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DISCLAIMER

This disclaimer applies to and governs the disclosure
and use of this Environmental Impact Statement
(“EIS”), and by reading, using or relying on any
part(s) of the EIS you accept this disclaimer in full.

This Environmental Impact Statement, including the Executive
Summary, and all chapters of and attachments and appendices
to it and all drawings, plans, models, designs, specifications,
reports, photographs, surveys, calculations and other data and
information in any format contained and/or referenced in it, is
together with this disclaimer referred to as the “EIS”.

Purpose of EIS

The EIS has been prepared by, for and on behalf of Wafi Mining
Limited and Newcrest PNG 2 Limited (together the “WGJV
Participants”), being the participants in the Wafi-Golpu Joint
Venture (“WGJV”) and the registered holders of exploration
licences EL 440 and EL1105, for the sole purpose of an application
(the “Permit Application”) by them for environmental

approval under the Environment Act 2000 (the “Act”) for the
proposed construction, operation and (ultimately) closure of an
underground copper-gold mine and associated ore processing,
concentrate transport and handling, power generation, water and
tailings management, and related support facilities and services
(the “Project”) in Morobe Province, Independent State of Papua
New Guinea. The EIS was prepared with input from consultants
engaged by the WGJV Participants and/or their related bodies
corporate (“Consultants”).

The Permit Application is to be lodged with the Conservation and
Environment Protection Authority (“CEPA”), Independent State of
Papua New Guinea.

Ownership and Copyright

The EIS is the sole property of the WGJV Participants, who reserve
and assert all proprietary and copyright ©2018 interests.

Reliance and Use

The EIS is intended and will be made available to CEPA, for
review by CEPA and other applicable agencies of the Government
of the Independent State of Papua New Guinea (“Authorised
Agencies”), for the purpose of considering and assessing the
Permit Application in accordance with the Act (“Authorised
Purpose”), and for no other purpose whatsoever.

The EIS shall not be used or relied upon for any purpose other
than the Authorised Purpose, unless express written approval is
given in advance by the WGJV Participants.

Except for the Authorised Purpose, the EIS, in whole or in part,
must not be reproduced, unless express written approval is given
in advance by the WGJV Participants.

This disclaimer must accompany every copy of the EIS.

The EIS is meant to be read as a whole, and any part of it should
not be read or relied upon out of context.

Limits on investigation and information

The EIS is based in part on information not within the control

of either the WGJV Participants or the Consultants. While the
WGJV Participants and Consultants believe that the information
contained in the EIS should be reliable under the conditions
and subject to the limitations set forth in the EIS, they do not
guarantee the accuracy of that information.

No Representations or Warranties

While the WGJV Participants, their Related Bodies Corporate and
Consultants believe that the information (including any opinions,
forecasts or projections) contained in the EIS should be reliable
under the conditions and subject to the limitations set out
therein, and provide such information in good faith, they make no
warranty, guarantee or promise, express or implied, that any of
the information will be correct, accurate, complete or up to date,
nor that such information will remain unchanged after the date of
issue of the EIS to CEPA, nor that any forecasts or projections will
be realised. Actual outcomes may vary materially and adversely
from projected outcomes.

The use of the EIS shall be at the user’s sole risk absolutely
and in all respects. Without limitation to the foregoing, and to
the maximum extent permitted by applicable law, the WGJV
Participants, their Related Bodies Corporate and Consultants:

« do not accept any responsibility, and disclaim all liability
whatsoever, for any loss, cost, expense or damage (howsoever
arising, including in contract, tort (including negligence) and for
breach of statutory duty) that any person or entity may suffer or
incur caused by or resulting from any use of or reliance on the
EIS or the information contained therein, or any inaccuracies,
misstatements, misrepresentations, errors or omissions in its
content, or on any other document or information supplied by
the WGJV Participants to any Authorised Agency at any time in
connection with the Authorised Agency’s review of the EIS; and

« expressly disclaim any liability for any consequential, special,
contingent or penal damages whatsoever.

The basis of the Consultants’ engagement is that the Consultants’
liability, whether under the law of contract, tort, statute, equity or
otherwise, is limited as set out in the terms of their engagement

with the WGJV Participants and/or their related bodies corporate.

Disclosure for Authorised Purpose

The WGJV Participants acknowledge and agree that, for the
Authorised Purpose, the EIS may be:

« copied, reproduced and reprinted,;

» published or disclosed in whole or in part, including being
made available to the general public in accordance with
section 55 of the Act. All publications and disclosures are
subject to this disclaimer.

Development of Project subject to Approvals, Further
Studies and Market and Operating Conditions

Any future development of the Project is subject to further studies,
completion of statutory processes, receipt of all necessary or
desirable Papua New Guinea Government and WGJV Participant
approvals, and market and operating conditions.

Engineering design and other studies are continuing and aspects
of the proposed Project design and timetable may change.

NEWCREST MINING LIMITED DISCLAIMER

Newcrest Mining Limited (“Newcrest”) is the ultimate holding
company of Newcrest PNG 2 Limited and any reference below
to “Newcrest” or the “Company” includes both Newcrest Mining
Limited and Newcrest PNG 2 Limited.

Forward Looking Statements

The EIS includes forward looking statements. Forward looking
statements can generally be identified by the use of words such
as “may”, “will”, “expect”, “intend”, “plan”, “estimate”, “anticipate”,
“continue”, “outlook” and “guidance”, or other similar words and
may include, without limitation, statements regarding plans,
strategies and objectives of management, anticipated production
or construction commencement dates and expected costs or
production outputs. The Company continues to distinguish
between outlook and guidance. Guidance statements relate to
the current financial year. Outlook statements relate to years

subsequent to the current financial year.

Forward looking statements inherently involve known and
unknown risks, uncertainties and other factors that may cause
the Company’s actual results, performance and achievements

to differ materially from statements in this EIS. Relevant factors
may include, but are not limited to, changes in commodity
prices, foreign exchange fluctuations and general economic
conditions, increased costs and demand for production inputs,
the speculative nature of exploration and project development,
including the risks of obtaining necessary licences and permits
and diminishing quantities or grades of reserves, political

and social risks, changes to the regulatory framework within
which the Company operates or may in the future operate,
environmental conditions including extreme weather conditions,
recruitment and retention of personnel, industrial relations issues
and litigation.

Forward looking statements are based on the Company’s
good faith assumptions as to the financial, market, regulatory
and other relevant environments that will exist and affect the
Company’s business and operations in the future.



The Company does not give any assurance that the assumptions
will prove to be correct. There may be other factors that could
cause actual results or events not to be as anticipated, and

many events are beyond the reasonable control of the Company.
Readers are cautioned not to place undue reliance on forward
looking statements. Forward looking statements in the EIS speak
only at the date of issue. Except as required by applicable laws or
regulations, the Company does not undertake any obligation to
publicly update or revise any of the forward looking statements
or to advise of any change in assumptions on which any such
statement is based.

