental or economic damage (Pysek et al. 2004). The potential invasiveness of an introduced
tree species is higher if it exhibits easy establishment, fast growth, good seed production and
survival, efficient seed dispersal, an ability to germinate in a range of habitats, low shade tolerance,
and it is not subject to herbivores or pathogens in its introduced environment (Booth 2012, Dodet
and Collet 2012).

Tropical savannah habitats such as those found in the study area are susceptible to colonisation by
invasive plantation trees because of high light availability and low species diversity (Dodet and
Collet 2012). Two introduced woody species that have become invasive in the study area, Albizia

saman and Leucaena leucocephala (see Section 4.3.3), provide a good example of successful
invasion and naturalisation of alien species in savannah in the Markham Valley.

The ecological traits and biological attributes of the plantation tree species being trialled for the
Project are summarised in Table 4.5.

Ecological and
biological
attributes

E. pellita

Table 4.5 Ecological characteristics of E. pellita, E. camaldulensis and A. crassicarpa.

E. camaldulensis

subsp. simulata

A. crassicarpa

Distribution In Papua New Guinea and the E. camaldulensis Oriomo Plateau, Western
Indonesian province of Papua it has a wide Province, Papua New
occurs over a latitudinal range of distribution in Guinea; Merauke Ridge,
between 7°30'-8°35’' S (Doran and | Australia, but E. Indonesian Papua
Turnball 1997) north from the camaldulensis (Skelton, 1987); and in
Muting area of Papua Province and | subspecies Australia from north east
60 km northwest of Morehead in simulata has a coast of Cape York
Western Province (Gunn et al., limited distribution, | Peninsula and along the
1992). In Queensland, Australia it occurring in the east coast and coastal
extends from the Mcilwraith Range | Normanby — Laura | hinterland south to
on Cape York Peninsula to Ingham | — Mitchell River Townsville and Mackay
north of Townsville over a latitudinal | catchment areas on | (Turnbull 1986, Atlas of
range from 12°45'-18°40' S (Doran | Cape York Living Australia 2016).
and Turnbull 1997) and in disjunct Peninsula in
populations. Also recorded from Queensland
southern Queensland (Boland et (Butcher et al.
al., 1984, Chippendale 1988). 2002).
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Ecological and

biological

E. camaldulensis
subsp. simulata

A. crassicarpa

attributes
Climatic zone

E. pellita

In Papua New Guinea found in dry
seasonal open forest or savannah-
like vegetation on alluvial plains,

Seasonally dry

zones, with mean
annual rainfall of

In Papua New Guinea it is

found in dry seasonal
open forest or savannah-

height and wind velocity (Booth
2012).

hills and plateaus (Lamb et al. 900-1,000 mm like vegetation on alluvial
1993). Mean annual rainfall 1,500- | (BoM 2016). plains, hills and plateaus
2,100 mm, January to May (Skelton (Skelton 1987; Lamb et al.
1987). 1993). Mean annual
rainfall 1,500-2,100 mm,
January to May (Skelton
1987). In tropical
Queensland it occurs in
coastal or sub coastal
open forest and
woodlands and littoral
forests in sandy or rocky
soils (Maslin 2001).
Sexual maturity | 4-5 years for E. globulus (Calvifio- Becomes reproductively
Cancela and Rubido-Bara, 2013); active at 4-5 years of age
no data for E. pellita. (CAB International 2000).
Seed production | Good Good Good
Seed viability Short term Relatively short Long term in seed bank
term (Booth 2012)
Seed dispersal Short distance, related to tree Short distance, Can be moved over

related to tree
height and wind
velocity (Booth

longer distance,
particularly by herbivores.

organic mulch layers (Booth 2012).

2012).
Seed Requires bare earth and cannot Requires bare earth | Can germinate and
germination establish in a grass sward or on and cannot become established in

establish in a grass
sward or on organic
mulch layers (Booth

grassland.

2012).
Shade tolerance | Intolerant Intolerant Intolerant
Cultivation China, Indonesia, Australia, Brazil, For E. Trialled in Australia, SE
Sabah, South Africa. camaldulensis: Asia and China.
Australia, southern
Africa, USA, SE
Asia, China,
Europe.
Invasiveness There are no records of it becoming | Has been recorded | Invasive (Miller et al.
status invasive. as an invasive 2011). Noted as a
species in South vigorous coloniser of
Africa (Forsyth et degraded soils following
al. 2004) and USA | slash-and-burn cultivation
(Gordon et al. in Papua New Guinea
2011), particularly (CAB International 2000).
along rivers and Also reported as invasive
riparian zones, and | on other Pacific islands
in South America (Space et al. 2003).
(Booth 2012).
Allelopathy Yes, many Eucalyptus spp. have Yes (Ahmed et al. Yes, Acacia spp. in
been shown to be allelopathic 2008). general are allelopathic
(Zhang and Fu 2009).
Coppicing Yes Yes No
Fire resistance Good (Booth 2012) Good (Booth 2012) | Probable
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Using the information summarised in Table 4.5, the potential invasiveness of Eucalyptus pellita, E.
camaldulensis and Acacia crassicarpa was assessed qualitatively (see Appendix E for details)
using the weed risk assessment (WRA) model developed by Pheloung et al. (1999) and in
accordance with guidelines and scoring system provided by Gordon et al. (2010) to develop a
summary score of potential invasiveness for each species (Table 4.6). The two Eucalyptus hybrids
(E. pellita x E. tereticornis and E. pellita x E. camaldulensis) are unlikely to produce viable seed
when mature and are therefore unlikely to become invasive.

Table 4.6 Summary of Weed Risk Assessment (WRA) scores measuring potential
invasiveness of E. pellita, E. camaldulensis and A. crassicarpa.

E. pellita E. camaldulensis A. crassicarpa

Based on the WRA, E. pellita has a low risk of becoming invasive, E. camaldulensis has a high risk
of becoming invasive and should be evaluated further or controls should be implemented to
mitigate the risk of it becoming invasive, and A. crassicarpa has a very high risk of becoming
invasive. Although no weed risk assessment was carried out for the E. pellita x E. tereticornis and
E. pellita x E. camaldulensis hybrids, there is little likelihood that the hybrids will become invasive.
The higher score of eight for E. camaldulensis compared with zero for E. pellita is attributed to
reports that this species has become invasive in South Africa (Forsyth et al. 2004) and USA
(Gordon et al. 2011) and which had a heavy weighting in the scoring for the risk assessment. E.
camaldulensis has the potential to become invasive if planted along streams within the Project
area.

Generally, Eucalyptus species are not considered to be highly invasive (Booth 2012) as seed
dispersal is restricted (Booth 2012, Larcombe et al. 2013). The apparent reason that E.
camaldulensis has become a problem in southern Africa is its long history of introduction there, the
species being planted widely on farms as well as in forestry trials (Richardson and Rejmanek 2011,
Booth 2012). Furthermore this species seeds are dispersed down watercourses by running water,
allowing it to establish on silt banks after flooding (Forsyth et al. 2004, Booth 2012).

While the Project intends to grow most plantation trees for biomass for the power plant, timber that
is excess to power plant needs is likely to be ‘grown on’ to provide other products such as sawlogs.
Consequently sawlog trees are expected to grow to sexual maturity and produce seeds that are
capable of being dispersed. Furthermore, it is likely that local villagers will have access to, and
establish plantation trees in their communities, providing an alternative pathway for naturalisation
of plantation tree species.

It is relatively straight-forward to eradicate eucalypts as weeds through the removal of mature trees
that have escaped, followed up by the removal of germinating seedlings before sexual maturity is
reached (Booth 2012). However, weedy Acacia species are difficult to control as their seeds persist
in the soil and keep germinating for many years (Booth 2012).

413 FOREST PATHOGENS ASSESSMENT

The plantation tree species proposed to be used for the Project, Eucalyptus pellita and hybrids with
E. camaldulensis and E. tereticornis are susceptible to a variety of pathogens that may attack the
foliage, stems or roots of the plants. These potential pathogens are listed in Table 4.7 under the
three headings: foliage pathogens; stem cankers; and root rots. Information on these pathogens
has been sourced largely from Ciesla et al. (1996) and Old et al. (2003), supplemented by other
sources where relevant.
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Table 4.7 Diseases and associated pathogens likely to occur in plantations of Eucalyptus
pellita and its hybrids in the Project area.

Disease / Pathogens ‘ Notes

Foliage pathogens

Black Mildew: Meliola
amphitricha, M. densa and
M. eucalypti

Already present in Papua New Guinea, this pathogen may be common on
foliage but does not cause serious damage, with little impact. Control
measures not necessary.

Cryptosporiopsis leaf and
shoot blight:
Cryptosporiopsis eucalypti

Already present in Papua New Guinea, this pathogen is recorded only on
Eucalyptus spp. It is easily confused with other leaf spot pathogens. May
cause total defoliation of terminal shoots of young trees. Only feasible
management option is selection of disease-resistant varieties.

Cylindrocladium foliar
blight: Cylindrocladium

Spp.

Already present in Papua New Guinea, these are widespread and damaging
pathogens of a very wide range of plant hosts including eucalypts. E. pellita is
resistant to C. reteaudii (syn. C. quinqueseptatum) leaf blight in northern
Queensland. Symptoms include the development of greyish water-soaked
spots on young leaves which coalesce and develop into extensive necrotic
areas. Particularly severe under conditions of high humidity and frequent
rainfall and may result in death of trees. Only feasible management option is
selection of disease-resistant species and varieties.

Mycosphaerella leaf
diseases: Mycosphaerella
spp. (over 30 species
have been recognised on
eucalypts.) Anamorphs
(sexual stage) include
Phaeophleospora spp.
and Pseudocercospora

Spp.

Probably present in Papua New Guinea. Infected leaves develop spots and
blotches, leaves crinkling in highly susceptible varieties. Can be severe under
conditions of high rainfall and frequent rainfall. Affected trees suffer premature
defoliation and may result in stunting. Only feasible management option is
selection of disease-resistant species, varieties and hybrids.

Myrtle Rust or Eucalyptus
rust: Puccinia psidii

Has not yet been recorded in Papua New Guinea. Infected leaves develop
spots. E. pellita and E. tereticornis are relatively tolerant but not immune; E.
camaldulensis subsp. simulata is less tolerant to infection (Zauza et al. 2010,
Giblin 2013).

Stem Cankers

Cryphonectria cankers:
Cryphonectria cubensis,
C. gyrosa, C. eucalypti,
Endothiella sp

Widespread and important pathogens of eucalypts in the tropics. Endothiella
and its teleomorph C. cubensis have been observed on cankers of Terminalia
brassii grown in plantations near Lae (Arentz and Simpson 1988). Symptoms
include basal cankers which, in severe cases can extend up the stem and trees
can die if stems are girdled. However, C. gyrosa is a secondary pathogen of
stressed trees (e.g. defoliated by Cylindrocladium), forming elongate stripe

Erythricium salmonicolor
(syn. Corticium
salmonicolor)

(EmEeE) cankers which persist without killing the tree. Control is through selection of
disease-resistant species, varieties and hybrids.
Common tropical pathogen with a wide host range including E. tereticornis, E.
Pink Disease: camaldulensis and E. grandis x E. urophylla hybrids as well as a wide range of

horticultural tree crops. In Papua New Guinea, it is particularly a problem in
high rainfall areas. Symptoms include crown dieback and stem breakage, with
disease more prevalent within the stands rather than at edges. Not much can
be done to prevent disease development in forest plantations and control has
been through selection of resistant species, clones and varieties.

Stem and branch
cankers: Botryosphaeria
spp., Valsa spp.
(anamorph Cytospora

spp.)

Already present in Papua New Guinea, these cankers are a minor problem for
trees planted on infertile soils or other unsuitable environments. May cause
some crown dieback, especially on suppressed trees. Control is through
matching species and provenance to climate and edaphic factors and avoiding
stress through good silviculture practice.

Bacterial Wilt: Ralstonia
solanacearum

A soil-borne organism with a pan-tropical distribution that has been recorded
on agricultural crops in Papua New Guinea as Pseudomonas solanacearum
(Shaw 1984). Wide host range, including E. camaldulensis and E. pellita. Trees
affected shortly after planting, with scattered trees showing wilting, leaf drop,
stem death and reduced growth rates. Eucalypt susceptibility to bacterial wilt is
variable; with E. pellita and E. urophylla often susceptible. There is probably
clonal variation to susceptibility but no control measures have been
recommended.
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Disease / Pathogens ‘ Notes

Root and Stem Rots

Woody root and stem
rots: Phellinus noxius,
Rigidoporus spp. and
Ganoderma spp. (In
Papua New Guinea G.
mastosporum, G.
lauterbachii, G. lucidum,
G. weberianum. G.
australe has been
recorded as causing
heart rot of living trees
(Arentz and Simpson
1988)).

Wide host range including eucalypts and Acacia grown in forestry plantations.
In Papua New Guinea, Ganoderma root rots have largely been a problem for
Acacia plantations established on cleared rainforest sites in the lowlands
(Arentz and Simpson 1988). Root rots caused by P. noxius and Ganoderma
spp. were recorded in South Sumatra in E. pellita plantations grown on cleared
Acacia plantations which had had a high incidence of root rot (Agustini et al.
2014). However, artificial inoculation of E. pellita roots with G. philippii indicated
a high degree of resistance to infection (Gill et al. 2016). Infection of plantation
trees is generally a result of the spread of inoculum from stumps and woody
root masses left after clearing of the original forest cover. This should not be an
issue for the Project, since plantations will be established on open grasslands.

There is a possibility that root or butt rots may develop on eucalypt stumps

after several coppicing cycles.

Phytophthora root rot:
Phytophthora spp. incl.
P. cinnamomi, P.
cryptogea and P.
palmivora (Arentz 1986).

P. cinnamomi is a major pathogen of eucalypt forests in Australia. However,
this species does not occur in the Papua New Guinea lowlands (Arentz 2012)
and is therefore unlikely to be a problem in the Project area. Furthermore, E.
pellita and its hybrids are resistant to Phytophthora root rot.

Based on work in a number of lowland forest nurseries in Papua New Guinea (Arentz 1991), there
are a number of pathogens that afflict seedlings and are likely to occur in the Project nursery; these
pathogens are detailed in Table 4.8. Damping-off caused by Rhizoctonia solani is likely to be the
most significant disease (Arentz 1991). A further pathogen that has yet to be recorded in Papua
New Guinea but is likely to appear in the near future is Myrtle Rust, which is therefore also

included in Table 4.8.

Table 4.8 Nursery disease pathogens and their control.

Disease and pathogens
Pre- and post-emergent
damping-off caused by
Rhizoctonia solani,
Cylindrocladium spp. (C.
scoparium, C. parvum and
C. ilicola), Pythium spp.,
Fusarium spp.

Notes

Rhizoctonia damping-off will be the most
common disease problem in the Project
forest nurseries. Seedlings are most
susceptible when newly germinated and
for the first two-three weeks of growth
after which they become largely resistant
to damping-off. The leaves and stems of
affected seedlings will appear to be
covered with a network of web-like
hyphae, shortly followed by the collapse
of the seedlings (Arentz 1991). The
pathogen is soil-borne and is favoured by
high humidity and temperatures.

The absence of hyphae over the surface
of collapsed seedlings may indicate that
other damping-off pathogens may be
responsible.

" Control

Soil sterilisation; spot treatment
of affected seedlings with
Azoxystrobin fungicide applied as
a foliar spray (Kiewnick et al.
2001); other recommended
treatments include combinations
of captan, carbendazim,
copperoxychloride and
quintozene (Terraclor®) (Old et
al. 2003). Alternatively cull
affected seedlings to prevent
spread of pathogens.
Rhizoctonia may continue to be
problem in older seedlings
growing in stand-out beds.
Although spot treatment with
fungicides can be effective, it
may be more effective to cull
diseased seedlings.

Leaf spots and blights;
pathogens include
Colletotrichum
gloeosporioides,
Cylindrocladium reteaudii
(syn. C.
quinqueseptatum).

Development of spots on leaves;
significant defoliation of tubed seedling
stock may occur (Arentz 1991).

Cylindrocladium infections in
nurseries can be readily
controlled using carbendazim
fungicide as a foliar spray or soil
drench (Old et al. 2003).

Powdery Mildew
Oidium spp. (asexual
stage of Erysiphe and

The pathogen attacks leaves and young
shoots of Eucalyptus, producing a thick
layer of densely inter-woven white

Chemical treatments are seldom
necessary although fungicides
such as benomyl, chlorothalonil,

Sphaerotheca) mycelium on the surface of leaves and triademefon, maneb or zineb
shoots sometimes causing spotting and have been used as foliar sprays
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Disease and pathogens

Notes

malformation of older growth. There are
no reports of it being a significant problem
in forestry nurseries in Papua New
Guinea.

' Control
(Old et al. 2003).

Myrtle Rust: Puccinia
psidii

Myrtle Rust, which attacks young, soft,
actively-growing leaves, shoot tips and
young stems, has not yet been recorded
in Papua New Guinea. The first signs of
rust infection are tiny spots or pustules
which can appear 2-4 days after infection.
Symptoms can vary depending on the
host species, susceptibility level within a
host species, and age of the host leaf.
After a few days, the pustules erupt with

Eucalyptus seedlings 0 to 2
years old are highly susceptible
to myrtle rust (Puccinia psidii)
(Coutinho et al. 1998). A range of
fungicides are available for use in
the nursery. These include
triadimenol (250g/L active
ingredients (ai)), triforine (190g/L
ai), mancozeb (750-800 g/kg ai),
azoxystrobin (250 g/L ai), copper

the production of distinctive, yellow
spores. The infected area spreads radially
outwards and multiple pustules eventually
merge and coalesce with age. Secondary
infections can occur within days but are
usually confined to new young tissue,
shoots and expanding foliage. Left
untreated, the disease can cause
deformed leaves, heavy defoliation of
branches, dieback, stunted growth and
even plant death. E. pellita is largely
resistant to myrtle rust but is not immune
(Giblin 2013).

oxychloride (500 g/kg ai) and
propiconazole (250g/kg ai)
(Giblin 2013).

Other management measures
are discussed below.

Nematodes Stunting and chlorosis of seedlings Sterilisation of tubing soil.

(Arentz 1991),

Root rots associated with P.
cinnamomi are highly unlikely in
the Project nurseries as this
species of Phytophthora does not
occur in the lowlands of Papua
New Guinea (Arentz 2012).
Other Phytophthora spp. found in
the lowlands of Papua New
Guinea are not known to be
pathogenic on Eucalyptus spp.

Stunting, chlorosis and sudden collapse of
seedlings.

Phytophthora root rot:
Phytophthora spp.,
particularly P. cinnamomi

The most effective control of pathogens in the nursery is prevention. This can be achieved through
the elimination of pathogens by heat sterilisation of soil and by preventing the reintroduction of
pathogens through the use of pathogen-free water, ensuring equipment and benches are pathogen
free, and implementing nursery hygiene protocols. Sterilisation of soil to be used for seed trays
using heat is possible although care must be taken to prevent over-heating as this may change the
chemical properties of the soil resulting in toxicity issues (Arentz 1991). A better option therefore is
to sterilise soil using steam.

Given the large number of seedlings to be raised for the Project, it may not be practicable to steam
sterilise soil to be used for the tubing of seedlings. Consequently, tubing soil should be sourced
from sites that have been shown to be free of any significant pathogens.

Despite all precautions, damping-off may still occur, often as a result of splash dispersal of
inoculum during heavy rain or through the re-introduction of the pathogen(s) from unclean working
surfaces, tools or water used for irrigation. This may require spot treatment of affected seedlings
with fungicides (Table 4.8). Raising tubed stock in racks about 1 m above the ground will reduce
the chance of recontamination (Old et al. 2003).

Most of the pathogens listed in Table 4.7 and Table 4.8 are already present in Papua New Guinea
and are probably widespread in the natural vegetation. Therefore, they are unlikely to pose a new
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threat to the native vegetation growing in the vicinity of the Project. The majority of the disease
management recommendations relate to the selection of resistant tree species, clones or varieties,
since little can be done to control disease outbreaks in plantations.

The most significant exception is Myrtle Rust, caused by Puccinia psidii, a major pathogen of
plants in the Myrtaceae family that has not yet been detected in Papua New Guinea. This
pathogen, first recorded in Australia in 2010 (Carnegie et al. 2010), has subsequently been
recorded in China, Japan and New Caledonia (Giblin 2013).

Twenty seven genera of Myrtaceae occur in Papua New Guinea (Johns 1976), a significant
number of which are potentially susceptible to Myrtle Rust (Table 4.9).

Table 4.9 Genera of Myrtaceae present in Papua New Guinea (Johns 1976) and their
susceptibility to Myrtle Rust (Zauza et al. 2010, Pegg et al. 2014).

Habit and distribution

Susceptibility to Myrtle

Rust

flats in Central and Western Provinces; other species
include M. cajuputi subsp. platyphylla and M.
quinquenervia (Zauza et al. 2010).

Syzygium S. australe, a common species in lower montane forests; S. australe — moderately
S. buettnerianum, common throughout lowland rainforests | susceptible; other spp.
in New Guinea and Solomon Islands. relatively tolerant (Pegg

et al. 2014).

Acmena; Occurs in lowland rainforests, often associated with Tolerant (Pegg et al.
Castanopsis, Lithocarpus and Elmerillia. 2014).

Eucalyptus E. deglupta, mainly found naturally on New Britain; small E. deglupta —
natural stands occur in Oro, Milne Bay and Central susceptible; E. pellita, E.
Provinces. This species has been planted extensively in tereticornis, and E.

New Britain, Madang and Morobe Provinces. Other native | brassiana — resistant
species include E. papuana, E. brassiana, E. tereticornis (Zauza et al. 2010).
and E. pellita.

Eucalyptopsis E. papuana; dominant in stands of lower montane Not tested.
rainforest on Upper Fly and Sepik Rivers and on ridges in
the Kui-Buso- Lasanga region, Morobe Province.

Tristania T. suveolens, in dry forests in Western Province; T. Moderately susceptible
longivalis; T. ferrunginea. (Pegg et al. 2014).

Melaleuca M. leucadendra, in almost pure stands on seasonally wet All three species listed

have been shown to be
highly susceptible
(Zauza et al. 2010).

Metrosideros

M. petiolate, common on dry ridges.

Tolerant (Pegg et al.
2014)

Shrubs or trees
occurring largely
in mid-montane
forests, thus
remote from the
Project site.

Basisperma, Kania, Leptospermum, Fenzlia,
Kjellbergiodendron, Osbornia, Octamyrtus, Mearnsia,
Syncarpia, Backhousia, Myrtella, Psidium (introduced
guava), Myrtus, Aphanomyrtus, Cleistocalyx, Eugenia,
Decaspermum, Rhodamnia, Xanthomyrtus, Rhodomyrtus,
Xanthostemon, Agonis, Baeckea.

Variable, but majority of
these genera are
moderately to highly
susceptible (Pegg et al.
2014).

Although a species or genus may have been found to be resistant or relatively tolerant to myrtle
rust, infection of leaves can still occur, albeit at very low levels (Pegg et al. 2014). Thus most

species of Myrtaceae will be a host for the pathogen, including resistant species such as E. pellita,
E. camaldulensis and E. tereticornis, thus providing a source of inoculum that can be carried into
surrounding vegetation.

While Myrtle Rust has not yet been detected in Papua New Guinea, there is a high probability that
it will enter the country. There is a precedent with the introduction of Poplar Rust (Melampsora
spp.) to Papua New Guinea in the mid-1970s, probably from Australia (Heather and Sharma 1977),
which spread quickly throughout the Highlands where poplars were grown (Arentz and Simpson,
unpubl. data). When Myrtle Rust does arrive in Papua New Guinea, it is likely to spread as quickly
as it has done in Australia. In the study area it is likely to become established initially on exotic
guava found in disturbed areas around villages, gardens and access tracks. The pathogen cannot
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be eradicated as rust spores are naturally wind- and animal-borne. Long-distance spread of Myrtle
Rust in Australia was most probably facilitated by human movement of infected plant material
(Makison 2014).

The most likely entry point for Myrtle Rust to the Markham Valley is Nadzab airport, only a short
distance from the Project plantations. Thus, it is likely to be only a matter of time before the
pathogen arrives on-site. Only once Myrtle Rust is confirmed to occur in Papua New Guinea will
special management measures in the plantation nurseries be required.

Following the introduction of Myrtle Rust to New Caledonia, Giblin (2013) recommended a series of
management strategies to limit the spread and impact of the pathogen. These strategies are also
appropriate for the Project and consist of the following:

Provide Myrtle Rust training and education so that the community can become involved in
providing feedback on the impact of the rust within their community.

Introduce hygiene measures, including:

- reducing direct vehicle movement from plantations to natural forest habitats including
riparian buffer zones and in remnant forest stands

- limiting the movement of people from known infected areas into natural forests and into
the nurseries;

- cleaning equipment, clothing, gloves and footwear after returning from infected sites;
- do not remove myrtaceous plants from natural forests; and

- ensuring clothing, vehicles, equipment and machinery is clean and free of plant debris
before starting work in new areas.

If Myrtle Rust does become established in the nursery, there is a range of fungicides (see
Table 4.8) that can be used as a preventative or curative measure. Giblin (2013) does stress
that fungicides should be rotated to maintain their usefulness. The use of fungicides to treat
rust infections in hedges used to provide clonal cutting material is particularly important,
particularly as young foliage is more susceptible to infection than mature leaves. Fungicide
application is not appropriate for mature trees or bushland.

Remove and dispose of seriously infected plants.
Should Myrtle Rust become introduced to Papua New Guinea, it may be appropriate to survey the

Project area for the presence of Myrtle Rust prior to the establishment of the Project nurseries as
this will inform the steps that should be taken to manage this pathogen.
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5.0 TERRESTRIAL FAUNA RESULTS AND DISCUSSION

5.1 OVERVIEW OF PAPUA NEW GUINEA’S TERRESTRIAL VERTEBRATE FAUNA

New Guinea is the world’s largest tropical island. Vegetated mostly with rainforest, it supports the
third largest expanse of tropical forest after the rainforests of the Amazon and Congo (Brooks et al.
2006). Its tropical location coupled with the island’s diverse topography, with elevations ranging
from sea level to over 5,000m, diverse habitat types and complex geological history have resulted
in an extraordinarily rich biodiversity; while it occupies less than 1% of the global land area,
between 5% and 7% of the world’s biodiversity is found on the island (UNEP 2010).

The mammal fauna of Papua New Guinea includes at least 245 recognised species, nearly 40% of
which are bats (IUCN 2015). The New Guinea mammal fauna has affinities with that of Australia
due to a period of contact between the two land masses that ended in the early Miocene about 25
million years ago, and includes groups such as the monotremes (represented by echidnas in the
family Tachyglossidae), eight families of marsupials, rodents and six families of bats (Flannery
1995). The bats are divided into two main groups, the family Pteropodidae that live on a diet of
fruit, nectar and flowers and have well developed eyes to find their way around at night using
vision, and several families of bats (generally termed micro-bats) that are primarily insectivorous
and use sophisticated echo-location to find their way around and forage.

A total of 744 bird species are known to occur in Papua New Guinea, of which 113 are endemic to
Papua New Guinea and 43 species are globally threatened (BirdLife International 2016a). BirdLife
International considers the most important places for habitat-based conservation of birds to be
Endemic Bird Areas (EBAs), which are regions of the world where the distributions of two or more
restricted-range species (species that occupy ranges smaller than 50,000 km?) overlap (BirdLife
International 2016a). The study area does not fall within the range of any EBA, meaning that the
local region is not located within a priority area for the habitat-based conservation of birds.