Non-IFRS Financial Information

Newcrest results are reported under International Financial
Reporting Standards (IFRS) including EBIT and EBITDA. The EIS
also includes non-IFRS information including Underlying profit
(profit after tax before significant items attributable to owners
of the parent company), All-In Sustaining Cost (determined

in accordance with the World Gold Council Guidance Note on
Non-GAAP Metrics released June 2013), AISC Margin (realised
gold price less AISC per ounce sold (where expressed as USD), or
realised gold price less AISC per ounce sold divided by realised
gold price (where expressed as a %), Interest Coverage Ratio
(EBITDA/Interest payable for the relevant period), Free cash
flow (cash flow from operating activities less cash flow related
to investing activities), EBITDA margin (EBITDA expressed as a
percentage of revenue) and EBIT margin (EBIT expressed as a
percentage of revenue). These measures are used internally by
Management to assess the performance of the business and
make decisions on the allocation of resources and are included
in the EIS to provide greater understanding of the underlying
performance of Newcrest’s operations. The non-IFRS information
has not been subject to audit or review by Newcrest’s external
auditor and should be used in addition to IFRS information.

Ore Reserves and Mineral Resources Reporting Requirements

As an Australian Company with securities listed on the
Australian Securities Exchange (ASX), Newcrest is subject to
Australian disclosure requirements and standards, including

the requirements of the Corporations Act 2001 and the ASX.
Investors should note that it is a requirement of the ASX listing
rules that the reporting of Ore Reserves and Mineral Resources in
Australia comply with the 2012 Edition of the Australasian Code
for Reporting of Exploration Results, Mineral Resources and Ore
Reserves (the JORC Code) and that Newcrest’s Ore Reserve and
Mineral Resource estimates comply with the JORC Code.

Competent Person’s Statement

The information in the EIS that relates to Golpu Ore Reserves

is based on information compiled by the Competent Person,

Mr Pasqualino Manca, who is a member of The Australasian
Institute of Mining and Metallurgy. Mr Pasqualino Manca, is a
full-time employee of Newcrest Mining Limited or its relevant
subsidiaries, holds options and/or shares in Newcrest Mining
Limited and is entitled to participate in Newcrest’s executive
equity long term incentive plan, details of which are included in
Newcrest’s 2017 Remuneration Report. Ore Reserve growth is one
of the performance measures under recent long term incentive
plans. Mr Pasqualino Manca has sufficient experience which is
relevant to the styles of mineralisation and type of deposit under
consideration and to the activity which he is undertaking to
qualify as a Competent Person as defined in the JORC Code 2012.
Mr Pasqualino Manca consents to the inclusion of material of

the matters based on his information in the form and context in
which it appears.

HARMONY GOLD MINING COMPANY LIMITED DISCLAIMER

Harmony Gold Mining Company Limited (“Harmony”) is the
ultimate holding company of Wafi Mining Limited and any
reference below to “Harmony” or the “Company” includes both
Harmony Gold Mining Company Limited and Wafi Mining Limited.

Forward Looking Statements

These materials contain forward-looking statements within

the meaning of the safe harbor provided by Section 21E of

the Securities Exchange Act of 1934, as amended, and Section
27A of the Securities Act of 1933, as amended, with respect

to our financial condition, results of operations, business
strategies, operating efficiencies, competitive positions, growth
opportunities for existing services, plans and objectives of

management, markets for stock and other matters. These include
all statements other than statements of historical fact, including,
without limitation, any statements preceded by, followed

by, or that include the words “targets”, “believes”, “expects”,
“aims”, “intends”, “will”, “may”, “anticipates”, “would”, “should”,

“could”, “estimates”, “forecast”, “predict”, “continue” or similar
expressions or the negative thereof.

These forward-looking statements, including, among others,
those relating to our future business prospects, revenues and
income, wherever they may occur in this EIS and the exhibits to
this EIS, are essentially estimates reflecting the best judgment
of our senior management and involve a number of risks and
uncertainties that could cause actual results to differ materially
from those suggested by the forward-looking statements. As

a consequence, these forward-looking statements should be
considered in light of various important factors, including those
set forth in these materials. Important factors that could cause
actual results to differ materially from estimates or projections
contained in the forward-looking statements include, without
limitation: overall economic and business conditions in South
Africa, Papua New Guinea, Australia and elsewhere, estimates of
future earnings, and the sensitivity of earnings to the gold and
other metals prices, estimates of future gold and other metals
production and sales, estimates of future cash costs, estimates
of future cash flows, and the sensitivity of cash flows to the

gold and other metals prices, statements regarding future debt
repayments, estimates of future capital expenditures, the success
of our business strategy, development activities and other
initiatives, estimates of reserves statements regarding future
exploration results and the replacement of reserves, the ability
to achieve anticipated efficiencies and other cost savings in
connection with past and future acquisitions, fluctuations in the
market price of gold, the occurrence of hazards associated with
underground and surface gold mining, the occurrence of labour
disruptions, power cost increases as well as power stoppages,
fluctuations and usage constraints, supply chain shortages and
increases in the prices of production imports, availability, terms
and deployment of capital, changes in government regulation,
particularly mining rights and environmental regulation,
fluctuations in exchange rates, the adequacy of the Group’s
insurance coverage and socio-economic or political instability in
South Africa and Papua New Guinea and other countries in which
we operate.

For a more detailed discussion of such risks and other factors
(such as availability of credit or other sources of financing), see
the Company’s latest Integrated Annual Report and Form 20-F
which is on file with the Securities and Exchange Commission,

as well as the Company’s other Securities and Exchange
Commission filings. The Company undertakes no obligation to
update publicly or release any revisions to these forward-looking
statements to reflect events or circumstances after the date of
this EIS or to reflect the occurrence of unanticipated events,
except as required by law.

Competent Person’s Statement

The Wafi-Golpu Joint Venture is an unincorporated joint venture
between a wholly-owned subsidiary of Harmony Gold Mining
Company Limited and a wholly-owned subsidiary of Newcrest
Mining Limited.

The information in the EIS that relates to Golpu Ore Reserves

is based on information compiled by the Competent Person,

Mr Pasqualino Manca, who is a member of The Australasian
Institute of Mining and Metallurgy. Mr Pasqualino Manca, is a
full-time employee of Newcrest Mining Limited or its relevant
subsidiaries, holds options and/ or shares in Newcrest Mining
Limited and is entitled to participate in Newcrest’s executive
equity long term incentive plan, details of which are included in
Newcrest’s 2017 Remuneration Report. Ore Reserve growth is one
of the performance measures under recent long term incentive
plans. Mr Pasqualino Manca has sufficient experience which is
relevant to the styles of mineralisation and type of deposit under
consideration and to the activity which he is undertaking to
qualify as a Competent Person as defined in the JORC Code 2012.
Mr Pasqualino Manca consents to the inclusion of material of

the matters based on his information in the form and context in
which it appears.
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EXECUTIVE SUMMARY

Purpose of the report

Wafi Mining Limited and Newcrest PNG 2 Limited (the WGJV Patrticipants) are equal participants
in the Wafi-Golpu Joint Venture (the WGJV). The WGJV Participants are currently investigating
the feasibility of constructing, operating and (ultimately) closing an underground copper-gold mine
and associated ore processing, concentrate transport and handling, power generation, water and
tailings management, and related support facilities and services (hereafter the “Wafi-Golpu
Project” or “Project”).

The proposed underground copper-gold mine will be located beneath Mt Golpu, approximately 300
kilometres (km) north-northwest of Port Moresby and 65 km southwest of Lae in the Morobe
Province of the Independent State of Papua New Guinea (PNG).