The herpetofauna (reptiles and amphibians) of the Papuan region, which comprises New Guinea,
the Admiralty and Bismarck Archipelagos and the Solomon Islands, is considered to be extremely
diverse but remains relatively poorly surveyed and described, with the geographic ranges of known
species often poorly understood and hundreds of species likely still to be discovered or formally
named (Allison 1993, Kraus 2010). In 2011, the herpetofauna of the Papuan region comprised 424
reptile species (266 lizard, 138 snake, 18 turtle and two crocodile species) and 408 frog species
(Allison and Kraus 2011), but these totals have since expanded with increasing taxonomic work
and field survey. For example, recent expeditions to previously unstudied localities have described
many new species of frogs (e.g. Glinther and Richards 2011, Gunther et al. 2012, Kraus 2013a,b).

The desktop assessment identified a total of 392 terrestrial vertebrate fauna species with potential
to occur in the study area should suitable habitat occur, including 253 bird species, 75 mammal
species, 36 reptile species and 28 amphibian (frog) species (Appendix F).

5.2 SURVEY COVERAGE OF THE STUDY AREA

5.2.1 Previous surveys

One previous survey of the study area, a rapid environmental and socio-economic assessment
undertaken over one week (10 to 16 October 2012), recorded 12 bird species and four mammal
species (ECO Care Engineering Limited 2013). The mammal species that were recorded included
two bat species, namely the Common Tube-nosed Fruit Bat (Nyctimene albiventer) and Variable
Flying-fox (Pteropus hypomelanus), one bandicoot species (Echymipera kaluba) and one rat
species (Melomys lutillus).
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522 2016 survey

The survey coverage of the study area during the 2016 is shown in Figure 5.1, including the
locations of survey tracks and trapping sites.

5.3 SURVEY RESULTS

The field survey recorded a total of 89 terrestrial vertebrate fauna species, including 68 bird
species, eight mammal species, two reptile species and two frog species (Appendix G).
Discussions with reliable local informants identified at least a further 10 mammal species, eight bird
species and five reptile species that are likely to occur in the study area (Appendix G). The Anabat
detectors identified the presence of eight microbat species (Appendix H). No small mammals were
trapped during the trapping survey; the only species captured by the traps were two introduced
fauna pest species: Giant African Snail (Achatina fulica); and Cane Toad (Bufo marinus, Photo
5.1). The remote cameras photographed New Guinea Scrubfowl (Megapodius decollatus, Photo
5.2) at two locations, and nest mounds of this species (Photo 5.3) were detected at a number of
locations (Appendix G, Figure 5.1). There was surprisingly little reptile activity, and few reptile
species were detected in the study area. As nocturnal surveys were not feasible, only two frog
species were detected despite good rainfall falling during the survey period.
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Photo 5.1 Cane Taa, an introduced pest, was ' Poto 5. New Guinea Scrubfowl photographed by
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Photo 5.3 Large New Guine Scrubfowl nest mound  Photo 5.4 View over the central portin of th stuy
in a forest patch disturbed by gardening. area, showing generally modified habitats.
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Most bird species recorded in the study area are species associated with forest or woodland
habitats that are also tolerant of forest fragmentation and disturbance. Bird species that were most
frequently encountered across the study area included New Guinea Friarbird (Philemon
novaeguineae), Hooded Butcherbird (Cracticus cassicus), Yellow-faced Mynah (Mino dumontii),
Red-cheeked Parrot (Geoffroyus geoffroyi), Eclectus Parrot (Eclectus roratus), Coconut Lorikeet
(Trichoglossus haematodus), Black Kite (Milvus migrans) and Torresian Crow (Corvus orru). A large
number of lowland forest species that are known to occur commonly in intact lowland forests on the
southern side of the Markham River were notably absent from the study area, including common
forest interior species such as Stephan's Emerald Dove (Chalcophaps stephani), Buff-faced Pygmy-
Parrot (Micropsitta pusio), Tawny-breasted Honeyeater (Xanthotis flaviventer), Black-sided Robin
(Poecilodryas hypoleuca), Raggiana Bird-of-paradise (Paradisaea raggiana), King Bird-of-paradise
(Cicinnurus regius), Boyer's Cuckooshrike (Coracina boyeri), Brown-headed Jewel-babbler
(Ptilorrhoa geislerorum), Grey Whistler (Pachycephala simplex) and several species of monarch.
Consequently, the forest bird species community was substantially less diverse and abundant than
that typical of intact lowland rainforest (Bell 1982a,b 1983). Small birds that feed on insects were
notably sparse in the regrowth forest habitats in the study area, a feature that appears to be typical
of lowland secondary forests in PNG (Bell 1982c).

54 FAUNA HABITATS

Four main terrestrial fauna habitat types were characterised within the study area: (1) alluvial
forest and woodland; (2) grassland; (3) watercourses and wetlands; and (4) highly disturbed
anthropogenic habitats. These broad habitat types and their characteristic terrestrial fauna
assemblages are described in more detail in the sections below.

5.4.1 Alluvial forest and woodland

Patches of disturbed and degraded alluvial forest occur across the southern half of the study area,
and include a small patch of large to medium crowned forest near the Markham River, scattered
small patches of small crowned forest and secondary forests dominated by Sago Palm, and more
extensive areas of mixed regrowth forests and shrublands dominated by exotic species,
particularly the invasive Raintree. Detailed descriptions of these habitat types are provided in
Sections 4.3.1, 4.3.2, 4.3.5 and 4.3.6. Despite the highly fragmented and degraded condition of
these forest patches in the study area, they still supported a reasonably diverse bird community,
including species associated with rainforest habitats such as a variety of fruit-eating doves and
pigeons, and several species of parrot. Small patches of savannah woodland in the central portion
of the study area (see Section 4.3.3 for a detailed description) had a similar structure to
fragmented alluvial forest and therefore supported a similar bird community.

5.4.2 Grassland

Extensive areas of native grassland occur particularly on the hill-slopes of the northern half of the
study area, extending onto the alluvial plain in scattered areas throughout the rest of the study
area, often forming a complex mosaic with fragmented forest and woodland. As described in more
detail in Section 4.3.4, these native grasslands have developed as a consequence of a long
history of human use of fire for clearing and hunting. Native grasslands are generally dominated by
the native grass Imperata cylindrica (Kunai), and are typically referred to as kunai grassland.

By comparison with adjoining forests and wetland habitats, grassland supports a relatively species
poor but distinct vertebrate fauna. Mammals associated with this habitat include a number of
rodent species, particularly Grassland Melomys (Melomys lutillus). The bird community is a little
more diverse, including species such as Eastern Barn Owl (Tyto delicatula), Pheasant Coucal
(Centropus phasianinus), Horsfield’s Bushlark (Mirafra javanica) and Golden-headed Cisticola
(Cisticola exilis).
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5.4.3 Watercourses and wetlands

The study area is dissected by three moderate-sized rivers and bounded in the south by the
floodplain of the large and generally turbid Markham River. All these rivers are relatively high
energy, and expose extensive areas of shingle, sand and mud sediments when not in flood. A
number of smaller, clear-water streams also occur across the study area. Heavy rainfall also
results in seasonally swampy areas in particularly flat portions of the local landscape. Waterbirds
are more prominent on the larger rivers, including four species of egret and heron, and the
migratory Common Sandpiper (Actitis hypoleucos) that frequent areas of exposed sediments along
the river's edge, as well as Pacific Black Duck (Anas superciliosa) and Little Black Cormorant
(Phalacrocorax sulcirostris) on open waters. The floristic and structural characteristics of these
wetland communities are described in more detail in Section 4.3.7. The apparent lack of oxbow
lakes in the study area reflects the high energy of the rivers that result in a rapidly evolving
planform.

5.4.4 Highly disturbed anthropogenic habitats

Highly disturbed habitats largely cleared of forest are most abundant close to villages and other
settled areas, and on properties with more intensive management for cattle grazing, palm oil and
coconut production, and plantation forestry. Areas on richer, alluvial soils are under long-term
cultivation of food plants and cash crops such as cocoa. Areas of untended garden or swidden
agriculture are vegetated with young regrowth forest, as described in more detail in Section 4.10.
Due to the juxtaposition of highly disturbed anthropogenic habitats (particularly areas under
swidden agriculture) with surrounding forest patches, bird species richness is still moderate, at
least at the edges of these habitats.

5.5 CONSERVATION PRIORITY SPECIES

5.5.1 Threatened and near threatened species

The desktop assessment identified eight threatened or near threatened vertebrate fauna species
with potential to occur in the study area, including three mammal species and five bird species
(Table 5.1). No threatened or near threatened terrestrial vertebrate fauna species were detected in
the study area during the field survey. Based on an assessment of habitat suitability and the nature
of threatening processes at a broader landscape scale (relatively high human population density
resulting in heavy hunting pressure and extensive rainforest habitat fragmentation and
degradation), no threatened or near threatened species are considered likely to occur in the study
area (see Table 5.1 for details).

Table 5.1 Assessment of the likelihood of occurrence in the study area of threatened and
near threatened vertebrate fauna species that the desktop assessment identified as having
potential to occur.

Scientific Common Status’ \ o .

name name IUCN PNG ‘ Likelihood of occurrence in the study area

Mammals
Unlikely to occur. The study area occurs within the historical range of
the species. However, this species was not recognized by community

Dasyurus New Guinea NT interview participants. The forest-dwelling species is sensitive to habitat

albopunctatus | Quoll loss and hunting by dogs (Woolley et al. 2016), so is likely to have been
extirpated from the study area historically due to extensive habitat
transformation and high hunting pressure.
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Scientific
name

Common
name

Likelihood of occurrence in the study area

Thylogale
browni

New Guinea
Pademelon

Status'

IUCN PNG

VU

Unlikely to occur. New Guinea Pademelon inhabits primary and
secondary tropical moist forest, with an apparent preference for disturbed
areas. The main threat to the species is subsistence hunting by local
people (hunting with dogs) for food; hunting has heavily depleted
populations over parts of its range, where it is now restricted to remote
mountainous interior areas (Heinsohn 2005, Leary et al. 2016a). The
study area occurs within the range of the species. However, community
interview participants recognized the species and reported that while it
used to occur in the area, it no longer occurs. This species is likely to
have been extirpated by extensive habitat transformation and heavy
hunting pressure.

Spilocuscus
rufoniger

Black-
spotted
Cuscus

CR

Unlikely to occur. This rare species has been extirpated from parts of its
range through overhunting and its intolerance of human disturbance.
Within the local region it is known only from mountainous rainforest areas
north of Lae (Leary et al. 2016b), and it was not recognized by community
interview participants; therefore it is unlikely to occur in the study area.

Birds

Psittrichas
fulgidus

Pesquet's
Parrot

VU

Unlikely to occur. This species is restricted to hill and lower montane
forest, mostly at elevations of 500 to1,800m asl| (Mack and Wright 1998).
The species is sensitive to hunting pressure and has been historically and
recently extirpated from large areas in Papua New Guinea (BirdLife
International 2016b). The species is therefore unlikely to occur in the
study area due to the relatively low elevations, lack of hill forest and
extensive forest fragmentation and degradation.

Megatriorchis
doriae

Doria's
Goshawk

NT

Unlikely to occur. This unobtrusive and therefore cryptic species occurs
only in the interiors of intact lowland forest and adjoining hill forest
foothills (BirdLife International 2016¢). While it has been reported in
lowland forest habitat northwest of Lae (Eastwood 1995), it is unlikely to
occur in the study area due to the absence of intact rainforest habitat and
extensive forest fragmentation and degradation.

Harpyopsis
novaeguineae

Papuan
Eagle

VU

Unlikely to occur. Papuan Eagle inhabits intact rainforest landscapes
and is most common in undisturbed forest at elevations from sea level to
3,700m (BirdLife International 2016d). In suitable habitat of extensive,
old-growth forest, pairs occupy large home ranges that average 13 km?
(Watson and Aysoma 2001). While the species is known to occur in
extensive hill forest on the southern side of the Markham River, it is
unlikely to occur in the study area due to the absence of intact rainforest
habitat and extensive forest fragmentation and degradation.

Aquila gurneyi

Gurney's
Eagle

NT

Unlikely to occur. Gurney's Eagle inhabits a variety of rainforest habitats
to 1,000m elevation, but seems to prefer primary, relatively undisturbed
rainforest (BirdLife International 2016e). While the species is known to
occur in extensive hill forest on the southern side of the Markham River, it
is unlikely to occur in the study area due to the absence of intact
rainforest habitat and extensive forest fragmentation and degradation.

Zonerodius
heliosylus

Forest
Bittern

NT

Unlikely to occur. Forest Bittern occurs in association with streams,
pools and swamps in lowland alluvial and hill rainforest at elevations up to
1,430m (BirdLife International 2016f). It is unlikely to occur in the study
area due to the absence of intact rainforest habitat and extensive forest
fragmentation and degradation.

" Extinction risk status under the IUCN Red List (IUCN) and protection status under the Papua New Guinea Fauna Act
(PNG): CR = Critically Endangered; EN = Endangered; VU = Vulnerable; NT = Near Threatened; P = protected; R =

restricted.

5.5.2 Species protected under the Papua New Guinea Fauna Act

A total of four species declared protected and a further two species declared restricted under the
Papua New Guinea Fauna Act, all of which are birds, have been recorded within the study area
(Table 5.2). All these species occupy wide ranges across Papua New Guinea and none of these
species is of particular conservation concern.
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Table 5.2 Summary of terrestrial vertebrate species declared protected (P) or restricted (R)
under the Papua New Guinea Fauna Act that have been confirmed as occurring within the
study area.

S Status’
Scientific name Common name IUCN PNG
Ardea modesta (listed A. alba) Great Egret LC B
Ardea intermedia (listed Egretta
intermedia) Intermediate Egret LC P
Rhyticeros plicatus (listed Aceros plicatus) | Blyth's Hornbill LC P
Probosciger aterrimus Palm Cockatoo LC P
Cacatua galerita Sulphur-crested Cockatoo LC R
Circus spilothorax Papuan Harrier LC R

" Conservation status under the IUCN Red List (IUCN): LC = Least Concern; and Papua New Guinea Fauna Act (PNG):
P = protected; R = restricted.

5.5.3 Exotic Fauna Species

Two introduced fauna pest species, the Giant African Snail (Achatina fulica) and Cane Toad (Bufo
marinus) were common throughout the area surveyed and were the only fauna species trapped
during the trapping survey. While local informants reported that feral pigs were still hunted in the
area, no clear evidence of feral pig diggings were encountered during the field survey, suggesting
that feral pigs likely occur at low density as a consequence of high hunting pressure.

5.6 CRITICAL FAUNA HABITAT

No terrestrial vertebrate species listed as Critically Endangered or Endangered under the IUCN
Red List are considered likely to occur in the study area. Furthermore, there are no sites
supporting globally significant concentrations of migratory species and/or congregatory species
(e.g. cave-dwelling bats) or habitats of significant importance to endemic and/or restricted-range
species within the study area. Consequently, no critical fauna habitat, as defined by the IFC
Performance Standard 6 guidelines, is assessed as occurring within the study area.

5.7 FAUNA RESOURCE USE

The Wampar names for fauna species recorded in the study area are listed in Appendix G. Local
informants reported that the main terrestrial fauna species that were still hunted in the study area
included bandicoots (Siri), cuscus and feral pigs, and young boys hunted a variety of birds
(particularly doves and pigeons) opportunistically with sling-shots. Within the study area,
bandicoots and rats are hunted mainly when kunai grassland is burned. Rats with rufous fur
(Maziaz, Melomys/Paramelomys spp.) are eaten, but rats with grey fur (Moangom, Rattus spp.)
and the Giant White-tailed Rat (Ngayar) are not eaten. Freshly-laid eggs of New Guinea Scrubfowl
(Kerong) are also periodically harvested from their nest mounds in areas where this species still
occurs.
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6.0 PROTECTED AND SPECIAL PURPOSE AREAS

Papua New Guinea currently has three areas that are formally protected as national parks, namely:
1) Lake Kutubu; 2) Varirata National Park; and 3) McAdam National Park. Only McAdam National
Park is located in Morobe Province, situated at least 40km from the study area in the upper
reaches of the Watut River catchment system. As the Project is unlikely to impact on any national
park, no aspects of the Conservation and Environment Protection Authority Act 2014 specific to
national parks will be triggered by the Project.

Two Conservation Areas are located in Morobe Province: Labu Tali Conservation Area; and Yus
Conservation Area. The Labu Tali Turtle Conservation Area is located along several kilometres of
sandy beach immediately south of the Markham River mouth and protects the nesting sites of
Leatherback Turtle that visit between late November and early February to lay eggs. Yus
Conservation Area is located on the Huon Peninsula, outside the zone of influence of the Project.
As the Project is unlikely to impact on any conservation area, no specific aspects of the
Conservation Areas Act 1978 will be triggered by the Project.

The only Wildlife Management Area in Morobe Province is the Kamiali Wildlife Management Area
located in the Salamaua District (at 07° 23’ 24” S; 147° 09’ 39” E), about 80km south along the
coast from the city of Lae. The Project will not impact on any Wildlife Management Area and will
therefore not trigger aspects of the Fauna (Protection and Control) Act 1966 specific to Wildlife
Management Areas.

Papua New Guinea’s two wetlands listed under the Ramsar Convention, Lake Kutubu in the
Southern Highlands, and Tonda Wildlife Management Area in Western Province, are both remote
from the study area. The Project will therefore have no implications for Papua New Guinea’s
commitments under the Ramsar Convention.
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7.0 IMPACT ASSESSMENT

71 IMPACT ASSESSMENT FRAMEWORK

The assessment of the impacts of the Project on terrestrial ecology values was based on
assessing the significance of the impacts taking into account the impact magnitude and the
sensitivity of the value being affected, following a standardised framework adopted by ERIAS
Group Pty Ltd for the Project. The residual impacts of the Project were assessed assuming the
successful application of the recommended impact avoidance or management measures. As
defined in the Environment Act 2000, a beneficial value is:

a quality or characteristic of the environment or any element or segment of the
environment, which (a) is conducive to ecological health, public benefit, welfare, safety,
health or aesthetic enjoyment and which requires protection from environmental harm; or
(b) is declared in an Environment Policy or permit to be a beneficial value

The term 'value' is hereafter used to encompass this definition with reference to terrestrial ecology
beneficial values.

7.1.1 Magnitude of impact

The magnitude of an impact reflects the size and nature of change based on its severity,
geographical extent and duration. These elements are defined below.

Severity: the scale or degree of change (both positive and negative) from the existing condition
as a result of the impact.

Geographical extent: the spatial extent of the impact where this is defined as site, local,
regional or widespread (provincial, national or trans-boundary).

Duration: the timescale of the effect, such as short, medium or long term (i.e., effectively
permanent), and takes into account the reversibility of the impact.

The magnitude of impact was ranked as high, moderate, low or negligible, as described in Table
7.1, with positive impacts (or benefits) also being included but not ranked. In situations where the
magnitude of impact was ranked as negligible, the overall impact significance was also ranked as
negligible regardless of the sensitivity of the value being impacted.

Table 7.1 Criteria for magnitude of impact.

Magnitude = Description

High An impact that is long lasting, widespread, and leads to substantial and possibly irreversible
change to the value

Moderate An impact that is short term and is contained within the region where the project is being
developed, but that extends beyond the area of disturbance to the surrounding area

L An impact that is temporary or short term and localised, and where the change is barely

ow : A

detectable with respect to natural variability

Negligible An impact that is highly transient or very short term, highly localised, and easily remediated,
and where the change is unlikely to be detectable with respect to natural variability

Positive A beneficial impact on the value

7.1.2 Sensitivity of a value

The sensitivity of a terrestrial ecology value was determined on the basis of a range of factors such
as its:

conservation status under the IUCN Red List;

rarity or uniqueness within and beyond the immediate area of interest; and
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. capacity to adapt to change without adverse effects on its attributes, i.e. its resilience.
Sensitivity was ranked as high, moderate or low, as described in Table 7.2.

Table 7.2 Criteria for sensitivity of a value.

. The value is intact and retains its intrinsic attributes.

. The value is listed as being of conservation significance under the IUCN Red List.

. The value is endemic to the affected area or system, and is poorly represented in the
region.

. The value has not been exposed to threatening processes, or there has not been a

High noticeable impact on its integrity.

. Project activities would have an adverse effect on the value.

. Potentially affected communities are highly reliant on the value, e.g., it may be the primary
or only source of food or income (i.e., the primary provisioning or regulating ecosystem
service) for the community.

. The value is highly important from a cultural heritage perspective.

. The value is recognised as being important at a regional level.

. The value is in a moderate to good condition and retains many of its key characteristics
and structural elements.

. The value is relatively well represented in the areas/systems in which it occurs, but its
distribution and abundance are limited by threatening processes.

. Threatening processes have reduced the environmental value’s resilience to change. As
such, changes resulting from project activities may lead to degradation.

. Due to the abundance and distribution of the value, replacement of unavoidable losses is
possible.

. Potentially affected communities are somewhat reliant on the value, resource or receptor.
The environmental value is one of a number of food sources or income streams and is not
the primary or only provisioning or regulating ecosystem service available to the
community.

. The value is moderately important from a cultural heritage perspective.

. The value is not listed on any recognised or statutory register, but may be recognised
locally by relevant and suitably qualified experts or organisations.

. The value is in a poor to moderate condition.

. The value is not rare or unique, and numerous representative examples exist throughout
the area/system.

. The value is widely distributed and abundant throughout the host area or system.

. Change is not expected to result in further degradation of the value, or there is no
detectable response to change.

. Replacement of unavoidable losses is assured due to the abundance and wide distribution
of the value.

. Potentially affected communities are not reliant on the value, resource or receptor. The
value is not an important or regularly used source of food or income (it is an occasional
ecosystem service) for the community.

. The value is not important from a cultural heritage perspective.

Moderate

Low

Not all of the attributes listed in Table 7.1 and Table 7.2 may be applicable to a specific impact or
value, or may be contradictory, with the application of these criteria sometimes leading to
inconsistent outcomes. For example, impacts that are widespread (with a high magnitude of impact
as described in Table 7.1) may also be barely detectable (with a low magnitude of impact). Where
this occurs, professional judgement was used to determine the criteria of most relevance and the
overall impact significance.

7.1.3 Impact significance

The significance of an impact on a value was determined by combining the likely magnitude of the
impact on that value with its sensitivity via a matrix based on the above criteria, as shown in Table
7.3.
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Table 7.3 Matrix for assessing the significance of impacts.
Sensitivity of value

Magnitude of impact
High

Moderate

Moderate

Moderate Moderate Low

Low Moderate Low Low
Negligible Negligible Negligible Negligible
Positive Positive Positive Positive

7.2 POTENTIAL IMPACTS ON TERRESTRIAL ECOLOGY

This section sets out the impact mechanisms predicted to affect terrestrial flora and fauna in the
study area during the vegetation clearing, construction and plantations establishment, and operation
phases of the Project. In general, impacts on terrestrial ecology receptors can be considered in
terms of direct and indirect effects, both short-term and long-term.

7.2.1 Direct impacts

Direct impacts occur through the direct interaction of a Project activity with an ecological receptor.
The potential direct impact mechanisms of Project activities are outlined below.

Land clearing

The clearing of land for the development of Project infrastructure, including the power plant,
plantation nursery and access tracks, as well as for establishing plantations is expected to result in
the loss of existing vegetation and natural habitats from the impacted areas. Land clearing may
cause direct mortality to individual plants and animals during the clearing process. However, the
primary impact of land clearing results from habitat loss, since land clearing will reduce the extent of
habitat for native terrestrial flora and fauna species in proportion to the total surface area cleared,
disturbed or transformed to a different land cover such as Eucalyptus plantation. Mobile species
such as birds and bats will be able to escape to adjoining uncleared habitat and are, therefore,
unlikely to experience direct mortality. However, slower moving species such as reptiles and
amphibians sheltering in areas being cleared will have a greater likelihood of being killed during
clearing, and bird nests active at the time of clearing will be destroyed. The movement of mobile
species out of the cleared area will increase population densities in retained refuge habitat beyond
the Project footprint, thereby increasing competition for resources within those retained habitats. As
fauna demography in tropical environments is generally regulated by density dependence,
population densities of fauna species in the refuge habitat will likely reduce over time back to pre-
disturbance levels (Debinski and Holt 2000), leading to an overall reduction in local population sizes
in proportion to the reduction in habitat extent and condition.

Areas converted to plantation forest will offer relatively minor habitat values to terrestrial biodiversity.
Land clearing and herbicide treatment will remove most native flora species and natural vegetation
from the plantation areas. The plantation trees will likely offer minimal habitat values for most
terrestrial vertebrate species, due to the paucity of groundcover (see Photo 7.1 and Photo 7.2),
refuge sites and foraging resources in plantation areas. The Project will therefore result in
substantial habitat transformation with a long-term impact on the areas directly affected.

Introduction or spread of invasive weeds, pest fauna and diseases

The construction and operation of the Project, including the establishment of plantations, will
increase traffic and the transport of machinery and introduce a variety of materials into the Project
area. Propagules (seeds and self-reproducing plant parts, many of which are very small) of weeds
and vectors of disease may be transported to the site (e.g. by being attached to soil/grease on
vehicles, machinery or materials). The Project will also introduce and establish plantings of several
plantation tree species and hybrids, some of which may be potentially invasive (detailed in Section
4.11). Once released on site, weeds may establish on disturbed ground and subsequently invade
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the vegetation bordering the Project infrastructure, thereby compromising the ecological integrity of
the terrestrial ecosystems. The study area already contains a large variety of introduced plant
species, including invasive weeds that have already heavily impacted habitats in the study area
(detailed in Section 4.7).

Photo 7.1 New plantings of Eucalyptus pellita, Photo 7.2 Stand of -ybg ulyptus peIIt
showing preparation to minimise vegetation cover showing open ground layer.
around plantings.

a trees,

The open ground layer in the plantation areas will be attractive to Cane Toads, an introduced pest
fauna species. The facilitation of Cane Toad movement in the plantation areas may reduce insect
pest damage to inter-cropped food plants, thereby providing a potential socio-economic benefit,
since Cane Toads can be effective in the control of insect pest species of crops (Dexter 1932, Bailey
1976). Cane Toad tadpoles can also potentially reduce the abundance of mosquitoes (Zug et al.
1975, Hagman and Shine 2007). Cane Toads have well-documented negative effects on native
fauna, particularly frogs, reptiles and carnivorous marsupials (Doody et al. 2009, Shine 2010).
However, as Cane Toads are already abundant throughout the study area, the contribution of the
Project to the spread of this species will be minor.

Chemical contamination and waste

The use of chemicals in Project activities may impact on flora, fauna and vegetation in the event that
uncontrolled releases of such chemicals to the environment occur, or if the chemicals should enter
the environment, particularly waterways, through spills, seepage or stormwater flows. Hazardous
waste, including batteries, spent reagents and waste oil may be generated during construction and
operation of the power station. Non-hazardous waste arising during construction and operations will
include both construction-related waste streams (e.g. timber, scrap metal, paper, plastic) and
putrescible waste. Potential impacts associated with inappropriate hazardous waste management
may include water and land contamination, emissions from incineration, and increased feral animal
populations, all of which may affect terrestrial ecology if not appropriately managed.

Commercially applied forms of glyphosate, the primary herbicide to be used by the Project, can
cause very high mortality of larval frogs (i.e. tadpoles) and juvenile frogs if the herbicide is sprayed
over wetland areas in which larval frogs reside or over the frogs themselves (Relyea 2005).
Surfactants that are mixed with the herbicide before spraying appear to be the main cause of toxicity
rather than the herbicide itself, with the polyethoxylated tallowamine surfactant (POEA) being
especially toxic (Howe et al. 2004). Formulations of glyphosate that include the surfactant POEA at
environmentally relevant concentrations found in ponds after field applications can be toxic to the
tadpole stages of frogs, whereas glyphosate alone and recently developed formulations lacking
POEA are less toxic (Howe et al. 2004). The Project proposes to use Grasskill CT450 with addition
of the Apparent Buffer 700 surfactant, which does not include POEA. The active ingredients of the
surfactant are soyal phospholipids and propionic acid, which are unlikely to have significant impacts
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on frogs at the concentrations that will be applied based on ecotoxicology study results (Toxnet
2017).

Fauna mortality from vehicle strike, cables, fences and trenches

The construction and operation of the Project will increase road traffic in the local region, which will,
in turn, increase the risk of direct mortality of slow-moving fauna through vehicle strike. Frogs and
reptiles are more susceptible to vehicle strike, whereas birds are generally only impacted at
relatively fast vehicle speeds. However, most traffic will occur during the day, whereas many frog
and reptile species are more active at night. Furthermore, the paucity of roads in the local region
means that the rate of vehicle strike mortality is likely to be very low in the broader context.

During Project construction, fauna (especially frogs and reptiles) may fall into and become trapped
in open, steep-sided trenches unless escape options are provided. However, no conservation
significant species will be affected since none are expected to occur in the Project area.

Fences with top strands of wire, barbed wire or razor wire may lead to a small increase in the
incidence of mortality of certain fauna, particularly pteropodid bats that may become entangled in
wire fencing. In addition, powerlines associated with the Project may present a potential
electrocution hazard to flying-foxes should there be insufficient separation distance between
powerline cables thereby allowing flying-foxes to reach between cables. However, these potential
impacts can largely be managed through safe design of fences and powerlines.

Air emissions (dust, sulphur dioxide and nitrogen oxides)

During construction and operation of the Project, air emissions that may impact on terrestrial
biodiversity will include fugitive dust, sulphur dioxide (SO,) and nitrogen oxides. Dust will likely be
generated by earthmoving machinery during site clearing, construction activities and vehicle traffic.
Sulphur dioxide and nitrogen oxides will be emitted as a product of biomass combustion in the
power plant and equipment such as trucks, excavators, bulldozers and transport vehicles.

Fugitive dust has the potential to reduce the photosynthetic efficiency of adjoining vegetation by
blocking leaf stomata or smothering leaf surfaces, and reducing fruit yields through reduced
pollination success of dust-affected flowers (McCrea 1984, Saralabai et al. 1997). Dust effects on
photosynthetic efficiency can compromise vegetation condition and even cause dieback if severe
enough. However, the regular rainfall experienced in the study area will likely mitigate the effects of
dust on vegetation given that the rain will regularly and frequently wash away dust from leaves.
Furthermore, the low wind speeds characteristic of the area will minimise the area potentially
affected as the majority of dust particles will not travel far before settling out of the air. Impacts of
dust on vegetation will therefore be localised, limited to less than a few hundred metres from active
work areas, and will be only of short duration. The impacts of dust on terrestrial vertebrate fauna will
manifest through highly localised impacts on habitat condition.

Sulfur dioxide and nitrogen oxides can have negative direct and indirect impacts on plants. Direct
impacts include inhibition of photosynthesis by disrupting the photosynthetic mechanism, while
indirect impacts result from acid rain that leaches out nutrients from plant canopy and soil (Varshney
et al. 2009). Plants vary widely in their tolerance to SO,, with lichens and bryophytes being
particularly sensitive. However, the power plant will be designed and operated such that emissions
to air will (at a minimum) comply with the Equator Principles and the IFC/World Bank environmental,
health and safety (EHS) guidelines for thermal power plants (IFC 2008).

Lighting and noise

Temporary and permanent sources of light at the power plant may affect the behaviour of animals,
both for diurnal and nocturnal species. Lights can interfere with nocturnal birds and birds that
migrate at night, alter reproductive behaviour of frogs, focus the foraging activities of insectivores
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such as micro-bats, increase the likelihood of predation for some species (e.g. insects attracted to
lights) and affect foraging activities of prey species (Longcore and Rich 2004). The impacts of
extended periods of lighting are not detrimental to all species and some, particularly insectivorous
predators (e.g., micro-bats that feed on insects attracted to lights), may derive a benefit. Lighting
impacts will be localised, largely restricted to the vicinity of the power plant that is located within a
highly modified landscape with relatively limited fauna biodiversity.

Project-related construction and operations activities will generate noise from a number of sources
including:

vegetation clearance and earthworks;
vehicle and equipment operations;
concrete batch plant operation; and
power plant operation.

Excessive noise emissions have the potential to adversely affect some fauna species. The severity
of the impact will vary depending on proximity to project activities, individual species sensitivity (and
their ability to habituate), and the efficacy of avoidance and management measures. There is limited
documentation of the effects of noise on fauna assemblages or populations. While noise can cause
increase stress hormones and interfere with breeding communications and predator avoidance
(Rabin et al. 2003; Dooling and Popper 2007; Barber et al. 2010, Kight and Swaddle 2011), many
species habituate to noise (Bomford and O’Brien 1990, Kight and Swaddle 2011). Noise levels in
excess of 100 dB(A), over extensive periods, may cause physical damage or injury, so it is unlikely
that any terrestrial fauna would remain in any area affected by noise levels of this order.

However, construction and operation of the Project will not include plant and equipment capable of
generating noise levels required to cause such damage, even in very close vicinity to the plant and
equipment. The power plant, which will emit the greatest noise levels, will be designed and
operated such that near-field noise emissions (within 1 m of equipment) will be limited to 85 dB(A).
Far-field noise levels of the overall facility (including start up and shutdown) will be limited to 70
dB(A) at the site boundary (assuming that this is at least 150 m from the highest noise emitter).
While some sensitive fauna species can be expected to be displaced from areas in close proximity
to the power plant, this impact will be relatively minor since the power plant will be located within a
highly modified landscape with relatively limited fauna biodiversity.

7.2.2 Indirect impacts

Indirect impacts are secondary effects that are not a direct result of Project activities but occur
away from direct spatial impacts or as a delayed result of a complex impact pathway. The
potential indirect impact mechanisms of Project activities are outlined below.

Habitat fragmentation and edge effects

Land clearing and habitat transformation for the Project is expected to have additional indirect
impacts (i.e. beyond the direct impact of the surface area cleared) on habitat quality for terrestrial
flora and fauna through habitat fragmentation (including loss of connectivity) and the
consequences of what are known as ‘edge effects’ (Saunders et al. 1991). Land clearing fragments
previously intact natural habitat, potentially isolating some areas of natural habitat from other
areas, and creates numerous hard edges. The magnitude of edge effects is strongly correlated
with the degree of contrast in physical and structural condition between retained vegetation and the
surrounding matrix; edge effects are more severe in fragmented rainforest than more open
habitats. The Project is expected to have a relatively minor contribution to edge effects due to the
already substantially degraded and fragmented nature of habitats throughout the study area
(detailed in Section 4.4). Furthermore, the plantations that form the great majority of the Project
footprint will provide a vegetated edge to retained habitats, and this ‘softer’ edge is expected to
have less indirect impact.
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Erosion leading to habitat degradation

The exposure, disturbance and stockpiling of soil during land clearing and other construction
activities, combined with heavy rainfall events that can be experienced in the Project area, may
cause increased soil erosion, leading to reduced freshwater quality and subsequent sedimentation
of creek channels.

7.3 AVOIDANCE AND MITIGATION MEASURES

This section outlines the avoidance, mitigation and management measures that have been
developed to minimise the potential impacts described under Section 7.2. The avoidance,
mitigation and management measures, which are recommended for implementation under the
Environmental Management Plan (EMP) for the Project, are described below.

7.3.1 Avoidance measures

Planning for the Project has been informed by the identification and mapping of relevant terrestrial
ecology receptors to the extent that the direct impacts of vegetation clearing (for plantations, power
plant and plant nursery) on terrestrial ecology receptors of higher sensitivity have been avoided as
far as possible.

7.3.2 Mitigation and management measures

A small population of the conservation priority plant species Cycas schumanniana occurs on the
boundary of one of the proposed plantation areas (see Figure 7.5). To avoid direct impacts on this
species, the plants should be protected with a buffer of at least 20 m, with no Project activities to
occur inside the buffer zone. Should it not be possible to avoid direct impacts, then to avoid no net
loss of individuals, the plants should be translocated to suitable habitat outside of the Project area,
or used in rehabilitation landscaping where they will be protected from fire and herbicide treatments;
translocated plants should be re-planted as a single cluster of plants. Cycads, including Cycas
species, can be successfully translocated (Boyd 1995, Rowe and Rowe 1995, Forster 2014).

It is understood that the Project will implement the following buffers to riparian zones throughout the
Project area, which will assist in mitigating the relatively minor impact of the Project on habitat
fragmentation and landscape connectivity:

riparian buffer zones of 100 m from the banks of the Markham River;

riparian buffer zones 60 m from the banks of the Erap and Leron rivers, and also from the
edges of lakes, lagoons and swamps;

riparian buffer zones of 30 m from the banks of the Rumu River and on all sides of permanent
watercourses with bed widths greater than 5 m;

riparian buffer zones at least 20 m wide on all sides of all bodies of water and watercourses
with an average width greater than 1m; and

riparian buffer zones at least 5 m wide on all sides of all bodies of water and watercourses
with an average width less than 1 m.

The Project will exclude the following activities from occurring within the riparian buffer zones:
felling of plantation trees or Raintree into the buffers, or clearing of vegetation except where
required for bridges or stream crossings;
establishment of plantations;

storing of logs; and
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crossing of harvesting machinery, with the exception of appropriately constructed permanent
crossing points (bridges) or at designated temporary crossings for dry watercourses;
harvesting machinery can cross watercourses where log crossings or culverts are provided.

Since most of the larger watercourses cross the entire width of the Project area, draining from the
mountain foothills in the north to empty into the Markham River in the south (see Figure 1.1), the
implementation of these riparian buffer zones will maintain connectivity of habitats along riparian
corridors at a landscape scale across the study area. The maintenance of riparian corridors can be
important for the maintenance of general biodiversity at landscape scales (Naiman et al. 1993,
Sabo et al. 2005).

To mitigate the potential for the Project to introduce or facilitate the spread of invasive weeds, pest
fauna and diseases, the following management measures are recommended:

due to the very high invasiveness potential of Acacia crassicarpa, it is recommended that: (a)
where practicable, do not burn nearly cleared plots of A. crassicarpa before replanting with
plantation species (to minimise seed germination of A. crassicarpa since germination of acacia
seeds is promoted by fire); (b) monitor whether spread of A. crassicarpa occurs outside the
plantation planting areas, especially downstream of the planting areas; and (c) control any
recruitment of A. crassicarpa from seed or suckering outside plantation areas using an
appropriate herbicide;

implement the proposed riparian buffer zones, within which no plantations will be established
to mitigate the potential for the plantation tree species Eucalyptus camaldulensis to establish
and spread along riparian zones, and control any plants that establish in riparian zones
downstream of the plantation areas using an appropriate herbicide before they reach sexual
maturity;

follow Papua New Guinea quarantine requirements for soil or other plant material;

implement wash down protocols, including inspections to ensure that machinery and
equipment brought into the Project area are free of soil, seeds and other plant parts;

monitor regularly for the presence of invasive weeds, pathogens (particularly Myrtle Rust) and
pest animals in areas disturbed by the Project;

control invasive weeds using species-appropriate methods wherever their presence is
detected in areas disturbed by the Project; and

control pest rodents including Black Rat (Rattus rattus) and House Mouse (Mus musculus)
wherever they are detected by monitoring in Project infrastructure areas.

The implementation of riparian buffer zones will mitigate the potential impacts of glyphosate
herbicide application on native frogs, assuming the herbicide will not be sprayed over buffer zones
or wetlands. The negative impacts of glyphosate application on frogs can be further minimised if
formulations of glyphosate that do not include POEA surfactant are used. To minimise impacts from
chemical spills and waste on terrestrial ecology, the following management measures are
recommended:

store all fuels and chemicals in appropriate bunded storage sites at below the maximum
allowable storage quantities;

provide spill response procedures and equipment to reduce the risk of pollution in the event of
a spill;

store all hazardous and non-hazardous waste in appropriate receptacles and dispose of at
appropriate waste receiving facilities; and

store all putrescible waste in a manner that excludes pest animals such as rodents, dispose of
it by incineration, transporting it to an urban waste disposal facility or burying it on-site in a
manner that prevents pest animals from accessing putrescible waste as a food supply.
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To minimise soil erosion, it is recommended that an Erosion and Sediment Control Plan be
developed for the Project that includes measures to stabilise disturbance areas and utilise erosion
and sediment control measures to minimise the release of sediment into watercourses.

To minimise impacts to terrestrial ecology from dust, water spraying during periods of heavy on-
site activity is recommended to minimise dust emissions from heavy vehicle traffic, excavation and
clearing.

To minimise impacts to terrestrial ecology from noise and artificial lighting, the following mitigation
and management measures should be implemented through the construction and operational
phases of the Project:

shield external lights and direct lights onto work areas wherever practicable to minimise light
spill to the sky and to adjoining natural habitats; and

conduct regular maintenance of plant and machinery used for the Project to minimise noise
emissions.

To minimise fauna mortality from Project activities, the following mitigation and management
measures are recommended:

implement a traffic management plan including appropriate speed limits on project roads and
vehicle crossings to minimise the risk of vehicle strike on fauna;

minimise the period of time that trenches are left open;

ensure that open trenches have trench plugs installed with slopes less than 45° (to provide
exit ramps for fauna) or patrol on a daily basis to check for and rescue trapped fauna while
open trenches are present;

use small-gauge mesh fencing and avoid topping the fence with barbed wire or razor wire
where practicable, to minimise mortality of pteropodid bats that can get caught in the top
strands of fences; and

where possible, ensure that powerline designs have a horizontal separation of at least 1.5 m
and a vertical separation of at least 1.2 m between adjacent powerline cables (to minimise
electrocution of flying-foxes and other pteropodid bats).

74 RESIDUAL IMPACTS OF THE PROJECT ON TERRESTRIAL ECOLOGY VALUES

The direct impact of the Project on terrestrial ecology receptors was calculated as the area of the
respective terrestrial ecology receptor that intersected the Project footprint shown in Figure 1.1,
which comprises all areas subject to Memoranda of Understanding (MOUs) with land owners. Due
to the already modified or degraded condition of vegetation within the broader study area (see under
Section 7.4.1 below), indirect impacts are considered to be of negligible importance. The residual
impact of the project on various ecological values was calculated as the total area of that value that
intersected with the total area under MOUs. However, this residual impact area will be reduced once
buffers to waterways and wetlands (as outlined in Section 7.3.2) are accounted for and villages and
other sensitive areas are avoided. While the total area under MOUs is 16,097 ha, up to 16,000 ha is
proposed to be used for plantations.

7.4.1 Residual impacts on terrestrial vegetation communities

The residual impact areas of the Project footprint on terrestrial vegetation communities (see Figure
7.1) are summarised in Table 7.4 and compared with the total area of the corresponding vegetation
community within the study area. The study area is the area of assessment of terrestrial ecology
values, whereas the Project area is a subset of the study area that comprises the areas under
MOUs within which the plantations, power plant, plantation nursery and associated infrastructure will
be developed.
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Table 7.4 Residual impact areas of the Project (areas under MOUs) on terrestrial vegetation
communities compared with their total areas within the study area.

Vegetation

communit Vegetation community FIM equivalent? Total area Area under % under
code Y description’ q (ha)® MOUs (ha) MOUs
Vegetation communities with minimal to moderate present-day disturbance
Large to medium crowned AL LS o
1a . medium crowned 13.6 0.0 0.0
forest (disturbed).
forest
23 Small crowned forest / PS: Small 102.5 0.0 0.0
regrowth forest crowned forest
33 Nauclea orientalis / Albizia SA: Savannah 53.8 8.4 15.7
procera savannah
4a NI EEEEEY @ IEM) | G (@ eaprg 907.3 146.3 16.1
alluvium
4b Kunai grassland on G: Grassland 390.3 0.0 0.0
footslopes and hillslopes
Vegetation communities with moderate to high levels of disturbance
Nauclea orientalis / Albizia
3b procera savannah - SA: Savannah 937.7 657.7 70.1
moderately degraded
Kunai grassland on riverine
alluvium -moderately .
4c Ipatchily degraded with G: Grassland 19,322.6 9,278.6 48.0
weeds
O: Other non-
12a Active river channels VEGEI el e 1,072.3 347.2 32.4
areas dominated
by landuse*
Vegetation communities that are highly degraded
O: Non-vegetation
2b Mixed native/exotic and areas 1,148.5 6785 59.2
secondary forest dominated by
landuse’
Native savannah woodland
3c with severely degraded SA: Savannah 59.5 17.7 29.7
ground cover
Kunai grassland on riverine
4d UMD = R MEIROE] | e ety 10,424.6 1,407.5 13.5
and degraded with weeds
and pasture plants
Mixed native/exotic G: Grassland
4e grassland, shrubland and 553.7 89.9 16.2
woodland on river alluvium.
Saccharum robustum, G: Grassland
4f Leucaena leucocephala 469.2 118.3 25 2
grassland/shrubland on
recent river deposits
5a Albizia saman dominated |G: Grassland 210.9 06.4 457
savannah
O: Non-vegetation
Sago swamp - and areas
e regrowth/degraded forest |dominated by 2L Ao S
landuse’
Vegetation communities resulting from complete habitat modification
O: Non-vegetation
5b Albizia saman dominated |and areas 7.430.2 2681.8 36.1
open forest dominated by
landuse’
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Vegetation

. Vegetation community : 2 Total area Area under % under
community description’ FIM equivalent MOUs (ha)
Leucaena leucocephala, aon dN;)g;/:getatlon
6a Albizia sp., Albizia saman dominated by 206.1 29.6 14.4
dominant shrubland | 4
anduse
O: Non-vegetation
. and areas
7a Village area dominated by 397.3 60.2 15.2
landuse’
O: Non-vegetation
Plantation and areas
e areas/leucaena/palm oil dominated by ST = b
landuse’
O: Non-vegetation
Plantation areas: Pinus and areas
e and Araucaria dominated by e e e
landuse’
O: Non-vegetation
93 Former gardens/coconut and areas 2 155.4 430.7 20.0
plantations dominated by T ' '
landuse’
Garden areas with aon dN:g;/:getatlon
11a evidence of recent dominated b 2941 0.0 0.0
modification ; a0 Y
anduse
Total 47,205.0 16,097.0

" Description derived from Paijmans (1976), applied to natural vegetation communities only.

Classification derived from Hammermaster and Saunders (1995).
®Total area of the vegetation community within the study area.

4 Referring to areas utilised by humans for agriculture, settlement or other industrial or extractive activity.

The residual impact areas of the Project footprint by vegetation condition category (see Figure 7.2)
are summarised in Table 7.5 and compared with the total area of the corresponding condition

category within the study area.

Table 7.5 Residual impact areas of the Project (areas under MOUs) by vegetation condition
category compared with their total areas within the study area.
Condition

category Condition category description TOtﬁI A | e Wl 5 WL
code (ha) MOUs (ha) MOUs

2b Moderately disturbed (stable or regenerating) 156.2 8.4 5.4
2a Moderately disturbed (stable to declining) 1,085.9 347.2 32.0
3 Modified (cultural) 1,297.5 146.3 11.3
4 Degraded 21,970.9 10,780.9 49.1
5 Highly degraded 22,694.4 4,814.1 21.2
Total 47,205.0 16,097.0

"Total area of the condition category within the study area.

Of the 16,097 ha under MOUs, 2.2% is moderately disturbed (condition category 2a and 2b), 0.9%
is modified (cultural) (condition category 3), 67.0% is degraded (condition category 4) and 30.0% is
highly degraded (condition category 5). Therefore, the great maijority of the residual impact of the
Project (approximately 97% of the areas under MOUs) comprises degraded or highly degraded

vegetation communities.
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7.4.2 Residual impacts on IFC habitat types

The residual impact areas of the Project footprint on IFC habitat types (see Figure 7.3) are
summarised in Table 7.6 and compared with the total area of the corresponding habitat type within
the study area.

Table 7.6 Residual impact areas of the Project on IFC habitat types compared with their
total areas within the study area.

Habitat category Total area (ha)' AT urzﬁ:)r NOLS %Mlg‘S:r
Modified habitat 45,962.9 15,741.4 34.2
Natural habitat 1,242 1 355.6 28.6
Total 47,205.0 16,097.0

" Total area of the habitat category within the study area.

The Project will have a potential impact on up to 355.6 ha of natural habitat under the IFC habitat
classification, comprising 347.2 ha of active river channels (VC12a) that will likely be protected by
implementation of the watercourse buffers and 8.4 ha of savannah (VC3a). Compliance with IFC
Performance Standard 6 requires that the Project should not significantly convert or degrade natural
habitats, unless all of the following are demonstrated:

no other viable alternatives within the region exist for development of the Project on modified
habitat;

consultation has established the views of stakeholders, including affected communities, with
respect to the extent of conversion and degradation; and

any conversion or degradation is mitigated according to the mitigation hierarchy designed to
achieve no net loss of the natural habitats affected, for example through habitat restoration or
implementation of biodiversity offsets.

7.4.3 Residual impacts on FSC forest types

The residual impact areas of the Project footprint on FSC forest types (see Figure 7.4) are
summarised in Table 7.7 and compared with the total area of the corresponding forest type within
the study area.

Table 7.7 Residual impact areas of the Project on FSC forest types compared with their
total areas within the study area.

Habitat category Total area (ha)’ A u?g:)r ol ‘ %Mlglgser
Natural forest 116.0 0.0
Not classified under FSC 47,089.0 16,097.0 34.2
Total 47,205.0 16,097.0

"Total area of the habitat category within the study area.

Compliance with Principle 6 of the FSC National Forest Management Standard for Papua New
Guinea in both the current (PNG FSC National Working Group 2010) and revised draft versions
(FSC 2016) requires that no areas of natural forest be converted to plantations or non-forest land
use. The Project will have no impact on natural forest under the FSC forest classification, since all
areas of natural forest within the study area occur outside of the areas under MOUs; therefore the
Project will avoid impacts on natural forest. Should the proponent with to apply for FSC certification
under the revised draft FSC National Forest Management Standard for Papua New Guinea (FSC
2016), which is not currently in force, then compliance with Management Indictor A1 under Principle
5, Annexe C requires that wetlands, peatlands, savannahs or natural grasslands are not converted
to plantations or any other land use except where:
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the conversion is producing clear, substantial, additional, secure, long-term conservation
benefits in the management unit; and

the total area of plantation on sites converted is less than 5% of the total area of the
management unit.

The implementation of buffers to wetlands will ensure no wetlands in the Project area will be
converted to plantations or any other land use. No peatlands or natural grasslands were identified
within the Project area (see discussion of ‘natural grasslands’ in Section 4.8). The Project may have
a residual impact on up to 8.4 ha of natural savannah (VC3a) unless these areas of savannah are
avoided. While conversion of 8.4 ha of savannah would constitute less than 0.1% of the
management unit, the conversion is not expected to produce a conservation benefit.

7.4.4 Residual impacts on conservation priority flora and fauna species

Two conservation priority species are known to occur in the study area, both of which are plant
species, namely Intsia bijuga (Kwila) and Cycas schumanniana. Kwila was not detected within the
areas under MOUs (see Figure 7.5); therefore the Project is expected to have no residual impact on
this species. While all occurrences of habitat most suitable for Cycas schumanniana occur outside
of the areas under MOUs that will be potentially directly impacted by the Project, a single occurrence
of the species was detected on the boundary of an area under MOU (see Figure 7.5). At this
location, the species occurs as a single, mature seed-producing plant, 1.5 m tall surrounded by up to
20 immature plants over a radius of 10 to 20 m from the mature plant, growing in recently burnt
grassland on an outwash plain (VC4c) that was variably degraded through invasion of woody
weeds, mostly Leucaena (Photo 7.3 and Photo 7.4).

Photo 7.3 Immature Cycas schumanniana cycads Photo 7.4 Single mature Cycas schumanniana
(visible as short black trunks) in burnt grassland on cycad with burnt leaf fronds on the boundary of an
the boundary of an area under MOU. area under MOU.

Successful implementation of the recommended avoidance or mitigation measures (conservation
buffer to avoid impacts or translocation to mitigate impacts, as outlined in Section 7.3.2) is likely to
result in no net loss of individuals of the species due to the Project. If these individuals were lost
instead of translocated, the loss of the relatively small number of plants involved is unlikely to
significantly increase the risk of extinction of the species. However, were this type of loss to be
repeated at other locations across the range of this near threatened species, then it is possible the
status of the species would change to it having a high risk of extinction in the wild.
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7.4.5 Significance of residual impacts

The significance of the residual impacts of the Project on terrestrial ecology receptors, assuming the
successful implementation of recommended avoidance and mitigation measures, was assessed in
accordance with the significance level matrix outlined in Section 7.1 (see Table 7.3), which
combines assessment of the magnitude of the impact, including the scale and duration of the impact
should it occur, and assessment of the sensitivity of the terrestrial ecological receptor that is
impacted. The significance of the residual impacts of the Project were assessed against the
following terrestrial ecology beneficial values that are known to occur in the study area, listed in
order of relative importance or sensitivity:

Intsia bijuga (Kwila, listed as vulnerable by the IUCN Red List) and its habitat;

Cycas schumanniana (listed as near threatened by the IUCN Red List) and its habitat;

Natural forest habitats, which are not considered threatened but support greater biodiversity
and provide relatively more resources for potentially affected communities; and

Modified habitats, other natural habitats and general flora and fauna biodiversity, which are
not considered threatened but provide some resources for potentially affected communities.

The results of this assessment are summarised in Table 7.8 below.

Table 7.8 Significance of the residual impacts of the Project on terrestrial ecology
receptors.

2SI LETITED Sensitivity Significance Justification

receptor of impact
Kwila is widespread along the coastal fringes and
foothills of Papua New Guinea and forms extensive
stands on lowland footslopes and coastal fringes
throughout the Madang, East Sepik, East and West
New Britain, Milne Bay and New Britain Provinces.
The Markham Valley is not considered a habitat
stronghold for the species although well-developed
stands of Kwila are known from the Watut Valley to
the south of the study area. Kwila produces seed
profusely and has been observed as an active
coloniser on the margins of fire disturbed habitats,
most likely due the resistance of the hard seed to
fire. The species is known to colonise in disturbed /
secondary habitats. On this basis, the species is
considered to have moderate sensitivity to project
related impacts. However, the species is listed as
being of conservation significance (vulnerable) under
the IUCN Red List, and is therefore categorised as
having high sensitivity in accordance with criteria
outlined in Table 7.2. The species was not detected
in the areas under MOUs, the great majority of which
is in degraded or highly degraded condition and
unlikely to support the species. On account of the
widespread distribution and limited extent of the
species in the study area, the magnitude of impact is
considered to be negligible. The significance of
residual impacts of the Project on this species is
therefore categorised as negligible.

Intsia bijuga

(Kwila) Negligible |High Negligible
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Ecological Magnitude
receptor of impact

Sensitivity Significance Justification

Cycas schumanniana is endemic to Papua New
Guinea, where it occupies a fairly restricted range on
the northern side of the island along the foothills of
the Bismarck Range, predominantly in the valleys of
the Markham and Ramu Rivers, and extending south
from Lae along the Bulolo River as far as Wau and
Madang. While it is a locally abundant species,
annual burning of its habitat inhibits seedling
regeneration and habitat conversion for agriculture is
expanding. If this continues, the species may decline
further and qualify for threatened status. Since the
species is listed as being of conservation
significance (near threatened) under the IUCN Red
List, it is categorised as having high sensitivity in
accordance with criteria outlined in Table 7.2. The
species was detected as a single cluster of plants on
the boundary of the areas under MOUs. Due to the
restricted occurrence of the species in the Project
area, successful implementation of the
recommended avoidance or mitigation measures is
likely to ensure that the Project will have negligible
impact on this near threatened species. The
significance of residual impacts of the Project on this
species is therefore categorised as negligible.
Natural forest habitats in the study area are too
degraded and fragmented to provide habitat for
conservation priority flora and fauna species.
Nevertheless, local (human) communities are
somewhat reliant on natural forest habitats for food
and timber, but this is not the primary or only

Natural forest - o provisioning or regulating ecosystem service
habitats Negligible | Moderate | available to these communities. Consequently,
natural forest habitats are ascribed moderate
sensitivity. No natural forest habitats occur within the
areas under MOUs. The Project will therefore have
negligible impact on natural forest habitats. The
significance of residual impacts of the Project on
these habitats is therefore categorised as negligible.
While the majority of the areas under MOUs are
degraded or highly degraded, they still support
moderate levels of flora and fauna biodiversity of low
sensitivity (no rare or threatened species),
components of which are used by communities. With
the exception of areas that are used for food
gardens and growing cash crops (which will be
avoided by the Project), communities are not reliant
Modified on these habitats, which provide occasional
habitats, other ecosystem services for the community. Therefore,
natural these habitats are ascribed low sensitivity to Project
habitats and Moderate |Low Low impacts. Due to the degraded condition of these
general flora habitats, conversion of these habitats to plantations
and fauna will have a moderate impact on flora and fauna
biodiversity biodiversity in the areas directly affected. Assuming
that the Project will avoid areas used for food
gardens and growing cash crops (which
communities are highly reliant on for food and
income streams), the Project will have a moderate
impact on community use of the areas directly
affected. Consequently, the significance of residual
impacts of the Project on these habitats is
categorised as low.