The WGJV has commissioned a range of studies to inform the Project’s Feasibility Study Update
and to prepare an Environmental Impact Statement (EIS). This report has been prepared for
Advisian (part of the WorleyParsons Group) to describe the baseline terrestrial biodiversity of an
approximately 40 km long (north-south) and 10 km wide area in the lower Watut River valley
including the Mine Area and a section of the Infrastructure Corridor between the Mine Area and the
Highlands Highway (referred to as the Mine Access Road and Northern Access Road section),
hereafter “the study area”. Terrestrial biodiversity assessed within the study area included
vegetation communities, flora species and vertebrate fauna species.

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 Morobe Province with a series of
three field surveys undertaken by between two and four ecologists between April and September
2015. The combined survey effort of the current and previous surveys totalled 57 days split across
five different survey events between 2010 and 2015. These surveys covered a range of seasons,
locations and habitat types within the study area, and represent a substantial survey effort.

Vegetation communities

The study area is located within a local area vegetated with large tracts of intact and relatively
unmodified primary lowland rainforest vegetation communities. The alluvial plain of the Watut
River valley is dominated by a mosaic of Large to Medium Crowned Forest, Mixed Swamp Forest
and Swamp Woodland together with Swamp Grassland. The adjoining hills are vegetated with
Medium Crowned Forest and Small Crowned Forest and scattered patches of Kunai Grassland.
Disturbance and degradation of these habitats is largely related to clearing for subsistence
agriculture and is limited to the vicinity of village settlements, particularly along the Watut River.
The Large to Medium Crowned Forest on alluvial plains and fans vegetation community was
assessed as meeting the IUCN guidelines for recognition as a vulnerable ecosystem, mostly due
to the recent impacts of commercial logging of this vegetation community across PNG.

Terrestrial flora

The flora surveys and herbarium records identified 885 flora species within the study area,
including 63 fern species, eight species of conifer and allies, two species of dipterocarp and 812
species of flowering plant. The following nine threatened or near threatened flora species have
been confirmed as occurring within the study area:

BAAM Pty Ltd
File No. 0167-041Version 14
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. Diospyros lolinopsis (IUCN: Critically Endangered). IUCN status requires reassessment in
light of recent records that significantly increase the area of occurrence of the species; meets
‘Vulnerable’ status under IUCN guidelines.

. Intsia bijuga (Kwila; IUCN: Vulnerable).

. Pterocarpus indicus (New Guinea Rosewood; IUCN: Vulnerable).
. Myristica buchneriana (IUCN: Vulnerable)

. Myristica globosa (IUCN: lower risk - Near Threatened)

. Aglaia sexipetala (IUCN: lower risk - Near Threatened)

. Flindersia amboinensis (IUCN: lower risk - Near Threatened)

. Cycas apoa (IJUCN: Near Threatened)

. Cycas schumanniana (IUCN: Near Threatened)

Of a total of 84 introduced plant species recorded in the study area, 20 are considered to pose a
specific risk to natural environmental values as invasive weed species, particularly in areas of
disturbance.

Terrestrial fauna

The fauna surveys recorded 262 terrestrial vertebrate fauna species within the study area,
comprising 44 mammal species, 170 bird species, 33 reptile species and 15 amphibian (frog)
species. The 44 mammal species included 18 species of non-volant (non-flying) mammal and 26
species of flying mammal (bats). The rich diversity of birds, including several threatened, near
threatened or otherwise noteworthy, forest-dependent species typically found only in relatively
large, undisturbed tracts of primary forest, indicates that forested habitats across the study area
are in good condition for supporting bird diversity typical of intact, primary forest. The following
four threatened or near threatened terrestrial fauna species have been confirmed as occurring
within or close to the study area:

. Papuan Eagle (Harpyopsis novaeguineae; IUCN: Vulnerable). The study area occurs within
the home range of at least one resident breeding pair that inhabits primary rainforest in the
study area.

« New Guinea Pademelon (Thylogale browni; IUCN: Vulnerable). This species was recorded as
a captive in a local village and may occur at low density in remote, higher elevation forest
adjoining the study area.

. Gurney's Eagle (Aquila gurneyi; IUCN: Near Threatened). At least one breeding pair appears
to be resident in primary rainforest in the study area.

. Blue-Black Kingfisher (Todiramphus nigrocyaneus; IUCN: Near Threatened). This species is
resident within alluvial forest close to mixed swamp forest with Sago Palm, including in the
Markham Gap Basin. While this species has a wide distribution across New Guinea, it is
inexplicably rare throughout its range, being known from only a few scattered records, with an
isolated population in the study area.

Intact primary alluvial and hill forest supports the greatest terrestrial fauna diversity within the study
area. While large areas of this rainforest remain relatively undisturbed in a structural sense, more
accessible areas that are closer to access roads and village settlements experience greater
hunting pressure that has resulted in the local loss of highly prized species that are sensitive to
hunting pressure. The Markham Gap Basin is an area of especially high terrestrial biodiversity
value within the study area, supporting a complex mosaic of intact and little disturbed rainforest
and swampy habitats that exhibit a high degree of functional interconnectivity, a combination
considered to be unique within the local region. Furthermore, the area experiences lower hunting
pressure due to its relative remoteness and all the threatened, near-threatened or otherwise
noteworthy terrestrial fauna species that are known to occur in the study area are known or are
likely to occur within or adjoining the Markham Gap Basin.
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International Finance Corporation (IFC) critical habitat

Using a conservative assessment approach, critical habitat in accordance with IFC guidelines was
identified in association with forest supporting the tree Diospyros lolinopsis that is listed as
Critically Endangered under the IUCN Red List; however, this species’ IUCN status requires
reassessment in light of recent records that significantly increase the area of occurrence of the
species such that the species meets ‘Vulnerable’ status under [IUCN guidelines, in which case its
habitat would not be identified as critical habitat under the IFC guidelines. Due to the broad extent
of occurrence of the species, this critical habitat is characterised as Tier 2 critical habitat, as
opposed to Tier 1 critical habitat that has a very restricted extent of occurrence.
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1.0 INTRODUCTION

1.1 PROJECT BACKGROUND

Wafi Mining Limited and Newcrest PNG 2 Limited (the WGJV Participants) are equal participants in
the Wafi-Golpu Joint Venture (the WGJV). The WGJV Participants are currently investigating the
feasibility of constructing, operating and (ultimately) closing an underground copper-gold mine and
associated ore processing, concentrate transport and handling, power generation, water and tailings
management, and related support facilities and services (hereafter the “Wafi-Golpu Project” or
“Project”).

The proposed underground copper-gold mine will be located beneath Mt Golpu, approximately 300
kilometres (km) north-northwest of Port Moresby and 65km southwest of Lae in the Morobe
Province of the Independent State of Papua New Guinea (PNG).

Geographically, the Project occupies a mine to port footprint that extends from the Mine Area to the
Coastal Area with an Infrastructure Corridor that links the two areas. Together these discrete areas
make up the proposed Project Area:

. Mine Area. The area encompassing the proposed block cave mine, underground access
declines and nearby infrastructure, including a portal terrace and waste rock dump supporting
each of the Watut and Nambonga declines, the Watut Process Plant, power generation
facilities, laydown areas, water treatment facilities, quarries, wastewater discharge and raw
water make-up pipelines, raw water dam, sediment control structures, roads and
accommodation facilities for the construction and operations workforces.

. Infrastructure Corridor. The area encompassing the proposed Project infrastructure linking
the Mine Area and the Coastal Area, being corridors for pipelines and roads and associated
laydown areas. The proposed concentrate pipeline, terrestrial tailings pipeline and fuel pipeline
will connect the Mine Area to the Coastal Area. A proposed Mine Access Road and Northern
Access Road will connect the Mine Area to the Highlands Highway. New single-lane bridges are
proposed over the Markham, Watut and Bavaga rivers. Laydown areas will be located at key
staging areas.

. Coastal Area. The Coastal Area includes the proposed Port Facilities Area and the proposed
Outfall Area:

— Port Facilities Area. Located at, or in proximity to, the Port of Lae, with a site adjacent
to Berth 6 (also known as Tanker Berth) nominated as the preferred option. The
proposed facilities will include the concentrate filtration plant and materials handling,
storage, ship loading facilities and filtrate discharge pipeline.

— Outfall Area. Located approximately six kilometres east of the port. The proposed
facilities will include the Outfall System comprising the mix/de-aeration tank and
associated facilities, seawater intake pipelines and subsea outfall pipelines, pipeline
laydown area, choke station, access track and parking turnaround area.

The WGJV has commissioned a range of studies to inform the Project’s Feasibility Study Update and to
prepare an Environmental Impact Statement (EIS).

This report describes the findings of the Terrestrial Flora and Fauna Baseline Assessment — Mine
Area to Markham River study. The study area for this report includes the Mine Area and a section of
the Infrastructure Corridor between the Mine Area and the Highlands Highway and is described in
more detail in Section 1.2 below. The remainder of the Project Area is subject to a separate
terrestrial flora and fauna baseline report prepared by others.

Future development of the Project remains subject to ongoing deep orebody drilling and definition
(after underground access has been achieved), technical studies, completion of statutory permitting
processes and securing Government and WGJV Participants’ approvals.

BAAM Pty Ltd Page 1
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Engineering design and other studies, including environmental studies, are continuing and there is
potential that aspects of the proposed Project design, layout and timetable may change.

1.2 STUDY AREA DESCRIPTION

The study area for this report covers an approximately 40 km long (north-south) and 10 km wide
area in the lower Watut River valley including the Mine Area and a section of the Infrastructure
Corridor between the Mine Area and the Highlands Highway (referred to as the Mine Access Road
and Northern Access Road section) (see Figure 1.1). This study area is bounded in the west by the
meandering channel of the lower Watut River but extends to the western alluvial plain of the lower
Watut River from the point that the Infrastructure Corridor crosses the Watut River. It is bounded in
the east by the existing entrance road to Wafi Camp from Damakwa via Bavaga. It is bounded to
the south by the Wafi River to its confluence with the Watut River and stretches north to the
Markham River, together with a portion of the Infrastructure Corridor extending north of the
Markham River to the Highlands Highway near Zifasing village.

Photo 1.1. Aerial view from just west of the Finchif Fly Photo 1.2. Aerial view from Wafi Camp looking south
Camp looking south over the lower Watut River over the Wafi River valley, illustrating a typical steep,
alluvial plain, with the Watut Valley Road visible at left forested valley in the study area.

and the Watut River visible in the top right.

With mean annual rainfall at Wafi Camp of approximately 2,500 mm, ranging from 1,200 mm to
3,440 mm (BMT WBM 2018), the study area is located in one of the drier areas of rainforest in New
Guinea (Pratt 1982). The majority of the study area is vegetated with lowland rainforest, ranging
from Large Crowned Forest, Mixed Swamp Forest and Swamp Woodland on alluvial floodplains
(Photo 1.1) to Small Crowned Forest and Medium Crowned Forest on slopes and ridges (Photo
1.2).

Small, villages are scattered widely on the Watut River alluvial plain and foothill river valleys. The
inhabitants of these villages derive most of their food needs from a combination of swidden, or slash
and burn, agriculture, the growing of cash crops in more permanent gardens on richer alluvial soils,
and fishing and hunting of wild animals in their natural habitats. Swidden agriculture has likely been
practiced in the local area for thousands of years (Bowman et al. 1990) and is a system that
involves alternating clearance of small plots of forest and a short cultivation period with a long fallow
period during which forest regrows and soils recover their nutrients. Consequently, forest
disturbance is greater in close proximity to villages.

BAAM Pty Ltd Page 2
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1.3 STUDY OBJECTIVES

The principal aim of this study is to describe the baseline terrestrial ecological values in the study
area, in particular the vegetation communities and flora and fauna species.

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 as appropriate for an EIS, 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 (for each disturbance footprint) with particular focus on species with conservation
significance.

. If required, collect or source additional information and data required to complete the baseline
assessment.

. ldentify any threatened, near-threatened or otherwise noteworthy species and vegetation
communities (e.g., listed by the International Union for Conservation of Nature (IUCN) or
nationally protected) likely to be present within the study area.

. For species of conservation significance, characterise their conservation status and ecology
including locality, distribution, habitat, breeding, recruitment, feeding and movement
requirements and seasonal aspects and availability of habitat (including type and distribution),
and provide a map of habitats and locations where species of conservation significance were
identified.

. ldentify any areas of ‘critical habitat’ in accordance with International Finance Corporation (IFC)
Performance Standard 6: Biodiversity Conservation and Sustainable Natural Resource
Management (IFC 2012a, 2012b).

. Describe the baseline conditions for weed and invasive species in the study area.

14 LEGISLATIVE AND REGULATORY OVERVIEW

1.4.1 National legislation

The 1975 National Constitution of PNG 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 PNG environmental legislation can be
considered key national mechanisms for achieving this goal.

Environment Act 2000: The Environment Act (2000), which repeals the Environmental Planning
Act 1978, is the primary environmental legislation in PNG. The Act provides for protection of the
environment in accordance with the fourth National Goal and Directive Principle (National
Resources and Environment) of the PNG Constitution as well as regulating the environmental
impacts imposed by development activities. The principal 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. It also pertains to preservation of PNG traditional
social structures. The approval process for projects that are required to submit detailed biological,
social and cultural assessments (as an EIS) setting out the implications of the development proposal
is subject to approval by a ‘Director of Environment’ duly appointed for the purposes of this Act.

The National Parks Act 1982: The National Parks Act 1982 and National Parks Regulation 1984
relate 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 are managed under this Act by the Director of
National Parks for the protection of flora and fauna.

BAAM Pty Ltd Page 4
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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.

Fauna (Protection and Control) Act 1966: The Fauna (Protection and Control) Act 1966 allows
for the systematic protection and management of PNG’s fauna allowing for the establishment of
Wildlife Management Areas. Activities in these areas relate strictly to the management of fauna
unlike the Conservation Areas which may relate to protection of a range of cultural and natural
resources.

PNG International Trade (Fauna & Flora) Act 1979: PNG 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 PNG International Trade (Fauna &
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 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
PNG 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.

Land tenure: In PNG, 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). 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).

Less than 2.8% of PNG has formal protected area status, and 80% of the protected areas comprise
only three sites on the mainland with most of the others being small, fragmented and poorly
managed. Wildlife Management Areas (i.e. provincial parks and local parks) are managed by the
National Parks Board under local Land Use Management Plans for the management of specific
wildlife and to prevent over-exploitation.

BAAM Pty Ltd Page 5
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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.

CITES identifies two categories of species affected by trade:

. species listed under Appendix | of CITES as species threatened with extinction which are or
may be affected by trade; and

. species listed under Appendix Il of CITES as species which, although not necessarily now
threatened with extinction, may become so unless trade in specimens of such species is subject
to strict regulation in order to avoid utilisation incompatible with their survival.