Cycas

schumanniana | Negdligible | High Negligible
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7.5 CUMULATIVE IMPACTS
7.5.1 Introduction
The IFC provides guidance regarding cumulative impact assessment and management in its Good

Practice Handbook: Cumulative Impact Assessment and Management: Guidance for the Private
Sector in Emerging Markets (IFC 2013), which defines cumulative impacts as:

“Those that result from the successive, incremental, and/or combined effects of an action, project, or
activity when added to other existing, planned, and/or reasonably anticipated future ones”.

Cumulative impacts therefore comprise the combined impacts of the Project together with other
projects in the region causing related impacts.

7.5.2 Assessment approach

The Good Practice Handbook (IFC 2013) describes a six-step rapid cumulative impact assessment
approach, summarised as follows:

determine the spatial and temporal boundaries of assessment;

identify relevant valued environmental and social components, and all developments and
potential stressors affecting these valued components;

determine the baseline condition of the valued components;
assess the contribution of the Project to the predicted cumulative impacts;

evaluate the significance of the predicted cumulative impacts to the viability or sustainability of
the affected valued components; and

design and implement mitigation measures to manage the Project’s contribution to the
cumulative impacts and risks.

This approach was applied to the cumulative impact assessment for the Project.
7.5.3 Project selection rationale
Within a 50 km radius of the Project, five recently approved or proposed projects and activities that

could contribute to cumulative impacts on terrestrial ecology receptors in a lowland context were
identified. The details of these projects are summarized in Table 7.9.

Table 7.9 Projects and activities considered in cumulative impact assessment for the
Project.

Activity and Description Relationship to Cumulative impact

proponent project

Lae Port Existing and planned operations | Located in the Port | Located in a highly

Development Project | involving dredging, reclamation | of Lae, adjacent to | disturbed area in the city of

(PNG Ports and port development. the mouth of the Lae; therefore assessed as

Corporation) Phase 1 was completed in 2014 | Markham River. having negligible

and Phase 2 is ongoing. cumulative impact on

terrestrial ecology
receptors.

New ANGAU Proposed new hospital Located in Lae. Located in what is

hospital (Australian supported by the PNG and presumed to be a highly

and PNG Australian Governments. disturbed area in the city of

Governments) Lae; therefore assessed as
having negligible
cumulative impact on
terrestrial ecology
receptors.
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Activity and

Description

Relationship to

Cumulative impact

proponent

Palm oil industry
(Ramu Agri-
Industries Limited)

Expansion of the existing
industries.

project
Located in the
Markham Valley.

No information available on
the impact of the proposed
development on terrestrial
ecology receptors.

Small agricultural
initiatives (Trukai

Industries and the
Morobe Provincial
Government)

Partnership to generate small
agricultural initiatives such as
livestock and a peanut butter
factory.

Located in the
Markham Valley.

No information available on
the impact of the proposed
development on terrestrial
ecology receptors.

Wafi-Golpu copper-
gold mine (Wafi-
Golpu Joint Venture)

An advanced exploration project
investigating the proposed
construction of a large
underground mine and
associated infrastructure,
including access roads,
pipelines and tailings
management facilities.

Located in the
Watut and
Markham river
valleys and
adjacent foothills.

No information available on
the impact of the proposed
development on terrestrial
ecology receptors.

The Lae Port Development Project and ANGAU hospital re-development are proposed to be located
in highly disturbed areas in the city of Lae and were therefore assessed as having negligible
cumulative impacts on terrestrial ecology receptors. Insufficient information was available via
desktop research to enable quantification of potential cumulative impacts associated with the
execution of the other projects and activities identified in Table 7.9. The expanding palm oil industry
and other agricultural initiatives in the Markham Valley may have similar potential impacts to the
Project since they are likely to be undertaken in similar habitats, although their impacts may be
greater if mitigation and management measures are not investigated and implemented as part of a
formal environmental assessment. Parts of the Wafi-Golpu Project are expected to be undertaken in
intact lowland rainforest, and can therefore be expected to have greater impacts on terrestrial
biodiversity than the Project. As outlined in Section 7.4, the residual impacts of the Project on
terrestrial biodiversity are low to negligible; therefore the Project’s contribution to cumulative impacts
in the region will similarly be low to negligible.
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8.0 ENVIRONMENTAL MANAGEMENT PLAN

This section outlines the terrestrial ecology components recommended to be included in the overall
Environmental Management Plan (EMP) to be developed for the Project.

8.1 MITIGATION AND MANAGEMENT MEASURES

Mitigation and management measures are detailed in Section 7.3, and summarised in Table 8.1
below.

8.2 Monitoring

Recommended monitoring of the impacts of the Project on terrestrial ecology components and the
success of the mitigation and management measures includes the following:

Monitor annually for the presence of invasive weeds and pest animals in areas disturbed by the
Project. Monitoring for invasive weeds should be undertaken by a botanist or silviculturist
familiar with the species listed in Table 4.4 of Section 4.7. A pest animal problem should be
identified if damage from pest animals becomes apparent to Project staff or local communities
living adjacent to the Project area.

Monitor annually for recruitment of Acacia crassicarpa plants from seed or suckering in the test
planting areas. Monitoring should be undertaken by a botanist or silviculturist or a staff member
trained to identify the species.

Monitor once every five years for recruitment of Eucalyptus camaldulensis in riparian areas
downstream of plantations planted with E. camaldulensis. Monitoring should be undertaken by a
botanist or silviculturist or a staff member trained to identify the species.

The results of monitoring should be reported to the Project Manager and included in the annual
environmental reporting framework of the Environmental Management Plan for the Project.
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Table 8.1 Summary of potential impacts, management objectives and mitigation and management measures for the EMP for the Project.

Source of impact
Land clearing for
plantations and
project infrastructure.

' Potential impact
Loss of natural habitat for
terrestrial flora and fauna.

Management objective
Minimise the area of
natural habitat, particularly
natural forest habitat, to be
cleared.

Mitigation and management measures

Limit clearing to the minimum areas required to accommodate the
Project footprint, as outlined in the Project design, and locate
plantations and infrastructure in already disturbed habitats as far as
possible.

Edge effects and habitat
fragmentation.

Minimise edge effects and
habitat fragmentation.

Co-locate linear infrastructure such as powerlines and access roads
where possible and practical.

Locate Project facilities in already disturbed areas as far as
practicable to minimise the area of intact forest to be cleared.

Control the establishment of invasive weeds and pest animals at
the edges of cleared or disturbed areas.

Loss of individuals of conservation
significant flora species,
particularly the near threatened
cycad Cycas schumanniana.

Avoid the clearing of
conservation significant
flora species as far as
possible.

Avoid clearing habitat for Cycas schumanniana (VC4a: Kunai
grassland on footslopes and hillslopes) as far as possible.
Implement a buffer of at least 20 m around plants, with no Project
activities to occur within the buffer.

No net loss of
conservation significant
flora species.

Should avoidance not be possible, translocate the affected plants to
suitable habitat.

Damage to retained natural
habitats.

Minimise damage to
natural habitats outside
the designated clearing
footprint.

Employ directional felling methods to ensure that trees are felled
into areas marked to be cleared and not into adjoining areas
marked not to be cleared.

Erosion of soil in disturbance
areas, leading to reduced water
quality and sedimentation of water
courses.

Minimise soil erosion.

Develop an Erosion and Sediment Control Plan for the Project.
Stabilise disturbance areas and utilise erosion and sediment control
measures, and schedule work appropriately (i.e. not during heavy
rainfall) where feasible to minimise the release of sediment into
watercourses.

Disturbance leading to the
facilitation of the spread and
establishment of invasive weed
and pest animal species.

Minimise the potential for
the establishment and
spread of invasive weed
and pest animal species.

Monitor annually for the presence of invasive weeds and pest
animal damage in areas disturbed by the Project and implement
weed and pest animal control in disturbed areas as required.

Introduced plantation
tree species.

Introduction of a species (Acacia
crassicarpa) with very high
potential for invasiveness.

Removal of a potentially
invasive plantation
species.

After harvesting of A. crassicarpa plantings, where practicable do
not burn the newly cleared sites before replanting with plantation
species (to minimise seed germination of A. crassicarpa since
germination of acacia seeds is promoted by fire). Monitor annually
whether spread of A. crassicarpa occurs outside the plantation
planting areas, especially downstream of the planting areas. Control
any recruitment of A. crassicarpa from seed or suckering outside
plantation areas using an appropriate herbicide.
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Source of impact

' Potential impact

Introduction of a species
(Eucalyptus camaldulensis) with
high potential for invasiveness if
planted along streams.

Management objective
Minimise potential for
invasiveness.

Mitigation and management measures
Implement riparian buffer zones as outlined in Section 7.3.2, with
no plantations to be established within the buffers.

Control any plants that

establish in riparian areas.

Monitor riparian areas downstream of plantations planted with E.
camaldulensis every five years and control (via application of an
appropriate herbicide) any plants that establish outside of plantation
areas.

Accidental introduction of plant
pathogens and diseases on
introduced nursery stock.

Minimise the risk of
accidental introduction of
plant pathogens and
diseases.

Follow PNG quarantine requirements for importation of any plant
materials. Source nursery stock from pathogen/disease free
sources, and screen any introduced nursery stock for potential plant
pathogens and diseases, particularly Myrtle Rust.

Transportation of
construction
materials, vehicles
and machinery into
the Project area.

Introduction and spread of
invasive weed species.

Minimise the introduction
and spread of invasive
weeds.

Follow PNG quarantine requirements for importation of construction
materials, soil or other plant material to the Project area.

Implement washdown protocols for all equipment brought into the
Project area from external sites, including inspection to ensure that
it is free of soil, seeds and other plant parts.

Increased vehicular
traffic.

Mortality and injury to native fauna
from vehicle strike.

Minimise vehicle strike
impacts to native fauna.

Implement a night-time speed limit of 40 km/hr to minimise the risk
of vehicle strike on nocturnal fauna.

Open trenches,
fencing and
powerlines.

Mortality of native fauna from
entrapment in open trenches.

Minimise fauna mortality.

Minimise the period of time that trenches are left open, to minimise
the risk of fauna entrapment in open trenches.

Ensure that open trenches have trench plugs installed with slopes
less than 45° (to provide exit ramps for fauna) or patrol on a daily

basis to check for and rescue trapped fauna while open trenches

are present.

Electrocution of flying-foxes on
powerlines.

Minimise fauna mortality.

Powerline designs to ensure a horizontal separation of at least 1.5m
and a vertical separation of at least 1.2m between adjacent
powerline cables to minimise electrocution of flying-foxes and other
pteropodid bats.

Entanglement of flying-foxes in
fencing.

Minimise fauna mortality.

Small-gauge mesh fencing to be used and fencing to avoid topping
the fence with barbed wire or razor wire where practicable, to
minimise mortality of pteropodid bats that can get caught in the top
strands of fences.

Putrescible waste.

Increased populations of feral
animals that may feed on
putrescible waste.

Minimise the accessibility
of putrescible waste to
feral animals

Implement a waste management plan that ensures all putrescible
waste is stored in a manner that excludes pest animals such as
rodents, and is disposed of by either transporting it to an urban
waste disposal facility, incineration or burying it on-site in a manner
that does not allow pest animals to access the putrescible waste as
a food supply.
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Source of impact
Glyphosate herbicide
use.

Potential impact
Toxicity to frogs.

Management objective
Minimise toxicity of
herbicide to frogs.

Mitigation and management measures

Implement riparian buffer zones, with no herbicide spraying to occur
within the riparian buffer zones. Use formulations of glyphosate that
do not include polyethoxylated tallowamine surfactant (POEA).

Chemical spills.

Contamination leading to habitat
degradation.

Minimise the potential for
chemical spills and
implement effective spill
management plans.

Implement measures for the safe storage and use of chemicals,
and develop a spill management plan that is capable of rapidly
responding to a chemical spill to minimise contamination of the
environment. Store all fuels and chemicals in appropriate bunded
storage sites at below the maximum allowable storage quantities.
Provide spill response procedures and equipment to reduce the risk
of pollution in the event of a spill. Store all hazardous and non-
hazardous waste in appropriate receptacles and dispose of at
appropriate waste receiving facilities.

Air emissions of
sulphur dioxide and
nitrous oxides by the
power plant.

Inhibition of plant photosynthesis
and indirect impacts from acid rain
that leaches out nutrients from
plant canopy and sail.

Minimise sulphur dioxide
and nitrous oxides
emissions

Design and operate the power plant such that emissions to air
comply (at a minimum) with the Equator Principles and the
IFC/World Bank environmental, health and safety (EHS) guidelines
for thermal power plants (IFC 2008).

Dust from vehicles
and machinery.

Reduced photosynthetic ability of
plants in adjacent natural habitats,
compromising vegetation
condition.

Minimise fugitive dust.

Dust suppression water tankers to apply water to road surfaces and
other disturbed areas, as appropriate to the conditions, to reduce
dust.

Noise from the power
plant and working
plant and machinery.

Disturbance to terrestrial fauna,
particularly nocturnal mammals.

Minimise noise
disturbance to terrestrial
fauna.

Conduct regular maintenance of plant and machinery used for the
Project to minimise noise emissions.

Atrtificial lighting.

Effects on behaviour of native
fauna.

Minimise light spill to the
sky and to adjoining
natural habitats.

Shield external lights and direct lights onto work areas wherever
practicable.
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APPENDIX A: Terrestrial Flora Field Site Data

Site Date ‘Latitude‘Longitude Locality |Landform Structure Characteristic floristics

1 |04/09/16| -6.6128|146.59986|40 Mile River terrace Secondary forest Emergents: Cocos nucifera. 2b
Canopy: Albizia sp., Atrocarpus altilis, Ficus nodosa,
Commersonia bartramia, Dysoxylum gaudichaudianum, Albiza
procera, Sterculia shillinglawii.

Shrub: Glyricidia sepium.

2 |04/09/16| -6.6078|146.59289/40 Mile River terrace Kunai grassland Ground cover: Imperata cylindrica dominant. 3a
Emergent: Nauclea orientalis, Albizia procera.

3 |04/09/16| -6.6126|146.58852/40 Mile River terrace Kunai grassland Ground cover: Imperata cylindrica, Polytocca monophyla. 3a
Emergent: Nauclea orientalis, Albizia procera.

4 104/09/16| -6.6011{146.58945/40 Mile Alluvial flood plain {Coconut garden / open forest Canopy: Cocus nucifera*. 9a

Sub-canopy: Ficus sp., Artocarpus altilis, Theobroma cacao?,
Glyricidia sepium*.

5 |04/09/16| -6.5787|146.52773|Markham  |Alluvial flood plain |Degraded grassland Shrub layer: Chromolaena odorata. 4d
Ranch Ground cover: Poaceae sp.(exotic) Imperata cylindrica.
6 |04/09/16| -6.5507|146.54305(Markham  |Alluvial flood plain |Degraded grassland Shrub layer: Chromolaena odorata*. 4d
Ranch Ground cover: exotic grass species, Imperata cylindrica.
7 105/09/16| -6.3951|146.42053|Leron River |Alluvial Plain Grassland dominated by Themeda |[Emergent shrubs: Albizia procera, Antidesma ghaesembilla, 3b
triandra with scattered Cycas Cycas schumanniana, Clerodendrum tomentosum, Leucaena
shumanniana. leucocephala*.

Groundcover: Alliopteris semiulata, Capillipedium parviflorum,
Chromoleana odorata*, Cyanthillium cinereum, Cycas
schumanniana, Desmodium sp., Macroptilium atropurpureum®*,
Ophiuros exaltatus, Passiflora foetida*, Phyllanthus virgata,
Themeda arguens, Themda triandra, Uraria picta.

8 |05/09/16| -6.4025|146.41763|Leron River |Alluvial Plain Grassland of Themeda arguens and |[Emergent shrubs: Albizia procera. 4a
Imperata cylindrica. Groundcover: Bothriochloa bladhii, Capillipedium parviflorum,
Cyanthileum cinereum, Desmodium rhytidiophyllum, Euphorbia
hirta*, Fimbristylis sp., Melinus repens*, Mnethisea
rothboellioides, Pennisetum polystachyon*, Phyllanthus virgata,
Sida acuta*, Stylosanthes hamata*, Themeda arguens, Themda
triandra, Tridax procumbens*.

9 |05/09/16| -6.4317|146.41768 Alluvial Plain Exotic dominated Groundcover: Desmanthus pernambucanus*, Hyptis suaveolens*, (6a
grassland/herbland dominated by Leucaena leucocephala*, Macroptilium atropurpureum*, Mimosa
Mimosa invisa with Passiflora diplotricha*, Passiflora foetida*, Sida acuta*, Sida cordifolia*,
foetida*, Sida cordifolia*, Stylosanthes hamata*.

Macroptilium atropurpureum* and
Hyptis suaveolens®.
10 |05/09/16| -6.5041|146.45650 Alluvial Plain Forestry Plantation Dominated by Araucaria cunninghamii. 11a
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Site Date Latitude Longitude Locality Landform Structure Characteristic floristics
11 |05/09/16| -6.5033|146.45835 Alluvial Plain Tall exotic dominated shrubland (5- |Upper: Luecaena luecacephala®. 6a
7m) of Luecaena leucocephala* with |Mid: Azadirachta indica*, Desmanthus pernambucanus*, Hyptis
an understorey of Azadirachta suaveolens*, Leucaena leucocephala*, Macroptilium
indica*. atropurpureum*, Mimosa diplotricha*, Passiflora foetida*.
Groundcover: Stylosanthes hamata*.
12 |05/09/16| -6.6128|146.59986 Alluvial Plain Native grassland of Themeda Emergent shrubs: Clerodendrum tomentosum. 4a
arguens. Groundcover: Alliopteris semiulata, Capillipedium parviflorum,

Chromoleana odorata*, Cyanthileum cinereum, Passiflora
foetida*, Phyllanthus virgata, Stylosanthes humilis*, Themeda
arguens, Tridax procumbens*, Uraria picta, Urochloa

decumbens®.
13 |05/09/16| -6.5273|146.47987 Alluvia plain Native grassland with emergent Emergents: Pandanus sp., Albizia procera. 4a
pandanus Ground: Imperata cylindrica.
14 |05/09/16| -6.5464|146.50384 Alluvial plain Exotic closed forest Canopy: Albizia saman*, Ficus sp. 5b
15 |05/09/16| -6.5452|146.50861 Alluvial Plain Closed forest (15-20m) of Albizia Upper: Albizia saman*, Litsea guppyi, Melanolepis 5b
saman”* multiglandulosa, Senna sp.*, Dysoxylum gaudichaudianum,

Epipremum amplissimum.

Mid/Understorey: Alstonia scholaris, Antidesma sp., Asplenium
nidus, Buchanania macrocarpa, Carica papaya*, Clerodendrum
tomentosum, Cynanchum sp., Endospermum medullosum, Ficus
adenosperma, Ficus copiiosa, Ficus septica, Ficus wassa,
Glochidion novoguineensis, Ipomoea obscura*, Leea
novoguineensis, Mikania micrantha*, Myristica fatua, Passiflora
edulis*, Piper aduncum*, Pometia pinnata, Passiflora subpeltata*,
Trophis scandens subsp. scandens.

Groundcover: Achyranthes aspera, Alpinea sp., Asystasia
gangetica*, Dioscorea sp., Hornesteadia schottiana,
Mormochodia charanta, Nephrolepis bisserata, Oplismenus
compositus*, Sida sp., Stephania japonica var. timorensis, Urena
lobata*.

16 |05/09/16| -6.5470|146.51233 Alluvial Plain Grassland dominated by Imperata  |Groundcover: Brachiaria repens, Centrosema molle*, Coleus 4a
cylindrica with Phragmites velatorius.|argentea*, Crotalaria calycina, Euphorbia hirta*, Hyptis
suaveolens*, Imperata cylindrica*, Ipomoea hederifolia*, Ipomoea
obsura*, Macroptilium atropurpureum *, Mimosa diplotricha*,
Mimosa pudica*, Mukia maderaspatata, Phragmites velatorius,
Physalis peruviana*, Pterocaulon sphacelata, Pueraria lobata var.
lobata, Sesbania cannabina, Sporobolus sp.*, Rynchnosia sp.,
Tribulus cistoides, Stachytarpheta cayennensis*.

17 |05/09/16| -6.5568|146.51475 Alluvial Plain Savannah woodland Canopy: Nauclea orientalis. 4a
Ground cover: Imperata cylindrica, Phragmites karka.
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Site Date Latitude Longitude Locality Landform Structure Characteristic floristics

18 |05/09/16| -6.5556|146.51528 Alluvial Plain Closed broad crowned forest Upper: Tristiropsis acutangula, Celtis latifolia, Terminalia 2a
complanata, Dysoxylum gaudichaudianum, Litsea guppyi,
Nauclea orientalis, Albizia saman* (margins).
Mid/Understorey: Melanopsis multiglandulosa, Endospermum
medullosum, Morinda citrifolia, Myristica spp., Calamus
longipinna, Ficus septica, F. adenosperma, Pandanus sp.,
Sterculia shillinglawii, Mallotus paniculatus, Allophyllus cobbe,
Breynia cernua, Flagellaria indica, Stephania japonica var.
timorensis, Leea novoguineensis, Pometia pinnata, Senna
hirsuta* (margins).

Groundcover: Passiflora foetida*, Momordica charantia *,
Asclepias curassavica*, Hyptis capitata*.

19 |05/09/16| -6.5577|146.52155 Alluvial Plain Open forest (10-15m) dominated by |Upper: Albizia procera, Albizia saman*, Timonius timon. 2a
Albizia procera with scattered Albizia [Mid/Understorey: Barringtonia acutangula, Dysoxylum

saman®. parasiticum, Melanopsis multiglandulosa, Endospermum
medullosum, Morinda citrifolia, Myristica spp., Planchonia
papuana, Calamus longipinna, Ficus septica, F. adenosperma,
Glochidion novoguineensis, Macaranga sp., Carica papaya?*,
Sterculia shillinglawii, Mallotus paniculatus, Allophyllus cobbe,
Breynia cernua, Flagellaria indica, Stephania japonica var.
timorensis, Leea novoguineensis, Mikania micrantha*, Piper
aduncum®*.

Groundcover: Cyanthileum cinereum, Persicaria lapathifolia,
Oplismenus compositis, Alpinia sp., Passiflora foetida*, Solanum
torvum*, Momordica charantia*, Arthraxon sp.

20 |05/09/16| -6.5580(146.52416 Open / closed forest (10-15m) Upper: Albizia procera, Buchanania microcarpa, Hydriastele 2a
dominated by Albizia procera with  |costata, Trichospermum pleiostychya, Albizia saman*, Timonius
scattered Albizia saman®. timon.

Mid/Understorey: Barringtonia acutangula, Dysoxylum
parasiticum, Melanopsis multiglandulosa, Endospermum
medullosum, Morinda citrifolia, Myristica spp., Premna odorata,
Planchonia papuana, Calamus longipinna, Ficus septica, F.
adenosperma, Glochidion novoguineensis, Macaranga involucrata
var. mallotoides, Carica papaya*, Sterculia shillinglawii, Mallotus
paniculatus, Allophyllus cobbe, Breynia cernua, Flagellaria indica,
Stephania japonica var. timorensis, Leea novoguineensis, Mikania
micrantha*.

Groundcover: Cyanthileum cinereum, Oplismenus compositis,
Alpinia sp., Passiflora foetida*, Solanum torvum.

21 106/9/16 | -6.5552(146.51363 Exotic savannah woodland Canopy: Albizia saman®. 5a
Ground: Imperata cylindrica.
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22 106/9/16 | -6.5550(146.51254 Dissected Closed forest (10-20m) of Pandanus |Upper: Pandanus sp., Glochidion novoguineensis, Neonauclea |2a
drainage line on |sp., Neonauclea sp. sp., Nauclea orientalis, Trichospermum pleiostigma, Albizia
alluvial plain saman*, Timonius timon.

Mid/Understorey: Antidesma ghaesembilla, Barringtonia
acutangula, Melanopsis multiglandulosa, Premna odorata,
Calamus longipinna, Ficus wassa, Glochidion novoguineensis,
Macaranga involucrata var. mallotoides, Macaranga tanarius,
Carica papaya*, Allophyllus cobbe, Breynia cernua, Flagellaria
indica, Stephania japonica var. timorensis, Leea novoguineensis,
Psidium guajava*, Piper aduncum*, Adenia heterophylla.
Groundcover: Cyanthileum cinereum, Oplismenus compositis,
Alpinia sp., Passiflora foetida*, Solanum torvum.

23 |06/9/16 | -6.5425|146.52462 Alluvial flat Kunai grassland Ground cover: Imperata cylindrica dominant. 4c
Emergent: Pandanus sp., Nauclea orientalis, Albizia procera.
24 106/9/16 | -6.5515/146.54269|Markham  |Alluvial flood plain [Degraded grassland Shrub layer: Chromolaena odorata*. 4d
Ranch Ground cover: Exotic grass species, Imperata cylindrica.
25 |06/9/16 | -6.5555|146.54380 Alluvial plain Disturbed open/closed forest of Upper: Dysoxylum gaudichaudianum, Litsea guppyi, Berrya 2a
Dysoxylum gaudichaudianum, cordifolia, Alstonia scholaris, Planchonia papuana, Glochidion
Nauclea orientalis, Berrya cordifolia, [novoguineensis, Nauclea orientalis, Trichospermum pleiostigma,
Alstonia scholaris. Timonius timon, Hydriastele costata, Caryota rumphiana,

Ganophyllum falcatum.

Mid/Understorey: Antidesma ghaesembilla, Barringtonia
acutangula, Melanopsis multiglandulosa, Calamus longipinna,
Ficus wassa, Ficus sp., Leucaena leucocephala*, Glochidion
novoguineensis, Macaranga involucrata var. mallotoides,
Macaranga tanarius, Carica papaya*, Allophyllus cobbe, Breynia
cernua, Flagellaria indica, Stephania japonica var. timorensis,
Leea novoguineensis, Adenia heterophylla, Gnetum gnemon,
Ptychosperma spp., Clerodendrum tomentosum, Cissus sp.,
Abrus precatorius, Pachygone sp.

Groundcover: Oplismenus compositis, Alpinia sp., Passiflora

foetida*.

26 |06/9/16 | -6.5551|146.54438 Alluvial plain Savannah woodland Emergent: Nauclea orientalis, Albizia procera. 3b
Ground: Imperata cylindrica, Hyptus capitate, Chromolaena
odorata®.

27 |06/9/16 | -6.5692|146.53593 Alluvial plain Closed forest dominated by Upper: Dysoxylum gaudichaudianum, Trichospermum 2a

Dysoxylum gaudichaudianum, pleiostigma, Melanopsis multiglandulosa, Sterculia sp., Litsea
Trichosperma pleiostigma, guppyi, Berrya cordifolia, Alstonia scholaris, Bombax ceiba var.
Melanopsis multiglandulosa. leiocarpa, Glochidion novoguineensis, Timonius timon,

Hydriastele costata, Caryota rumphiana, Melicope elleryana,
Ganophyllum falcatum, Mangifera odorata, Senna sp.*
Mid/Understorey: Antidesma ghaesembilla, Melanopsis
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multiglandulosa, Premna odorata, Piper canimum, Piper
aduncum*, Calamus longipinna, Ficus wassa, Ficus sp.,
Leucaena leucocephala*, Glochidion novoguineensis, Macaranga
involucrata var. mallotoides, Carica papaya*, Allophyllus cobbe,
Breynia cernua, Flagellaria indica, Leea novoguineensis, Adenia
heterophylla, Gnetum gnemon, Cissus sp., Muntingia calabura*,
Morinda citrifolia.

Groundcover: Oplismenus compositus, Alpinia sp., Passiflora
foetida*, Albizia saman®*.

27a|06/9/16 | -6.5686|146.53483 Alluvial plain Exotic dominated low closed forest |Upper: Albizia saman*, Senna sp.*, Glycricidia sepium?*, 5a
with Albizia saman* and Senna sp.*, |Leucaena leucocephala®.

Glycricidia sepium* and Leucaena |Mid/Understorey: Piper aduncum?*, Ficus sp., Leucaena
leucocephala*. leucocephala*, Carica papaya*, Breynia cernua, Flagellaria indica,
Cissus sp., Muntingia calabura*, Passiflora foetida*, Albizia
saman*, Glycricidia sepium*, Macroptilium atropurpureum®*,
Mimosa diplotricha*.

27b|06/9/16 | -6.5906|146.52347 Alluvial plain Exotic shrubland Shrubs: Albizia saman,* Leucaena leucocephala*, Glyricidia 6a
sepium®.
27c|06/9/16 | -6.5996|146.52222 Alluvial plain Exotic shrubland Shrubs: Albizia saman,* Leucaena leucocephala*. 6a
28 |06/9/16 | -6.6404|146.54603Junction of |Alluvial plain (river [Savannah woodland / open Upper: Naucela orientalis, Albizia procera, Glochidion 3c
Markham  |bank) woodland dominated by Albizia novoguineensis.
and Watut procera and Nauclea orientalis with [Understorey: Albizia saman*, Leucaena leucocephala*,
exotic dominated shrub layer. Chromolaena odorata*, Sida spp., Solanum torvum®.

Groundcover: Impertata cylindrica, Senna alata*, Centrosema
molle*, Sesbania cannabina, Passiflora foetida*.

29 |06/9/16 | -6.6374(146.54239 Closed forest 15- Upper: Dysoxylum gaudichaudianum, Trichospermum 1a
25 with emergents pleiostigma, Melanopsis multiglandulosa, Sterculia sp., Litsea
to 35m guppyi, Alstonia scholaris, Glochidion novoguineensis, Trema

orientalis, Timonius timon, Hydriastele costata, Caryota
rumphiana, Melicope bonwickii, Ganophyllum falcatum, Ailanthus
integrifolia, Artocarpus altilis.

Mid/Understorey: Melochia umbellata, Piper aduncum*, Melicope
elleryana, Homolanthus novoguineeensis, Ficus wassa,
Melanopsis multiglandulosa, Myristica sp., Premna odorata, Piper
aduncum*, Calamus longipinna, Ficus wassa, Glochidion
novoguineensis, Macaranga involucrata var. mallotoides,
Allophyllus cobbe, Flagellaria indica, Leea novoguineensis,
Gnetum gnemon.

Groundcover: Oplismenus compositus, Alpinia sp., Passiflora
foetida*, Pueraria lobata.

30 [06/9/16 | -6.6305(146.53293 Alluvial Plain Exotic dominant secondary riparian |Canopy: Albizia saman*, Nauclea orientalis, Alstonia scholaris,  [2b
forest Cocos nucifera®.

BAAM Pty Ltd
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31 |06/9/16 | -6.6228(146.52938 Alluvial Plain Open forest dominated by Albizia Canopy: Albizia saman®. 5b
saman®.
32 |06/9/16 | -6.5967|146.54917 Alluvial Plain Degraded savannah woodland Upper: Albizia saman*. 5a
dominated by Albizia saman*.
33 |06/9/16 | -6.5888(146.55597 Open savannah woodland Upper: Albizia procera. 3c
dominated by Albizia procera with  |Understorey: Albizia saman*, Melia azederach, Muntingia
occasional Albizia saman®*. calabura*, Piper aduncum *, Leucaena leucocephala*,
Disturbed understorey. Chromolaena odorata*, Sida spp., Solanum torvum®.
Groundcover: Impertata cylindrica, Centrosema molle*, Passiflora
foetida*.
34 |06/9/16 | -6.5821|146.55920 Swampy drainage |Closed forest (10-20m). Upper: Metroxylom sagu, Glochidion novoguineensis, Neonauclea|10a
line on alluvial sp., Trichospermum pleiostigma, Pandanus sp., Timonius timon,
plain Albizia procera.

Mid/Understorey: Barringtonia acutangula, Melanopsis
multiglandulosa, Calamus longipinna, Ficus wassa, Glochidion
novoguineensis, Macaranga involucrata var. mallotoides,
Macaranga tanarius, Piper aduncum *.

35 |06/9/16 | -6.5821|146.55904 Alluvial plain Open kunai grassland Ground: Imperata cylindrica. 4a
36 |06/9/16 | -6.5815|146.55988 Alluvial plain Open kunai grassland Ground: Imperata cylindrica. 4a
37 |07/09/16| -6.5388|146.58582 Alluvial plain Imperata cylindrica dominated Emergents: Albizia procera, Nauclea orientalis.

grassland with scattered emergents |Groundcover: Impertata cylindrica, Passiflora foetida*,

of Albizia procera and Nauclea Capillipedium parviflora, Clerodendrum tomentosum, Phragmites

orientalis. vellatorius, Bothriochloa bladhii, Antidesma ghaesembilla, Tridax

procumbens*, Boerhavia erecta, Macroptilium atropurpureum?*,
Albizia saman®.

38 |07/09/16| -6.5386|146.58207 Dissected Closed forest (10-20m) Upper: Glochidion novoguineensis, Neonauclea sp., Bombax
drainage line on ceiba, Litsea guppyi, Trichospermum pleiostigma, Timonius timon,
alluvial plain Horsefieldia sp, Mangifera odorata.

Mid/Understorey: Antidesma ghaesembilla, Melanopsis
multiglandulosa, Calamus longipinna, Ficus wassa, Glochidion
novoguineensis, Macaranga involucrata var. mallotoides,
Allophyllus cobbe, Flagellaria indica.

39 |07/09/16| -6.5750/146.60513
40 |07/09/16| -6.5769|146.60660
41 |07/09/16| -6.5730|146.60366
42 |07/09/16| -6.4925|146.59120 Alluvial plain Grassland Emergent shrubs: Cycas schumanniana, Clerodendrum
tomentosum.

Groundcover: Imperata cylindrica, Capillipedium parviflorum,
Cyanthileum cinereum, Cycas schummania, Desmodium sp.,
Passiflora foetida*, Crotalaria sp., Pychnospora lutescens, Tridax
procumbens*, Stylosanthes spp.*.

BAAM Pty Ltd
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43 |07/09/16| -6.4894(146.57976 Footslope on Open grassland Ground: Themeda triandra, Imperata cylindica, Cycas 4b
unconsolidated schumanniana.
volcanics
44 |07/09/16| -6.4840(146.57446 Colluvial outwash |[Degraded grassland Shrub layer: Vachellia farnesiana. 4d
Ground: Indeterminate grass species plus exotic herbs.
45 107/09/16| -6.4797|146.56906 Footslopes Grassland Emergent shrubs: Cycas schumanniana, Clerodendrum 4b
tomentosum, Mussaenda sp.
Groundcover: Imperata cylindrica, Cycas schumanniana,
Desmodium sp., Passiflora foetida*, Crotalaria sp., Tridax
procumbens®.
46 |07/09/16| -6.4730|146.56639 Footslope gully  |Exotic shrubby thicket Canopy: Leucaena leucocephala* and Albizia saman*. 6a
line
47 |07/09/16| -6.4678|146.56390 Footslope gully  |Low exotic forest Canopy: Albizia saman*, Ficus nodosa. 6a
line/ Footslope Shrubs: Leucaena leucocephala®.
48 |07/09/16| -6.4663|146.56118 Footslope gully  |Exotic dominant open forest Canopy: Albizia saman*, Ficus nodosa. 5b
line/ Footslope Shrubs: Leucaena leucocephala*, Macaranga involucrata,
Melanolepsis sp.
Ground: Megathyrsus maximus*.
49 107/09/16| -6.4710{146.56418 Foothills Grassland dominated by Imperata  |Emergent shrubs: Antidesma ghaesembilla, Timonius timon, 4b
cylindrica with emergent shrubs. Clerodendrum tomentosum, Muessanda sp.
Groundcover: Imperata cylindrica, Desmodium sp., Passiflora
foetida*, Crotalaria sp., Tridax procumbens*, Vitex sp., Pueraria
lobata*, Euphorbia schumanniana, Bothriochloa bladhii.
50 |07/09/16| -6.4725(146.56603 Footslope gully  |Exotic shrubby thicket Canopy: Leucaena leucocephala* and Albizia saman*. 6a
line
51 |07/09/16| -6.4881|146.57767 Colluvial outwash [Disturbed / exotic grassland Indeterminate exotic grass and forb species 4d
plain
52 |07/09/16| -6.4976|146.58574 Colluvial outwash |Exotic savannah woodland Emergents: Albizia saman*. 5a
plain Shrubs: Glyricidia sepium*.
Ground: Imperata cylindrica.
53 |07/09/16| -6.5048|146.58342 Colluvial outwash [Exotic woodland open forest Canopy: Albizia saman*. 5b
plain Shrubs: Glyricidia sepium*.
Ground: Megathyrsus maximus*, Imperata cylindrica.
54 |07/09/16| -6.5098(146.59485 Colluvial outwash |Exotic woodland / open forest Canopy: Albizia saman*. 5b
plain Shrubs: Leucaena leucocephala*, Glyricidia sepium®*.
Ground: Megathyrsus maximus*, Imperata cylindrica.
55 |07/09/16| -6.5159|146.60517 Alluvial plain Grassland Emergent shrubs: Cycas schumanniana, Leucaena
leucocephala*.
Groundcover: Imperata cylindrica, Cycas schumanniana,
Desmodium sp., Passiflora foetida*, Synedrella nodiflora*, Tridax
procumbens®.
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56 |07/09/16| -6.5203(146.60534 Colluvial outwash |Grassland dominated by Imperata |[Emergent shrubs: Antidesma ghaesembilla, Timonius timon, 4b
cylindrica with emergent shrubs. Clerodendrum tomentosum, Muessanda sp.
Groundcover: Imperata cylindrica, Desmodium sp., Passiflora
foetida*, Crotalaria sp., Tridax procumbens*, Vitex sp., Pueraria
lobata*, Euphorbia schumanniana, Bothriochloa bladhii.
57 |07/09/16| -6.5247|146.60435 Colluvial outwash |Low plantation open forest Acacia crassicarpa*, Acacia mangium. 8a
58 |07/09/16| -6.5260(146.59973 Colluvial outwash [Kunai grassland Ground: Imperata cylindica. 4c
Shrubs: Leucaena leucocephala* (recently burnt).
59 |07/09/16| -6.5248(146.59465 Floodplain Woodland to open forest Canopy/ shrub: Nauclea orientalis, Antidesma ghaesembilla. 3b
alluvium Ground: Megathyrsus maximus®.
60 |07/09/16| -6.5279|146.58359 Footslope gully  |Exotic dominant open forest Canopy: Albizia saman®. 5b
line/ Footslope Shrub: Leucaena leucocephala*, Macaranga involucrata.
Ground: Megathyrsus maximus®.
61 |07/09/16| -6.5781|146.60758 Alluvial floodplain |Plantation Eucalyptus pellita*. 9a
deposits
62 |07/09/16| -6.5783|146.60722 Alluvial floodplain |Kunai grassland Ground: Themeda triandra, Imperata cylindica, Polytocca 4c
monophylla.
Shrubs: Antidesma ghaesembilla.
63 |08/09/16| -6.5881|146.63282 Alluvial Plain Exotic dominated secondary forest (Upper: Albizia saman®.
(15-18m). Mid/Understorey: Melanolepis multiglandulosa, Dysoxylum
gaudichaudianum, Mallotus sp., Carica papaya*, Passiflora
edulis*, Piper aduncum*, Stephania japonica var. timorensis,
Asplenium sp.
Groundcover: Megathrysus maximus*, Alpinia sp., Stephania
japonica var. timorensis, Urena lobata*.
64 |08/09/16| -6.5863(146.63931 Colluvial outwash |Exotic woodland / open forest Canopy: Albizia saman*. 5b
plain Shrubs: Leucaena leucocephala*, Glyricidia sepium*.
Ground: Megathyrsus maximus*, Imperata cylindrica.
65 |08/09/16| -6.5837|146.64940 Alluvial plain Exotic shrubland Shrubs: Leucaena leucocephala®. 6a
66 |08/09/16| -6.6053(146.66427 Gully of raintree  |Grassland dominated by Imperata |[Emergent shrubs: Antidesma ghaesembilla. 5b
adjacent to Kunai |cylindrica. Groundcover: Imperata cylindrica, Passiflora foetida*, Tridax
hill. procumbens*, Euphorbia schumanniana, Bothriochloa bladhii.
67 |08/09/16| -6.5811|146.63864 Alluvial Plain Exotic grassland dominated by Groundcover: Urochloa decumbens*, Brachiaria reptans*, 4d
Urochloa decumbens™® on swampy  |Arthraxon sp., Bothriochloa pertusa*, Cyperus brevifolius*,
plain. Commelina ensifolia.
68 |08/09/16| -6.5746|146.66981 Alluvial floodplain |Plantation Canopy: Cocos nucifera®. 9a
Shrubs: Theobroma cacao*, Glyricidia sepium®.
69 (08/09/16| -6.5551|146.69356 Alluvial plain Exotic shrubland/ plantation Shrubs: Leucaena leucocephala®. 8a
70 |08/09/16| -6.5405(146.69888 Alluvial plain Exotic grassland Ground: Mostly rice plantation mixed with exotic grasses and 4d
forbs.
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71 |08/09/16| -6.5321|146.70216 Footslope on Plantation Canopy: Pinus carribea*. 8b
unconsolidated
volcanics
72 |08/09/16| -6.5219(146.70700 Alluvial floodplain |Exotic open forest Canopy: Albizia saman*, Tectonia grandis®. 5b
BAAM Pty Ltd
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ECOLOGICAL CONSULTANTS

APPENDIX B: Terrestrial Flora Species Recorded Within the Study Area

Abbreviations:

Status: IUCN: Extinct in the Wild (EW), Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT).

Habitat type: Broad crowned lowland forest (1a), Small crowned forest / regrowth forest (2a), Savannah dominated by Nauclea orientalis/Albizia procera (3a), Kunai grassland
on riverine alluvium (4a), Kunai grassland on footslopes and hillsopes (4b), Kunai grassland on riverine alluvium — severely degraded (4c), Savannah dominated by Albizia
saman* (5a), Open forest dominated by Albizia saman* (5b), Shrubland dominated by Leucaena leucocephala* (6a), Degraded pasture grassland (7a), Plantation areas / rice
and palm oil (8a), Pinus and Araucaria plantations (8b), Roadsides, gardens and village areas (9).

Biocultural: Plants with recorded traditional uses (refer to Appendix D for further details).

Asterix *: Denotes an exotic (non-native) plant species.

Pic: Digital Image available

Survey record sources: BAAM 2016: September 2016 field survey (D.G. Fell, D.J. Stanton, P. Lloyd); HERBRECS: Records of the Queensland Herbarium (BRI) database of
vouchered specimens.

Plant name Source Habitat code

BAAM

Common name 2016 Herbrecs 12 2a 3a 4a 4b 4c 5a 5b 6a 7a|8a 8b

Family name Species

Biocultural
significance

Pteridiophytes (Ferns & Fern Allies)
Adiantaceae Adiantum atroviride Maidenhair fern - - X | - X | - |- -1 - -
Adiantaceae Pityrogramma calomelanos var. - X - - - - - - - | x
calomelanos
Aspleniaceae Asplenium nidus Bird’s nest fern X - X | X - x| - -1 -1
Athyriaceae Diplazium esculentum o X X X | X - - x - - | x
Cycadaceae Cycas schumanniana - X X NT | x | - -l -] - - - [ x
Davalliaceae Davallia solida Hares foot fern - - X | - -l -] - -l -1
Nephrolepiadaceae Nephrolepis bisecta Sword fern - - - | x - |-l x -l - ]-
Nephrolepiadaceae Nephrolepis bisserata Giant sword fern X - - | x - | - x -l - |-
Polypodiaceae Platycerium bifurcatum Elkhorn fern - - X | X - -] - -l - -
Polypodiaceae Pyrrosia lanceolata - X - X | X - | - x -l - ]-
Thelypteridaceae Christella arida - X - X | X -l -] - -l - ]-
Thelypteridaceae Cyclosorus interruptus - X - X | X -l -] - -l - 1-
Gymnosperms (Pines)
Araucariaceae Araucaria cunninghamii var. papuanajHoop Pine X X - |- -l -] - X | - |x
Araucariaceae Araucaria hunstenii Kinki Pine X X - |- -1 - - X | - |-
Gnetaceae Gnetum gnemon Tulip X X X | x -l -] - - - |x
Pinaceae Pinus carribbea* Carribean Pine X - -] - -1 -] - X | - |-
Angiosperms (Flowering plants)
Acanthaceae Asystasia sp.* - X - - | - - -] - X | X [ x
Agavaceae Agave sisalana* Sisal hemp, Manilla Rope - - - | - o - | x
Amaranthaceae Achyranthes aspera Chaff flower X - - |- -1 -1 - - | X
Amaranthaceae Alternanthera brasiliana* Brazilian joyweed X - - |- - -] - - x |-
Amaranthaceae Alternanthera denticulata var. Lesser joyweed X - - - -l - - -l x |-
denticulata*
Amaranthaceae Alternanthera ficoidea* Red threads X - -] - -1 - ] - - | X
BAAM Pty Ltd
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Family name

Plant name

Species

Common name

Source

BAAM
2016

Herbrecs

Status

Biocultural
significance

Habitat code

3a/4a 4b 4c | 5a 5b 6a 7a|8a 8b

Amaranthaceae Amaranthus viridis* Slender amaranth X - - T e - x
Amaranthaceae Celosia spicata* Cockscomb X - - -l -l - -] -] - X - - x| x
Amaryllidaceae Crinum asiaticum Crinum lily X - - -l - x|l -]1-1-1-1- - - -
Anacardiaceae Buchanania arborescens Satinwood X - - X | x| - - x| - - - - - -
Anacardiaceae Buchanania macrocarpa - X - - X | x| -] -1x|-1-1]- - - |-
Anacardiaceae Dracontomelon dao New Guinea walnut X - X X | -1 -1-1-1-1-1-* - |- |x
Anacardiaceae Mangifera minor \Wild mango X - X -l -l -l x -] -]- - - | x
Anacardiaceae Rhus taitensis Sumac - - - - - - x - -] - I
Apiaceae Centella asiatica Gotu kolu X - - -l -l - x| -] -]-]- - | x| x
Apocynaceae Alstonia scholaris Milky pine X - X X | x| -] -1x|=-1-1-+ - - x
Apocynaceae Asclepias curassavica* Inkweed X X - [ I S T IR e x| -
Apocynaceae Calotropis procera* Calatropis X - X - - - - - - S x| -
Apocynaceae Cascabela thevetia* IYellow Oleander X - - S I I I I I - x| -
Apocynaceae Catharanthus roseus* Madagascar periwinkle X - X - -l -l -l - x |- - | x |-
Apocynaceae Cynachum sp. - X - X X | -1 -1-1-1-1]1x/]- - - [x
Apocynaceae Ichnocarpus frutescens - X X X X | x| x| -]-]1-1]1-1]x - x |-
Apocynaceae Marsdenia sp. - - - - x| -1-1-1-1-1x]- S -] -
Apocynaceae Parsonsia oligantha - - X - x| x| -1-1-1-1=-1- I
Apocynaceae Parsonsia sp. o - - X X | -l -1-1-1-1x1-+ R
Apocynaceae Plumeria odorata* Frangipani X - X -l - - - - -] - - x| -
Apocynaceae Tabernaemontana pandacaqui Banana bush X - - X | x| -|-1-1-1-1-* - -] -
Araceae Calocasia esculenta Taro X - X -l - - - - -] -]- - x| x
Araceae Epipremum amplissimum o X - X X -l -l - - x| - -l - -
Araceae Rhaphidophora pachyphylla - X - - x| -l -1-1-1-1x]- -l - ]-
Arecaceae Areca catchu Betel nut X - X X | -1 -1-1-1-/1-/1-+ - - [ x
Arecaceae Calamus longipinna \Wait a while X - X X | x| -1-1-1-/x/- - - |x
Arecaceae Calamus sp. A Wait a while - - X X | -1-1-1-1-1-/1-+ - - -
Arecaceae Caryota rumphiana Fishtail palm X - X X |-l -1-1-1-1-1- -l - -
Arecaceae Cocos nucifera* Coconut palm X - X C I e N N N - | x [ x
Arecaceae Hydriastele costata Galubia palm X - X x| -1-1-1-1-1-1"* - - | x
Arecaceae Metroxylon sagu Sago palm X - X X | -1-1-1-1-1-1- - - | x
Arecaceae Orania sp. - X - X x| -1-1-1-1-1=-1-+ R
Arecaceae Ptychosperma macarthurii MacArthur Palm X - X x| -1-1-1-1-1-1-+ - - | x
Arecaceae Ptychosperma sp. - - - X x| -1-1-1-1-1x1- N
Avristolochiaceae Aristolochia momandul - X - - x| x| -1-1-1-1=-1- O
Asteraceae Acmella grandiflora var. - X X - O I S T IR S x| -
brachyglossa

Asteraceae Bidens pilosa* Cobblers pegs X - - -l -l - - x -l x |- X | X |-
Asteraceae Blumea lacera var. blumei* - - X - -l -l - x x| x| -]- - | -
Asteraceae Camptacra gracilis - - X - O S T i I S - x| -
Asteraceae Chromolaena odorata* Siam weed X - - - - - x| x| x| x| x X | x | x
BAAM Pty Ltd
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Plant name

Species

Common name
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BAAM
2016

Herbrecs

Status

Biocultural
significance

Habitat code

3a/4a 4b 4c | 5a 5b 6a 7a|8a 8b

Asteraceae Conyza sumatrensis* Conyza X - - -l -1 -l x]x X [ x | x| x [ x| x[x]-
Asteraceae Cosmos caudatus* Cosmos - X - N e S e
Asteraceae Crassocephalum crepidioides* [Thickhead X X - -l -1 - -1- S I x x| x [ x| x| x]-
Asteraceae Cyanthillium cinereum Little ironweed X X - -l - -] -] x X | - -]-[| x| x| x]-
Asteraceae Eclipta prostrata False daisy X X - -l - x| x| x -l -l - - - -] - -
Asteraceae Eleutheranthera ruderalis* Ogiera X - -l -0 -1 -1- - -l - x x| x| x]|-
Asteraceae Mikania micrantha* Bitter vine X - - X | - - - - X | x| - - - - - | x
Asteraceae Pterocaulon redolens - X X - - I x [ x| x| - -l -1 -1 -1 -1-1-1x
Asteraceae Sigesbeckia orientalis o X X - - - x| x| x P L T (i I I
Asteraceae Synedrella nodiflora* Cinderella weed X - - - - - -] - X[ x| x| x| x| x| x]|x
Asteraceae Tridax procumbens* Tridax daisy X - - - - - - - - -l x| x| x| x| x|x
Asteraceae Wollastonia biflora - - X - - -] - x| - S I D T
Asteraceae Apowollastonia major - - X - -l -l -1 -] - X | -1 -1-1-1-1=-1-
Balsaminaceae Impatiens sp.* Impatiens X - X - -] -] - N
Bignoniaceae Spathodea campanulata* IAfrican Tulip Tree X - - - x| - -1~ -l x| -l -1 -1-1x]-
Bignoniaceae Tecoma stans var. stans* IYellow bells X - - - - - -] - -l - x| -] - -]x]-
Bignoniaceae Tectonia grandis* Burmese Teak X - - -l - -] - - - - - - x| x |-
Bombacaceae Bombax ceiba var. leiocarpum Bombax X - X X | x| -]-1-+- -l - x| -]l -]-]-1]x
Boraginaceae Heliotropium sp.* Heliotropium X - I e e - -] - x I x
Bromeliaceae Ananus comosus* Pineapple X - X - - - - - - -] - x| -
Burseraceae Garuga floribunda var. floribunda Garuga X - X X | x| -]-1- -l -l -l -1 -l -1]-1x
Byttneriaceae Commersonia bartramia Brown kurrajong X - X X | x| -1-1- O T I I T i I
Byttneriaceae Commersonia hovoguineensis New Guinea Kurrajong X - X X[ x| -1-1- N N N
Byttneriaceae Kleinhovia hospita Kleinhovia X - X X | x| -1-1-+ - x| -] -]-1-1-1x
Byttneriaceae Melochia umbellata - X X - X | x| -1-1- - x| -l -1-1-1-1-
Caesalpiniaceae Cassia fistula* Golden Shower tree X - - R - - - -] - x -
Caesalpiniaceae Cassia javanica* Apple blossom tree X - - o - x |-l -]-1x|-
Caesalpiniaceae Cassia renigera* Burmese pink cassia X - - - - -] - e - - x -
Caesalpiniaceae Cassia sp.* A Cassia X - X L L e e X [ X [ X | x| -]-]x|Xx
Caesalpiniaceae Senna alata* Candlenut bush X - X -l -0 - -] - -l -l -1 -l - -] x|x
Caesalpiniaceae Senna hirsuta* Hairy senna X - - L X | -1 -1 x| -]-]x|x
Caesalpiniaceae Senna occidentalis* Coffee bush X - - e X | -1 -1x - x |-
Caeslapiniaceae Sesbania cannabina Sesbania X - - -l - x| -] - [ T I I I
Capparaceae Capparis sepiaria - - X - x| - -1-1- N I D
Caricaceae Carica papaya* Papaya X - X -l -1 - -1- -l x| -l -]-]-|x]-
Cleomaceae Cleome viscosa - X - - - x| x| x| - B e I I I I B
Combretaceae Terminalia catappa Indian almond X - X - - -] - - - - - - x -
Combretaceae Terminalia complanata Damson X - X - - -] -] - S I I e
Commelinaceae Commelina diffusa \Wandering dew X - - -l x [ x| x| - - -l -l -l - x -
Commelinaceae Commelina ensifolia Scurvy Weed X X - I x [ x [ x| - -l -l -1l -l -l x]-
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12 2a 3a 4a 4b 4c 5a 5b 6a 7a|8a 8b

Convolvulaceae Erycibe grandiflora - X X - -l x x|l -l -l -l
Convolvulaceae Ipomoea batatas* Sweet potato X - X - - - - - - - - - -] - x ]
Convolvulaceae Ipomoea hederifolia* Scarlet creeper X - - -l -l - - xx - -x
Convolvulaceae Ipomoea nil - X - - -l - - - - - x x| -] -]-]-1]-/[]x
Convolvulaceae Ipomoea obscura Obscur Morning Glory X - - - - - - - xx -] -] -] -]-]x
Convolvulaceae Ipomoea quamoclit* Cupids Flower X - - -l - - - -l - x x| -]-]-]-1]-1]x
Convolvulaceae Ipomoea sp. - X - - - - - - e x I x--]-]-]-x
Convolvulaceae Merremia quinata - X X - -l -l - x x| -l -1-1-1-1-1-1-1-
Cucurbitaceae Citrullus lanatus* \Watermelon X - X I I D D A RV
Cucurbitaceae Cucumis melo* Melon X - X B O e e e e e T
Cucurbitaceae Cucumis sativus* Cucumber X - X N S I v
Cucurbitaceae Cucurbita maxima* Pumpkin X - X B N e e e e
Cucurbitaceae Diplocyclos palmatus Striped cucumber X X - -l -l x x| x| -l -l-1-1-1-1x1-
Cucurbitaceae Momordica charantia Bitter melon X - - T e I T i i v S IR I B S