PNG currently has two wetlands listed under the Ramsar Convention, Lake Kutubu in Southern
Highlands (4924 ha, 06°25’S 143°20’'E) and Tonda Wildlife Management Area in Western Province
(590 000 ha, 08°45’S 141°23'E; Ramsar Convention Secretariat 2014).

1.4.3 International Finance Corporation (IFC)

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 (IFC 2012a). 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. IFC Performance Standard 6: Biodiversity Conservation and
Sustainable Natural Resource Management (IFC Performance Standard 6) recognises three
different types of biodiversity habitats (see Section 1.5.4).

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 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

BAAM Pty Ltd Page 6
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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 1.2 below.

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 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.

Table 1.2. 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 qualifying

(NT) 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.

1.5.2 National conservation status

The PNG Fauna (Protection & 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 PNG.

1.5.3 Conservation significant species

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

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

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

. species of national conservation significance, listed under the PNG Fauna (Protection &
Control) Act 1966 (Fauna Act) as protected or restricted; and

. new or undescribed species known only from the study area.
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IFC habitat types and critical habitat assessment criteria

The IFC Performance Standard 6 classifies habitats as (IFC 2012b,c):

. 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 compaosition.

. 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.

. 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);

—  Ciriterion 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 1.3

below.

Table 1.3. 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

Criterion 1:
Critically
Endangered
(CR) and
Endangered
(EN) species

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 where that habitat
could be considered a discrete
management unit for that species.

Habitat with known, regular
occurrences of CR or EN species
where that habitat is one of 10 or
fewer discrete management sites
globally for that species.

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
be considered a discrete management unit for that
species.

Habitat of significant importance to CR or EN species
that are wide-ranging and/or whose population
distribution is not well understood and where the loss of
such a habitat could potentially impact the long-term
survivability of the species.

As appropriate, habitat containing nationally/regionally-
important concentrations of an EN, CR or equivalent
national/regional listing.

Habitat known to sustain = 95

Criterion 2: . Habitat known to sustain = 1 percent but < 95 percent of
1 percent of the global population of ; . .
Endemic . : the global population of an endemic or restricted-range
an endemic or restricted-range : . .
and . . species where that habitat could be considered a
] species where that habitat could be | : .
Restricted- . ; discrete management unit for that species, where
2 considered a discrete management X
range . : 4 adequate data are available and/or based on expert
R unit for that species (e.g. a single- ‘udament
P site endemic). judg )
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Tier 1 critical habitat

Criteria o Tier 2 critical habitat characteristics
characteristics

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.

Habitat known to sustain, on a
cyclical or otherwise regular basis,
Criterion 3: = 95 percent of the global

Migratory population of a migratory or

and congregatory species at any point | For birds, habitat that meets BirdLife International’s

Congregatory | of the species’ life-cycle where that | Criterion A4 for congregations and/or Ramsar Criteria 5

species habitat could be considered a or 6 for identifying Wetlands of International Importance.
discrete management unit for that | For species with large but clumped distributions, a
species. 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.

1 An endemic species has = 95 percent of its global range inside the country or region of analysis.

2 A 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.

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 has developed guidelines for the
application of IUCN Red List of Ecosystems Categories and Criteria to assess the extinction risk and
conservation status of ecosystems (Rodriguez et al. 2015, Bland et al. 2017). The development of
the IUCN guidelines 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 1.4 below. In accordance with Rodriguez et al.
(2015) and Bland et al. (2017), 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 1.4. Summary of criteria for assessing the extinction risk of vegetation communities

(reproduced from TSSC 2013).

Criterion

Extinction risk category

Critically

Endangered

Vulnerable

Endangered

1) Its decline in geographic distribution is any of: very severe! 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 |r_1t<_agr|ty across most of its very severe’s | severel4 substantial’s

geographic distribution is:

as indicated by degradation of the community or its

habitat, or disruption of important community processes, very severeld severe!4 substantial®®

that is:

5) Its rate of continuing detrimental change is: very severe severe substantial

as indicated by:

(a) rate of continuing decline in its geographic distribution, very severel10 | severe?11 serious12

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 severeld severel4 serious?®

community processes, that is:

6) A quantitative analysis shows that its probability of at least 50% in | at least 20% at IﬁaSt e

extinction, or extreme degradation over all of its the immediate | in the near n td(_e

geographic distribution, is: future” future® medium-
term future®

1 An estimated decline of at least 80% over the last 50 years or at least 90% since 1750.

2 An estimated decline of at least 50% over the last 50 years or at least 70% since 1750.

3 An estimated decline of at least 30% over the last 50 years or at least 50% since 1750.

4 Very restricted 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).

5 Restricted means: a total area of occupancy of less than 100 km? (10,000 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).

6 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).

7 Immediate future means: the next 10 years, or 3 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 60 years.

8 Near future means: the next 20 years, or 5 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.

? 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.

11 An estimated population decline of at least 50% over the last 10 years or 3 generations, whichever is longer.

12 An estimated population decline of at least 20% over the last 10 years or 3 generations, whichever is longer.

13 Restoration is unlikely within the immediate future, even with positive human intervention.

14 Restoration is unlikely within the near future, even with positive human intervention.

15 Restoration is unlikely within the medium-term future, even with positive human intervention.
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1.5.5 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:

.« Mammals: The IUCN Red List nomenclature (IUCN 2015).

. Birds: The International Ornithologists’ Committee/Union (I0C) checklist of world bird species
(Gill and Donsker 2017).

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

1.5.6 Likelihood of occurrence

The likelihood of occurrence in the study area of species of conservation significance 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 1.5.

Table 1.5. 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

2.1 DESKTOP ASSESSMENT

The purpose of the desktop assessment was to undertake literature searches, searches of IUCN
and other biodiversity databases, and review of previously conducted terrestrial ecology studies for
the Project and any other available studies for the local area to:

« summarise all existing terrestrial flora information for the study area and surrounds; and

. identify data gaps in the previous surveys in order to inform the planning and scope of the
current field surveys.

The gap analysis included evaluation of the need for targeted searches of conservation-significant
species identified as potentially occurring in the study area, in the context of the extent to which
regional data are available and the current understanding of the distribution range of conservation-
significant species. The desktop assessment included a review of the following literature and
databases:

. International databases including the IUCN Red List of Threatened Plants (IUCN 2015).

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

. National databases including the PNG Plants Database (Conn et al. 2006), spatially referenced
records of PNG plants records held by the Queensland Herbarium (Queensland Herbarium
2015), Lae Herbarium and PNGs Forest Inventory Mapping System (FIMS) (Hammermaster
and Saunders 1995).

. Descriptive texts relevant to flora and landscape, including Paijmans (1975), Paijmans (1976),
Whitmore (1984), Conn (1995), and Womersly (1978).

. Academic research papers relevant to floristic taxonomy and botanical survey, both in the study
area and the broader PNG environs.

. Previous floristic assessments undertaken for the Project including Booyong Forest Science
(2011a, 2011b and 2013).

2.2 CLASSIFICATION OF VEGETATION COMMUNITIES

A hierarchical approach is applied to the classification of habitats, land and associated vegetation
within this report. The different classification categories are defined as:

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

« National / regional scale:— Forest Inventory Mapping System (FIMS) 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 compaosition.
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 FIMS.
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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 PNG 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.