Cucurbitaceae Momordica cochinchinensis* Gac X - - N
Cucurbitaceae Mukia maderaspatata - X - - -l - - x I x x| - -0 --1-1-1-1-
Cucurbitaceae Trichosanthes edulis - X - X - x| - - - - - x| - - - - - -
Cyperaceae Cyperus javanicus - X X - o B R R R B R e e S S e B
Cyperaceae Cyperus brevifolius Mullumbimby couch X - - x| - -1-1-1-1-1-1-1-1-1-1-1x
Cyperaceae Cyperus difformis \Variable flatsedge X - - -l -l -l x -l
Cyperaceae Cyperus haspan subsp. haspan - X - - [ v (S S B B R R R T T I B g
Cyperaceae Cyperus nutans - - X - P T e L e I "2 I R A
Cyperaceae Fimbristylis dichotoma Common fringerush X - - -l -l x x|l -l-l-l-I x| -]-1-1-
Cyperaceae Scleria ciliaris - - - - Sl - - x I x x| - -0 --1-1-1-1-
Cyperaceae Scleria leavis - - - - - - - x| x| x| -] -1-1-1-1-1-1-
Cyperaceae Schoenus falcatus - - X - - - [ A U I IR U I I R
Dioscoreaceae Dioscorea bulbifera lYam X - X X L L B B e B I O B N e e O
Dioscoreaceae Dioscorea sp. A Yam X - X X | -1-]1-1-|-1-|x|{x|-1-1-1-]-
Elaeocarpaceae Muntingia calabura* Japanase strawberry X - X -l -l - - -l - x -l -l -] -] - x]x
Euphorbiaceae Abelmoschus manihot subsp. IAibeka X - X A e T e e

manihot

Euphorbiaceae Acalypha lanceolata* - - X - T e e e e e e
Euphorbiaceae Endospermum medullosum Moon tree X - X x| x| -1-1-1-1-1-1-1-1-1-1-1]x
Euphorbiaceae Euphorbia bifida - X - X -l -l - x| x| -] ---1-1-1]1-1]=-]x
Euphorbiaceae Euphorbia cyathophora* Painted spurge X - - B e e e e I e e I e e e Y
Euphorbiaceae Euphorbia heterophylla* Painted spurge X - - - - - - - - - - - -] -] x|
Euphorbiaceae Euphorbia hirta* Caustic weed X - - I e e R
Euphorbiaceae Euphorbia reniformis - - X - I 'S T D I e B I B B
Euphorbiaceae Euphorbia schumanniana - X - - - - - x - - - -] -
Euphorbiaceae Homalanthus novoguineensis Bleeding heart X - - x| x| --1-1-1-1-1-1-1-1-1]-]x
Euphorbiaceae Jatropha gossypifolia* Belly ache bush X - - S T I I R I B I T ) R N R B ¢

BAAM Pty Ltd
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Family name Species Common name 2016 Herbrecs 12 2a 3a 4a 4b 4c | 5a 5b 6a 7a 8a 8b
Euphorbiaceae Macaranga involucrata var. - X - X x| -/ x| -1-1-1-1-1-1-1-1-1-1-
mallotoides
Euphorbiaceae Macaranga quadriglandulosa - X - X x| - -1-1-1-1-1-1-1-1-1-1-1x
Euphorbiaceae Macaranga tanarius Macaranga X - X x| -1 -1-1-1-1-"1-1-1-1-1-1=1x
Euphorbiaceae Mallotus mollisimus - X - X x| -1 -1-1-1-1-1-1-1-1-1-1-1-
Euphorbiaceae Mallotus paniculatus Turn in the wind X - X X | - -1-1-1-1-1-1-1-1-1-1]-1x
Euphorbiaceae Mallotus philippensis Red Kamala X X - x| -1 -1-1-1-/-1-1-1-1-1-1-1x
Euphorbiaceae Manihot esculenta* Cassava X - X - - - -] -] -] x| x
Euphorbiaceae Manihot glaziovii* Ceara Rubber X - - -l - - - - - x| -l - -]-1]-1x]x
Euphorbiaceae Melanolepis multiglandulosa o X - X X |-l -1-1-1-1]1-|Ix|-1-1-1]-1]1-1]x
Euphorbiaceae Ricinis communis* Castor oil plant X - I O e e I
Fabaceae Abrus precatorius subsp. precatorius |Precatory bean X - X X |- -1-1-1-1-1-1-1-1-1-1-1x
Fabaceae Aeschynomene americana var. IAmerican Jointvetch X X - -l -l - - - x - - - x -] -] -
glandulosa
Fabaceae Aeschynomene falcata - - X - O R 1 'O T I O
Fabaceae Aeschynomene indica* Buddha pea X - - -l - -l - - x| - - x - -] -]
Fabaceae Alysicarpus vaginalis* IAlyce clover X - - -l -l -l -l x - - x - - x -
Fabaceae Calopogonium mucunoides* Calapo X - - -l -l -l x - x - x|
Fabaceae Centrosema molle* Centro X - X - -l -l - x -l -l x - - x]-
Fabaceae Clitoria ternatea* Butterfly pea X - - - -l -l - x -l -l x| - x|~
Fabaceae Crotalaria calycina Rattlepod X - - - - x| x| - - -] -] -] -] -
Fabaceae Crotalaria montana - X - - Sl - - x x| - - - -] -] -]
Fabaceae Crotalaria pallida* Streaked rattlepod X - - -l -l -l -l x - -l x -l x]x
Fabaceae Desmanthus pernambucanus* - X X - - - - - - x| - x| - x| -]-]x]x
Fabaceae Desmodium gangeticum - - X - P I I 15 ' I (NS (i i D B I R e
Fabaceae Desmodium heterocarpon var. - X X - Sl - x x| x| -0-1-1-1-1-1-1-
strigosum
Fabaceae Desmodium intortum* X X - -l - -] -] - - - - x| -1-1-1x]-
Fabaceae Desmodium rhtidiophyllum - X - - - - x| x| x| -+ N
Fabaceae Flemingia strobilifera - X X - -l -l x x| x |-l -|l-1-1-1-1-1-1-
Fabaceae Galactia tenuiflora - X X - -l - x x| x| -l -1-1-1-1-1-1-1-
Fabaceae Glycine tomentella - X X - - - x| x| x| - - - - - - - - -
Fabaceae Glyricidia sepium* Glyricidia X - X -l -l -l x x| x [ x [ x| x| x]|x
Fabaceae Hanslia hentyi - X X X x| x| -1 -1-1-1-=1=-1-1-=1-1-=-1=1x
Fabaceae Hanslia ormocarpoides - X X - x| x| -1-1-1-1-1-1-1-1-1=-1=1x
Fabaceae Indigofera hirsuta Hairy rattlepod X X - -l -l -l -l x - x|
Fabaceae Indigofera linnaei Nine leaf indigo - X - -l x x| x| -l -l-1-1-1-1-1-1-
Fabaceae Indigofera linnifolia - - X - - - x| x| x| - - - - - - - - -
Fabaceae Indigofera suffruticosa - X - - -l - x| x| x| - -1-1-1-1-1-1-1-
Fabaceae Indigofera tinctoria - X X - -l -l - - x - -l x - - x ]
Fabaceae Indigofera trifoliata - - X - -l -l -l x -l -l -l x - x|
BAAM Pty Ltd
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4b 4c | 5a 5b 6a 7a 8a 8b

Fabaceae Intsia bijuga Kwila X - X I 'S S R D N R T e
Fabaceae Lourea obcordata - - X - [ R ' TR T I B (U I I R R
Fabaceae Macroptilium atropurpureum* Siratro X X - - -l -l -l x -l -l x - -l x -
Fabaceae Macroptilium lathyroides* Phasey bean X X - - -l x| x| x| -[-[-|x|-|-|x]-
Fabaceae Pueraria montana var. lobata Kudzu X X X - X x| x| x| x| -]-|x|-]-|x]-
Fabaceae Pycnospora lutescens - X - - - -l x| x| x| - - - - - - - - | x
Fabaceae Rhynchosia acumatissima Pointed trefoil X - - Sl x I x [ -1-1-1-1l-1-1-1-1-1-1-
Fabaceae Stylosanthes guianensis* Stylo X - - T e e e e I T I - x| -
Fabaceae Stylosanthes hamata* Carribean stylo X X - -l -l -l x - x -
Fabaceae Stylosanthes humilis* Stylo X - - -l -l -l -l x - - x X
Fabaceae Tephrosia purpurea var. pubescens |- X X - -l -l - x x0T -l----
Fabaceae Uraria lagopodioides Chakulia X - - - - - x| x| - -1-1-1-]1-1]1-1-]1]x
Fabaceae Uraria picta - X - - - - - x| x| - - - - - - - - -
Flacourtiaceae Casearia clutiifolia - - X - x| -1 -1-1-1-1-|-1-1-1-1-1-1-
Flagellariaceae Flagellaria indica Supplejack X - X x| x| -1-1-1-1-1-1-1-1-1-1-1x
Lamiaceae Hyptis capitata* Knob weed X - - -l - -l -l x I x --x|x
Lamiaceae Hyptis suaveolens* Chinese mint X - - -l -l -l -l x I x - - x]Xx
Lamiaceae Ocimum gratissimum \Wild basil X - - - - - x| - - - - - - - -] -] -
Lamiaceae Premna obtusifolia - X - - JE I U I R U U I (U I I R R %
Lamiaceae Premna odorata - X - X X|{x|-1-1-1-1- -l -1 -] -1]-|x
Lamiaceae Vitex sp. - X - X - - - x| x| - - - - - - - - | x
Lauraceae Cassytha filiformis Dodder X - - - - x| x| - - x| -]-1-1-1-1x
Lauraceae Litsea guppyi - X - X x| x| -1-1-1-1-/-1-1-1-1-1]-1x
Lauraceae Litsea timoriana - - - X X | x| -]-1-|-1-|x|-/-1-1-1-1]x
Laxmanniaceae Cordyline fruticosa Cordyline X - - X | - -1-1-1-]- - - - - -
Laxmanniaceae Cordyline terminalis Cordyline X - - -l - - e
Lecythidaceae Planchonia papuana Planchonia X - X x| x| -1-1-1-1-1-1-1-1-1-1-1x
Linderniaceae Lindernia antipoda - - X - -l - x x| -l-l-1--0x]-0-1-1-
Loganiaceae Mitrasacme pygmaea Pygmy bishop’s hat - - - -l - - x x| - - -]1-1-1-1-|x]-
Loranthaceae Amyema sp. Mistletoe - - - T e T T e
Malvaceae Abelmoschus moschatus Musk mallow X X X -l -l - x x| x| -l -l-1-1-1-1-1-
Malvaceae Abelmoschus manihot subsp. - X - - P I e e B
tetraphyllus
Malvaceae Hibiscus rosa-sinensis* HIbiiscus X - X R e e
Malvaceae Hibiscus tiliaceus Cottonwood X X - (R I IS I AU U I I I I I
Malvaceae Malvastrum coromandelianum - X - - R e e
subsp. coromandelianum*

Malvaceae Sida acuta* Spinyhead sida X - X - - - - - - - - - -] -] x I x
Malvaceae Sida cordifolia* Fannel weed X - - A T ) e e e T
Malvaceae Sida rhombifolia* IArrowleaf sida X - - T e T e
Malvaceae Sida spinosa - - X - I I D I R D T e v
BAAM Pty Ltd
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3a/4a 4b 4c | 5a 5b 6a 7a|8a 8b

Malvaceae Theobroma cacao* Cacao X - X - - - - - - - -] -] - x| x
Malvaceae Urena lobata* Caeser weed X - - -l -0 -] - -l - x| - x x| -] x]-
Marantaceae Phrynium macrocephalium - X - - X | x| -1]- -l - x -l -l - -l x]-
Meliaceae Azadirachta indica* Neem Tree X - - - - - - - - | x| - - - -l x| x
Meliaceae Dysoxylum gaudichaudianum lvory mahogany X - X X | x| -1- -l - x -l -1-1-1-1x
Meliaceae Dysoxylum parasiticum lYellow mahogany X - X X | x| -]- -l - x|l -l -1-1-1-1-
Meliaceae Dysoxylum pettigrewianum Spur mahogany X - X X | x| -1- -l -l -l -l
Meliaceae Melia azederach \White Cedar X - - - x| - - - - | x| - - - - - -
Menispermaceae Pachygone sp. - X - - X | x| -]- -l - x -1 -1l-1-1-1x
Menispermaceae Stephania japonica var. timorensis __ |Snake vine X - - X | x| -]- -l - x -1
Mimosaceae Acacia crassicarpa* Spoon wattle X - X -l -1 -1 - -l -l -l -l x -] - ]Xx
Mimosaceae Albizia procera Forest siris X - X - -1 -] x x| -1 -1-1-1-1-1-1]x
Mimosaceae Albizia saman* Raintree - - X X | x| x| x X | x [ x| x| x| -]-]x]Xx
Mimosaceae Falcataria moluccana* Moluccan albizia X -- - -l -1 -] - - x| -]-]-1-|-|x]-
Mimosaceae Leucaena leucocephala subsp. Leucaena X - X -l x| - - X | X | x| X[ x| x| x| x|[Xx
leucocephala*

Mimosaceae Mimosa diplotricha* Giant sensitive weed X - - -l -1 - - X | x| - | x| x| x]|-]x]x
Mimosaceae Mimosa pudica* Sensitive weed X - - -l -1 - - X - X | x| - | x[x
Moraceae Antiaris toxicarya var. macrophylla  |Poison Fig X - X X | x| -1- -l - x -l -1 -] -]l x|x
Moraceae Artocarpus altilis Breadfruit X - X X | x| - |- -l - x -]l -]x]-
Moraceae Ficus adenosperma A fig - X - - -] - |x N
Moraceae Ficus copiosa Plentiful fig X - X X | x| - - - - x| - - - - - -
Moraceae Ficus mollior Sandpaper fig X - X | x| -]- - - x |- F -l -1 - -
Moraceae Ficus septica Septic fig X - X X | x| -1]- -l - x -l -] 1-
Moraceae Ficus variegata Red stem fig X - X X | x| - - - - | x| - - - - - -
Moraceae Ficus wassa A fig X - X X | x| - |- S S B N O e e
Moraceae Maclura cochichinensis Cockspur thorn X - X | x| -1- - x x| x| -]l -1-1-1]-
Moraceae Trophis scandens subsp. scandens |Burney vine X - X X | x| -]- -l -0 x -1 -l-1-1-1-
Musaceae Musa sp.* Banana X - X X | x| - - -l - x -l -1 -1-1x|x
Myristicaceae Horsfieldia hellwigii var. hellwigii - X - x| x| -1 - T e
Myristicaceae Myristica cf. hollrungii - - X X X | x| -]- -l - x| -1 -] -]-1]1-1x
Myristicaceae Myristica fatua - - - - X | x| -1- e T T e
Myrtaceae Eucalyptus camaldulensis* River Red Gum - - - N N
Myrtaceae Eucalyptus pellita* Red Mahogany X - X -l -1 - - -l -l -l -1 -l x| -]x|x
Myrtaceae Psidium guajava* Guava X - X -l -1 -~ -l - x| -] - -]-1]x]-
Myrtaceae Syzygium aquem Bell fruit X - X - x | -] - -l -l -l - - - - x -
Nyctaginaceae Boerhavia erecta - X X - -l -l -1 x -l -l -l -l -l -] - X
Nyctaginaceae Bouganvillea spectabilis* Bouganvillea X - - -] - - T
Onagraceae Ludwigia hyssopifolia* Seed box X - - - -1 -1x -l - x - x| -] -|x]-
Onagraceae Ludwigia octovalis \Willow primrose X - - - -] - | x - X - - - - - -]
Opilaceae Cansjera leptostachya - - X - X | x| -1 - I I
BAAM Pty Ltd
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Plant name
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Source

BAAM
2016

Herbrecs

Status

Biocultural
significance

Habitat code

12 2a 3a 4a 4b 4c 5a 5b 6a 7a|8a 8b

Pandanaceae Pandanus sp. 1 Pandanus X - X x| x| -1-1-1-1-1-/1-1-1-1-1=-]x
Pandanaceae Pandanus sp. 2 Pandanus X - X X x| -1-1-1-1-1-1-1-1-1]1-1]x]x
Pandanaceae Pandanus sp. 3 Pandanus X - X x| -1 - N O e I e e
Passifloraceae Adenia heterophylla Lacewing vine X - - X | x| -1-1-1-I|x]|-|l-1-1-1]1-1-1]x
Passifloraceae Passiflora edulis* Passionfruit X - X - - - - - x - - - -] - x| -
Passifloraceae Passiflora foetida* Stinking passionflower X - X Sl X X [ X [ X[ X[ X[ X | X | X|X|[X]|X]|X
Phyllanthaceae Antidesma ghaesembilla Black currant tree X - X Sl -l x x| x| -] x|x|-|l-1-1]1-1-1]x
Phyllanthaceae Antidesma olivaceum - X - X x| - - - - - - - - -] -] - x
Phyllanthaceae Breynia cernua Imer X - X X | x| x| x| -[-|x|x|-|-1-1-1-1]x
Phyllanthaceae Glochidion novoguineensis - X X X X[ x| -1-1-/l-1-I|x|-|-1-1-1-1x
Phyllanthaceae Phyllanthus tenellus* - X - - - - - - - x| - - - x| -] - x]-
Phyllanthaceae Phyllanthus virgatus - X X - - - - x| x| x| - - - - - - - -
Piperaceae Piper aduncum* Spiked pepper X - X -l x| -l -l -l x -l - x| -]x]x
Piperaceae Piper betle Betel X - X x| x|-1-1-1-1l-/l-1-]-1-1-1x]-
Piperaceae Piper caninum Common piper X - - X x| -|-]-]1-1-|Ix|-]|-]-]1-1-1]x
Pittosporaceae Pittosporum ferrugineum Pittosporum - X - - lx -l -l x -l
Plantaginaceae Mecardonia procumbens* Baby jump up X - - - - - - - - x| x| - - - - x| -
Plantaginaceae Scoparia dulcis* Scoparia X X - -l -l -l x [ x x| -] x |-
Poaceae Allopteropsis semialata Cockatoo grass X - - -l - x x| - - - -] -] -
Poaceae Arthraxon cf. hispidus Hairy joint grass X - - -l x - x x| -]-1-1-1-1-1-1-1x
Poaceae Arundinella setosa - X - - - - - x| x| - - - - - - - - -
Poaceae Axonopus compressus*® Broad leaved carpet grass X - - -l -l -l -l x x| x [ - x| x| x]|x
Poaceae Bambusa sp.* IA bamboo X - X S O D e '
Poaceae Bothriochloa bladhii subsp. bladhii  |Forest bluegrass X - - Sl -l x I x - -l m
Poaceae Bothriochloa pertusa* Indian Couch X - - - - - - - | x| - - -l x| x| -] x |-
Poaceae Brachiaria decumbens* Signal grass X - - -l -l - -l - x e x ] -
Poaceae Brachiaria reptans* - X - - - - - x| x| x| -] -]-|-]1-1]-1]x]x
Poaceae Capillipedium parviflorum Scented top grass X - - -l -l - x x0T -----
Poaceae Cenchrus ciliaris* Buffel Grass X X - e e e N N N D S B B I S
Poaceae Cenchrus echinatus* Mosman River grass X X - -l -l - -l -l - -l x - - x]x
Poaceae Cenchrus polystachios* (syn. Mission Grass X - - L T e e A R R N T GO R B G I
Pennisetum polystachyon)

Poaceae Chiloris inflata* A Windmill grass X X - -l -l - x - x| -l -l - x -] ]x]-
Poaceae Chrysopogon acicularis* Spiny top grass X - - -l -l -l e x - x -
Poaceae Cynodon dactylon* Bermuda grass X - - -l -l -l -l x I x [ x| x |-
Poaceae Dactyloctinuem aegyptum* Button grass X - - -l -l -l -l - x - x -
Poaceae Dichanthium annulatum - - X - I I B T e v
Poaceae Digitaria ciliaris* Summer grass X - - [ I A I D R 1 'O T I O
Poaceae Digitaria setigera* Hairy crab grass X - - -l -l -l x - x -
Poaceae Digitaria sp.* - - - - X - - - - - - - x ] -] -] x| -
Poaceae Echinochloa colona* Barnyard awn grass X - - -l -l -l x - x -
BAAM Pty Ltd
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1a 2a 3a 4a

Habitat code

4b 4c | 5a 5b 6a 7a 8a 8b

Poaceae Eleusine indica* Crows foot grass X - - - - - - -] - - - - x |-
Poaceae Imperata cylindrica Blady grass X - X -l -l x [ x [ x| x| x]|-]- - | x| x
Poaceae Megathyrsus maximus var. Giant Guinea grass X X - S N O T O IR IR I -l x |-
maximus*

Poaceae Melinus repens* Red Natal Grass X - - -l -l -l x| x| x]|-F F X |-
Poaceae Mnesithea rottboellioides - X - - -l - x x| x| -]-1-1-+ - x |-
Poaceae Neoloebra atra Cape Bamboo X - - X x| -1-1-1-1-1-1- - - | x
Poaceae Ophiuros exaltatus - X - - X | x| x| - - - - - -
Poaceae Oplismenus compositus Basket grass X - - - - x x| -l -]1-[x]- - | x [ x
Poaceae Panicum sp. - X - - - - x| - -] - - - R
Poaceae Paspalum paniculatum - X - - - x x| - -] -1-1- I
Poaceae Paspalum sp.* - X - - N I e I e Sl x| -
Poaceae Pennisetum purpureum* Elephant Grass X - - -l -l -l -l -lx -l - - | x| -
Poaceae Phragmites vallatorius Reed grass - - - Sl - x x| -] -]--1- -l - I x
Poaceae Pogonatherum crinitum - - X - - - x| - -] -] - - - -
Poaceae Polytoca macrophylla - X - X - -l x x| x| -]1-1-1-+ -l - [ x
Poaceae Rottboelia cochinchinensis Itch grass X - - P I T I VN IR R x| -
Poaceae Saccharum myosuroides - - - - - - x| - -] - x| -
Poaceae Saccharum robustum Robust cane X - X - - - - - x| - - - - x| -
Poaceae Saccharum spontaneum IAfrican fodder cane - - - - - - - x| - - - I v
Poaceae Setaria sp.* - - - - Sl - - - x - -] - x| -
Poaceae Sorghum almun* Columbus grass - - - - - - - x - - - Sl x| -
Poaceae Sorghum halepense* Johnson River grass X - - -l - - - - x ] -] - - -l x |-
Poaceae Sporobolus sp.* - X - - - - - x| - x| -] -]- - x| x
Poaceae Themeda arguens Kangaroo grass X - X -l -l x x| x|-]1-]1-1-* - |- |x
Poaceae Themeda triandra Kangaroo grass X - X - - x| x| x| -|-1-1- - - -
Poaceae Urochloa decumbens* Para Grass X - - - - - - -l x| - - - x| -
Poaceae Zea mays* Corn X - X -l - - - - -] - -] - - x |-
Polygalaceae Polygala triflora - - X - e x| -
Polygonaceae Persicaria lapathifolia - - - - - - x| -] -] - - - I
Portulaccaceae Portulaca pilosa* - X X - - - - - - x -] - - - x| -
Rubiaceae Ichnocarpus frutescens - X X X X | x| -1-1-1-1-1x]-+ - - [ x
Rubiaceae Knoxia sumatrensis* - - X - N I I I I R S x| -
Rubiaceae Morinda citrifolia Noni plum X - X -l xl- -l -1-1-1x]- - x |-
Rubiaceae Muesaendra sp. - X - - -l -l -l x - - -] - - | x
Rubiaceae Nauclea orientalis Yellow cheeswood X - X Sl x x| -1 -]-1-1x]- - - [ x
Rubiaceae Neonauclea sp. - - - X X | x| - - - - - - - - - -
Rubiaceae Spermacocce sp. - - - - -l - x x| -0 - -1-1- R
Rubiaceae Timonius timon [Timonius X - X X [ x| x| -]-]-|-/[x]- -l - ]-
Rutaceae Melicope bonwickii Yellow evodia - - X X | x| -1-1-1-1-1-/1-* -l - -
Rutaceae Melicope elleryana Pink doughwood X - - x| x| -1-1-1-1-1-1-+ -l - -
BAAM Pty Ltd
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Sapindaceae Dictyoneura obtusa - X - - x| x| -[1-1-1-1-1- - - |-
Sapindaceae Ganophyllum falcatum Scaly bark X - - X | x| -1-1-1-1-/1-* -l - -
Sapindaceae Pometia pinnata Taun X - X x| x| -1-1-1-1-1- - -] -
Sapindaceae Tristiropsis acutangula Fern leaved tamarind X - X X | x| -1-1-1-1-1-+ - - [ x
Simaroubaceae Ailanthus integrifolia \White siris X - - x| x| --1-1-1-1- - -
Simaroubiaceae Brucea javanica - X - - -l - x| x| -]l-1-1- - - [ x
Solanaceae Nicotiana tabaccum* [Tobacco X - X -l -l -l -l - - x| -
Solanaceae Physalis angulata* Cape Gooseberry X - X -l -l -l -1-1-1]1-1x - - | x
Solanaceae Solanum americanum* Black nightshade X - - - -l -1-1-1-1-1x - x |-
Solanaceae Solanum erianthum - - X - -l - - x| -] - -] - R
Solanaceae Solanum mauritianum* [Tobacco Bush X - - -l -l -l -l - x]-1]x - | X [ x
Solanaceae Solanum torvum* Devils fig X - - -l -l -l-1-1x]-1]x - | x [ x
Sparrmanniaceae Trichospermum pleiostigma False Commersonia X - X X | x| -1-1-1-1-/1-+ -l - | x
Sterculiaceae Sterculia schumanniana - X - X X | x| -1-1-1-1-1-+ - - | x
Sterculiaceae Sterculia shillinglawii subsp. Tulip sterculia X - X X | x| =-1-1-1-1-1- - -] -
shillinglawii
Ulmaceae Celtis latifolia Celtis X - - X|Ix | -1-1-1-1-/1- - - -
Ulmaceae Trema orientalis Tree peach X - X x| x| -[1-1-1-1-1- - -] -
Verbenaceae Clerodendrum floribundum Clerodendrum X - - -l -l x x| x| -]-F - |- x
Verbenaceae Clerodendrum tomentosum Hairy clerodendrum X - X -l -l x x| x| -]-1-* - |- | x
Verbenaceae Duranta erecta* Geisha girl X - X L R N N A - x |-
Verbenaceae Phyla nodiflora - - X - - - x| -] -] -] - N I
Verbenaceae Stachytarpheta cayennensis* Snake weed X - X -l -l - -l x -] - - | X [ x
Verbenaceae Stachytarpheta jamaicensis* Dark blue snake weed X - - -l -l -l -l - x| x]|- - | x |-
Vitaceae Cayratia geniculata - - - - X | x| -1-1-1-1-1- I I
Vitaceae Cissus trifolia - X - - X | x| x| -1-1-1x]- .
Vitaceae Leea novoguineensis Bandicoot berry X - X X | x| -1-1-1-1-1"- - |- | x
Zingiberaceae Alpinia sp. A ginger X - - X | x | x| -]-1-1-1]x - - |x
Zingiberaceae Amomum aculeatum - - - X x| x| - - - - - | x - - | x
Zingiberaceae Etlingera sp. - - - - X | x| -|-1-1-]1-1x - - | x
Zingiberaceae Hornstedtia scottiana Scott’s ginger X - X X | x| -1-1-1-1-1x - |- |x
Zygophyllaceae Tribulus terrestris* Caltrope X - - T e - x
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@ BAAM

ECOLOGICAL CONSULTANTS

APPENDIX C: Assessment of Likelihood of Occurrence of Threatened and Near Threatened Flora within the study area

Status abbreviations: IUCN: Extinct in the Wild (EW), Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT), Least Concern (LC),

Data Deficient (DD).

Species

IUCN status

Habitat*

Distribution*

Threats

Likelihood in

Threatened and Near Threatened species that are known to occur

study area

schumanniana
(Cites Listing)

Threatened

abundant in savanna grasslands or
less frequently in woodlands or
forests with a dense grassy
understorey (RBGSYD 2012b).

Bismarck Range, in the Markham and Ramu
valleys. Restricted to the northern side of
PNG (RBGSYD 2012b).

Intsia bijuga Fabaceae VU Alcd  ver 2.3 (1994) A lowland rainforest tree which American Samoa (American Samoa); The species has been exploited so Known to occur
produces one of the most valuable | Australia; British Indian Ocean Territory intensively for merbau timber that few | — Immature
timbers of South East Asia. (Chagos Archipelago); Cambodia; India; sizeable natural stands remain. Few trees in gully

Indonesia (Irian Jaya, Kalimantan, Lesser plantations are established. lines in footslope
Sunda Is.); Japan; Madagascar; Malaysia localities
(Peninsular Malaysia, Sabah, Sarawak);
Myanmar; PNG (Bismarck Archipelago);
Philippines; Seychelles; Singapore; Solomon
Islands; Tanzania, United Republic of;
Thailand; Vanuatu; Vietnam.
Cycas Cycadaceae Lower Risk — Near A grassland species locally Commonly occurs along the foothills of the Not specified Known to occur.

Recorded during
field surveys on
footslopes and
outwash plains.

Threatened and Near Threatened species that possibly occur

Milne Bay and Madang Provinces

Aglaia rimosa Meliaceae Lower Risk — Near Generally found in secondary Morobe, Western, Gulf, Central, Milne Bay, Habitat Loss Possible
Threatened forests around rivers or streams New Britain, Manus & Bougainville.
Pterocarpus indicus | Fabaceae VU A1d  ver 2.3 (1994) A widespread tree found in lowland | Cambodia; India; Indonesia (Bali, Irian Jaya, | Subpopulations have declined because | Likely
(Amoyna Wood primary and some secondary forest, | Jawa, Kalimantan, Lesser Sunda Is., Maluku, | of overexploitation, sometimes illegal
Burmese mainly along tidal creeks and rocky | Sulawesi, Sumatera); Malaysia (Peninsular exploitation of the timber, as well as
Rosewood shores. Malaysia, Sabah); Myanmar; PNG (Bismarck |from increasing general habitat loss.
Red Sandlewood Archipelago, North Solomons); Philippines;
Santal Rouge) Solomon Islands; Sri Lanka; Taiwan, Province
of China; Thailand; Vanuatu. Collections also
form Madang Province (Gogol Valley)
Threatened species that are considered to be unlikely to occur
Acacia crassicarpa | Mimosaceae VU Alcd A tree of savannah woodland, Restricted to the Western Province, PNG, and | Logging is occurring and the timber is | Unlikely in
monsoon forest and gallery-type to Queensland, Australia. actively sought-after. Natural Habitat
forest at altitudes of between 10 (Note that this
and 30 m. species is grown
as a plantation
species).
Aglaia cremea Meliaceae VU A1c ver 2.3 (1994) It grows in secondary forest and hill | Scattered collections through Irian Jaya, West | Habitat loss through clearing Unlikely
forest. Sepik, Central Highlands to Morobe Province
Aglaia barbanthera | Meliaceae VU Al1c ver 2.3 (1994) This species is restricted to primary | Indonesia and PNG. Collections from Milne Habitat loss and clearing Unlikely
forest between 60 and 2,000 m. Bay area (Rossel Island
Aglaia brownii Meliaceae VU A1c  ver 2.3 (1994) Small tree mainly found in coastal Australia (Northern Territory, Queensland); Habitat loss through clearing Unlikely
forest. Indonesia (Irian Jaya); PNG. Distribution in
Bismarck Archipelago unknown.
Aglaia cinnamomea | Meliaceae VU Al1c  ver 2.3 (1994) Unspecified PNG- Distribution unknown. Unspecified Unlikely
Aglaia cuspidata Meliaceae VU D2 ver2.3(1994) Primary and secondary rainforest Known from three localities in PNG in the Habitat loss through clearing Unlikely

BAAM Pty Ltd
File No. 0417-001

Page C-1




APPENDIX C — Assessment of Likelihood of Occurrence of Threatened and Near Threatened Flora within the study area
Terrestrial Ecology Assessment, PNG Biomass Markham Valley Environmental Assessment / Environmental Management Plan

for ERIAS Group Pty Ltd on behalf of Markham Valley Biomass

@ BAAM

ECOLOGICAL CONSULTANTS

Species

IUCN status

Habitat*

Distribution*

Threats

Likelihood in

study area

Aglaia integrifolia Meliaceae VU D2 ver 2.3 (1994) A small tree restricted to lowland So far it is known from only four undisclosed | Utilised for house construction Unlikely
deciduous hill forest. localities.
Aglaia leucoclada | Meliaceae VU A1c  ver 2.3 (1994) Understory tree in rainforest. Endemic to PNG with local distribution Habitat loss through clearing Unlikely
unknown.
Aglaia mackiana Meliaceae CRD ver2.3(1994) Mid —elevation rainforest. Trees Endemic to PNG with local distribution Habitat fragmentation. Dioceous Unlikely
may be easily overlooked as this unknown.Type specimen known from the species which requires undisturbed
dioecious species is only identified | Crater Mountain Wildlife Area in Simbu habitat to pollinate.
from the fruit. It is only definitely Province in mixed evergreen rainforest at 900
known from the type locality. — 1200 m elevation (Mack et al 1999)
Additional collections, which differ
from the type specimen but may
represent the same species, have
been gathered from three localities.
Aglaia parksii Meliaceae VU Al1c ver 2.3 (1994) A small tree of lowland primary PNG-North Solomon Islands. Habitat loss through clearing Unlikely
forest.
Aglaia Meliaceae VU A1c  ver 2.3 (1994) It occurs in rainforest from low to A taxonomically variable species endemic to | Logging and habitat loss through Unlikely
penningtoniana montane elevations. PNG. clearing
Aglaia polyneura Meliaceae VU D2 ver2.3(1994) Small shrubby tree confined to two | Indonesia (Irian Jaya); PNG. Restricted Range Unlikely
unspecified localities
Aglaia Meliaceae VU D2 ver2.3(1994) Primary montane rainforest A very small tree, endemic to New Guinea Restricted Range Unlikely
puberulanthera with collections from Western and Morobe
Provinces
Aglaia rubrivenia Meliaceae VU A1c  ver 2.3 (1994) Primary montane rainforest Restricted to the North Solomon Islands. Forest Clearing and Habitat Unlikely
Destruction
Albizia carrii Mimosaceae VU A1c  ver 2.3 (1994) Monsoon forest This endemic tree is so far known only from Forest Clearing and Habitat Unlikely
areas in the Port Moresby region and Destruction
Motupore Island.
Alectryon Sapindaceae VU B1+2c  ver 2.3 (1994) A small tree of scrub and savannah. | Only known from the Port Moresby region and | Continued and projected decline in Unlikely
repandodentatus Motupore Island in PNG and Murray Island in | range.
Australia.
Alloxylon Proteaceae EN A2cd  ver 2.3 (1994) This tree is scattered in lowland Confined to Western Province in south PNG | Continued and projected decline in Unlikely
brachycarpum rainforest and monsoon forest. and adjacent Digul District, Irian Jaya, range.
extending into the Aru Islands. 16 individual
collections in lowland rainforest
Alstonia breviloba | Apocynaceae VU B1+2c  ver 2.3 (1994) The species occurs in secondary Endemic to PNG with single collection in the | Continued and projected decline in Unlikely
and primary montane forest. Eastern Highlands Province range. Restricted distribution
Alstonia rubiginosa | Apocynaceae VU B1+2c  ver 2.3 (1994) The species occurs in secondary Endemic to PNG. Single collection from the Continued and projected decline in Unlikely
and primary montane forest. Central Province. range. Restricted distribution
Archidendron Mimosaceae VU B1+2c  ver 2.3 (1994) A late secondary tree scattered in It is confined to the Central province. Unspecified Unlikely
forbesii lowland rainforest.
BAAM Pty Ltd
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Arthrophyllum Araliaceae VU D2 ver2.3(1994) Submontane rainforest on steep Known only from two collections in the Kuper | Unspecified Unlikely
proliferum slopes. Range, Morobe District (IUCN 2007). Known
from disturbed lowland forest in Morobe
district and lowland rainforest in Manus
District (PNG Plants Database). A single
record from Mt Lululua, ca 30 miles NE of
Fulleborn Harbour. Dist. E New Britain
Subdistrict Pomio is from montane
Nothofagus forest (PNG Plants Database).
Avicennia Avicenniaceae Vulnerable —A2c (2008) Mangrove forest Littoral zone around the coast of PNG Harvesting of mangrove forests Unlikely
rhumphiana including Madang district
Bleasdalea Proteaceae EN C2a wver2.3(1994) Lower montane forest on serpentine | An uncommon species of isolated occurrence. | Habitat destruction Unlikely
papuana soils. It has been recorded from the Vogelkop
Peninsula and Jayapura in Irian Jaya and the
East Sepik and Morobe provinces in PNG.
Brachychiton Sterculiaceae VU B1+2c, A tree scattered in lowland coastal | It is mainly restricted to monsoon forest in Habitat destruction Unlikely
carruthersii C2a ver2.3(1994) and monsoon forest, often in the Central Province, Milne Bay, Popondetta, Gulf
transition zone between savannah | Province. Single collection in vicinity of Lae
woodland and lowland forest (PNG Plants).
Brachychiton Sterculiaceae VU B1+2c, A tree scattered in lowland coastal |In PNG, it is mainly restricted to the Central Habitat destruction Unlikely
velutinosus C2a ver2.3(1994) and monsoon forest, often in the Province. It occurs also on the Cape York
transition zone between savannah | Peninsula, Qld, Australia.
woodland and lowland forest. In
PNG, it is mainly restricted to
monsoon forest.
Brugieria hainesii Rhizophoraceae |CR - C1 (2008) Very rare tree restricted to South coast of Papua New Guinea in Mangrove harvesting Unlikely
mangrove forest mangrove forest
Calophyllum Clusiaceae CR This canopy species is found on Known only from Rossel Island. Habitat destruction Unlikely
acutiputamen B1+2abcde ver 2.3 (1994) ridges in colline forest.
Calophyllum Clusiaceae EN B1+2c  ver2.3 (1994) Lowland rainforest on alluvium Endemic to Morobe Province with records in | Logging and habitat destruction Unlikely
morobense the Lae district.
Calophyllum Clusiaceae VU This uncommon tree is found in In the Morobe district and near loma in the It is vulnerable on account of restricted | Unlikely
robustum B1+2abcde ver 2.3 (1994) lowland rainforest. Northern district. However, the limits of this distribution and possible exploitation.
taxon are unclear.
Calophyllum Clusiaceae EN A species restricted to lowland Manus Island — Bismarck Archipelago The habitat has been heavily logged Unlikely
waliense B1+2abcde ver 2.3 (1994) rainforest on ridges. and degraded.
Canthium Rubiaceae VU D2 ver2.3(1994) It is found in savannah or scrub. This shrub or small tree is restricted to the Unspecified Unlikely
suborbiculare Port Moresby region and Morupore Island. It
is known only from five or six collections.
Ceratopetalum Cunoniaceae VU A2cd ver 2.3 (1994) Primary monsoon forest. Lowland to | 19 collections in PNG across, West New Habitat degradation Unlikely
succirubrum sub montane forest Britain, Western Province, Milne Bay and
Papua Indonesia. In PNG sub-populations are
mainly confined to Western Province. More
information is needed on the sub-population
status in Australia.
Cupaniopsis Sapindaceae VU D2 ver2.3(1994) Unspecified A small tree or shrub known only from the Habitat Destruction Unlikely
acuticarpa type collection from Central Province.
BAAM Pty Ltd
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Cupaniopsis bullata | Sapindaceae VU D2 ver 2.3 (1994) A small tree found in secondary Morobe and Central Province; known only Habitat destruction
vegetation. from the type collection.
Chisocheton Meliaceae VU D2 ver2.3(1998) Primary and Secondary Rainforest |In PNG known from Madang Province Logging and woodchipping operations | Unlikely
stellaris
Cupaniopsis Sapindaceae VU D2 ver2.3(1994) Montane Rainforest. Collection at This species is only known from the type Habitat destruction with restricted Unlikely
euneura 2250m collection, gathered from West Highlands range
Province.
Diospyros Ebenaceae CR B1+2c, Open hillside forest. Only a few recorded occurrences of this tree. | Habitat Loss/Degradation - Extraction - | Unlikely
lolinopsis C2b  wver2.3(1994) Type collection from near the Bigei River in Wood - Clear-cutting (ongoing).
Madang Province and also in Adelbert
Mountains (Madang Province). Additional
records provided by the Lae Herbarium in the
Madang and Milne Bay Provinces.
Cupaniopsis Sapindaceae VU D2 ver2.3(1994) Scrub This species is known only from the type Unspecified Unlikely
napaensis collection, which was located near a dry creek
in Central Province.
Cupaniopsis Sapindaceae VU D2 ver2.3(1994) Understorey tree in primary A tree from Western Province, known only Unspecified Unlikely
phanerophleibia rainforest from a single collection.
Diospyros Ebenaceae CRC2b wver2.3 (1994) This small rare tree occurs in Apparently confined to Misima Island in Milne | The population is threatened by mining | Unlikely
benstonei streamside rainforest in a gorge. Bay Province. and cutting for local use.
Diospyros gillisonii | Ebenaceae EN A1cd+2cd, Occurs in beach scrub on coral A tree scattered throughout the small coral Heavily exploited by the local people Unlikely
C2a wver2.3(1994) limestone at sea level. islands in the Kiriwina (Trobriand) Group and | for its black heartwood, which is used
the Louisiade Archipelago. Very few mature in carvings, native hair combs and
trees, if any, remain. ceremonial pieces.
Diospyros insularis | Ebenaceae EN A1cd+2cd, A tree of primary lowland rainforest. | Found in only a few localities in the Solomon | Overexploitation and logging have Unlikely
B1+2c wver2.3 (1994) Islands and New Ireland of the Bismarck resulted in the species becoming highly
Archipelago. endangered, possibly critically
endangered.
Ellatostachys Sapindaceae VU D2 Small palmoid tree in primary Known only from type description in the Habitat Loss Unlikely
aiyurensis rainforest Eastern Highlands (Madang Province??)
Ellatostachys Sapindaceae VU D2 Small palmoid tree in ficus Known only from type description in the Habitat Loss Unlikely
goropuensis Euphorbia forest. Northern Province
Ellatostachys Sapindaceae VU B1 and 2¢ Small tree of lowland rainforest and | Seven collections all from northern and Fragmentation and habitat loss Unlikely
rubrofractus swamp forest central provinces. Collection also from
eastern highlands
Flindersia ifflaina Rutaceae EN A2cd, This tree is found in monsoon and PNG. The species occurs in the Oriomo River | The area is relatively restricted, fragile | Unlikely
B1+2c ver 2.3 (1994) gallery forest up to 50 m. ecosystem in Western Province. The above and threatened by logging activities.
threat category applies only to the population
in PNG. More information is needed from
Queensland.
Flindersia Rutaceae VU C1+2a ver 2.3 (1994) Found in monsoon, gallery and hill | This large tree is threatened in New Guinea It has a sporadic occurrence in hill Unlikely
laevicarpa forest from lowland to sub-montane | by exploitation and logging activities. Its forest in Varirata National Park, Central
rainforest. status in Australia is not considered in this Province, where it is hoped populations
evaluation. will survive.
Collections also from Western and
Morobe Province
BAAM Pty Ltd
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Flindersia Rutaceae EN C2a ver 2.3 (1994) A large tree found mainly in lower In PNG, the species is widespread but It has been heavily exploited in the Unlikely
pimenteliana montane rainforest or in foothill uncommon and sporadic. The population Bulolo/Wau region of Morobe Province.
rainforest. status in Australia is not taken into Populations on spurs and ridges of
consideration in this evaluation. Fifty mountain ranges may be spared from
collections throughout the Central, Morobe, future exploitation.
Milne Bay Provinces and Papua (Indonesia).
Collections in the Lae district.
Geijera salicifolia Rutaceae Lower Risk — Near Lowland and sub-montane A timber species, which in New Guinea is This region was once heavily exploited, | Unlikely
Threatened rainforest mainly confined to the Bulolo/Wau region of logged and converted into Araucaria
Morobe Province. Also known from Australia | plantations.
Geniostoma Loganiaceae VU D2 ver2.3(1994) Hillside secondary forest on well- A small semi-erect tree found only once on Unspecified Unlikely
umbellatum drained soil. Guadalcanal.
Guioa grandifolia Sapindaceae CRB1+2c ver2.3 (1994) From lowland rainforest and An extremely localised species known only Large areas of lowland forest in PNG
advanced secondary forest. from four collections near the Buso River are threatened by increased logging
(Morobe Province) activity.
Guioa hospita Sapindaceae CRD wver2.3(1994) Unspecified The only record of this species is the type Unspecified Unlikely
specimen collected in 1890 in Gulf Province.
Despite the area being relatively well studied,
it has not been recorded since.
Guioa molliuscula | Sapindaceae VU D2 wver2.3(1994) Understorey tree of alluvial swamp. | To date there are just two collections from the | Unspecified Unlikely
1950-'60s in the Eastern Highlands NB
distribution unknown
Guioa Sapindaceae VU D2 wver2.3 (1994) Unspecified Confined to the Milne Bay province on Unspecified Unlikely
normanbiensis Normanby Island, this tree is known from only
four collections to date.
Guioa Sapindaceae VU D2 wver2.3 (1994) Casuarina rumphiana-dominated A tree known only from the type specimen, Unspecified Unlikely
novobritannica montane forest. collected in west New Britain.
Guioa oligotricha Sapindaceae VU D2 ver2.3(1994) Found in lowland secondary forest. | A small tree, known only from three Unspecified Unlikely
collections in the Southern Division of Irian
Jaya and the Western Province of PNG.
These areas are under explored.
Guioa pauciflora Sapindaceae VU D2 ver2.3(1994) Unspecified Single specimen collection from the West Unspecified Unlikely
Sepik area.
Guioa plurinervis Sapindaceae VU D2 wver2.3(1994) Secondary hill rainforest. To date this species is known only from three | Unspecified Unlikely
collections in Milne Bay Province in Rossel
Island. There has been little collecting from
this island.
Guioa scalariformis | Sapindaceae VU D2 ver2.3 (1994) A shrub or small tree restricted to Morobe province. It has been collected only Unspecified Unlikely
primary montane forest. twice.
Guioa unguiculata | Sapindaceae VU D2 ver 2.3 (1994) Unspecified A small tree known only from four collections | Unspecified Unlikely
in the Central Highlands and Morobe Province
Halfordia papuana | Rutaceae CR This tree is scattered in Mostly confined to the Bulolo/Wau region in Logging and plantation development Unlikely
ver 2.3 (1994) submontane and montane rainforest | Morobe Province. Collections also in the West
between 1,200 and 2,700 m. Some | New Britain, Central Highlands Province
collections as low as 250m.
Helicia acutifolia Proteaceae VU D2 ver 2.3 (1994) A small tree of secondary forest at | Confined to Mt. Victoria in the central district. | Unspecified Unlikely
2,040 m.
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Helicia australasica | Proteaceae VU C2b ver 2.3 (1994) A tree usually found in patches of In PNG, it is known only from the Western Unspecified Unlikely
rainforest along rivers and streams. | province. The status of this species in
Northern Australia has not been considered in
this threat category.
Helicia calocoma Proteaceae VU B1+2c ver 2.3 (1994) Montane and sub-montane Confined to the Morobe district up to 1800m | Extraction - Wood - Clear-cutting Unlikely
rainforest (ongoing)
Horsfieldia clavata | Myristicaceae VU D2 wver2.3(1994) A shrub or small tree from tall Although locally common, has been collected | Unspecified
lowland forest on well-drained soils | only three times in the Northern Province and
Morobe Province.
Horsfieldia Myristicaceae VUD2 wver2.3 (1994) A small tree or shrub from lowland | PNG-Unspecifed with range in NB unknown. | Unspecified Unlikely
urceolata primary rainforest. Although only confirmed collections are from
the Milne Bay Province
Helicia insularis Proteaceae EN This tree is restricted to ridgeline Milne Bay Province — Normanby and Habitat Destruction Unlikely
B1+2abcde ver 2.3 (1994) | mossy rainforests Ferguson Islands
Helicia neglecta Proteaceae VU A1lcd, A tree of primary and secondary Occurs only on New Britain and New Ireland | It is potentially threatened by ongoing | Unlikely
C2a ver2.3(1994) forest up to 400 m. in the Bismarck Archipelago. and future logging activities and
encroaching agriculture.
Helicia peekelii Proteaceae VU D2 ver 2.3 (1994) It is thought to occur in coastal This lowland tree is known only from Unspecified Unlikely
forest. Namatanai, New Ireland.
Helicia peltata Proteaceae CR This tree occurs in forest at 450 m. | Known only from a single location, Bisiatabu | The habitat is threatened by logging Unlikely
B1+2abcde ver 2.3 (1994) in the Central Province. and the increasing settlement.
Helicia Proteaceae CR Occurs in ridge forest between the | This small tree is restricted to Manus Island in | This species may face extinction Unlikely
polyosmoides B1+2abcde ver 2.3 (1994) |elevations of 100 and 550 m. the Bismarck Archipelago. through the commercial logging of its
habitat.
Helicia retusa Proteaceae VU D2 ver 2.3 (1994) Occurring in ridge forest between This small tree found is known only from Unspecified Unlikely
1,600 and 1,900 m. Milne Bay District.
Helicia rostrata Proteaceae VU D2 ver 2.3 (1994) A small tree, so far known only from | Only collection at Mt. Dayman.- Milne Bay Unspecified Unlikely
lower montane forest between Province
2,000 and 2,200 m.
Helicia subcordata | Proteaceae CR Tall forest tree in primary forest. A tall tree found only once near Wagau in the | Habitat Loss/Degradation - Extraction - | Unlikely
B1+2abcde ver 2.3 (1994) Morobe province. Wood - Clear-cutting (ongoing)
Hopea inexpectata | Dipterocarpaceae |CR A1lcd, Occurs in primary forest on clay West Papua - Irian Jaya (PNG Plant Unspecified Unlikely
B1+2c  ver2.3 (1994) soils (PNG Plant Database). Database).
Horsfieldia ampla | Myristicaceae VU D2 ver2.3 (1994) Dense humid forest. A small tree known only from the type Unspecified Unlikely
collection which was found in Sepik Province.
Horsfieldia Myristicaceae VU D2 ver2.3(1994) A small tree of lower montane Known from two collections, one from Sepik Unspecified Unlikely
ampliformis rainforest. Province and the other from Morobe Province.
Horsfieldia Myristicaceae VU D2 ver2.3(1994) Tree found in both primary and So far it is only known from three collections | Unspecified Unlikely
sepikensis secondary forest. from East Sepik Province.
Horsfieldia Myristicaceae VU D2 wver2.3(1998) Unspecified A locally common understorey shrub or small | Unspecified Unlikely
squamulosa tree restricted to the Western Province and
known only from three collections.
Kayea coriacea Clusiaceae VU D2 ver2.3(1994) Occurs in lowland seasonally This tree is found in Western District and has | Unspecified Unlikely
flooded or ridge forest. recently been discovered on Sudest Island,
Milne Bay. The taxonomic limits of the
species are presently unknown. It could
represent more than one taxon.
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Kayea macrophylla | Clusiaceae VU D2 ver2.3(1994) A small tree of lowland rainforest. Known from two collections: one from Unspecified Unlikely
Geelvink Bay, Irian Jaya, and the other from
an area near Angoram in the East Sepik
district of PNG.
Koompassia Caesalpiniaceae | VU A primary rainforest tree occurring | Vogelkop, Irian Jaya and the Morobe, Gulf Observations of active exploitation for | Unlikely
grandiflora Alcd+2cd ver 2.3 (1994) on coastal plain foothills and stony | and Central provinces of PNG. the timber of this species in PNG were
low hills. made in the 1960s; the timber
continues to be in high demand and is
heavily exploited in areas subject to
logging. As it occurs in primary forest
and in readily accessible areas, the
species is considered highly
vulnerable.
Madhuca Sapotaceae CR A1cd, C2ab, Tree of primary lowland forest. New Guinea and the Moluccas. In PNG, this | Habitat Loss/Degradation - Extraction - | Unlikely
boerlageana D ver2.3(1994) species is extremely rare and known from a Wood - Clear-cutting (ongoing)
single sterile collection made from the Vanimo
area, West Sepik province. The above threat
category applies to the situation in PNG only.
Mammea Clusiaceae VU D2 ver2.3(1994) Unspecified (Lowland Rainforest) This small tree, known only from the type Unspecified Unlikely
grandifolia collection, was found along Pinini Creek in the
Gulf province. The taxonomic limits of this
species are unclear.
Mammea papuana | Clusiaceae VU D2 ver2.3(1994) Unspecified A rainforest tree known only from two Unspecified Unlikely
collections from East Sepik. The taxonomic
limits of this species are unclear.
Mammea Clusiaceae VU D2 ver2.3(1994) Unspecified A small tree, known only from the type Unspecified Unlikely
papyracea collection, found in Buso, south of Lae in the
Morobe district.
Mammea Clusiaceae VU D2 ver2.3(1994) Lowland rainforest. The description of this species is based on Unspecified Unlikely
veimauriensis two herbarium specimens. This tree is found
along the Veimauri River, Pt Moresby district
where it is reported to be quite common.
Mangifera altissima | Anacardiaceae VU A1d  ver 2.3 (1994) A timber species of lowland Indonesia (Irian Jaya, Lesser Sunda Is., Logging Unlikely
evergreen forest. Maluku, Sulawesi); Malaysia (Sabah); PNG
(Bismarck Archipelago); Philippines; Solomon
Islands.
Manilkara Sapotaceae EN A1cd+2cd, This timber tree is scattered in Relatively widespread but uncommon. It Logging Unlikely
kanosiensis C2a wver2.3 (1994) primary lowland rainforest. occurs mainly in areas where intense logging
is being carried out, such as New Britain and
New Ireland in the Bismarck Archipelago and
the north-west of PNG.
Mastixiodendron Rubiaceae VU A1cd+2cd, A large timber tree of primary Poorly collected with existing data indicating | New Britain is one of the most Unlikely
stoddardii B1+2abcde ver 2.3 (1994) lowland rainforest. this species is restricted to Kiunga area, New | intensively logged islands in the
Britain in the Bismarck Archipelago and the Bismarck Archipelago, thereby
Solomon Islands. threatening this species with habitat
destruction. The Solomon Islands
subpopulation is also at risk from
logging activities.
BAAM Pty Ltd
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Myristica atresens | Myristicaceae VU D2 ver2.3(1994) Lowland forest. The type specimen is the only known Unspecified Unlikely
collection of the tree. It was gathered near the
border of PNG in south-eastern Irian Jaya.
Myristica Myristicaceae VUD2 wver2.3 (1994) Lowland forest. The type species was gathered in 1955 in Unspecified Unlikely
brachypoda logged-over forest near the Seribi River in the
Gulf Province. It is the only known collection
of the species.
Myristica Myristicaceae VU D2 ver2.3 (1994) Tall lowland / foothill rainforest A small tree collected only on one occasion in | Unspecified Unlikely
brevistipes tall foothill forest in the Central Province.
Myristica Myristicaceae VU A1d  ver 2.3 (1994) Frequently found on ridge tops 22 Collection records from Irian Jaya and Unspecified Unlikely
buchneriana between 300 and 1,300 m. PNG in Northern, Central, Morobe and Milne
Bay Provinces. Specimens from Ramu Valley
in Madang Province
Myristica byssacea | Myristicaceae VUD2 wver2.3(1994) A small tree of montane forest. Known from only two collections from the Unspecified Unlikely
montane forest in the Northern Province.
Myristica coacta Myristicaceae VUD2 wver2.3(1994) This species occurs in degraded Known only from the type collection of 1968 in | Unspecified Unlikely
Fagaceous forest. West Sepik Province.
Myristica Myristicaceae VU D2 ver2.3(1994) This subcanopy tree was found Known only from the type collection in the Unspecified Unlikely
dasycarpa growing on a ridge at approximately | Waskuk Hills, East Sepik Province. Another
50 m. collection from Irian Jaya might belong to this
recently described species.
Myristica Myristicaceae VU D2 ver2.3 (1994) Primary and secondary forest. Collected three times, this species is locally Unspecified Unlikely
fasciculata common in the upper Sepik River region of
Sepik Province.
Myristica Myristicaceae VU D2 ver2.3 (1994) Unspecified A tree known only from the type specimen This island has a fragile ecosystem, Unlikely
incredibilis collected on Rossel Island. with very poor soils, which is possibly
threatened by gold and copper mining
and logging.
Myristica inundata | Myristicaceae VU D2 wver2.3 (1994) Seasonally inundated swamp forest. | Known only from the type specimen, this Unspecified Unlikely
species occurs in Kiunga, Western Province.
Myristica lasiocarpa | Myristicaceae VU D2 wver2.3(1994) A subcanopy species, occurring as | It has only been collected only twice from the | Unspecified Unlikely
solitary trees in Nothofagus forest. | Kuper Range area of the Morobe Province.
Myristica Myristicaceae VUD2 wver2.3 (1994) The species occurs in secondary Known only from the type locality, near Unspecified Unlikely
leptophylla regrowth at medium elevation. Busilmin, West Sepik Province.
Myristica Myristicaceae VU D2 wver2.3(1994) This small tree occurs in disturbed | Known only from three collections from the Unspecified Unlikely
mediterranea forest or semi-swamp in valley southern border between Irian Jaya and PNG.
forest.
Myristica nana Myristicaceae VU D2 wver2.3(1994) Unspecified A small tree, known from four collections, Habitat destruction Unlikely
locally endemic to forest in the Central and
Milne Bay Provinces.
Myristica olivacea | Myristicaceae VU D2 ver2.3(1994) An understorey rainforest tree. Known only from four collections from near Unspecified Unlikely
Amazon Bay, Central Province
Myristica ornata Myristicaceae VU D2 ver2.3(1994) Lowland rainforest. Known only from the type specimen, the tree | Unspecified Unlikely
was discovered in the Kiunga area, Western
Province.
Myristica ovicarpa | Myristicaceae VU D2 wver2.3(1994) Lowland hill forest. This tree is known only from the type Unspecified Unlikely
collection. It was found on Mt. Don of Rossel
Island.
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Myristica Myristicaceae VU D2 ver2.3(1994) Oak forest. A tree known only from the type locality on Mt. | Unspecified Unlikely
pachycarpidia Dayman, Milne Bay Province.
Myristica Myristicaceae VU D2 ver2.3(1994) Valley forest. A small tree found only once near Ingambit in | Unspecified Unlikely
papillatifolia the Western Province, near the border with
Irian Jaya.
Myristica pilosella | Myristicaceae VU D2 ver2.3(1994) Castanopsis forest. A small tree known only from a site at the Unspecified Unlikely
junction of the Ugat and Mayu Rivers in Milne
Bay Province.
Myristica polyantha | Myristicaceae VU D2 ver2.3(1994) A canopy or subcanopy tree. Restricted to Goodenough Island, where it Unspecified Unlikely
has been collected twice. The
D'Entrecasteaux Islands harbour many locally
endemic species and require botanical
investigation.
Myristica psilocarpa | Myristicaceae VU D2 ver2.3 (1994) Lowland rainforest. An endemic to Manus Island, this tree has Unspecified Unlikely
been collected twice.
Myristica pygmaea | Myristicaceae VU D2 ver2.3 (1994) Lowland rainforest and logged A small tree, endemic to Morobe Province, Unspecified Unlikely
forest. where it has been collected twice.
Myristica Myristicaceae VU D2 ver2.3(1994) Unspecified The only specimen of this understorey tree Unspecified Unlikely
schlechteri was collected in 1908 in forest near Pema,
Morobe Province.
Myristica simulans | Myristicaceae VU D2 ver2.3(1994) Riverine rainforest. The sole collection of this tree was gathered | Unspecified Unlikely
at Modewa Bay, Milne Bay Province.
Myristica sinclairii | Myristicaceae VU D2 ver2.3(1994) This understorey tree grows in A total of five collections have been gathered | Unspecified Unlikely
Castanopsis forest from Morobe Province.
Myristica Myristicaceae VU D2 ver2.3 (1994) Shrub or small tree in foothill forest. | Endemic to the Sogeri region of Central Unspecified Unlikely
sogeriensis Province, it has been collected twice in foothill
forest.
Neubergia tubiflora | Loganiaceae VU D2 Secondary Lowland Forest A shrub or small tree, so far known only from | Habitat destruction —restricted range Unlikely
two collections taken in the Vogelkop district.
Ver 2.3
Nothofagus nuda fagaceae VU D2 ve 2.3 (1994) Mixed lower montane forest A single collection in the Tauri River, Gulf Habitat destruction —restricted range Unlikely
Province
Osmoxylon Araliaceae VU D2 ver2.3(1994) Steep hill forest at 700 m. Endemic to Santa Isabel, this species is Unspecified Unlikely
arrhenicum known only from the site where it was first
collected.
Osmoxylon Araliaceae VU D2 ver2.3(1994) The type was found in a riverine A small tree, known only from the type Unspecified Unlikely
chrysanthum community on the debris banks of a | collection on Guadalcanal Island (North
deep gorge at 300 m. Solomons)
Osmoxylon corneri | Araliaceae VUD2 wver2.3 (1994) This small tree was collected at Endemic to Guadalcanal (North Solomons), Unspecified Unlikely
1,470 m. known only from the type specimen.
Osmoxylon Araliaceae VU D2 ver2.3(1994) A many-branched tree, presently Milne Bay district. Unspecified Unlikely
ellipsoideum known only from areas of secondary
or disturbed lowland hill forest.
BAAM Pty Ltd
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Osmoxylon Araliaceae VU D2 ver2.3(1994) An understorey tree in ridge-top Endemic to central and south New Ireland. Unspecified Unlikely
lanceolatum forest on limestone between 750
and 850 m.
Osmoxylon Araliaceae VUD2 wver2.3 (1994) Unspecified A small tree, so far known only from the type | Unspecified Unlikely
reburrum collection from the Malaita district.
Osmoxylon Araliaceae VU D2 ver 2.3 (1994) Unspecified Endemic to Guadalcanal — North Solomons Unspecified Unlikely
whitmorei
Pericopsis Leguminosae VU D2 ver2.3(1998) Coastal forest In Papua New Guinea, this species is The species has been heavily exploited | Unlikely
mooniana restricted to the heavily logged Oriomo River |forits timber.
in the Western Province, where it is possibly
now extinct.
Pongamia velutina |Leguminosae Vulnerable B1 and B2 + C2a | Coastal rainforest Coastal areas of the central province / Unlikely
Version 2.3
Psydrax Rubiaceae Vulnerable D2 Coastal rainforest Several records near Port Moresby and more Unlikely
suborbicularis Version 2.3 broadly in the central province
Ptychosperma Aracaceae EN Ala+2c ver 2.3 (1994) | This palm tree is scattered in Confined to New Ireland and New Britain. Subpopulations have declined because | Unlikely
gracile rainforest on both limestone and of rapid and extensive deforestation for
volcanic soils. This species can plantation agriculture.
survive in open vegetation or in
secondary forest if it is allowed to
regenerate.
Rosselia bracteata |Burseraceae Vulnerable B1+2c ver2.3 Uspecified Endemic to Rossel Island in the Louisade Unspecified Unlikely
(1998) Archipelago
Santalum Santalaceae EN A1cd, C1 ver 2.3 (1994) | A parasitic or semi-parasitic species | Found in the Central Province, eastern part of | As with all other sources of Unlikely
macgregorii found in open savannah vegetation | Western Province and possibly also in south- | sandalwood, this species is
and in savannah forest in gullies. east Irian Jaya. overexploited for its scented wood,
which is used for incense, perfume,
essential oil and carving. In PNG the
exploitation began at the turn of the
last century; now the resource is
greatly depleted as there are few
mature trees or virgin stands.
Schistochela Schistochilaceae | Critically Known from one type locality in the Sepik Fallen trunks in undisturbed rainforest | Unlikely
undulatifolia (Liverwort) Endangered B1+2c wver2.3 Province
(2000)
Tabernaemontana |Apocynaceae VU B1+2c ver 2.3 (1994) A shrub or small tree up to 10 m It is known from several collections from The fragile ecosystem of Rossel Island | Unlikely
remota high, occurring in submontane Sulawesi and Rossel Island of PNG. is threatened by logging and mining
scrub or forest. activities.
Terminalia Combretaceae EN A1cd+2cd, This large well-formed tree can be | Occurring on the islands of the Bismarck It has been and still is heavily exploited | Unlikely
archipelagi C2a ver2.3(1994) locally dominant in lowland primary | Archipelago. A single collection also from the | through intensive logging practices. It
rainforest. Madang Province is much sought-after for the production
of plywood.
Terminalia Combretaceae VU The species is found mainly in small | Confined to Central Province with 18 It is mainly threatened by urban Unlikely
eddowsii B1+2abcde ver 2.3 (1994) | pockets of riverine forest collections recorded from the Central expansion, local exploitation and
surrounded by savannah woodland, | Province. logging activities.
and occasionally in lowland
rainforest.
Xanthostemon Myrtaceae Endangered B1+2c, Coastal rainforest Papua New Guinea, in Milne Bay Province. Heavy exploitation Unlikely
oppositifolius C2a wver 2.3 (1998)
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Acacia aulacocarpa | Mimosaceae Lower Risk — Near Savannah and monsoon forest up In New Guinea, this tree is restricted to Digul | Part of the range is subject to logging. | Unlikely
Threatened to an altitude of 50 m. District in Irian Jaya and the Oriomo River Continued exploitation and habitat
area in the Western Province of Papua New | destruction have reduced the number
Guinea. More information is needed on of mature individuals and, if not halted,
subpopulations in eastern and northern will render the species as a whole
Australia. vulnerable.
Adinandra forbesii | Pentaphylaceae Lower Risk — Near A tree scattered in monsoon forest, | Morobe, Western Highlands, Eastern In Papua New Guinea, the Unlikely
Threatened savannah woodland and lower Highlands, Southern Highlands, Western, subpopulation has suffered from
montane forest up to 1,200 m. Gulf, Central, Northern & New Britain logging activities over recent years in
the Oriomo River area, Western
Province, where the species was once
fairly common.
Agathis labillardieri | Araucariaceae Lower Risk — Near Scattered emergents survive in Collections in the Morobe Province, Sepik and | Over exploitation of the timber is a Unlikely.
Threatened small exposed groves of rainforest | Irian jaya threat.
in the eastern highlands.
Aglaia agglomerata | Meliaceae Lower Risk — Near This tree is scattered in lowland to | Six collections all from Simbu Province Habitat loss Unlikely
Threatened midmontane primary and secondary
forest.
Aglaia subcuprea | Meliaceae Lower Risk — Near A tree of primary and secondary Restricted to Morobe — Milne Bay Area Logging and habitat loss through Unlikely
Threatened forest up to 2,570 m, often in clearing
periodically inundated areas.
Aglaia parviflora Meliaceae Lower Risk — Near Small rainforest tree Known from Bismarck Archipelago and Habitat Destruction Unlikely
Threatened Solomon Island
Aglaia sexipetala Meliaceae Lower Risk — Near Limited information Indonesia (Irian Jaya, Jawa, Sumatera); Limited information Unlikely
Threatened Malaysia (Peninsular Malaysia); Papua New
Guinea; Singapore; Thailand
Aglaia silvestris Meliaceae Lower Risk — Near A widespread, variable species of Cosmopoliton species with widespreas Habitat loss through clearing Unlikely
Threatened various habitat types, occurring up | scattered distribution throughout Papua New
to 2,100 m. Guinea
Aglaia somoensis | Meliaceae Lower Risk — Near Understory tree in rainforest up to Samoa (American Samoa); Indonesia Habitat loss through clearing Unlikely
Threatened 830m (Irian Jaya); Papua New Guinea (Bismarck
Archipelago, North Solomons); Samoa;
Solomon Islands (Santa Cruz Is.); Vanuatu;
Wallis and Futuna
Appendicula Orchidaceae Lower Risk — Near Mossy primary forest Throughout mainland PNG Logging and habitat loss through Unlikely
tenuispica Threatened clearing
Araucaria hunsteinii | Araucariaceae Lower Risk — Near Recorded to be the tallest tree in Madang, Morobe and Eastern Highlands Logging Unlikely
Threatened Malesia, reaching 90 m in height,
the species occurs mainly in
Fagaceae forest between 520 and
2,100 m.
Burckella sorei Sapotaceae Lower Risk — Near This timber tree is found mainly in Restricted to Bouganville and North Solomons | Logging acivities and over exploitation | Unlikely
Threatened primary lowland rainforest.
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C_yc_as apoa (Cites | Cycadaceae Lower Risk — Near Closed mesophyll forest in wet Known from northern coastal New Guinea, Not specified Unlikely
Listing) Threatened lowland areas. f )
rom the Huon Peninsula west to at least the
Mamberamo River in Indonesian New
Guinea. Species is an occupant of wet
lowland rainforest although is often
associated with low ridgelines (RBGSYD
2012c)
Cycas Cycadaceae Lower Risk — Near Closed mesophyll forest in wet All collections from the Western, Gulf, Central, | Not specified Unlikely
scratchleyana Threatened lowland areas. Milne Bay Provinces plus Irian Jaya. No
(Cites Listing) current collections from the northern part of
PNG.
Cycas Cycadaceae Lower Risk — Near Monsoon forest Restricted to North Solomons, New Britain Not specified Unlikely
bouganvilleana Threatened with scattered collections on the north coast
(Cites Listing) of Madang
Cycas campestris | Cycadaceae Lower Risk — Near Unspecified All collections from the Central Province, Not specified Unlikely
(Cites Listing) Threatened mostly in the vicinity of Port Moresby
Cycas papuana Cycadaceae Lower Risk — Near Unspecified All collections from the Western Province, Not specified Unlikely
(Cites Listing) Threatened Madabuan Hill and Morehead River.
Cycas rumphii Cycadaceae Lower Risk — Near Unspecified Widespread from Western Province, Irian Not specified Unlikely
Threatened Jaya to North Solomens including collections
from Madang sub-district.
Dacrydium Podocarpaceae Lower Risk — Near Lowland rainforest, particularly on Populations are known from the islands of Forest management activities and Unlikely
magnum Threatened hill crests. Guadalcanal, Choiseul and Santa Ysabel in agricultural pressures could cause
the Solomons, from the Louisades in Papua rapid population losses to most or all
New Guinea and Obi Island in the Moluccas. | parts of the range.
Eucalyptopsis Myrtaceae Lower Risk — Near This tree is locally common, It occurs in a small patch on Woodlark Island, | The species has been logged and Unlikely
papuana Threatened sometimes forming pure stands, in | in the headwaters of the Watut River in the exported from Woodlark Island and
scattered areas of rainforest up to Morobe Province and in the Western and East | occurs in areas subject to further
1,500 m. Sepik Provinces. exploitation.
Flindersia Rutacaea Lower Risk — Near Lowland and sub-montane A large tree, widespread but of sporadic Logging Unlikely
amboinensis Threatened rainforest occurrence on mainland Papua New Guinea,
Seram Island and Tanimbar Islands of the
Moluccas. Collections also from Morobe
Province.
Flindersia Rutacaea Lower Risk — Near This species is widespread in Widespread although prominent in the In Papua New Guinea, it was subject to | Unlikely
schottiana Threatened monsoon, hill and lower montane Western and Central Provinces exploitation in two major logging areas
forest. in Morobe and Western Provinces.
Subpopulations in the rugged
mountains of Owen Stanley Range
may be spared from exploitation.
Helicia albiflora Proteaceae Lower Risk — Near A tree often found in Castanopsis- | Known from the East and Western Highlands, | Habitat destruction Unlikely
Threatened Nothofagus rainforest from 900 to Morobe, Northern and Central provinces of
2,000 m. Papua New Guinea.
Helicia amplifolia Proteacea Lower Risk — Near A tree occurring in primary or It is known from the Eastern, Western and Logging and habitat destruction Unlikely
Threatened secondary rainforest or submontane | Southern Highlands, Madang and Morobe
forest from 600 to 1,300 m. Provinces.
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Helicia latifolia Proteacea Lower Risk — Near A tree scattered on slopes and Widespread -Occurring in the Gulf, Central, Unspecified Unlikely
Threatened ridges in primary and secondary Milne Bay and Northern Provinces of Papua
rainforest up to 800 m. New Guinea and New Britain of the Bismarck
Archipelago.
Mastixiodendron Rubiaceae Lower Risk — Near This large tree grows in lowland Confined to south-west Papua New Guinea Logging. Unlikely
plectocarpum Threatened seasonal moist forest. and south-east Irian Jaya.
Myristica globosa | Myristicaceae Lower Risk — Near Rainforest up to 1200m West Sepik, East Sepik, Madang, Morobe, Habitat destruction Unlikely
Threatened Eastern Highlands, Western, Gulf, Central,
Northern, Milne Bay, Papuan Islands, New
Britain & Bougainville. A large number of
collections in the Ramu Valley, Madang
Province
Podocarpus Podocarpaceae Lower Risk — Near In local forest populations, probably | The species occurs in the Gajo Lands in Habitat degradation Unlikely
atjehensis Threatened on poor soils, ... at 2,500 to 3,300 northern Sumatra and the Wissel Lakes in
m, near Wissel Lakes at 1,800 m.” | Papua New Guinea. The hugely disjunct
(de Laubenfels 1988). range of this species, as presently known,
merits a critical revision of this species.
Podocarpus Podocarpaceae Lower Risk — Near Widespread tree occurring in Widespread throughout Oceania Habitat degradation Unlikely
rumphii Threatened lowland to lower montane forest.
Sonneratia ovata Sonneratiaceae Lower Risk — Near Mangrove forest and woodland All collections from Gulf and Western Mangrove harvesting Unlikely
Threatened Province
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ECOLOGICAL CONSULTANTS