2.3 CLASSIFICATION OF VEGETATION CONDITION

A specific descriptor of vegetation condition has been applied which recognises 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. 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.

Condition Description of condition IFC Performance
P Standard 6

category

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

The vegetation community has been subject to structural
moadification, resulting in a general reduction in forest stature and

complexity. A sub-set of the original floristic diversity is retained .
g\é?gr%rsgly within the habitat and small vestiges of unmodified habitat may MEUTEN A TS

remain. Habitats within this condition category are generally
derived from severe thinning and harvesting of forest products.

Secondary forest composed of native pioneer species in which the
structure and floristic assemblage of the original forest has been
destroyed through prior complete clearing or long term continuous
3 disturbances. Condition Category 3 also includes modified habitats
(Degraded) composed of native species that have had long term stability
through regular intervention by man (e.g. Kunai Grassland that
represents rainforest transformed to grassland through a long
history of regular burning).

Modified Habitat

Modified habitats generally comprising a mix of native and exotic

4 (Highly food plants, garden plants and also weeds. Includes maintained
modified) and abandoned garden areas with large areas of the latter occupied
by the invasive pest plants such as Piper aduncum.

Modified Habitat
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2.4 FIELD SURVEY
2.4.1 Survey timing and team
Three phases of field survey were undertaken during 2015:

. aninitial survey phase over 15 field days between 24 March and 7 April 2015 that focused on
the study area as a whole;

. afollow-up survey over five field days from 16 to 20 July 2015 that focused on infrastructure
areas and a potential Northern Access Road alignment along the western boundary of the
Markham Gap Basin; and

. asurvey over five field days from 24 to 28 September 2015 that focused on a revised alignment
of the Northern Access Road.

The first two field surveys were conducted by a specialist botanist (David Fell) and landscape
ecologist (David Stanton), whereas the third survey was conducted by David Stanton with David Fell
providing assistance with later identification of plant specimens. Additional field assistance during
all surveys was provided by WGJV staff, in particular Tei Ans, who assisted the flora survey team
throughout the survey duration. Field access was gained by a combination of vehicle, foot traverse
and helicopter for inaccessible locations.

2.4.2 Survey site selection

Satellite imagery was reviewed prior to field survey to target representative habitats contained within
project footprint areas. This provided a preliminary understanding of field conditions and provided
an opportunity to select sites suitable for on ground survey. The imagery review allowed a suite of
representative survey sites to be selected for inspection to ensure the field survey:

. targeted a representative range of habitats within the project area;

. 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 be critical to a range of
ecologically significant species or those with particular conservation significance.

Selection of field survey sites also considered the proposed infrastructure layout to ensure areas of
potential impact were adequately described and categorised. Due to the considerable length
(approximately 25 km) and inaccessible nature of potential routes for the Northern Access Road,
sampling on some sections of the potential alignment was limited to several locations where
representative habitats could be accessed. Floristic sampling focused on intact habitats (Condition
Category 1) as these possessed the greatest likelihood of hosting significant biodiversity values.
Representative survey sites were also placed within degraded and highly modified habitats to aid
habitat description and identify significant weed species.

2.4.3 Aerial reconnaissance and field assessment

Prior to on ground assessment, a helicopter fly-over of the project site was undertaken to refine
survey site selection and provide an aerial overview to assist vegetation community mapping. At
each field survey site examined on the ground, core field information collected included location,
landform and geological features, vegetation height and structure as well as forest basal area and
species composition. A Garmin GPS 60 (Geographic Positioning System) was used to accurately
record coordinates for site locations (WGS 84).
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Field survey sites were stratified into two levels of survey intensity: secondary (detailed); and
guaternary (descriptive) sites. Secondary sites were completed as a comprehensive collection and
identification of all canopy species recorded in a plot-less sweep of a basal area gauge recorded
from a fixed central point. A floristic inventory was undertaken within each secondary survey
location, with botanical vouchers of fertile material (flowers and fruits) collected comprehensively
throughout all structural layers within the general site vicinity to assist species identification and
assessment of floristic diversity. Quaternary sites involved recording forest structure supplemented
with a search for IUCN listed flora species and any plants with fertile material for collection. In
general, each secondary survey site took two to three hours to complete whereas each quaternary
site took from 10 to 30 minutes to complete.

The collection of fertile material of species within canopy, sub-canopy and shrub layers is broadly
consistent with survey procedures of Takeuchi (2002). The collection of non-fertile vouchers was
restricted to potential IUCN species or those species where vegetative material may be particularly
diagnostic, although the confidence in regard to positive identification of these vouchers to genus
and species level is considered to be low. Voucher specimens were labelled, treated with 70%
ethanol and submitted to the PNG National Herbarium in Lae. Duplicate samples were imported
under Australian Department of Agriculture Permit to Import Quarantine Material under the
Quarantine Act 1908 Section 13(2AA) for submission to the Queensland Herbarium for identification.
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3.0 TERRESTRIAL FAUNA METHODS

3.1 DESKTOP ASSESSMENT

The purpose of the desktop assessment was to undertake literature searches, database searches of
IUCN and other biodiversity databases such as that of the Bishop Museum, and review previous
terrestrial ecology studies for the broader Project and any other available studies for the local area
to:

. summarise all existing terrestrial vertebrate fauna information for the study area and surrounds;
and

. identify data gaps in the previous surveys in order to inform the planning and scope of the
current field surveys.

The gap analysis included evaluation of the need for targeted searches of conservation-significant
species identified as potentially occurring in the study area, in the context of the extent to which
regional data are available and the current understanding of the distribution range of conservation-
significant species.

3.2 FIELD SURVEY

3.2.1 Survey timing and team

Two terrestrial fauna field surveys were undertaken during 2015. The first field survey was
undertaken over 21 days from 24 March to 13 April 2015 by a team of two experienced fauna
ecologists, Terry Reis and Dr Penn Lloyd. This survey focused on the whole of the study area and
involved the following phases:

. Areconnaissance of the study area via a guided driven tour of the proposed Project
infrastructure sites, together with a half-hour overflight of the study area via helicopter on 24
March.

«  Observational ground surveys of hill forest in the Watut Declines Portal Terrace area (1 day),
accessed via road, and alluvial forest on two sites along a potential Northern Access Road
alignment (Waime River and Chiatz; 2 days), accessed via helicopter, on 25 to 27 March.

. A general fauna trapping and observational survey centred on hill forest in the Watut Declines
Portal Terrace area and Kunai Grassland in the Finchif area over four nights and four days 28"
March to 1%t April.

. A general fauna trapping and observational survey centred on alluvial and swamp forest at the
southern end of the proposed Northern Access Road alignment over four nights and four days 2
to 6 April.

. A mist-netting and observational survey to confirm the identity of a potential new species of
scrubwren reported by a previous survey of the study area (Woxvold and Aplin 2013) over six
days 8 to 13 April, which surveyed areas of hill forest in the upper Buvu Creek catchment and
the Watut Declines Portal Terrace area, and alluvial forest at the entrance to the Watut Declines
Portal Terrace area.