APPENDIX D: Bio-cultural flora resources recorded within the study area
Bampu Village area, Markham Valley, Morobe Province, PNG.
Wampar language group.

September 2016 — D.G. Fell and D.J. Stanton survey records
Sources of cultural use information and Tok ples nhames:

Primary: Jim Ouogore, Kelly Jim.
Secondary: Nathan Jim, Ben Jim, Eribano, Joel Nathan, Freda Kelly, Bougi Erich, Lidia Nathan, Jim Kelly

©
S
Species name _ = 2 o =
* =introduced, HUETITEET ; s ¢ 3 8 O
T . language 5 5 Q & @ P
c=cultivated; (Tok ples Common name Part used and uses 9 5 |m |& E Abundance and distribution notes
cs=cultivated staple, P = S 2 s §
w=wild) = Lo
R e e e ()
Amaranthaceae |Coleus argenteus (c, w) |[Kokaruk Cocks Comb Herb A garden plant valued for - | x| -1|-1]-1 - |Vilage and garden areas. Also on X
sobempean attractive flowers. disturbed sites and roadsides.
Anacardiaceae |Dracontomelon dao (w, [Mon New Guinea Tree Timber is highly valuedfor | x | x | - | - | - | - [Rareinlowland swamp forests and X
c) walnut building purposes. swampy riparian forests. Observed planted
Fruits are edible. in village. This resource is more plentiful

on the southern side of the Markham in the
lowland forests of the lower Watut Valley.

Anacardiaceae [Mangifera minor (w, c) [TBD \Wild mango Tree alued for shade. x| x| -1]-1|-/| - |Vilage areas and gardens. -
Edible fruits.

Apocynaceae Alstonia scholaris (w) Pod Milky pine Tree ITimber traditionally usedto| - | x | - | - | - | - |Occasional in lowland swamp forests and -
make paddles for canoes. in Raintree dominated swampy forests.

Timber used for carvings.
Timber used for making

chairs.
Apocynaceae Calotropis procera* (c) | Calotropis Shrub /A garden plant valued for - | x| -1-1]-1 - |Anintroduced plant uncommon in village X
attractive flowers. areas and gardens.
Apocynaceae Catharanthus roseus* (c)|- Madagascar Herb \Valued as an ornamental - | x| -1|-1] -1 - |Vilage areas and gardens. -
periwinkle for attractive flowers and
possibly for bilas.
Apocynaceae Cynanchum sp. (w) Geline - \Vine Used as a rope for tying. - | x| -1-1]-1 - [Uncommon in lowland swamp forests and X
in Raintree dominated swampy forests.
Species not identified.
Apocynaceae Ichnocarpus sp. (w) \Watag 3 ine IThe most commonlyused | - | x | - | - | - | - |Occurs in lowland, riparian, swamp and X
and highly valued rope that regrowth forests and disturbed sites.
is used for house Species not identified.

construction and all tying
land binding purposes.
Recognised as the
strongest rope of all.

Apocynaceae Parsonsia sp. (w) Zoncha - \Vine \White sap considered as - | -1-1-1-1 - |Notidentified to species level. The plant X
dangerous and poisonous. has opposite leaves which are hairy and
If sap gets on you it makes the exudate is milky. Uncommon in
the affected part itchy. lowland swamp forests and in Raintree
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©
Species name _ = 2 o =
* =introduced, I‘z]aleaL s £ 3 Z 2
c=cultivated; guag Common name Part used and uses e L |8 e Abundance and distribution notes
i (Tok ples m © |8 |§
cs=cultivated staple, name) s % 2 |3 g
w=wild) E L o
Q.
()
dominated swampy forests. Species not
identified.

Apocynaceae Plumeria odorata (c) TBD Frangipani Tree IAttractive flowers used for x| -1 -1|-] - |Planted around villages and gardens.
'bilas’.

Araceae Alocasia sp. (¢, w) TBD \Wild taro IAroid Tuber used. - | -1-1-| - |Planted around villages and gardens and

occurring wild in swampy forests.

Araceae Calocasia esculenta* (c) [TBD Taro IAroid ITuber used. - | -1-1-1| - [Planted around villages and gardens and

occurring wild in swampy forests.

Araceae Rhaphidophora Sisig - Climbing  |When a snake catches its - | -1 -1 x| - |Occurs in better developed lowland,
pachyphylla (w) or aroid prey, they put prey down riparian, swamp forests and disturbed
Epipremum amplissimum and eat this plant so as to sites.

(w) make the snakes mouth
open wider.

Arecaceae Areca catchu (c, w) TBD Betel nut Palm Nuts chewed as a stimulant] x | x| x| - | x [Kelly Jim reports that the Betel Nut palm
and mixed with lime and used to be very abundant in the study area
mustard. however was affected by a bug that

injected sap into the plant causing palms
to die off. This changed the local economy.

Arecaceae Calamus longipinna (w) [Kapu Lawyer Cane \Vine IThe small fruits are eaten x| -1]-1]-1] - |Common inlowland forest, regrowth and
whole as a snack. The hard Raintree forests.
seed which is enclosed by
a fleshy aril is also eaten
and cracked with teeth.

The spiny tendrils are also
traditionally used to catch
flying foxes. The tendrils
are wrapped around the
end of a long stick made
out of the mid rib of sago
palm leaf. The stick is used
to swipe at the bats with
the spiny tendrils tearing
the outstretched wings.

Arecaceae Calamus sp. (possibly [TBD \Wait a while \Vine Cane is dried and split and x| -] -1 -] - |Notseen during survey. A robust vine.
C. aurensis or C. used for house Uncommon and restricted to lowland
hollrungii) (w) construction. forests and swampy forests.

Arecaceae Caryota rumphiana ITBD. Name [Fishtail Palm Palm IThe fruit can be chewed - | -1-1-1 - [Uncommon to rare palm in lowland and

not recorded. but considered bitter. swamp forests.

Arecaceae Cocos nucifera* (cs) TBD Coconut palm Palm Leaves used for x| - | - | - | x |Planted in village and garden areas in in
construction and material large plantations.
items, nuts eaten and milk
consumed.

Arecaceae Hydriastele costata (w) |Ramid (bark is|Galubia palm Palm /A valuable and restricted X | - | x| -] - |Uncommon palm restricted to lowland
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Ompan) resource. forests, swampy forest habitats along the
IThe trunk is cut and the Markham. The habitat is often invaded by
outer bark is split in lengths Raintree. Note that the bark is called
and used for flooring and Ompan and the palm itself is Ramid.
walls, and for making
bows.

IThe sheath of the leaf frond
is peeled off the trunk and
used as a mat.

IThe midrib of the leaflets
are bundled and used as a
broom.

)Also used as a stretcher for
carrying children, or the
sick.

Reported to be used for
wrapping deceased bodies
for burial.

Fruits favoured by pigs;
when fruiting it is a sign for

hunting.
Arecaceae Metroxylon sagu (w) Montam Sago palm Palm IA high value resource. Pith| x | x | - | - | - | x [Uncommon palm restricted to swampy X
extracted and processed lowland forest habitats along the Markham
for food. River.
Fronds used for shelter and
building.

Frond stems used for
\various purposes including
wrapping the sharp tendrils
of Kapu (Calamus
longipinna) for hunting

flying foxes.
Arecaceae Ptychosperma sp. (w)  [Katz 3 Palm ITrunks split and - | x| -1-1]-1 - |[Uncommon palm restricted to lowland -
traditionally used to make forests, swampy forests and Raintree
bows. regrowth forests. Not seen during survey.
Species name unknown. Further field work
required.
Arecaceae Ptychosperma sp. (w)  [Mofop - Palm Trunks split and - | x| -1]-1-1] - [Uncommon palm restricted to lowland -
traditionally used to make forests, swampy forests and Raintree
bows. regrowth forests. Not seen during survey.
Species name unknown. Further field work
required.
Arecaceae Unknown slender palm [Sagabua - Palm Seeds are edible x| -1-1-1-1] - |Notseen during survey. Reported to be -
like betel nut (w) uncommon in lowland swampy forests.
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Further field work required.

Athyriaceae Diplazium esculentum  [Zempoz - Terrestrial |Leaves eaten after - | -1 -1 - - |Occasional in Raintree forests and lowland
(w) fern cooking. forests areas.
Balsaminaceae |Impatiens sp.* (c) - Impatiens Herb IA decorative garden plant x| -] -1]-| - |Garddens and village areas.
cultivated for attractive
flowers.
Bombacaceae |Bombax ceiba var. \Waif Cotton Tree Tree ITimber used for furniture x| -1]-1]-1| - |Adeciduous tree uncommon in lowland
leioclada (w) making including chairs forest.
and tables.
Burseraceae Garuga floribunda var.  [Sanaprenen |Garuga Tree \Valued as for firewood. X | -1]-1-1] - [Uncommon to rare deciduous tree
floribunda (w) \Valued for house timber. recorded only in gully scrubs on foothills
near Bismark ranch.
Byttneriaceae Kleinhovia hospita (w)  [Zafutz Kleinhovia Tree ITimber used for house x| -1 -1~ - |[Occasional on margins of lowland forests
construction. and raintree regrowth forests.
Caesalpiniaceae |Cassia sp. (w) - Cassia Tree Used for firewood, building X | -1-1-1 - |Anintroduced mu