The second survey focused on a revised alignment for the Northern Access Road and was
undertaken over five days (24-28 September 2015) by Dr Penn Lloyd. This survey involved the
following phases:

. Areconnaissance of a revised alignment for the Northern Access Road via a quarter-hour
overflight of the study area via helicopter on 24 September, as well as during later helicopter
overflights.
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. Observational ground surveys (during daylight hours) at five different locations along the
revised alignment for the Northern Access Road, accessed via helicopter, on 24-28 September.

The field surveys were conducted with the support of WGJV staff and local residents, particularly
Alan Levi, Tei Ans, Manase Yangueng, David Bola and Jerry Mugu, with field activities coordinated
by David Bola and Inoya Haguna.

3.2.2 Survey site selection
The selection of survey sites aimed to:

. provide a survey of sites representative of the different fauna habitat types within the study
area,

. provide a survey of fauna habitats within or as close as possible to areas that may be directly or
indirectly impacted by the Project; and

. fill gaps in previous survey coverage of the study area, particularly in relation to revised Project
infrastructure designs.

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 Swarovsky and Leica
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. To facilitate the detectability of shy, cryptic or rare species,
call playback of calls of these species was undertaken using a portable speaker blue-toothed to the
iPhone 5. Bird surveys were conducted primarily within the first four hours of sunrise, when bird
activity is greatest, but also opportunistically at intervals throughout the day. Nocturnal birds were
targeted during night-time spotlighting surveys (see Section 3.2.7). A cumulative species list was
maintained for each hour of survey effort.

The targeted survey for Sericornis scrubwrens in the third week of the first survey combined
observational surveys with mist-netting in likely habitat areas. The mist-netting first targeted the
location (upper Buvu Creek catchment) where two scrubwrens were observed during a previous
survey of the study area. Once scrubwrens had been observed and subsequently captured at this
location, other sites in hill and alluvial forest in the Watut Declines Portal Terrace area were
targeted, particularly the location where a scrubwren was heard but not seen in an earlier phase of
the general fauna survey. At each site, a total of seven mist-nets, each 9-12 m long and 3 m high,
were set up, supported by cut tree saplings anchored with strings. Once unfurled, nets were
checked at intervals of half an hour to an hour to remove any trapped birds. Trapped birds were
removed and placed individually in cloth bags until they were measured, weighed, photographed
and released.

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. Nocturnal reptiles were surveyed
during night-time spotlighting surveys (see Section 3.2.7). Wherever possible, multiple photographs
were taken of all reptiles seen and captured to facilitate identification.
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Frogs were surveyed during night-time nocturnal surveys (see Section 3.2.7), focused particularly on
walking along fast-flowing mountain creeks and the vicinity of standing pools of water in alluvial forest
and grassland swamps.

3.2.5 Small-mammal trapping surveys

Metal box traps were deployed to survey for small mammals (rodents and marsupials to the size of
bandicoots) at three locations in different habitat types: in hill forest at the Watut Declines Portal
Terrace, in Kunai Grassland in the Finchif area, and in alluvial and adjoining foot-slope forest at the
southern end of the proposed Northern Access Road. A total of between 25 and 50 Elliott type ‘A’
traps and between nine and 18 Elliott type ‘B’ traps were installed over four consecutive nights at
each survey site. Traps were placed on the ground or on fallen tree trunks, in locations close to tree
hollows, burrows or ground cover (Photo 3.1), approximately 10-20 m apart, and baited with slices of
uncooked sweet potato. Traps were cleared each morning.

Photo 3.1. Elliott B small mammal trap set near tree  Photo 3 2. AnaBat bat detector setup in the f|eld
hollow.

3.2.6 Cameratrapping surveys

Five remote cameras were deployed during each of the two general fauna trapping surveys, over a
period of three nights in hill forest at the Watut Declines Portal Terrace area, and a period of four
nights in alluvial forest at the southern end of the proposed Northern Access Road. A single camera
was also deployed for seven nights in the upper Buvu Creek catchment. The cameras were set in
locations where terrestrial mammal and/or bird activity was likely to be greatest, namely in the
vicinity of burrows or tree trunk hollows, and on visible animal trails or along likely animal movement
corridors. Remote cameras provide an effective survey method for rare and retiring animals,
particularly nocturnal mammals and terrestrial birds (Rowcliffe et al. 2008, Paull et al. 2012). Each
camera was tied to a sturdy tree trunk approximately 1-1.5m from the ground, and directed at a point
on the ground 2-3m from the camera at which a small amount of rice and/or sliced sweet potato was
scattered as bait. The remote cameras comprised three RECONYX HyperFire HC500 cameras (set
to high motion detector sensitivity) and two 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.

3.2.7 Spotlighting surveys

Night-time spotlighting surveys involved a combination of driving and walking surveys. Driving
surveys involved driving slowly (10-30 km/hr) along dirt tracks traversing the study area, searching
for animals (particularly reptiles) on the road in the headlights, as well as scanning roadside tree
trunks and canopy vegetation on either side of the vehicle with high-powered torches for reflected
eye-shine of arboreal mammals, reptiles and birds. Whenever an animal was detected, the vehicle
was stopped to investigate the sighting. Walking surveys involved 3-5 team members walking
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slowly along vehicle tracks and interior forest hunting trails, searching the ground, tree trunks,
understorey and canopy vegetation for the reflected eye-shine of mammals, reptiles, frogs and birds.
Spotlighting surveys also included walking up and down fast-flowing mountain streams searching for
frogs at the water’s edge and along the adjoining banks, and along the edges of alluvial swamps to
search for frogs that inhabit standing waters. Frog calls were recorded, and detailed photographs
taken wherever possible, to assist identification.

During the walking surveys, birds and frogs were identified from characteristic calls, and call
playback of nocturnal bird calls was undertaken in an effort to stimulate responses from the targeted
species.

3.2.8 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 three
Anabat Il detectors and associated ZCAIM units. Two units, each enclosed within a waterproof
housing (Photo 3.2), were deployed overnight at different locations to record microbat calls
throughout the night, ensuring sampling of peak nocturnal activity periods. A third, handheld unit
was used during nocturnal spotlighting surveys to survey for microbat calls during both walking
surveys and driving surveys, and to survey bats feeding on insects attracted to the floodlights
around Wafi Camp. Stationary Anabat detectors were deployed overnight for a total of 13 nights.

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 (University of
Adelaide; South Australian Museum; President, Australian Bat Society, Inc.) for identification and
analysis.

3.2.9 Significant ecological features
The field survey also focused on recording the presence of significant ecological features, including:

. Caves and karst that might provide roosting and maternity sites for significant concentrations
of cave-dwelling bats.

. Waterbird nesting colonies, where egrets, herons and other waterbirds gather together to
nest.

. Megapode nest mounds. Two species of megapode bird occur in the study area, Collared
Brush-Turkey (Talegalla jobiensis) and New Guinea Scrubfowl (Megapodius decollatus). The
males of these species construct large mounds of leaf-litter and other decomposing vegetation
mixed with loose soil in which females 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 and include a large proportion of nutritious yolk. Females may lay
between 28 and 50 eggs each year (Coles 1937, Baltin 1969). The mounds 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 (Woxvold and Aplin 2013).

. Display sites for lekking birds-of-paradise. Mature males of many birds-of-paradise species
have long, elaborately shaped and/or brightly coloured feather plumes that enhance their
attractiveness to females during the displays the males perform for females during the breeding
season (Frith and Beehler 1998). The males usually perform their displays at favoured or
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actively maintained display sites, with the males of some species aggregating together in a
communal display site called a lek. The elaborate plumes of male birds-of-paradise are prized
by local communities for addition to traditional head-dresses used during ceremonial occasions
(Sillitoe 1988). As such, hunters develop a detailed knowledge of the locations of birds-of-
paradise display sites, particularly the traditional sites of lekking species, where they focus their
hunting effort.

3.2.10 Incidental observations

During the survey, fauna observations were continuous and included species records obtained
outside the systematic methods of the survey.

3.2.11 General survey considerations

Survey tracks, the locations of survey sites and the locations of all observations of conservation
significantspecies and ecological features were recorded via hand-held Garmin GPS.

The daytime weather throughout the March-April 2015 survey period was partly cloudy to fine, with
occasional rainfall in the early morning and late afternoon, meaning that very little survey time was
lost to inclement weather. There were also regular rain showers during the night, particularly in the
first two weeks of the survey, which provided suitable survey conditions for surveying frogs and
reptiles at night. The weather throughout the September 2015 survey was partly cloudy to fine, with
brief light rainfall on one morning. The study area had received very little rainfall in the two months
preceding the September survey, and less than a few millimetres of rainfall occurred during the
survey period itself. These prevailing dry conditions were associated with a strong El Nino climate
event being experienced across PNG at the time of the survey.
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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 PNG 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’ (Wikramanyake et al. 2002). In addition, the lower
Watut River area encompassing the majority of the study area is regarded as a centre of plant
biodiversity and endemism described by Davis (1995) as:

‘A little-known area of lowland swamp and rainforests with populations of the endemic root
parasite Langsdorffia papuana®, a genus otherwise known only from Madagascar and
Central and South America’.

Papua New Guinea is covered by 28.2 million hectares of rainforest that forms 80% of the country’s
natural forest estate, and hosts some of the most biologically diverse forests in the world (Davis,
1995). Itis one of 17 megadiverse countries in which over 70% of the earth's species occur
(Conservation International 2012), and one of the most floristically diverse regions in the world.
Conservative estimates are in excess of 15,000 to 20,000 species for the island (Davis 1995;
Womersly 1978) with an estimated 2,000 species of orchids alone (Papua New Guinea National
Assessment Report 2006) and a high level (60-80%) of species endemism in plants (Johns 1993,
Davis 1995). It is estimated that 6% of the world’s flora species occur in PNG (DEC 2010).
Nevertheless, floristically PNG remains one of the most inadequately surveyed nations in Malesia
(south-east Asia, northern Australia across to the western Pacific islands), meaning that floristic
knowledge of the country is substantially incomplete (Takeuchi and Golman 2001, Takeuchi 2003).

The poorly surveyed nature of PNG is a result of previous floristic surveys that have been largely
‘expedition based’ or concentrated on collection within a single locality within a constrained time
period (Takeuchi 2003). The uneven distribution of these expedition localities across the landscape
has resulted in many areas within the country which are largely unexplored. Lowland habitats are
generally under-sampled and, as a general rule, the density of floristic sampling increases with
altitude and decreases from east to west across the cordillera (Takeuchi 2001, 2003). Due to
uncomfortable survey conditions and health risks, lowland habitats are extremely poorly sampled
relative to other areas within PNG despite being the most threatened habitats due to a concentration
of anthropogenic activity. There are few surveys from which floristic information relating to the study
area, and lowland habitats in general, can be directly drawn, and only a limited number of studies
which are considered relevant, with these requiring considerable extrapolation of survey results. A
floristic survey of the Josephstaal Forest Management Area (Takeuchi 2000), 250km north of the
study area, provides one of the few insights into the floristic composition of lowland forests in the
region. Further information on flora distributions can be obtained from herbarium collection records
sourced from a range of collectors and held within the Lae National Herbarium and the Queensland
Herbarium in Brisbane.

PNG forests tend to have moderate to high biodiversity with endemism increasing with altitude
(Miller et al. 1994b). Takeuchi and Golman (2001) note that whilst certain mountainous areas are
hotspots for floristic endemism, incomplete data means that it is impossible to identify low level
centres of endemism. Regional studies do however indicate the lowland-montane ecotone (600 to
1,000m altitude) attains the highest floristic development (Takeuchi and Golman 2001) with lowland
habitats possessing a less abundant floristic composition, although this may in part be due historical
sampling biases.

! Geesink 1972 reports collections of Langsdorffia papuana at 1,500m elevation in Nothofagus dominated forest.
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It should also be noted that whilst northern PNG environments are considered a stronghold of
Melanesian endemism (Balgooy et al. 1996), the number of geographically restricted species
recorded for New Guinea vegetation on a whole is relatively low, particularly in montane forest
formations. This is thought to be due to climatic conditions during the Pleistocene epoch (1.6 million
to 10,000 years ago) that suppressed treelines to as low as 2,000 — 2,300m elevation as little as
12,000 years before present (Powell and Hope 1976). Thus, montane forest is a relatively recent
forest formation that has originated from upslope migration of the treeline from lower elevation
forests types. The implication is that the floristic composition of the montane forest massif is likely to
be relatively uniform and comparable across broad areas on the New Guinea cordillera. Greater
scope for regional endemism exists in lower elevation forest habitats which have been subject to a
much greater period of stability. Hence the collection of fertile botanical specimens in the relatively
poorly surveyed study area is likely to be highly productive and considerably increase floristic
knowledge of PNG habitats more broadly.

4.2 SURVEY COVERAGE OF THE STUDY AREA

4.2.1 Previous surveys

The study area has been the subject of four previous terrestrial flora assessments since 2011.
Booyong Forest Science conducted an initial two stages of flora survey in 2011 (Booyong Forest
Science 2011a and 2011b), which involved a floristic assessment of the broader Project exploration
area as well as proposed Tailings Storage Facility options within the Markham Gap Basin,
respectively. The Markham Gap Basin does not appear on any topographic map, but refers to an
approximately 3,200 ha (32 km?) alluvial basin surrounded by steep hills and ridges except for an
approximate 1.2 km-wide gap at its western end through which drainage flows out of the basin in a
westerly direction to the Watut River. The Markham Gap Basin Tailings Storage Facility options are
no longer applicable to the current Project footprint. The 2011 assessments included mapping and
description of major floristic formations, assessment of forest condition as well as assessment of
conservation significant (IUCN listed) species. The floristic surveys utilised the following
assessment methods:

. Level 1: Survey sites comprising unbounded plots (generally 400 to 500 m?) in which main
vascular plants were recorded in up to six physiognomic strata.

. Level 2 Sites: Rapid visual assessment of vegetation focusing primarily on canopy trees; and

. Level 3 Sites: Searches for IUCN listed species and fertile specimens undertaken at each major
change in floristic structure.

A follow up field survey was completed by Booyong Forest Science in June 2012 (Booyong Forest
Science 2013), which focused on the Watut Valley Road and Watut Declines Portal Terrace areas
and covered many of the areas subject to the 2015 assessment described in this report. It should
be noted that neither the location and number of survey sites nor the extent of survey was identified
in the 2011 or 2013 survey reports, meaning that it was difficult to gauge the spatial distribution of
survey sites, conservation significant species or the comprehensiveness of the 2011 and 2012
survey efforts. It is also noted that, whilst a species list incorporating 378 identified species was
compiled, no reference was made to fertile plant collections or specimen submissions to relevant
herbaria.

The PNG Forest Research Institu